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| “: 3concepts

1. Shortrun: Flexiblepricereal rate in NewKeynesian
DSGHEnodels

2. Mediumrun: Equilibriumreal rate in AEPhillips
curvemodel (LaubacHWilliamsg.

3. Longrun: Steadystate equilibriumrate.
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Figure 5: Laubach-Williams model estimates of the natural rate of interest
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Source: Laubach and Williams (2015)
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Hugepolicyimpact

A L. Summers2014,“TheLaubachwilliams methodology
demonstratesa verysubstantialand continuingdeclinein
the (equilibrium real rateof interest *

A P Krugman 2 0 1 Shelowndatliralrate isassolid a
resultasanythingin real timecanbeareferringto LW.

A JYellen 2 QUbderassymptionghat | considemmore
realisticunderpresentcircumstanceghe Taylorrule calls
for the federalfundsrate to be closeto zera*
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i © in the Taylorrule
r=p+.5y +.5(p - 2) {2) (1)

where

r is the federal funds rate,
p is the rate of inflation over the previous four quarters
y is the percent deviation of real GDP from a target.

The 2-percent “equilibrium” real rate is close to the assumed steady-state
growth rate of 2.2 percent.
A 17 inthe Taylorrule refersto the long-run equilibriumrate, not a
mediumterm concept
A Also,the averagereal federalfundsrate wasabout2%.
A Now(1965Q12017Q1)he averagerealfederalfundsrate is
1.82%.
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We useNewKeynesiaiDSGEnodelsto estimatelongrun
equilibriumrates

A DSGHEnodelsdistinguishstructuralfactorsnot consideredoy simplestate
spacemodelslike LaubackWilliams:demandcompomentstechnology
shocksinvestmentshocksrisk premia monetarypolicyrule anddeviations

A Modelslet usevaluatesourcesof deviationsof real ratesfrom equilibrium

A Allowsometime variationby using20-yearmovingwindow sampleso
accountfor possiblebreakgtrendsnot capturedby model

A  Reaitime data.

A Buildson Wieland (2016, Annual Repaftthe German Councof Economic
Experts.
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Steadystate equilibriumrate in NewKeynesianmodels(notation asin Smetsand
Wouters, 2007):

Eulerequation h - YO [—]

f : marginalutility of consumptionf :discountfactor,- riskpremium
shock 'Y : nominalgrossinterestrate, L . inflation.

h ©® _6) Qw(q—p P (o )

0,; Consumption_: habitformation, ,, zinv. int. elast of substitution

1 Q)

. Frisch

n QO

elasticityof laborsupply
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Detrendingwith, hx (output growswith adeterministictrend |, i.e.
h withy )

Eulerequation , —- YO [—]

Steadystate: Y —°

Long—run realequilibriuminterestrate

A Estimateamainlydependon priorsandposteriorsofy ,, andf
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Estimatedasedon the Smetsand Woutersmodel

Original sample 1968004

Prior distribution Posterior distribution

Parameter Distr. Mean Std. Mode Mean 5 % 95 %
o Normal 1.5 0.37 1.39 1.38 1.16 1.59

ol Normal 0.4 0.10 0.43 0.43 0.40 0.45
100(3*1 —1) Gamma 0.25 0.1 0.16 0.16 0.07 0.27
implied parameters

15} 0.9975 0.9984 0.9984 0.9993 0.9974
r* = qzc 1.0085 1.0075 1.0075 1.0053 1.0099
Yann 1.60 1.72 1.72 1.60 1.80

T oon 3.4436 3.0339 3.0339 2.1369 4.0192

Table 1: Prior and Posterior Distribution of Parameters Relevant for r*. Notes: .., denotes
the annualized trend growth rate (Yann = (v — 1) % 100). > — denotes the annualized steady
state interest rate (r* r* — 1) % 100)

ann (
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Smets/Wouters20-yearrollingwindowi ~ estimates

rstar
real rate sample mean | -
Laubach/Williams

Smets/Wouters (2007)
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Figure 1: Realtime estimates of rstar with the Smets and Wouters model. Shaded areas show

95% probability bands. The dashed line shows the sample mean of the real interest rate.
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Structuralparametersinfluencei °

rstar
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Figure 2: Structural parameters relevant for rstar. Shaded areas show 95% probability bands.
The dashed line shows the implicit prior means (the parameters are not estimated directly, but
functions of them). The dashed line for rstar shows the combination of prior means of [ 7 .
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Influenceof StructuralParameterdDeclineof i *

Holding fixone parameterat the 2000 subsampléevel (peakofi “) andvary
the other two:

Specification F'ann Yann I5; O
Y2000 320005 Tc,2000 2.20% 2.18% 0.9974 1.27
2017, ﬁ‘)n'l - {TI.T?,DL'L 384% 1. 12% 0(}(}82 132
GET: ﬁg[)(]{}, 0 ¢,2000 2.470/;} ) 112% 0.9974 1.27
Y2000 - [?‘2017, T ¢,2000 3.51% 2.18% 0.9982 1.27
Y2000 ﬁg[)(]u, T¢,2017 3.95% 2.18% 0.9974 1.32

Table 4: Influence of Structural Parameters on Decline of r*.
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Whichfactorsare drivingthe realinterestrate belowi “ (mostrecent

sulbbsample)?

Approach: Historicalecompositiorandthen takingthe meanoverthe sample

Shock Contribution to Mean(ry) —r* Share of Overall Difference
0.45% — 2.20%
technology —0.09% 5%
risk premium 27%
government spending —0.04% 2%
investment spec. techn. —0.24% 14%
monetary policy A7%
price markup 0.15% —9%
wage markup —0.01% 1%
initial values —0.22% 13%

Table 5: Contribution of Shocks to Difference Between r* and the Real Interest Rate.
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Therole of priors (last subsample):

Useverywide priorsfor key parametersdeterminingi “:

Posterior Mean 2.5% 97.5%
Specification T Yann I5; Toom Ton [
Baseline 1.32 1.12 0.9982 2.20 0.89 4.06
Wide prior o, 1.30 1.12 0.9982 217 0.91 4.03
Wide prior % 1.30 0.88 0.9983 1.83 0.67 3.47
Wide prior 1[)0(_,-9_1 —1) 1.37 1.12 0.9999 1.60 0.78 2.76
Wide prior o,, 5, 100(3~1=1) 1.30 0.76 0.9999  1.03 0.46 2.02
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Robustnessvith respectto zerolower bound
(last subsample):

Posterior Mean 2.5% 97.5%
Specification O Yann I} r* r* r*
Baseline 1.32 1.12 0.9982  2.20 0.89 4.06
Shadow interest rate (Wu,Xia) 1.33 1.08 0.9982  2.20 0.82 4.03
Shadow int. + wide prior o, 7, 3 1.37 0.96 0.9999 1.38 0.53 2.84
Shadow interest rate (Krippner) 1.30 1.21 0.9981 2.32 0.98 4.13
Shadow int. + wide prior o, 7, 3 1.27 1.04 0.9999 1.35 0.52 2.65

Table 7: Robustness checks with shadow interest rate for data vintage 2017Q).
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Modeluncertainty. 4 differentvariants
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Figure 3: Posterior Mean Estimates of r* from four different models. Notes: SW: Smets and
Wouters, DNGS: Del Negro, Gianonni and Schorfheide, DNGS no ff: DNGS without financial
frictions, DNGS no ff 3 obs: DNGS without financial frictions and three observables.
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Comparisorto the literature:

» (recentyear§ |Changesincelate 90s

LW (2016) 0% -3%

Kiley (2015) 1.25% -0.6%
LubikKMatthes (2015) 0.5% -2.5%
PescatotiTurunen(2015) 0.51% -2.5%
Johannsen/Mertens (2016) 1.2% -0.5%
DelNegroet al. (2017) 1-1.5% -1t0 -1.5%

Wieland/Wolters (2017) 1.2-2.2% -1t0 -2%
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Conclusions

A Structural model estimates show thiat hasdecreased frona peak of
3.54% around 2000 to a level of 1222% in recenyears. This is not
much below the level that prevailed in the 1980s and early 1990s.

A 17 is still significantlypositive and above the decline tine meanreal
rate across several models.

A Decline in ©“ mainly caused by productivity growth slowdown.

A Decline in the real rate below caused by preference for liquid and safe
assets (risk premium shock) and expansionary monetary policy.

A Discussions about the Taylor rule should focus on-tomgequilibrium
rate rather than shorrun natural rate or mediurterm concept.
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LaubachWilliams: Highuncertaintyaroundestimates
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Medium-run equilibrium interest rates (Laubach-Williams method)*: One-sided estimation =— Two-sided estimation
== B8 % confidence interval (two-sided) 95 % confidence interval (two-sided) == 2 %-constant?

Source: Beyer and Wieland (2017)
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Usedwith inconsistentoutput gap

e
e \//:
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— Yellen output gap? Medium-run output gap (Laubach-Williams (2003) method)? —— PCE-Inflation (core)

1 - Based on the unemployment rate using Okun's law: Y, = -2(U, - U”), where U is the unemployment rate and U” the natural rate of unem-
ployment. 2 - Based on the two-sided estimation method.

Source: Beyer and Wieland (2017)
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Consistenuse—> higherprescription
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== Federal funds rate? Standard Taylor rule® == Yellen Taylor rule® Consistent Yellen Taylor rule®

Source: Beyer and Wieland (2017)
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