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uncertainty around inflation forecasts by attaching a probability to the different possible 

outcomes for future inflation and are increasingly used by both central banks and researchers.  

 

The remainder of the paper is structured as follows: Section 2 briefly reviews the relevant 

literature; Section 3 outlines the econometric models used for the analysis; Section 4 discusses 

the data and the empirical results; Section 5 offers some concluding remarks. 

 

 

2. Literature Review 

The literature on inflation forecasting is extensive and it uses a variety of approaches including 

ARIMA models (Junttila, 2001;!Salisu and Isah, 2018), factor models and principal component 

analysis (Poncela and Senra, 20069!Kunovac, 2007; Inoue and Kilian, 2008; Mehrotra and 

Sánchez-Fung, 2008), and dynamic panel models (Boero et al., 2008; Döpke et al., 2019). The 

forecasting performance of these alternative models has been assessed by several studies. Ang 

et al. (2007), for instance, reported that surveys produce more accurate inflation forecasts for 

the US compared to the Phillips curve and term structure models. Lee (2012) found that the 

ARIMA model outperforms a Phillips curve and a naïve model in terms of out-of-sample 

forecasting in a group of 26 inflation targeting countries. In their overview of the literature 

Faust and Wright (2013) concluded that survey forecasts generally outperform model-based 

forecasts. The latter have considered a variety of possible determinants of inflation, including 

past inflation (Ball and Cecchetti, 1990; Bollerslev, 1986), economic activity variables such as 

unemployment and output (Atkeson and Ohanian, 2001; Orphanides and van Norden, 2005; 

Canova, 2007), and inflation expectations (Berge, 2018; Chan et al., 2018). 

 

Numerous studies have reported that more accurate inflation forecasts are obtained by carrying 

out principal component analysis. For instance, 
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More recently, density forecasts have been considered in addition to point forecasts of inflation. 

In particular, Lahiri and Liu (2006) analysed a heterogeneous panel of density forecasts from 

the Survey of Professional Forecasters and concluded that inflation forecast uncertainty in the 

US varies according to the inflation level but is less persistent than suggested by the data, which 

can produce misleading results when ignoring forecaster heterogeneity that can affect the 

dynamics of uncertainty. When examining matched point and density forecasts from the same 

survey using seemingly unrelated regressions, Rich and Tracy (2010) found mixed evidence 

on whether increases in expected inflation are related to greater uncertainty, but documented a 
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consider are ℎ = 3, 6, 9, 12 months and the estimation is carried out using OLS. The number 

of factors and lags is determined using the Bayesian-Schwarz information criterion (BIC). 

 

3.2 Shadow Policy Rate Estimation 

As already mentioned, we follow two approaches to estimate the shadow policy rates for the 

countries under examination. One is the three-factor term-structure model of Wu and Xia 

(2016) (WX(3)) and the other is the Krippner (2015a) two-factor arbitrage-free Nelson and 

Siegel (1987) model (K-ANSM(2)). Both methods use longer-term interest rates to construct 

the shadow rates from term-structure models. 

 

The forward rate in the WX(3) shadow rate model can be approximated by the following state 

space representation form: 

 

;-,-"(,!
. = < + =-

/> ?
@- + A-0 B! − <

=-
/ D + E-! (3) 

 

where < is the lower bound, (=-
/)



=!
!

 

;(G! , H) = <23 ∙ {1 − Φ[,(Y, H)]} + \(H) ∙ O[,(Y, H)] + Φ[,(Y, H)] ∙ RS(]) + 

+3! ∙ Φ[,(Y, ])] + I! ∙ expN−OPHQ Φ[,(Y, ])] (5) 

 

where <23 is the lower-bound parameter, Φ[∙] 
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outperforms the benchmark one. We use the same test to compare the performance of the model 

with the WX(3) shadow rate with that of the one with the KANSM(2) rate. 

 

For the density forecasts, we employ a non-parametric bootstrap with 1000 random draws with 
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are computed as the annual percentage growth of the Consumer Price Index (CPI) series from 

the OECD database.  

 

For the Wu and Xia (2016) shadow rate, the forward rates are constructed using the Nelson-

Siegel-Svensson yield curve parameters for maturities of 0.25, 0.5, 1, 2, 5, 7 and 10 years and 

end-of-the-month observations. For the Krippner (2015a) shadow rate, the maturities used are 

1, 2, 3, 5, 7 and 10 years. For the US, the data are taken from the Gürkaynak et al. (2007) 

dataset which has been updated to 2021. We also obtained from the Federal Reserve Bank of 

St Louis
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4.2 Shadow Policy Rates 

Figure 1 plots the WX(3) and KANSM(2) shadow rates with different lower bound (LB) 

parameters for the entire sample period for the US. The shadow rates seem to track the Federal 

Funds rate closely during non-ZLB times, but the choice of the LB parameter seems to 

influence strongly the behaviour of the shadow rate during the ZLB periods, which is consistent 

with the findings of Kuusela and Hännikäinen (2017). Figures 2 to 6 plot the shadow rates for 

the other countries in our sample. During non-ZLB times, these track the central bank policy 

rates very closely in the Euro Area and Canada, and relatively closely in the UK and 

Switzerland, but not at all in Japan. During ZLB times they seem to be sensitive to the choice 

of the LB parameter, especially in the case of the WX(3) rates. As one would have expected, 

both types of rates became negative for all countries during the recent Covid-19 pandemic. 

 

 

 

 

Figure 1 – WX(3) and KANSM(2) Shadow rates for the United States with different LB 
parameters 

WX(3) KANSM(2) 
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Figure 2 – WX(3) and KANSM(2) Shadow rates for the United Kingdom with different LB 
parameters 

WX(3) KANSM(2) 

  

 

 

 

 

Figure 3 – WX(3) and KANSM(2) Shadow rates for the Canada with different LB parameters 
WX(3) KANSM(2) 
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monetary policies, measured by the shadow rate, are effective in influencing the inflation rate 

even when interest rates are below zero. These results (which are robust to the choice of the 

LB parameter) are in line with those reported by previous studies suggesting that countries with 

negative interest rates experience less frequently a binding lower bound constraint, which 

means that the inflation rate eventually achieved is closer to the central bank’s inflation 

objective (Schmidt, 2016).  

 

 

 
Table 1. In-sample regression results for countries with a zero lower bound 
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Table 2. In-sample regression results for countries with negative interest rates 
 ! = # ! = $ ! = % ! = &' 
 WX(3) 
Japan     
     LB=25 -0.0196** -0.0194** -0.0259** -0.0233** 
     LB=19 -0.0169** -0.0167** -0.0239** -0.0208** 
     LB=14 -0.0143* -0.0142* -0.0222* -0.0186* 
     LB=0 -0.0138 -0.0203 -0.0153* -0.0185** 
Euro-Area     
     LB=25 -0.0254*** -0.0305** -0.0240** -0.0168** 
     LB=19 -0.0236*** -0.0264** -0.0207** -0.0200** 
     LB=14 -0.0217*** -0.0224* -0.0286* -0.0266** 
     LB=0 -0.0168** -0.0





6=!
!

 

 

 
Table 4. In-sample regression results for countries with negative interest rates and a ZLB interaction term 
 ! = # ! =
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interaction term does not appear to have much additional predictive power for inflation. It is 

noteworthy that both these countries adopted an inflation targeting framework in the early 

1990s, and thus this finding suggests that unconventional monetary policy has less of an impact 

on inflation under such an arrangement.  

 

 
Table 5. Out-of-sample evaluation of the shadow rate model against the benchmark model for countries with a 
zero lower bound 
 ! = # ! = $ ! = % ! = &' 
 WX(3) 
United States     
     LB=25 0.9321 0.0022*** 0.0170** 0.0127** 
     LB=19 0.9136 0.0026*** 0.0175** 0.0129** 
     LB=14 0.8881 0.0030*** 0.0182** 
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Table 6. Out-of-sample evaluation of the shadow rate model against the benchmark model for countries with 
negative interest rates 
 ! = # ! = $ ! = % ! = &' 
 WX(3) 
Japan     
     LB=25 0.0326** 0.0289** 0.0440** 0.0167** 
     LB=19 0.0327** 0.0289** 0.0496** 0.0182** 
     LB=14 0.0358** 0.0294** 0.0418** 0.0161** 
     LB=0 0.0301** 0.0326** 0.0455** 0.0194** 
Euro-Area     
     LB=25 0.0355** 0.0064*** 0.0011*** 0.0002*** 
     LB=19 0.0352** 0.0066*** 0.0012*** 0.0003*** 
     LB=14 0.0349** 0.0068*** 0.0013*** 0.0003*** 
     LB=0 0.0366** 0.0074*** 0.0015*** 0.0003*** 
Switzerland     
     LB=25 0.0241** 0.0016*** 0.0005*** 0.0001*** 
     LB=19 0.0220** 0.0017*** 0.0005*** 0.0001*** 
     LB=14 0.0194** 
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seems to perform better for countries with negative interest rates, with the exception of Japan, 

for which the forecasting accuracy of the two shadow rates is the same. These findings are 

similar to those by Kuusela and Hännikäinen (2017) for the case of US inflation. 

 
Table 7. Out-of-sample evaluation of the WX(3) shadow rate model against the KANSM(2) shadow rate model 
 ! = # ! = $ ℎ = 9 ℎ = 12 
 Countries with a zero lower bound 
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strongly for most forecasting horizons and for all countries except Canada and the UK, where 

again the impact of unconventional monetary policy appears to be smaller in the presence of 

an inflation targeting framework. 

 

 
Table 8. Density forecast evaluation of the shadow rate model against the benchmark model for countries with a 
zero lower bound 
 ! = # ! = $ ! = % ! = &' 
 WX(3) 
United States     
     

 !
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Table 9. Density forecast evaluation of the shadow rate model against the benchmark model for countries with 
negative interest rates 
 ! = # ! = $ ! = % ! = &' 
 WX(3) 
Japan     
     LB=25 0.1765 0.7742 0.5094 0.9216 
     LB=19 0.1618 0.9355 0.5283 0.8627 
     LB=14 0.1471 0.9355 0.3019 0.9216 
     LB=0 0.1618 0.0000 0.5094 0.9804 
Euro-Area     
     LB=25 0.5631 0.7052 0.7393 2.5625 
     LB=19 0.6311 0.7812 0.7841 1.6111 
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Appendix A 
!

Estimation time period for each country: 

Country Sample Start Date Sample End Date ELB Period 

United States January 1985 December 2021 January 2009 – December 2015; 
March 2020 – December 2021 

United Kingdom January 1986 December 2021 April 2009 – May 2010; 
March 2020 – December 2021 

Canada January 1986 December 2021 August 2016 – 
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Appendix B 
 

Nelson-Siegel-Svensson model 
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Appendix C 
 

Data for Principal Component Analysis 

1. United States  

Variable Description Source Transformation 
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3. Canada 

Variable Description Source Transformation 
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4. Japan 
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I"C4COh#FG9VK! I*5&'!"%)%(0%)!%?,'7/8+U!O*'/!3*(!h&@&+! .%/%(&'!"%)%(0%!1&+2!*3!45!6*78)! 9!
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#$IOBOG>h#FHH>K! #(*/7,%(!#(8,%)!$+/%?M!I*5&'!B*+)7-%(!O**/)!3*(!h&@&+! .%/%(&'!"%)%(0%!1&+2!*3!45!6*78)! 9!
6BCDFKG>h#FH9j4! Y*7('W!C&(+8+U)M!F&+73&,57(8+U!3*(!h&@&+! .%/%(&'!"%)%(0%!1&+2!*3!45!6*78)! >!
h#K##AFF$KFC$! A*-%)58,!#(*/7,%(!#(8,%)!$+/%?M!F&+73&,57(8+U!3*(!h&@&+! .%/%(&'!"%)%(0%!1&+2!*3!45!6*78)! 9!
B#D6B`G>h#FHH>K! B*+)7-%(!#(8,%!$+/%?M!I*5&'a!D''!$5%-)!3*(!h&@&+! .%/%(&'!"%)%(0%!1&+2!*3!45!6*78)! 9!
6BCD#"GEh#FHH>4! F*+5]'W!C&(+8+U)M!#(80&5%!4%,5*(!3*(!h&@&+! .%/%(&'!"%)%(0%!1&+2!*3!45!6*78)! 9!
h#KB#$CKOF$KFC$! B*+)7-%(!#(8,%!$+/%?M!C+%(UW!3*(!h&@&+! .%/%(&'!"%)%(0%!1&+2!*3!45!6*78)! 9!
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5. Euro-Area 

Variable Description Source Transformation 
Real Activity and Employment!

6"YRIIIICgF>9H4! Y&(-*+8X%/!R+%-@'*W-%+5!"&5%M!I*5&'M!D''!#%()*+)!3*(!5]%!C7(*!D(%&! .%/%(&'!"%)%(0%!1&+2!*3!45!6*78)! >!
CD>j46"IILGV$=L14DF! 4&'%)M!"%5&8'!5(&/%M!I*5&'!(%5&8'!5(&/%M!\&'7%!3*(!5]%!C7(*!D(%&! .%/%(&'!"%)%(0%!1&+2!*3!45!6*78)! 9!
CD>j#"$KILG>O#4DF! #(*/7,58*+M!$+/7)5(WM!I*5&'!8+/7)5(WM!I*5&'!8+/7)5(W!%?,'7/8+U!,*+)5(7,58*+!3*(!5]%!C7(*!D(%&! .%/%(&'!"%)%(0%!1&+2!*3!45!6*78)! >!
CD>j46FKBAGV$=L14DF! 4&'%)M!F&+73&,57(8+UM!B*+)7-%(!U**/)!/7(&Q'%M!\&'7%!3*(!5]%!C7(*!D(%&! .%/%(&'!"%)%(0%!1&+2!*3!45!6*78)! 9!
=IC=\DG>CgFHH^4! C?@*(5)M!\&'7%!O**/)!3*(!5]%!C7(*!D(%&! .%/%(&'!"%)%(0%!1&+2!*3!45!6*78)! 9!
CD>j#"FK\OG>$=L14DF! #(*/7,58*+M!F&+73&,57(8+UM!18 434.(+UM -1 ()) -1 (M) -2 (]%)- (K) -1 (!) +-2 (]%)-3 (K) /)) -1 (!) -2 (!) -2 (F) I (*) --2 (]%)-1 (,) -2 (!) 30 (K) -2 (*) - -2 (!) -3 (K) -2 (]%) -1 (!) -2 (C
 1 (7() -2 (*!) 43 (K) 1 (() -2 (%) -1 (&) ] TJ ET Q Q q 205 416 379 12
re W n /Cs1 cs 0 0 0 sc q 0.24 0 0 0.24 18 434.2 cm BT -0.0 0 42 30019856 7356 Tm /TT62 1 Tf (!) Tj ET Q Q q 583 416 134 12 re W n /Cs1 cs 0 0 0 sc q 0.24 0 0 0.24 18 434.2
cm BT -0.0043 Tc 42 0 0 42 2379 -66  Tm /TT62 1 Tf (!).%) -1 (/%) -1 (() -2 (&) -1 (,) -2 (!) 30 (") 1 (%) -1
()) -1 (M) -1 (() -2 (!)  -1 (!) 30 (1

1 (*) -1 (,) ) 30 (*3) -2 (!) 30
(45) -2 (!) 30 (6) 1 (*78) -2 ()) ] TJ
ET Q q
0 72  416 134 12 re W n /Cs1 cs 0 0 0 sc q 0.24 0 0 0.24 18 434.2
cm BT -0.0 0 42 3005.667 34 6 Tm /TT62 1 Tf (!) Tj ET Q Q q 205 416 13412 re f Q /Cs1 cs 0 0 0 sc q 0.24 0 0 0.24 18 434.2 cm BT 42 0 0 42 1470 -16 TTm /TT62 1 Tf (!) Tj ET Q Q q 728 416 13412 re f 7 /Cs1 cs 0 0 0 sc q 0.24 0 0 0.24 18 434.2 cm BT 42 0 0 42 7580.833 -66  Tm /TT62 1 Tf (!) Tj ET Q Q q 205 842 595 re
W n /Cs1 cs 0 0 0 sc 72 427.12 0.48 0.48 re f 72.48 475.12 0.4.48 0.48 re
f 204.96 427.12 0.48 0.48 re f 72..44 439.12 0.4.76 0.48 re f 583.2 427.12 0.48 0.48 re f 583.2 4451.12 0.4.0.48 re f 727.68 427.12 0.48 0.48 re f 727.66 439.12 0.472 0.48
re f 806.88 427.12 0.48 0.48 re f 727.6 .07 .48 11.52
re f 727.96 416.07 .48 11.52
re f 583.2 416.07 .48 11.52
re f 727.68 416.07 .48 11.52
re f 727.88 416.07 .48 11.52
re f Q q 72 4043932.434 e W n /Cs1 cs 0 0 0 sc q 0.24 0 0 0.24 18 434.2 cm
BT -0.0056 T 42 0 0 42 802.0001 -66 1Tm /TT62 1 Tf (!).%>j#DK\OG>$=L14DF

 Tj ET Q Q q 205 4043932 12
re W n /Cs1 cs 0 0 0 sc q 0.24 0 0 0.24 18 434.2 cm BT -0.0043 Tc 42 0 0 42 802.9999 -116
Tm /TT62 1 Tf (!).%'%)M!F&+73&,57(8+UM!B+UM -1 (>) 
-2 (*) -2 (]%)- (K) -1 (!) +-2 (]%)-3 (K) /)!!F&)!!3*(!5]%!C*!D(%&

!

.%/%(&,!"%)M(!!1

1 (*) -1 (,) *3!45!6*78)
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B4C4.IGVCgF^HG4! B*+)7-%(!L@8+8*+!47(0%W)M!C,*+*-8,!4857&58*+M!.757(%!I%+/%+,WM!C7(*@%&+!B*--8))8*+!
$+/8,&5*(!3*(!5]%!C7(*!D(%&!

.%/%(&'!"%)%(0%!1&+2!*3!45!6*78)! V!

CD>j6L6$ILDD4I4DF! 6%&/8+U!$+/8,&5*()!LCBAM!6%&/8+U!8+/8,&5*()M!B6$M!D-@'857/%!&/d7)5%/!3*(!5]%!C7(*!D(%&! .%/%(&'!"%)%(0%!1&+2!*3!45!6*78)! V!
BBR44#G>CgFH9GK! R4!A*''&(!5*!K&58*+&'!B7((%+,W!4@*5!C?,]&+U%!"&5%!3*(!5]%!C7(*!D(%&! .%/%(&'!"%)%(0%!1&+2!*3!45!6*78)! 9!
B4B$B#GVCgF^HG4! B*+)7-%(! L@8+8*+! 47(0%W)M! B*+38/%+,%! $+/8,&5*()M! B*-@*)85%! $+/8,&5*()M! C7(*@%&+!

B*--8))8*+!&+/!K&58*+&'!$+/8,&5*()!3*(!5]%!C7(*!D(%&!
.%/%(&'!"%)%(0%!1&+2!*3!45!6*78)! V!

Monetary and Financial Variables!
"K=F1$4! "%&'!K&((*b!C33%,580%!C?,]&+U%!"&5%!3*(!C7(*!&(%&! .%/%(&'!"%)%(0%!1&+2!*3!45!6*78)! 9!
#L6$B`"DIC! B%+5(&'!1&+2!#*'8,W!"&5%! 1&+2! 3*(! $+5%(+&58*+&'!

4%55'%-%+5)!
>!

GJV9! EZF*+5]!I(%&)7(W!18''! C7(*)5&5! V!
GJ9! HZF*+5]!I(%&)7(W!18''! C7(*)5&5! V!
>! >Z`%&(!I(%&)7(W!"&5%! C7(*)5&5! V!

!Z
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CK"O`GCg>jFG;HKC4I! Y&(-*+8X%/!$+/%?!*3!B*+)7-%(!#(8,%)M!C+%(UW!3*(!C7(*!&(%&!N>j!,*7+5(8%)P! .%/%(&'!"%)%(0%!1&+2!*3!45!6*78)! 9!
CD>jB#Y#6DG>O`F!
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I]%!5(&+)3*(-&58*+!,*/%)!(%@(%)%+5!5]%!5(&+)3*(-&58*+!&@@'8%/!5*!%&,]!0&(8&Q'%!Q%3*(%!8+,'7/8+U!85!8+!5]%!@(8+,8@&'!,*-@*+%+5!&+&'W)8)J!I]%!5(&+)3*(-&58*+!,*/%)!&(%M!
>!k!+*!5(&+)3*(-&58*+!
V!k!38()5!/833%(%+,%!
E!k!)%,*+/!/833%(%+,%!
^!k!+&57(&'!'*U&(85]-!
9!k!38()5!/833%(%+,%!*3!+&57(&'!'*U&(85]-!
H!k!)%,*+/!/833%(%+,%!*3!+&57(&'!'*U&(85]-!

 
#

#

#
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6. Switzerland 

Variable Description Source Transformation 
Real Activity and Employment!

6FRK""IIBYF>9H4! "%U8)5%(%/!R+%-@'*W-%+5!"&5%!3*(!4b85X%('&+/! .%/%(&'!"%)%(0%!1&+2!*3!45!6*78)! V!
6FRK"6IIBYFH^<4! "%U8)5%(%/!R+%-@'*W-%+5!6%0%'!3*(!4b85X%('&+/! .%/%(&'!"%)%(0%!1&+2!*3!45!6*78)! 9!
BYC4D"IF$4FC$! I*5&'!"%5&8'!I(&/%!8+!4b85X%('&+/! .%/%(&'!"%)%(0%!1&+2!*3!45!6*78)! 9!
6Fh\IIR\BYFH^<4! I*5&'!R+38''%/!h*Q!\&,&+,8%)!3*(!4b85X%('&+/! .%/%(&'!"%)%(0%!1&+2!*3!45!6*78)! 9!
=IKI\DG>BYFHH^4! K%5!I(&/%M!\&'7%!O**/)!3*(!4b85X%('&+/! .%/%(&'!"%)%(0%!1&+2!*3!45!6*78)! V!
BYC6LBL1#KL4I4DF! 6%&/8+U!$+/8,&5*()!LCBAM!B*-@*+%+5!)%(8%)M!1I4!Z!#(*/7,58*+M!K*(-&'8)%/!3*(!4b85X%('&+/! .%/%(&'!"%)%(0%!1&+2!*3!45!6*78)! V!
BYC6L"4O#"I4I4DF! 6%&/8+U!$+/8,&5*()!LCBAM!"%3%(%+,%!)%(8%)M!O(*))!A*-%)58,!#(*/7,5!NOA#PM!"&58*!5*!5(%+/!

3*(!4b85X%('&+/!
.%/%(&'!"%)%(0%!1&+2!*3!45!6*78)! V!

BYC6LBL1AKL4I4DF! 6%&/8+U!$+/8,&5*()!LCBAM!B*-@*+%+5!)%(8%)M!1I4!Z!A%-&+/!*(!*(/%()!8+3'*bM!K*(-&'8)%/!
3*(!4b85X%('&+/!

.%/%(&'!"%)%(0%!1&+2!*3!45!6*78)! V!

BYC6LBL1#L"4I4DF! 6%&/8+U! $+/8,&5*()! LCBAM! B*-@*+%+5! )%(8%)M! 1I4! Z! #(*/7,58*+M! L(8U8+&'! )%(8%)! 3*(!
4b85X%('&+/!

.%/%(&'!"%)%(0%!1&+2!*3!45!6*78)! V!

BYC6LBL1AL"4I4DF! 6%&/8+U!$+/8,&5*()!LCBAM!B*-@*+%+5!)%(8%)M!1I4!Z!A%-&+/!*(!*(/%()!8+3'*bM!L(8U8+&'!)%(8%)!
3*(!4b85X%('&+/!

.%/%(&'!"%)%(0%!1&+2!*3!45!6*78)! V!

14B$B#GEBYFHH94!
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