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Monetary Policy Strategies

The top panel of the first exhibit, “Policy Rules and the Staff Projection,”

Strategies

provides near-term prescriptions for the federal funds rate from four policy rules: the
Taylor (1993) rule, the Taylor (1999) rule, an inertial version of the Taylor (1999) rule,
and a first-difference rule.! These prescriptions take as given the staff’s baseline
projections for real activity and inflation in the near term, shown in the middle panels.
All of the Taylor-type rules prescribe an immediate increase in the federal funds rate.
The Taylor (1993) and Taylor (1999) rules call for sizable adjustments in the policy rate
to values near 2% percent over the near term. By contrast, the inertial Taylor (1999) rule
prescribes a level of the federal funds rate of only '% percent in the first quarter of 2016
because this rule places a considerable weight on keeping the federal funds rate close to
its previous value. The first-difference rule, which also places considerable weight on the
lagged federal funds rate, calls for the policy rate to edge above the current target range
next quarter. The prescriptions of the Taylor type rules are generally close to those
reported in the October Tealbook while those of the first-difference rule are somewhat
less accommodative, reflecting a faster closing of the output gap in the Tealbook

projection.

The bottom panel of the first exhibit reports the Tealbook-consistent estimate of a
notion of the equilibrium real federal funds rate, r*, generated using the FRB/US model.
This measure is an estimate of the real federal funds rate that, if maintained over a 12-
quarter period, makes the output gap equal to zero in the final quarter of that period. The
current estimate of I*, at 1.24 percent, is 50 basis points higher than the corresponding
estimate in the October Tealbook. The increase reflects the fact that the staff projects
higher resource utilization than in the previous Tealbook, largely due to an upward
revision in federal government spending, as discussed in Tealbook A. The panel also
reports the average of the real federal funds rate in the Tealbook baseline projection for

the same 12-quarter period used to compute r*.? This average is 0.36 percent,

! The appendix to this section provides details on each of the four rules.

2 While r* and the average projected real federal funds rate are calculated over the same
12-quarter period, they need not be associated with the same macroeconomic outcomes even when their
values are identical. The reason is that, in the r* simulations, the real federal funds rate is held constant
over the entire 12-quarter period whereas, in the Tealbook baseline, the real federal funds rate can vary
over time. Distinct paths of real short-term rates can, in turn, generate different paths for inflation and
economic activity, even if they have the same 12-quarter average.
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Policy Rules and the Staff Projection

v
()]
% Near-Term Prescriptions of Selected Policy Rules?
T (Percent)
&5‘ 2016:Q1 2016:Q2
Taylor (1993) rule 241 2.37
Previous Tealbook 2.53 2.50
Taylor (1999) rule 241 251
Previous Tealbook 2.48 2.57
Inertial Taylor (1999) rule 0.51 0.81
Previous Tealbook outlook 0.52 0.83
First-difference rule 0.37 0.54
Previous Tealbook outlook 0.25 0.34

Key Elements of the Staff Projection

GDP Gap PCE Prices Excluding Food and Energy
Percent Four-quarter change Percent
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Real Federal Funds Rate Estimates?

(Percent)
Current Previous
Tealbook Tealbook
Tealbook-consistent FRB/US r* 1.24 0.74
Current real federal funds rate -1.16 -1.17
Average projected real federal funds rate 0.36 0.21

1. For rules that have a lagged policy rate as a right-hand-side variable, the lines denoted "Previous Tealbook outlook" report rule prescriptions based
on the previous Tealbook’s staff outlook, but jumping off from the average value for the policy rate thus far in the current quarter.

2. The "Tealbook-consistent FRB/US r*" is the level of the real federal funds rate that, if maintained over a 12-quarter period in the FRB/US model, sets
the output gap equal to zero in the final quarter of that period. The "current real federal funds rate" is the difference between the federal funds rate and
the trailing four-quarter change in core PCE. The "average projected real federal funds rate" is the 12-quarter average of the current real federal funds

rate and its projected values under the Tealbook baseline over the next 11 quarters.
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0.88 percentage point below the estimate of r*. The panel further reports a measure of

the current real federal funds rate constructed as the difference between the mid-point of
the prevailing target range for the federal funds rate and the trailing four-quarter change
in the core PCE price index. This measure, at —1.16 percent, is almost unchanged from
the October Tealbook.

Strategies

The second exhibit, “Policy Rule Simulations,” reports dynamic simulations of
the FRB/US model under the Taylor (1993) rule, the Taylor (1999) rule, and a first-
difference rule.> These simulations reflect the endogenous responses of inflation and the
output gap when the federal funds rate follows the paths implied by the different policy
rules, subject to an effective lower bound of 12 basis points for the federal funds rate.*
The results for each rule presented in these and subsequent simulations depend
importantly on the assumptions that policymakers will adhere to the rule in the future and
that market participants as well as price and wage setters fully understand the policy rule

that will be pursued and its implications for real activity and inflation.

The second exhibit also displays the implications of following the baseline
monetary policy assumptions in the current staff forecast.> As Tealbook A discusses, the
staff assumes that the first increase in the federal funds rate will occur at the December
FOMC meeting. After departing from its effective lower bound, the federal funds rate is
assumed to follow the prescriptions of the inertial version of the Taylor (1999) rule. The
federal funds rate increases about 30 basis points per quarter for the first three years after
liftoff, reaching about 3% percent by the end of 2018. The pace of tightening
subsequently slows, and the federal funds rate peaks at around 4’4 percent in 2020—
consistent with the high projected level of resource utilization around that time—before

eventually returning to its longer-run normal level of 3% percent later in the decade.

The Taylor (1993) and Taylor (1999) rules call for a sharp tightening of policy
starting next quarter and produce paths for the real federal funds rate that lie significantly

3 Simulations pertaining to the inertial Taylor (1999) rule have been dropped from the exhibit
because policy prescriptions and macroeconomic outcomes are, at present, nearly indistinguishable from
those under the staff’s baseline. For reference, the tables “Outcomes under Alternative Policies” and
“Outcomes under Alternative Policies, Quarterly” continue to report results for the inertial Taylor (1999).

4 Because of these endogenous responses, prescriptions from the dynamic simulations can differ
from those shown in the top panel of the first exhibit.

5> The dynamic simulations discussed here and below incorporate the assumptions about
underlying economic conditions that are used in the staff’s baseline forecast, including the macroeconomic
effects of the Committee’s asset holdings from the large-scale asset purchase programs.
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Policy Rule Simulations
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Note: The policy rule simulations in this exhibit are based on rules that respond to core inflation. This choice of rule
specification was made in light of the tendency for current and near-term core inflation rates to outperform headline
inflation rates as predictors of the medium-term behavior of headline inflation.
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above the Tealbook baseline path over the next few years. As a result, these rules lead to

less pronounced undershooting of the natural rate of unemployment than the baseline
policy through 2018. The Taylor (1999) rule prescribes somewhat higher policy rates

than the Taylor (1993) rule over the period shown because it places more weight on the

Strategies

output gap. As a consequence, the Taylor (1999) rule also generates a higher trajectory

of the unemployment rate and a lower trajectory of inflation than the Taylor (1993) rule.

In contrast to the Taylor-type rules, the first-difference rule prescribes a pace of
increases in the federal funds rate that is similar to the Tealbook baseline through 2018.
At that point, the federal funds rate levels off under the first-difference rule whereas it
keeps rising for a time under the Tealbook baseline. This divergence occurs because the
first-difference rule, which responds to the expected change in the output gap rather than
to its level, reacts to the slower pace of economic growth projected late in the decade.
The lower path of the federal funds rate in the medium run under the first-difference rule,
in conjunction with expectations of higher price and wage inflation in the future, leads to
lower long-term real rates and thus to higher levels of resource utilization and inflation in
the short run. The first-difference rule generates outcomes for the unemployment rate
over the forecast period that are markedly below the staff’s estimate of the natural rate
and the unemployment rate paths generated under the other policy rules. Relative to the
other simple policy rules, inflation runs a bit closer to the Committee’s 2 percent longer-
run inflation objective over the next few years before overshooting the target by a greater

margin and for a longer time later on.

The third exhibit, “Optimal Control Policy under Commitment,” compares
optimal control simulations for this Tealbook’s outlook with those reported in October.
Policymakers are assumed to place equal weights on keeping headline PCE inflation
close to the Committee’s 2 percent goal, on keeping the unemployment rate close to the
staff’s estimate of the natural rate of unemployment, and on minimizing changes in the
federal funds rate. The concept of optimal control that is employed here corresponds to a
commitment policy under which the plans that policymakers make today are assumed to

constrain future policy choices.®

¢ The results for optimal control policy under discretion (in which policymakers cannot credibly
commit to carrying out a plan involving policy choices that would be suboptimal at the time that these
choices have to be implemented) are similar.
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Optimal Control Policy under Commitment
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In the Tealbook baseline projection, unemployment falls well below the staff’s

estimate of the natural rate over the next several years. Under the preferences embedded
in optimal control, policymakers judge this undershooting of the natural rate to be costly,

leading them to tighten policy more than in the Tealbook baseline. Accordingly, the path

Strategies

for the real federal funds rate is almost 1 percentage point higher, on average, than the
Tealbook baseline path over the period shown. The trajectory for the real 10-year
Treasury yield is also higher. The tighter policy under optimal control results in a path of
the unemployment rate that runs substantially closer to the staff’s estimate of the natural
rate than the Tealbook baseline projection. Headline PCE inflation is also slightly lower
than in the baseline over the simulation period, consistent with lower levels of resource

utilization.”

OPTIMAL CONTROL IN THE PRESENCE OF TERM-PREMIUM SHOCKS

Longer-term yields, which are at the center of the monetary policy transmission
mechanism, depend not only on current and expected future short-term rates but also on
term premiums. These premiums can vary for many reasons that are often not well
understood. The special exhibit, “Optimal Control in the Presence of Term-Premium
Shocks,” examines the implications for policy of two scenarios in which term premiums
deviate from their baseline paths around the time of the first increase in the federal funds
rate. The first scenario explores the risk that financial markets could overreact, resulting
in a greater tightening of financial conditions than intended—a “tightening tantrum.”
The other scenario considers the risk that term premiums could decline for a time relative
to their expected levels after the onset of tightening, as was the case during the
“conundrum” episode of 2004-2005.8

In the “tightening tantrum” scenario, the term premiums on the FRB/US model’s
S-year, 10-year, and 30-year Treasury rates are assumed to jump 100 basis points in the
first quarter of 2016 and then return to their baseline values over the course of about year,

as shown by the blue dashed line in the middle-left panel of the exhibit. This calibration

7 In the simulations shown in this section of the June and July Tealbooks, the optimal control path
for the federal funds rate was very similar to the Tealbook baseline path. Since then, the optimal control
paths have been higher than the corresponding Tealbook path, with the average difference between the two
paths rising with each Tealbook.

8 The box “Financial Market Responses to Episodes of Tightening” in the September Tealbook B
provides a discussion of term premiums during the 2004—-2005 “conundrum” and 2013 “taper tantrum”
episodes.
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Optimal Control in the Presence of Term-Premium Shocks
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of the shock is largely illustrative; however, a shock of this magnitude and duration is

near the upper edge of the range of the estimated cumulative increase in 10-year Treasury
term premiums during the “taper tantrum” episode over the late spring and summer of
2013.°

Strategies

As shown in the bottom-left panel, the temporary increase in term premiums in
the tightening-tantrum scenario results in a sharp spike in the real 10-year Treasury yield
in early 2016. Optimal control does not offset much of the effects of the spike in term
premiums on longer-term real rates because the contractionary shock helps raise
unemployment closer to the staff’s estimate of the natural rate in the near term.'” Asin
the standard optimal control, this scenario calls for tightening policy gradually starting
next quarter. The federal funds rate is, on average, about 25 basis points lower from
2016 to 2020 than in the standard optimal control. This lower path for the federal funds
rate results in real 10-year Treasury yields that are slightly below those of the standard
optimal control in mid-2016 through 2019.

The initial spike in longer-term real interest rates implies that the unemployment
rate is 0.1 percentage point higher and consequently closer to the staff’s estimate of the
natural rate than in the standard optimal control simulations, on average, through the
beginning of 2018. Inflation is little changed from its path in the standard optimal control

simulation because of the low sensitivity of inflation to slack in the model.

In the conundrum scenario, term premiums fall below their baseline path for four
quarters and revert back to baseline over the subsequent two years.!! The fall in term
premiums, which is larger and more persistent than initially expected by policymakers,
leads to a 10-year nominal Treasury rate that rises more slowly than in the standard
optimal control simulation, despite a steeper trajectory of the federal funds rate. Because
policymakers do not foresee the full sequence of shocks resulting in persistently low

longer-term rates, they tighten policy less than would be appropriate if they had fully

® The simulation starts in the first quarter of 2016, at which time policymakers and the public
observe the jump in term premiums and understand that these premiums will subsequently revert back to
baseline.

10 Departure from the effective lower bound in the presence of a 100-basis-point spike in term
premiums is robust to the choice of the interest rate smoothing parameter in the loss function. Even with a
smoothing parameter near zero, optimal control departs from the effective lower bound immediately.

"' In the conundrum scenario, a sequence of four unexpected shocks lowers the 5-year, 10-year,
and 30-year term premiums by around | percentage point below the baseline path by the end of 2016.
Term premiums then gradually return to their baseline values.
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anticipated the fall in term premiums. The trough in the unemployment rate is

74 percentage point lower than that under the standard optimal control. Thereafter,
policymakers set out a higher path for the federal funds rate in order to make up for their
previous errors, pushing up real 10-year Treasury yields and inducing an unemployment

rate above the standard optimal control path beginning in late 2020.

An important caveat associated with this analysis is that the term premium
movements in these simulations are exogenous events, occurring in isolation, and
unrelated to other factors such as changes in expected domestic and foreign economic
growth that might drive such fluctuations. If, for example, longer-term yields were to
remain persistently low because of economic weakness abroad that leads to increased
demand for long-term Treasuries, an appreciation of the dollar, lower net exports and
economic activity, then a complete analysis would require the inclusion of more shocks

to represent those factors.

The final two exhibits, “Outcomes under Alternative Policies” and “Outcomes
under Alternative Policies, Quarterly,” tabulate the simulation results for key variables

under the policy rules described earlier.
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Outcomes under Alternative Policies
(Percent change, annual rate, from end of preceding period except as noted)

wn
2015 T
Measure and policy 2016 2017 2018 2019 9
H1 | H2 ©
]
Real GDP o
Extended Tealbook baselinet! 2.3 1.9 2.5 2.0 1.9 1.6
Taylor (1993) 2.3 1.9 2.2 2.0 2.0 1.8
Taylor (1999) 23 19 2.1 1.8 1.9 1.8
Inertial Taylor (1999) 2.3 1.9 25 2.0 1.9 1.6
First-difference 2.3 1.9 2.6 2.3 2.1 1.8
Optimal control 2.3 1.9 2.2 1.6 1.6 1.7
Unemployment Rate?
Extended Tealbook baselinet! 5.4 5.0 4.7 4.6 4.5 4.5
Taylor (1993) 54 5.0 4.9 4.7 4.6 45
Taylor (1999) 54 5.0 4.9 4.8 4.7 4.7
Inertial Taylor (1999) 5.4 5.0 4.7 4.6 4.4 4.5
First-difference 5.4 5.0 4.7 4.4 4.2 4.1
Optimal control 5.4 5.0 4.9 4.9 4.9 5.0
Total PCE prices
Extended Tealbook baseline! 0.1 0.7 1.2 1.8 2.0 2.0
Taylor (1993) 01 07 1.2 1.9 2.0 2.1
Taylor (1999) 01 07 1.2 1.8 2.0 2.0
Inertial Taylor (1999) 0.1 0.7 1.2 1.8 2.0 2.0
First-difference 0.1 0.7 1.3 2.0 2.2 2.2
Optimal control 0.1 0.7 1.1 1.7 1.9 1.9
Core PCE prices
Extended Tealbook baseline! 1.4 1.3 1.4 1.7 1.9 2.0
Taylor (1993) 1.4 1.3 1.4 1.7 2.0 2.1
Taylor (1999) 14 1.3 1.4 1.7 1.9 2.0
Inertial Taylor (1999) 1.4 1.3 14 1.7 1.9 2.0
First-difference 1.4 1.3 1.5 1.9 2.1 2.2
Optimal control 14 1.3 1.3 1.6 1.8 1.9
Nominal federal funds rate?
Extended Tealbook baseline! 0.1 0.2 1.5 2.6 35 4.1
Taylor (1993) 0.1 0.2 2.8 3.4 4.0 4.1
Taylor (1999) 01 02 2.9 3.6 4.3 4.4
Inertial Taylor (1999) 0.1 0.2 15 2.6 3.5 4.1
First-difference 0.1 0.2 1.5 2.7 3.4 35
Optimal control 0.1 0.2 2.2 3.8 4.7 5.1

1. In the Tealbook baseline, the federal funds rate first departs from arveffestr bound of 12% basis points in
December of 2015. Thereafténe federal funds rate follows the prescriptions of the inertial Taylor (1999) rule.

2. Percentaveaage for the final quarter of the period.

3. Effective rate in percent\erage for the final quarter of the period.

Page 11 of 62



Authorized for Public Release
Class I FOMC - Restricted Controlled (FR) December 10, 2015

Outcomes under Alternative Policies, Quarterly
(Four-quarter percent change, except as noted)

v

o _ 2016 2017

9 Measure and policy

£ Ql | Q2| Q3| Q4| Q1 Q2 Q3 Q4

a Real GDP
Extended Tealbook baseline?! 2.4 2.1 2.3 2.5 2.4 2.3 2.2 2.0
Taylor (1993) 24 20 21 2.2 21 21 20 20
Taylor (1999) 24 20 20 21 20 19 19 18
Inertial Taylor (1999) 24 21 2.3 25 24 2.3 2.2 2.0
First-difference 2.4 2.2 2.3 2.6 2.6 2.5 2.4 2.3
Optimal control 2.4 2.0 2.1 2.2 2.0 1.8 1.7 1.6

Unemployment Rate?
Extended Tealbook baseline! 49 4.8 4.8 4.7 4.7 4.6 4.6 4.6

Taylor (1993) 49 49 49 49 48 48 48 47
Taylor (1999) 49 49 50 49 49 49 49 48
Inertial Taylor (1999) 4.9 4.8 4.8 4.7 4.7 4.6 4.6 4.6
First-difference 4.9 4.8 4.8 4.7 4.6 4.5 4.5 4.4
Optimal control 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9

Total PCE prices
Extended Tealbook baseline! 0.9 0.7 0.8 1.2 1.6 1.7 1.8 1.8

Taylor (1993) 0.9 0.7 0.8 1.2 1.7 1.8 1.8 1.9
Taylor (1999) 0.9 0.7 0.8 1.2 1.6 1.7 1.7 1.8
Inertial Taylor (1999) 0.9 0.7 0.8 1.2 1.6 1.7 1.8 1.8
First-difference 0.9 0.8 0.9 1.3 1.8 1.9 1.9 2.0
Optimal control 0.9 0.7 0.8 1.1 1.5 1.6 1.6 1.7

Core PCE prices
Extended Tealbook baseline! 1.4 1.3 1.3 1.4 1.5 1.5 1.6 1.7

Taylor (1993) 1.4 1.3 1.4 1.4 1.5 1.6 1.7 1.7
Taylor (1999) 1.4 1.3 1.3 1.4 1.5 1.5 1.6 1.7
Inertial Taylor (1999) 1.4 1.3 1.3 14 1.5 1.5 1.6 1.7
First-difference 1.5 14 14 1.5 1.6 1.7 1.8 1.9
Optimal control 1.4 1.3 1.3 1.3 1.4 1.4 15 1.6

Nominal federal funds rate3
Extended Tealbook baselinet 0.5 0.8 1.1 1.5 1.8 2.0 2.3 2.6

Taylor (1993) 25 24 26 28 29 31 32 34
Taylor (1999) 25 2.5 2.7 2.9 3.0 3.2 3.4 3.6
Inertial Taylor (1999) 0.5 0.8 1.1 15 1.8 20 2.3 2.6

First-difference 0.5 0.8 1.2 15 1.8 21 2.4 2.7
Optimal control 0.7 1.2 1.7 2.2 2.6 3.1 34 3.8

1. In the Balbook baseline, the federal funds rate first departs from an\efféstier bound of 12%2 basis points in December of
2015. Thereaftethe federal funds rate follows the prescriptions of the inertial Taylor (1999) rule.

2. Percent,\&rage for the quarter.

3. Effective rate in percent,\@rage for the quarter.
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Appendix

PoLicy RULES USED IN “MONETARY PoLICY STRATEGIES”

The table below gives the expressions for the selected policy rules used in “Monetary
Policy Strategies.” In the table, Rt denotes the effective nominal federal funds rate for quarter t,
while the right-hand-side variables include the staff's projection oftrailing four-quarter core PCE
inflation for the current quarter and three quarters ahead [ mati], the output gap estimate
for the current period [math], and the forecast ofthe three-quarter-ahead annual change in the
outputgap [math]. The value of policymakers' longer-run inflation objective, denoted [math] is
2 percent.

Taylor (1993) rule I s an i — % = on W |

Taylor (1999) rule I e e —% = an W |

Inertial Taylor (1999) rule H = » m=—e aib a B
First-difference rule I o an I — % = o B |

The first two of the selected rules were studied by Taylor (1993, 1999), while the inertial
version of the Taylor (1999) rule has been featured prominently in analysis by Board staff.l The
intercepts of these rules are chosen so that they are consistent with a 2 percent longer-run
inflation objective and a longer-run real interest rate, denoted [math], of 114 percent, a value used in
the FRB/US model. The prescriptions of the first-difference rule do not depend on the level of
the output gap or the longer-run real interest rate; see Orphanides (2003).

Near-term prescriptions from the four policy rules are calculated using Tealbook
projections for inflation and the output gap. For the rules that include the lagged policy rate as a
right-hand-side variable—the inertial Taylor (1999) rule and the first-difference rule—the lines
labeled “Previous Tealbook outlook” report prescriptions derived from the previous Tealbook
projections for inflation and the output gap, while using the same lagged funds rate value as in the
prescriptions computed for the current Tealbook. When the Tealbook is published early in a
quarter, this lagged funds rate value is set equal to the actual value of the lagged funds rate in the
previous quarter, and prescriptions are shown for the current quarter. When the Tealbook is
published late in a quarter, the prescriptions are shown for the next quarter, and the lagged policy
rate, for each of these rules, including those that use the “Previous Tealbook outlook,” is set equal
to the average value for the policy rate thus far in the quarter. For the subsequent quarter, these
rules use the lagged values from their simulated, unconstrained prescriptions.

1 See, for example, Erceg and others (2012).
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REAL FEDERAL FUNDS RATE ESTIMATES

The bottom panel of the exhibit, “Policy Rules and the Staff Projection,” provides an
estimate of one notion of the equilibrium real federal funds rate, »*. This measure is an estimate
of the real federal funds rate that, if maintained over a 12-quarter period (beginning in the current
quarter), makes the output gap equal to zero in the final quarter of that period using the output
projection from FRB/US, the staff’s large-scale econometric model of the U.S. economy. This
“Tealbook-consistent FRB/US »*” depends on broad array of economic factors, some of which
take the form of projected values of the model’s exogenous variables. It is generated after the
paths of exogenous variables in the FRB/US model are adjusted so that they match those in the
extended Tealbook forecast. Model simulations then determine the value of the real federal funds
rate that closes the output gap conditional on the exogenous variables in the extended baseline
forecast.

The “current real federal funds rate” reported in the panel is constructed as the difference
between the midpoint of the prevailing target range for the federal funds rate and the trailing four-
quarter change in the core PCE price index.

The “average projected real federal funds rate” reported in the panel is constructed as the
12-quarter average of the current real federal funds rate described above and its projections over
the next 11 quarters under the Tealbook baseline. This calculation is comparable to the one used
to generate »*. However, while »* and the average projected real federal funds rate are calculated
over the same 12-quarter period, they need not be associated with the same macroeconomic
outcomes even when their values are identical. The reason is that, in the »* simulations, the real
federal funds rate is held constant over the entire 12-quarter period to close the output gap at the
end of this timeframe whereas, in the Tealbook baseline, the real federal funds rate can vary over
time. Distinct paths of real short-term rates can, in turn, generate different paths for inflation and
economic activity.

FRB/US MODEL SIMULATIONS

The exhibits of “Monetary Policy Strategies” that report results from simulations of
alternative policies are derived from dynamic simulations of the FRB/US model. Each simulated
policy rule is assumed to be in force over the whole period covered by the simulation; this period
extends several decades beyond the time horizon shown in the exhibits. The simulations are
conducted under the assumption that market participants as well as price and wage setters have
perfect foresight, and are predicated on the staff’s extended Tealbook projection, which includes
the macroeconomic effects of the Committee’s large-scale asset purchase programs. When the
Tealbook is published early in a quarter, all of the simulations begin in that quarter. However,
when the Tealbook is published late in a quarter, all of the simulations begin in the subsequent
quarter.
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COMPUTATION OF THE OPTIMAL CONTROL PoLicYy UNDER COMMITMENT

The optimal control simulations posit that policymakers minimize a discounted sum of
weighted squared deviations of four-quarter headline PCE inflation [math] from the Committee's
2 percent objective, of squared deviations ofthe unemployment rate from the staff's estimate of
the natural rate (this difference is also known as the unemployment rate gap, [math]), and of
squared changes in the federal funds rate. The resulting loss function, shown below, embeds the
assumptions that policymakers discount the future using a quarterly discount factor [math]
and place equal weights on squared deviations of inflation, the unemployment gap, and federal
funds rate changes (thatis, [rmath]]).

B = = =™ —a B = 1

The optimal control policy is the path for the federal funds rate that minimizes the above
loss function in the FRB/US model, subject to the effective lower bound constraint on nominal
interest rates, under the assumption of perfect foresight, and conditional on the staff's extended
Tealbook projection. Policy tools other than the federal funds rate are taken as given and
subsumed within the Tealbook baseline. The path chosen by policymakers today is assumed to
be credible, meaning that decision makers in the model see this path as being a binding
commitment on the future Committees; the optimal control policy takes as given the lagged value
ofthe federal funds rate but is otherwise unconstrained by policy decisions made prior to the
simulation period. The discounted losses are calculated over a period that ends sufficiently far
into the future that extending that period farther would not affect the policy prescriptions shown
in the exhibits.
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Monetary Policy Alternatives

This month’s meeting presents the Committee with three key policy decisions:
first, whether to raise the target range for the federal funds rate;' second, what guidance
to give the public regarding the most likely future path for the federal funds rate; and
third, what to say about conditions that would result in a different path for the federal

funds rate.

With regard to the first decision, the Committee set out, in March, two criteria for
increasing the target range, namely “further improvement” in labor market conditions
(later amended to “some further improvement™) and “reasonable confidence” that
inflation would return, over the medium term, to the Committee’s 2 percent longer-run
goal. Nonfarm payroll gains have averaged about 200,000 per month over the nine

months since February—the latest month for which data were available when the

Alternatives

Committee set out the criteria—and the two labor market reports received since the
October meeting show that the lull in employment gains in late summer has given way to

renewed strength. The unemployment rate declined %2 percentage point since February,

to 5.0 percent, and long-term unemployment has fallen about ¥ percentage point.> More
recently, while net exports have continued to be a drag on GDP growth, manufacturing
sector output has firmed and real GDP has been expanding at a moderate pace with
notable improvement in domestic final sales, suggesting labor market conditions will
likely continue to strengthen. On the inflation front, core and headline inflation,
measured on a 12-month basis, have remained at subdued levels, and the recent oil price
declines will likely add, for a time, to the downward pressure that is temporarily holding
down headline inflation. Meanwhile, market-based measures of longer-term inflation
compensation remain low and some measures of longer-term survey expectations edged

down.

The draft statements presented below—Ilabeled Alternative A, Alternative B, and
Alternative C—offer different assessments of realized and expected progress toward the

Committee’s dual mandate objectives and its two criteria for liftoff, along with

' A decision to raise the target range for the federal funds rate would be accompanied by decisions
to increase the interest rates paid on excess reserves and overnight reverse repos, as well as the primary
credit rate.

2 Both the October and November employment reports were regarded as positive surprises by
financial markets, with strength perceived in many labor market indicators.
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corresponding policy choices. On inflation, Alternatives B and C acknowledge that it has
continued to run below the Committee’s objective, but then state that inflation is
“expected to rise to 2 percent over the medium term,” and that the Committee is
“reasonably confident” that this will occur as “the transitory effects of declines in energy
and import prices dissipate and the labor market strengthens further.” Alternative B also
states that market-based measures of inflation compensation “remain low” and that
“some” survey-based measures have “edged down.” Alternative C is more sanguine in its
assessment of longer-term inflation expectations, stating that market-based measures
have “stabilized” and that survey-based measures have “generally remained stable.”
Alternative B retains the cautionary note from the October statement’s second paragraph
that says the Committee “continues to monitor inflation developments closely,” whereas
Alternative C drops this language. Alternative A, by contrast, emphasizes that “inflation,
core inflation, and gains in labor compensation all [remain] subdued,” and highlights that

the Committee “will closely monitor measures of actual and expected inflation.”

In contrast, the three alternatives describe developments in the labor market (and
real activity) identically: There has been “further improvement” in labor market
indicators that “confirms” that underutilization of labor resources has diminished

“appreciably” since early this year.

Alternatives B and C state that both of the criteria for raising the federal funds
rate have been met and therefore announce an increase in the target range. Alternative A
recognizes the improvement in the labor market, but emphasizes that inflation, core
inflation, and gains in labor compensation all remain subdued and so maintains the

current target range.

With regard to the second decision, namely what forward guidance the Committee
might choose to provide about its current view of the modal path for the federal funds
rate, it is useful to review market expectations and policymakers’ role in their evolution
over time. On the eve of the October FOMC meeting, market participants placed less-
than-even odds on liftoff occurring before the end of this year. However, the postmeeting
statement for October, and the minutes for that meeting, emphasized that an increase in
the target range for the federal funds rate at the December meeting was a distinct

possibility, provided that incoming data turned out to be consistent with the Committee’s
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outlook.> In combination, FOMC communications and the uniformly strong labor market
reports for October and November boosted the perceived probability of liftoff in
December to around 90 percent.* All told, surveys and market conditions suggest that
money market rates will be about in the target range immediately after a liftoff decision is
announced; see the accompanying box “Expectations For Money Market Rates Following
Liftoff”.

Market participants have long expected that normalization of the stance of
monetary policy will proceed more gradually this time than during the 1994 and 2004
tightening cycles, and more gradually than was anticipated at the onset of those episodes.
Recent policy communications appear to have reinforced those expectations. Currently,
federal funds rate futures suggest that market participants anticipate approximately two
25 basis point increases in the federal funds rate per year in 2016 and 2017, while the
Survey of Primary Dealers and the Survey of Market Participants point to three or four

such increases per year. In contrast, the December Tealbook assumption is for

Alternatives

approximately five increases over each of the two years. The accompanying box, “The
Federal Funds Rate Path: Market Expectations and Risk Scenarios” surveys the available

information on this subject.

Returning to the statements, Alternatives B and C both note that “the stance of
monetary policy remains accommodative” after liftoff, with Alternative B suggesting that
this policy stance is intended to support further improvement in the labor market and a
return of inflation to 2 percent, while Alternative C is silent on this issue. In addition,
Alternatives B and C shift the emphasis of policy communication from “how long to
maintain” the target range, as in the October statement, to “the timing and size of future

adjustments” of the target range. While this new language would be read, initially, as

3 As of the October meeting, the Committee expected economic activity to expand at a moderate
pace, labor market indicators to continue to improve, and inflation to rise gradually toward 2 percent over
the medium term as the transitory effects of declines in energy and import prices dissipate.

4 Market assessments of the probability of liftoff occurring December rose from about 30 percent
just before the October FOMC, to about 55 percent after the postmeeting statement; subsequent
communications from FOMC participants raised the probability a bit further. The probability rose from
about 60 percent just prior to the employment situation report for October to about 70 percent afterward;
the employment situation report for November had only small additional effects. Federal funds futures
now suggest the probability of a December liftoff is about 80 to 95 percent. Respondents to the Desk’s
Survey of Primary Dealers and Survey of Market Participants estimate, on average, that the probability is
around 90 percent, up from 37 percent in the October survey. The “Financial Developments” section of
Tealbook A provides more details.
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Expectations For Money Market Rates Following Liftoff

Term money market rates have moved up notably in recent weeks, reflecting market
expectations for an increase in policy rates at the December FOMC meeting. As
shown in the figure below, the 3-month Treasury bill yield and the 3-month LIBOR rate
have increased since the end of October and are currently 25 basis points and 17 basis
points, respectively, above their monthly averages prior to the October FOMC
meeting. These rates, and other term money market rates, can be used to calculate
implied forward interest rates that market prices imply will prevail following the
December FOMC meeting.' Implied forward rates can supplement measures of
expectations derived from surveys or from interest rate derivatives, the latter of
which are regularly presented in Tealbook A to project the path of the federal funds
rate.

The implied forward rates reported in the table below point to an increase in money
market rates immediately following the December FOMC meeting. We calculate
market expectations for money market rates for the week immediately following the
December FOMC meeting conditional on liftoff, using a liftoff probability of 9o
percent from the Desk’s December Survey of Primary Dealers and ignoring term
premiums. The implied forward rates, presented in the top panel, range from 25 basis
points to 47 basis points, about 20 basis points above their current levels. These
results suggest that markets seem to anticipate that, in the event of liftoff, money
market rates will roughly be in the assumed target range for the federal funds rate of
25 to 50 basis points.?

w
]
2
)
(1]
c
S
[}
=
<

Market prices suggest that the OIS rate, the Treasury GC repo rate, and Treasury bill
yields will remain within or slightly above the 25 to 50 basis point range in early 2016,
as shown in the bottom panel of the table. Eurodollar, LIBOR, as well as AA financial
and non-financial commercial paper rates are expected to be at similar levels in early
2016, ranging from 41 basis points to 59 basis points.

The implied forward rates presented are based on specific assumptions. Alternative
assumptions would imply different, and potentially much different, expected money
market rates. First, market participants may demand a positive term premium for
holding longer-dated money market instruments, which would suggest that the
implied rates reported here are too high. Second, using a lower (or higher) probability
of liftoff in December would lead to higher (or lower) implied post-liftoff rates. In
addition, term pricing may reflect market participants’ views of rate distortions that
are associated with reporting dates, and some term contracts extend beyond the
January FOMC meeting to which some market participants may assign a positive

' Aforward rate is the interest rate that is implied from two spot rates of differing maturities for
the period of time between the two maturities. For example, a 1-week spot rate and a 2-week spot
rate can be used to calculate a 1-week rate that would prevail one week from now.
> Treasury bill yields are subject to year-end pressures and other pricing dynamics, which might
lead to their levels being a bit below the anticipated target range for the federal funds rate.
|
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probability of an increase in the target range. Nonetheless, these market-implied
expectations are broadly consistent with expectations for money market rates from
the Desk’s December Survey of Primary Dealers. The median expectations from the
survey for the effective federal funds rate, the Treasury GCF repo rate, and the 3-
month Treasury bill yield immediately following liftoff are 34, 40, and 25 basis points,

respectively, a noticeable upward shift from their current levels.

3-month LIBOR and 3-month Treasury Bill Yield

Percent

| Daily 7
F = - 3-month LIBOR e
3-month Treasury bill /

-_— o = A —_—

- ey - =

Sept. 1 Sept. 16 Sept. 30 Oct. 15  Oct. 29 Nov. 13 Nov. 30
Source: Federal Reserve Board and Bloomberg.

Implied Forward Rates Conditional on Liftoff
(percent, annual rate)

_ 1-week rate, Memo: 1-week spot rate,
Dec. 17, 2015 Dec. 3, 2015
oIS 0.36 0.12
Treasury GC Repo 0.47 0.24
Treasury bill 0.25 0.05
2-month rate, Memo: 2-month spot rate,
Jan. 3, 2016 Dec. 3, 2015
oIS 0.36 0.30
Treasury GC Repo 0.52 0.43
Treasury bill 0.31 0.16
Eurodollar 0.43 NA
LIBOR 0.59 0.35
Fin. CP 0.58 0.31
Nonfin. CP 0.41 0.24

Note: All rates are conditional on liftoff with a probability of 90 percent (and a 10 percent
probability that forward rates are the same as the overnight spot rates as of Dec. 3). Term
premiums are set to zero basis points for each instrument. In the top panel, 2- and 3-week

term instruments are used; in the bottom panel, 1-month and 3-month instruments are used.
Source: Federal Reserve Board, Staff calculations, Primary Dealer Survey, and Bloomberg.
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The Federal Funds Rate Path: Market Expectations and Risk Scenarios

Financial market quotes indicate that investors currently place high odds on a rate increase at the
December FOMC meeting, higher than was the case immediately before the 1994 tightening
move and only modestly lower than the near-certain odds seen ahead of the 2004 interest rate
increase (table 1).

By comparison, the expected pace of tightening after liftoff, measured from money market
futures rates, remains significantly below both the expected and the actual pace of tightening in
the two previous episodes (table 1)." Moreover, the expected pace has declined slightly over the
past year, in contrast to the 1994 tightening, when the expected pace remained about unchanged
over the preceding 12 months, as well as the 2004 tightening, when the expected pace increased
sharply over the preceding three months in response to rapid improvements in the labor market
(figure 2). Meanwhile, uncertainty about the expected policy path changed little over the past
year, and is well below the levels seen during the previous tightening episode