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From waves to rates: enhancing inflation forecasts

through combinations of frequency-domain models�

Fabio Verona∗

Abstract

This paper addresses the challenge of inflation forecasting by adopting a thick modeling approach

that integrates forecasts from time- and frequency-domain models. Frequency-domain models excel

at capturing long-term trends while also accounting for short-term fluctuations. Combining these

models with traditional approaches leverages their complementary strengths, resulting in forecasts

that consistently outperform individual methods, especially during periods of heightened inflation

volatility. By pooling insights from diverse modeling frameworks, this study provides a robust and

effective strategy for improving inflation forecasts across different horizons.

Keywords: inflation forecasting, forecast combination, wavelets, Haar filter, time-varying param-
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1 Motivation for a new approach to forecasting inflation

The left panels of figure 1 display the annualized one-quarter, one-year, and two-year average Consumer

Price Index (CPI) inflation rates in the U.S. (black line), alongside their long-term trend (blue line) and

NBER recessions (gray shaded bars). After the disinflation of the 1980s, inflation remained relatively

low and stable for about 30 years, punctuated by two notable events: a sharp decline followed by a quick

recovery during the 2007-2008 Global Financial Crisis (GFC) and a significant rise and subsequent fall

following the COVID-19 recession. The right panels of figure 1 reveal similar patterns for the one-quarter,

one-year, and two-year average Personal Consumption Expenditures (PCE) inflation rates.

These inflation dynamics – characterized by slow-moving long-term trends interrupted by abrupt, mean-

reverting fluctuations – pose significant challenges for forecasters (e.g., Stock and Watson, 1999). Despite

extensive research, forecasting inflation with greater accuracy than simple univariate models remains

difficult. The first and most critical step in effective inflation forecasting is to track its slow-moving, time-

varying trend accurately (del Negro and Schorfheide, 2013 and Faust and Wright, 2013). However, this

alone is insufficient to consistently outperform the benchmark random walk model. The key challenge

lies in simultaneously capturing both the slow-moving trend and high-frequency, short-term fluctuations,

making it nearly impossible for any single variable or econometric model to consistently excel across all

time periods.

This paper advances the development of better inflation forecasting models by adopting a thick modeling

approach, as proposed by Granger and Jeon (2004). This approach involves generating multiple model

forecasts and pooling the results. Specifically, we construct a suite of forecasting models designed to

produce reasonable inflation predictions up to two years ahead. Some models excel at tracking long-term

trends, while others focus on short-term fluctuations around these trends. By averaging or combining

these forecasts, we aim to enhance the accuracy and robustness of inflation predictions.

This paper makes several contributions to the inflation forecasting literature. First, we include simple

bivariate models with financial variables as predictors, which are often overlooked in favor of more
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complex models such as VARs, factor models, and term-structure models. This allows forward-looking

financial variables to play a more prominent role in the forecasting exercise, addressing a gap left by

studies like Stock and Watson (2003), which examined the forecasting power of a large set of asset price

variables only up to 1999. Second, we estimate these models using time-varying coefficients (TVC) to

assess whether they enhance predictability by effectively capturing the time-variation in the relationship

between inflation and its predictors. Third, we incorporate frequency-domain models into our model

suite, leveraging their proven ability to capture both long-term trends and high-frequency fluctuations

more effectively than traditional time-series approaches, as demonstrated in prior research (e.g., Faria and

Verona, 2018 for stock market return and Martins and Verona, 2024 for inflation). Finally, we combine

forecasts from these frequency-domain models with those from conventional time-series models to assess

the additional value they bring to inflation forecasting, particularly in capturing the nuanced dynamics of

inflation over different horizons.

Our main findings are summarized as follows.

1. Short-horizon challenges. Predicting inflation over short horizons (e.g., one-quarter ahead) is no-

tably harder than at longer horizons (e.g., one or two years). Short-horizon forecasts often produce

large errors, particularly around sharp turning points such as the one observed at the onset of the

GFC.

2. Advantages of time-varying coefficients. Models with TVC outperform constant-coefficient mod-

els, particularly for CPI inflation forecast. This underscores the importance of accounting for

parameter instability.

3. Survey-based forecasts. The Survey of Professional Forecasters (SPF) produces better one- and

two-year forecasts compared to the Michigan Survey of Consumers, which struggles to outperform

the benchmark random walk model.

4. Frequency-domain models. While most frequency-domain models perform comparably to time-

domain models, the frequency-domain Phillips curve delivers superior long-horizon CPI inflation
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forecasts.

5. Combination effectiveness. Forecast combinations generally outperform individual models by

reducing errors. However, combining all models indiscriminately underperforms compared to the

best individual models.

6. Trimming the model set. Limiting combinations to a subset of four models significantly improves

forecasting performance. At short horizons, combinations with time-varying weights excel, while

equal-weight combinations perform better at longer horizons.

7. Frequency-domain insights. Forecast combinations incorporating frequency-domain information

outperform time-domain counterparts, especially at longer horizons. The low-frequency compo-

nent of the term spread emerges as a consistently valuable predictor.

The rest of this paper is organized as follows. Section 2 provides a concise literature review on inflation

forecasting. Section 3 describes the data, while section 4 outlines the forecasting models and methodol-

ogy. Section 5 presents the empirical results, and section 6 concludes.

2 A brief literature review on inflation forecasting

The history of inflation forecasting dates back to early theoretical models like Fisher (1911). However,

modern econometric approaches gained prominence during the 1970s and 1980s, driven by works such

as Gordon (1977) and Sims (1980). A comprehensive survey of the extensive literature on inflation

forecasting is provided by Faust and Wright (2013). Notable recent studies on U.S. inflation forecasting

include Berge (2018), Dur and Martínez García (2020), Fulton and Hubrich (2021), and Eugster and Uhl

(2024), while studies on Euro area inflation include Hubrich and Skudelny (2017), Jarocinski and Lenza

(2018), Banbura and Bobeica (2023), and Huber, Onorante and Pfarrhofer (2024).
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The most common methods for inflation forecasting encompass a wide range of techniques. These in-

clude time series models (e.g., AutoRegressive Integrated Moving Average (ARIMA) and exponential

smoothing like the Holt-Winters method), economic models (e.g., Phillips curve and leading indicator

models), structural econometric models (e.g., Bayesian Vector AutoRegression (VAR) and Dynamic

Stochastic General Equilibrium (DSGE) models), survey-based methods, and market-based methods

(e.g., inflation-linked securities). Despite their widespread use, these models often struggle with fore-

casting accuracy in their original formulations. This paper explores two key strands of literature aimed

at improving inflation predictability.

The first strand focuses on enhancing econometric sophistication. Approaches include time-varying co-

efficient (TVC) models, model combinations, threshold models, and Markov-switching models. These

techniques are better equipped to capture time variation and state dependency in forecasts. Specifically,

this paper employs TVC models and forecast combination techniques.

TVC models have predominantly been applied within the contexts of Phillips curve and VAR models

(see, e.g., Stock and Watson, 2007, Koop and Korobilis, 2012, D’Agostino, Gambetti and Giannone,

2013, Clark and Doh, 2014, and Clark and Ravazzolo, 2015). While generally effective, they can exhibit

instabilities over time. In this paper, we utilize TVC models in simple bivariate regression frameworks to

generate baseline individual forecasts.

Forecast combination models have gained significant traction in inflation forecasting (see the surveys

of Timmermann, 2006, Aiolfi, Capistran and Timmermann, 2011, and Wang, Hyndman, Li and Kang,

2023). These models capitalize on the strengths of diverse approaches, reduce forecast errors, and ef-

fectively address model uncertainty. Applications to inflation forecasting include Stock and Watson

(2004), Ang, Bekaert and Wei (2007), Bjørnland, Gerdrup, Jore, Smith and Thorsrud (2012), Hubrich

and Skudelny (2017), and Fulton and Hubrich (2021).1 The prevailing consensus is that forecast combi-

nations generally outperform individual methods. This paper adopts this approach, combining individual
1 Beyond inflation, combination methods have also been used for forecasting output and industrial production (Stock and

Watson, 2003), output growth (Stock and Watson, 2004), equity premiums (Rapach, Strauss and Zhou, 2010), and multiple
macroeconomic variables (Pirschel and Wolters, 2018).
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forecast models to produce the final inflation forecasts.

The second strand leverages frequency-domain methods, such as Fourier and wavelet transforms, which

analyze the cyclical components of time series data instead of aggregate data. These methods identify and

utilize specific frequency bands to ultimately enhance forecasting accuracy. This paper employs wavelet

transforms, which are particularly adept at capturing transient phenomena like sudden inflation spikes or

shifts. By distinguishing short- and long-term fluctuations, wavelet methods complement and improve

upon traditional time-domain approaches.2

Compared to the literature using time series models, this literature is still on its infancy. For out-of-

sample inflation forecasting, Rua (2017) and Martins and Verona (2024) are the primary studies, ap-

plying wavelet methods within principal component and Phillips curve frameworks, respectively. This

paper evaluates the effectiveness of such models in improving inflation forecasts through more granular

frequency-domain insights.3

An alternative to traditional methods is the use of nonlinear econometric techniques like machine learning

(ML) and artificial intelligence (AI). Recent studies, such as Medeiros, Vasconcelos, Veiga and Zilberman

(2021) and Naghi, O’Neill and Danielova Zaharieva (2024), demonstrate the superior performance of

ML methods, including LASSO and random forests, over conventional approaches. However, this paper

focuses solely on linear models to rigorously assess the added value of frequency-domain information.

It also excludes theoretical models like agent-based and DSGE models due to their mixed forecasting

performance (e.g., Poledna, Miess, Hommes and Rabitsch, 2023 and del Negro, Dogra, Gleich, Gundam,

Lee, Nallamotu and Pacula, 2024).
2 Previous studies using frequency-domain methods include Martins and Verona (2023), Giri (2022), and Andreani and

Giri (2023), which analyze inflation dynamics and of its sub-components, and Rua (2012), which explores the relationship
between inflation and money growth.

3 An alternative time-series Phillips-curve based forecasting model that uses frequency-domain method is the one devel-
oped by Ashley and Verbrugge (2023), which applies a frequency-decomposition (band-pass) of the unemployment gap. Other
out-of-sample forecast applications using wavelets include Rua (2011), who forecast GDP growth using a factor-augmented
wavelets approach; Zhang, Gençay and Yazgan (2017), Faria and Verona (2018, 2020, 2021) and Stein (2024) who focus
on forecasting stock market returns; Caraiani (2017), who forecasts exchange rates; Kilponen and Verona (2022), who use
different proxies for Tobin’s Q and cash flow to forecast aggregate investment rate; and Faria and Verona (2025), who forecast
bond (and equity) returns.
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Finally, predictors commonly used in inflation forecasting span a wide array of macroeconomic and

financial variables. Financial variables, in particular, are advantageous due to their real-time availability

and low measurement error. They also serve as leading indicators of business cycles, as evidenced by

Estrella and Mishkin (1998) and Stock and Watson (2003). Moreover, credit conditions are a critical

driver of business cycle fluctuations (Philippon, 2009 and Gilchrist and Zakrajšek, 2012). This paper

incorporates several financial variables within simple econometric models to evaluate their contribution

to inflation forecasting.

3 Data

We use quarterly time series from 1978:Q1 until 2023:Q4. Let Pt be the CPI or the PCE price index in

quarter t. Our out-of-sample (OOS) forecasting exercise targets the annualized h-period average inflation

rate, computed as πh
t = 400

h ln(Pt/Pt−h). We focus on the 1-quarter, 4-quarter, and 8-quarter (h=1, 4, and

8) average inflation rates as they are the most relevant for monetary policymakers.

While PCE inflation is particularly significant from the perspective of monetary policy, because the

longer-run inflation objective of the Federal Open Markets Committee is stated in terms of PCE inflation,

CPI inflation is also important as it provides a more straightforward signal about direct consumer price

changes, given that it represents what households actually pay out of pocket. Panel A of table 2 reports

the sample statistics for these different measures of inflation. PCE inflation is, on average, lower, slightly

more persistent, and less volatile than CPI inflation. This is expected, as the latter measure weights

housing, energy, and food prices more heavily, which makes it then more susceptible to short-term fluc-

tuations. These inflation rate measures are also highly correlated between themselves. Their correlation

coefficients are 0.96, 0.98, and 0.99 for h=1, h=4, and h=8, respectively.

As regards the predictors, we start from a large set of variables taken from the McCracken and Ng (2016)

FRED-QD dataset. We noticed that many of them did not add any value, neither as individual predictors

in bivariate regressions nor in multiple regression forecasts or in the final combination exercise. Hence,
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in our baseline forecasting exercise, we ultimately use ten macroeconomic / financial variables, which are

reported in the second column of table 1 and have been widely used in the literature on inflation forecast

(see e.g., Stock and Watson, 2003). For the sake of brevity, we include only a short description of the

predictors here, and refer the reader to the respective data source (reported in the third column in table 1)

for a more extensive discussion of the data. The ten predictors are:

1. Dividend-price (DP) ratio: difference between the log of dividends (12-month moving sums of

dividends paid on the S&P 500) and the log of prices (the S&P 500 index).

2. Treasury bill rate (TBL): the secondary market rate of three-month US treasury bills.

3. Long-term US government bond return (LTR).

4. Term spread (TMS): difference between the long term yield on government bonds and the Treasury-

bill.

5. Default return spread (DFR): difference between returns on long-term corporate bonds and long-

term government bonds returns.

6. Shadow rate (SHR): the shadow federal funds rate.

7. M2 growth rate: real M2 money stock, deflated by CPI.

8. Inflation expectations (MSC): Michigan survey of consumers.

9. Unemployment (U) rate: quarterly average of the civilian unemployment rate.

10. CPI / PCE energy inflation: annualized quarterly rate of growth of the respective price index.

The dividend-price ratio (predictor 1) is a measure of stock market valuation which is often used as a

predictor of future inflation, especially over longer horizons (see e.g., Ang et al., 2007). When stock

prices are high relative to dividends (a low dividend-price ratio), it might indicate that investors expect
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strong future growth and low inflation, as higher inflation would typically depress stock prices. Short-

term interest rates, and particularly the policy rate set by the central bank (predictors 2 and 6) – influence

inflation through various channels (e.g., borrowing costs and investment). The returns on various type of

asset – such as predictors 3 and 5 – are often used to hedge against inflation (see e.g., Fama and Schwert,

1977). The slope of the yield curve (predictor 4) is a reliable leading indicator of the business cycle and,

potentially, of inflation (see e.g., Estrella and Hardouvelis, 1991 and Faria and Verona, 2020). Changes

in the money supply (predictor 7) is often used as predictors of inflation based on the quantity theory of

money (see e.g., Rua, 2012 and Mankiw, 2024). Finally, predictors 8 to 10 are the key variables in the

new Keynesian Phillips curve framework (see e.g., Coibion and Gorodnichenko, 2015 and Martins and

Verona, 2024).

Figure 2 displays the time series of the predictors (black lines) along with their long-run trends (blue

lines), which, as discussed in the next section, are used as predictors in the frequency-domain forecasting

models. Panel B of table 2 summarizes the sample statistics for these predictors. They exhibit diverse time

series properties, particularly in terms of higher-order moments and persistence, making them valuable

for forecasting various inflation measures across different horizons.

4 Forecasting models and methodology

In this section, we describe the models and methodology used to forecast inflation. Broadly speaking, we

consider linear models and divide them in two categories. In the first one, we include standard time series

models such as bivariate models (with constant and time-varying coefficients), multivariate models, factor

model, Phillips curve model, and survey expectations. In the second one, we consider similar models but

predictors are the low-frequency time series components of the original predictors, as well as forecast

combination in the frequency domain.

In creating the model suite, we cast our net relatively wide. While the above set of models is a fairly

comprehensive list of the sort of models that have appeared in the literature, it is of course far from being
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exhaustive (recall the list of models mentioned in section 2). For instance, we do not include ARIMA

models and (Bayesian) VAR models, as they are usually not better than simpler time-series models (see

e.g., Faust and Wright, 2013). We also leave out the Stock and Watson (2007) unobserved components

stochastic volatility (UCSV) model, as it does not consistently outperform simpler univariate models (see

e.g., Jarocinski and Lenza, 2018 and Banbura, Lenza and Paredes, 2024) and its forecasts are close to

simple random walk forecasts (Verbrugge, 2024).

Our out-of-sample (OOS) forecasts are direct forecasts produced with a sequence of expanding windows.

We start by obtaining the first OOS forecasts with the sample 1978:Q1–1999:Q4. The sample is then

increased by one observation and a new set of OOS forecasts is produced. This procedure is repeated

until the end of the sample. We focus on forecasting the annualized h-quarter average inflation, with each

average inflation rate indicated by superscript h in πh
t . In turn, π̂h

t+h denotes a forecast of inflation (1-

quarter, 4-quarter, or 8-quarter, as indicated by superscript h) obtained in period t for the corresponding

inflation horizon (subscript t+h).

In section 4.1 we describe the individual forecasting models – the benchmark random walk model and

our model suite, which consists of 54 forecasting models. Table 3 contains a full nomenclature. In section

4.2 we describe our methodology to combine the individual model forecasts.

4.1 Individual forecasting models

4.1.1 The benchmark model

The most widely used model as benchmark in the literature on inflation forecasting is the random walk

model of Atkeson and Ohanian (2001) (denoted AO). According to this model, the h-period-ahead fore-

cast is given by π̂h
t+h =

1
4 ∑

3
τ=0 πh

t−τ .

10



4.1.2 The model suite

Forecasting models in the Time Domain (TD)

We first consider ten bivariate models of the form

π
h
t = ch,p +β

h,pxp,t−1 + ε
h,p
t ,

where p = 1, ...,10 (the number refers to the predictor used, as reported in the first column in table 1).

The h-period-ahead forecasts are given by π̂h
p,t+h = ĉh,p + β̂ h,pxp,t . These models are denoted as TS-1 to

TS-10.4

Following Goyal and Welch (2008), we consider a “kitchen sink” model (denoted KS-TS) that incorpo-

rates all ten predictors into a multiple predictive regression model:

π
h
t = ch,KS +

10

∑
p=1

β
h,p,KSxp,t−1 + ε

h,p,KS
t ,

where the forecasts are given by

π̂
h
KS,t+h = ĉh,KS +

10

∑
p=1

β̂
h,p,KSxp,t .

This model fits the data in-sample quite well, but its OOS performance is quite often not good. Hence,

in the spirit of Pesaran and Timmermann (1995), we consider a model (denoted TS-SIC) that select

the forecasting model using the SIC criteria, from among the 2p possible specifications for the p = 10

potential predictors, based on data available at the time of forecast formation (i.e. there is no look-ahead

bias). The idea is to use the SIC to guard against in-sample overfitting, since the SIC penalizes models

4 Following Rapach et al. (2010), we also evaluate the performance of the forecast resulting from the combination of
individual model forecasts (TS-1 to TS-10). Some of the forecasts were acceptable, but it turned out that they did not add any
value (i.e. they are never selected) in a forecast combination exercise, so we excluded them from the suite of models.
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with more parameters.5

As individual predictor in a bivariate model, we also use the first principal component extracted from the

original set of predictors (model denoted TS-PCA).

We then run the forecast with a new Keynesian Phillips curve in the spirit of Coibion and Gorodnichenko

(2015) (denoted TS-PC). As predictors, we use inflation expectations (πe), unemployment rate (un), and

energy inflation (en) (predictors 8 to 10). In particular, the TS-PC model is given by

π
h
t = ch,PC +α

h
1 π

e
t−1 +α

h
2 unt−1 +α

h
3 ent−1 + ε

h,PC
t , (1)

and the forecasts are computed as

π̂
h
T S−PC,t+h = ĉh,PC + α̂

h
1 π

e
t + α̂

h
2 unt + α̂

h
3 ent . (2)

We then consider ten bivariate models with time-varying coefficients (TVC), which are best suited to

address the issue of parameter instability due to changes in economic structure or in macroeconomic

interrelations. We follow Dangl and Halling (2012) and specify the following predictive regression model

for each individual predictor p, p = 1, ...,10:

π
h
t = ch,p

t +β
h,p
t xp,t−1 + ε

h,p
t (3) ch,p

t

β
h,p
t

=

 ch,p
t−1

β
h,p
t−1

+

 wp
1,t

wp
2,t

 (4)

5 In this case, we consider p = 5 to limit the computational time. Similar results were obtained using the AIC criteria.
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where

ε
h,p
t ∼ N

(
0,σ2

p
)

(5)

wp
t ∼ N

(
0,W p

t
)

(6)

and wp
t =

(
wp

1,t ,w
p
2,t

)′
. The h-period-ahead forecast based on this TVC model is given by

π̂
h
p,t+h = ĉh,p

t,t + β̂
h,p
t,t xp,t ,

where ĉh,p
t,t and β̂

h,p
t,t are estimates of ch,p

t and β
h,p
t , respectively, in equation (3) based on data available

through quarter t. This methodology allows for gradual changes of the intercept and the slope coefficients

so that the model forecast can respond to e.g. changes in policy, technology, and institutions. To estimate

the TVC model (3)-(6), we follow Dangl and Halling (2012) and employ Bayesian model averaging

to average across models with different assumptions of the degree of time-variation of the coefficients.

These models are denoted TS-TVC-1 to TS-TVC-10.6 We note that the univariate models with constant

coefficients (TS-1 to TS-10), when estimated with an extending (or rolling) window, mimic time-varying

coefficients in an ad-hoc way. The Dangl and Halling (2012) methodology accounts for time-varying

coefficients in a systematic and statistically consistent way.

Besides simple univariate time series models, it has become increasingly standard in the forecasting

literature to consider the expectations of inflation stated in surveys (e.g., Ang et al., 2007 and Berge,

2018). Our NKPC already includes inflation expectations from a survey of households, namely the MSC.

The MSC-based survey-based forecasts are given by π̂h
T S−MSC,t+h = πe

t+1, where πe
t+1 is the MSC median

expected change in prices during the next 12 months. This model is denoted TS-MSC. Similarly, we run

the forecasts using the year-ahead CPI forecast from the Survey of Professional Forecasters (SPF). This

model is denoted TS-SPF. Since neither survey elicits an explicit 1-quarter and 8-quarter-ahead forecast,

6 Following Dangl and Halling (2012), we set the scaling factor that determines the confidence assigned to the null-
hypothesis of no-predictability (g) to 50, and a grid of values (0.96, 0.97, 0.98, 0.99, and 1) for the discount factor δ .
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we follow Berge (2018) and use the 4-quarter-ahead expectation to forecast inflation at all horizons.

Forecasting models in the Frequency Domain (FD)

In the incipient but growing literature on forecasting with wavelets, a common result is that the low-

frequency (LF) components of the predictors are the ones that carry most of the relevant information for

forecasting purposes. For instance, Faria and Verona (2020) show that the lowest frequency component

of the term spread is a good predictor of the equity premium, whereas the term spread itself and its other

frequency components perform much worse in forecasting.

Following this literature, we extract the LF components from the original set of predictors by band-

passing each time series of the predictors with the Haar filter, which is commonly used in macroeconomic

and financial applications.7 In this paper, we follow Martins and Verona (2024) and consider as LF

fluctuations those with a period longer than 16 years.

We then consider ten bivariate models of the form

π
h
t = ch,p,LF +β

h,p,LFxLF
p,t−1 + ε

h,p,LF
t , (7)

where p = 1, ...,10 (the number refers to the predictor used, as reported in the first column in table 1)

and xLF
p is the LF component of predictor p. The h-period-ahead forecasts are given by π̂h

p,LF,t+h =

ĉh,p,LF + β̂ h,p,LFxLF
p,t . These models are denoted as WAV-1 to WAV-10.

As in the case of the time domain, we consider KS and SIC models which use the ten low-frequency

components of the individual predictors (models denoted WAV-KS and WAV-SIC, respectively). Like-

7 See e.g., Faria and Verona (2018, 2025), Bandi, Perron, Tamoni and Tebaldi (2019), Kilponen and Verona (2022), Martins
and Verona (2024), Canova (2024), and Stein (2024). In this paper we use a two-sided version of the Haar filter. To ensure that
the method does not have a look-ahead bias, we recompute the frequency components recursively at each iteration of the OOS
forecasting process using data from the start of the sample through the quarter at which the forecasts are made. Forecasts are
thus made only with current and past information. We use reflecting boundary conditions, whereas each time series beyond
its boundaries is a symmetric reflection of itself, to lessen the impact of circular filtering (Gallegati, Gallegati, Ramsey and
Semmler, 2011).
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wise, as individual predictor in a bivariate model, we use the first principal component extracted from the

low frequencies of the predictors (model denoted WAV-PCA).

Next, we run the forecast with a new Keynesian Phillips curve in the frequency domain (denoted WAV-

PC). Following Martins and Verona (2024), the WAV-PC model is

π
h
t = π

h,LF
t = ch,LF +α

h,LF
1 π

e,LF
t−1 +α

h,LF
2 unLF

t +α
h,LF
3 enLF

t + ε
h,LF
t .

Essentially, this model forecasts the low-frequency component of inflation using the corresponding fre-

quency components of the predictors.8 Martins and Verona (2024) show that this model outperforms

several others (including the benchmark AO model) as it allows to track well the trend of inflation. The

forecasts with the WAV-PC model are given by

π̂
h
WAV−PC,t+h = π̂

h,LF
t+h = ĉh,LF + α̂

h,LF
1 π

e,LF
t + α̂

h,LF
2 unLF

t + α̂
h,LF
3 enLF

t .

As in the time domain case, we estimate the ten bivariate models (equation (7)) with time-varying coef-

ficients (models denoted WAV-TVC-1 to WAV-TVC-10).

The next model we consider is based on Faria and Verona (2023) and run the forecast of inflation in

time-frequency domain. This method goes as follows. First, we use the Haar filter to decompose both

inflation and its predictors into f time series frequency components (called D1 to D4).9 We then estimate,

separately, each frequency component Df of inflation using the corresponding frequency component of

predictor xp:

π
h,p, f
t = ch,p, f +β

h,p, f x f
p,t−1 + ε

h,p, f
t . (8)

8 This regression is akin to the band spectrum regression discussed by Engle (1974), and has been increasingly used in
economics with wavelet-based frequency decomposition (see e.g., Gallegati et al., 2011, Gallegati and Ramsey, 2013, Ortu,
Tamoni and Tebaldi, 2013, and Faria and Verona, 2018, 2021).

9 The first component (D1) captures fluctuations of the original variable with a period between 2 and 4 quarters, while
components D2 and D3 capture fluctuations with a period of 1-2 and 2-4 years, respectively. Finally, component D4 captures
fluctuations with a period longer than 4 years. We note that the sum of these four time series frequency components gives
exactly the time series of the original variable.
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We use the estimation results in (8) to produce the one-step ahead OOS forecast of the corresponding

frequency component of inflation:

π̂
h,p, f
t+h = ĉh,p, f + β̂

h,p, f x f
p,t ,

where ĉh,p, f and β̂ h,p, f are the OLS estimates of ch,p, f and β h,p, f , respectively, using data from the

beginning of the sample until quarter t.

We then compute the forecasts of each frequency components Df of inflation as the mean forecast com-

bination for that frequency f :

π̂
h, f
c,t+h =

1
10

10

∑
i=1

π̂
h,p, f
t+h .

The overall forecast of inflation made at time t for t+1 in the frequency domain is obtained by summing

the forecasts of the f individual frequencies of inflation:

π̂
h
WAV−FC,t+h =

4

∑
f=1

π̂
h, f
c,t+h . (9)

In practice, we consider two forecasts using this method: the first one is obtained by summing all fre-

quency components of inflation (model denoted WAV-FC-1), whereas the second one only consider only

the low-frequency forecasts (model denoted WAV-FC-2).

Finally, we run the forecasts directly using the low-frequency components of the surveys. These models

are denoted as WAV-MSC and WAV-SPF.

4.2 Forecast combination models

A (almost) pervasive result in the literature is that combining different forecasting models produces better

results than individual models. Following this literature, we compute the final forecast of inflation as the

combination of the forecasts coming from the individual models described in section 4.1.2.
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Forecast combination can be implemented in many different ways. Following Stock and Watson (2004)

and Rapach et al. (2010), we consider several combinations of the models’ forecasts, which are given by

π̂
h
c,t+h =

mmax

∑
m=1

ωm,t π̂
h
m,t+h , (10)

where {ωm,t}mmax
m=1 are the ex-ante combining weights formed at time t, and mmax is the maximum number

of forecasts used. The combining methods we consider differ in how the weights are determined and can

be organized into two classes.

The first choice of weights is simply to equally weight all models that enter the combination. That is, we

construct a simple mean of all the forecasts, which sets ωm,t = 1/mmax for m = 1, ...,mmax in equation

(10). This model is denoted Mean.10

Stock and Watson (2004) find that simple averaging often matches or exceeds more complex methods

such as time-varying weights combination, a result they named “forecast combination puzzle”.11 How-

ever, in a more recent study, Dellas, Gibson, Hall and Tavlas (2018) show that it is possible to improve

results even further by having time-varying weights, as combinations of forecasts themselves are likely

to be subject to e.g. structural breaks as well. In fact, TVC forecasts produce superior forecasts than

combinations derived using a linear framework as TVC can accommodate structural change, both in the

actual inflation process and the forecasting process (that is, forecasters may change the way they fore-

cast). Moreover, Timmermann (2006) has noted that equal weights will be appropriate when models have

equal forecast error variance. Hence, in the second class of combining methods, the combining weights

formed at time t are functions of the historical forecasting performance of the individual models over the

holdout out-of-sample period. Their discount mean square prediction error (DMSPE) combining method

employs the following weights:

ωm,t =
φ
−1
m,t

∑
mmax
m=1 φ

−1
m,t

, (11)

10 Similar results have been obtained using median and trimmed mean combination methods.
11 Recent studies addressing this puzzle are Chan and Pauwels (2018) and Liu, Hao and Wang (2024).
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where

φm,t =
t−1

∑
s=n

θ
t−1−s

(
π

h
t+h− π̂

h
m,t+h

)2
.

Here, n denotes the last observation before the holdout out-of-sample period that is used to determine the

weights and θ is a discount factor. The DMSPE method assigns greater weights to individual predictive

regression forecasts that have lower forecasting errors (better forecasting performance) over the holdout

out-of-sample period. When θ = 1, there is no discounting, and equation (11) produces the optimal

combination forecast derived by Bates and Granger (1969) for the case where the individual forecasts

are uncorrelated. When θ < 1, forecast accuracy in the more distant past is discounted relative to recent

performance, with smaller values of θ indicating greater discounting and, hence, more volatile weights.

We consider three different values of the discount factor: 0.33, 0.67, and 1.12 These models are de-

noted DMSPE_1, DMSPE_2, and DMSPE_3, respectively. As initial holdout period, we use the period

1995:Q1–1999:Q4.

5 Empirical results

5.1 Forecast accuracy

Forecast accuracy is evaluated using the root mean squared error (RMSE), calculated for each model and

compared to the RMSE of the benchmark AO model. The statistical significance of RMSE differences is

assessed using the Diebold and Mariano (1995) and West (1996) test statistics, with Newey-West standard

errors.13 To complement this statistical analysis, graphical evidence is provided to illustrate the economic

significance of forecast differences and to track the performance of the models over time.

12 For the discount factor θ , Stock and Watson (2004) consider 0.90, 0.95, and 1, Rapach and Zhou (2013) use 0.75, and
Denk and Löffler (2024) also consider a lower value of 0.50.

13 This study focuses on point inflation forecast evaluations, while inflation density forecast evaluations can be found in
related literature, such as Giordani and Söderlind (2003), Clark (2011), and Groen, Paap and Ravazzolo (2013).
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5.1.1 Individual forecasting models

We first evaluate each forecasting model independently. Tables 4 and 5 report the RMSEs for the AO

benchmark model (panel A) and the RMSEs of individual forecast models (panel B) relative to the AO

model’s RMSEs for the models in the time domain and in the frequency domain, respectively. Asterisks

indicate statistical significance of relative predictive accuracy at the 10 % (*), 5 % (**), and 1 % (***)

levels, and bold underlined entries indicate the best-performing model for each inflation measure and

forecasting horizon.

The AO model performs better when forecasting PCE inflation compared to CPI inflation, making it a

more challenging benchmark to outperform for the former inflation measure. This result aligns with

previous findings that PCE inflation is more predictable, as it better captures underlying economic trends

by filtering out the more volatile components of inflation. For instance, during the Global Financial

Crisis, CPI inflation experienced a sharp decline from 6.2 % to -9.2 % between 2008Q3 and 2008Q4,

while PCE inflation showed a more moderated decline from 4.3 % to -6.4 %.

Regarding the individual forecasting models, we highlight four results that apply to both inflation measure

being forecasted.

First, forecasting inflation at shorter horizons (h=1) is significantly more challenging than at longer hori-

zons (h=4 and 8). This is due to higher forecast errors, particularly during volatile periods like the Global

Financial Crisis, and to the RMSE as evaluation criteria. Only a few models outperform the AO bench-

mark for CPI inflation at h=1, and none beat it for PCE inflation.

Second, among constant-coefficient models (TS-1 to TS-10 and WAV-1 to WAV-10), only one – TS-8

– outperforms the AO model (and only for CPI inflation at h=1). However, models with time-varying

coefficients frequently deliver statistically significant improvements in predictive accuracy, making them

a promising approach for enhancing inflation forecasting.

Third, survey-based models show varying levels of predictability. The SPF model performs well at longer

horizons (h=4 and h=8), while the MSC model fails to outperform the AO model, even for CPI inflation,
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which it is specifically designed to forecast.

Fourth, models using multiple predictors generally exhibit weak performance, although the WAV-PC

model demonstrates strong results for CPI inflation at h=4 and h=8, which are comparable to those of the

best individual models.

Among the individual models, TS-TVC-1 and TS-SPF stand out as the best-performing TS models for

both CPI and PCE inflation, while WAV-SPF consistently outperforms other WAV models. Nevertheless,

the performance of many other models is similar to these top performers.

Graphical analysis provides further insights into these results. For CPI inflation, forecasts generated by

selected individual models at three forecasting horizons are shown in the left-hand graphs of figure 3.

Realized inflation is plotted with black lines, AO model forecasts with red lines, and forecasts from the

best TS and WAV models with green and blue lines, respectively. The AO model frequently lags behind

realized inflation, especially at turning points, which negatively affects its performance during these

periods. By contrast, the best individual models tend to produce more stable forecasts. For instance,

the best WAV model, which incorporates the low-frequency component of the SPF, performs particularly

well. However, even these models struggle to capture sharp inflation surges, such as the one observed

during 2021-2022.

To better visualize the relative performance of the best TS and WAV models over time, the right-hand

graphs in figure 3 plot the cumulative differences in squared forecast errors (SFE) between these models

and the AO model. When the lines in these graphs increase, it indicates that the best TS or WAV model

is outperforming the AO benchmark. Overall, the WAV models consistently deliver consistently stronger

performance, a result that can be attributed to the low-frequency characteristics of their forecasts.14

The results presented in tables 4 and 5 are, overall, not particularly encouraging. Only a few predictors

and models outperform the benchmark AO model, raising questions about the appropriateness of the

current suite of models. To address this issue, we conduct an experiment similar to the one performed

14 Similar conclusions can be reached looking at PCE inflation forecasts. Figures are available upon request.
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by Ang et al. (2007). Specifically, at each point of the out-of-sample (OOS) period, we identify the best-

performing individual model and record its forecast for that period. Evaluating the forecasting accuracy

of this approach reveals substantial improvements in the relative RMSE, which improves to 0.50 for CPI

inflation and 0.48 for PCE inflation at h=1, 0.26 for CPI inflation and 0.24 for PCE inflation at h=4, and

0.14 for CPI inflation and 0.13 for PCE inflation at h=8. These results suggest that the current suite of

models is thus theoretically capable of accurately tracking inflation.

Figure 4 highlights the best-performing individual forecasting models for CPI inflation (h=4) at each

point of the OOS period. Each blue dot represents the selected model (y-axis) for a specific time period

(x-axis). The figure reveals substantial variability in the best-performing model. Rarely does a single

model maintain its position as the best performer for more than one consecutive quarter. A notable

exception is the WAV-4 model (model 30), which remains the best model for five consecutive quarters

during the recent inflation surge.15

This temporal instability in the best predictor or model reinforces the importance of adopting a model

combination approach, which is explored in the next section.

5.1.2 Combining individual model forecasts

The next step in the analysis involves evaluating combinations of individual model forecasts. For com-

parison, panel A of table 6 reports the relative RMSEs of the best individual models compared to the AO

benchmark. Panel B presents the relative RMSEs of the combination forecast models.

In the first four lines in panel B we report the combination forecast using all the 54 models’ forecasts

(“Mean all” and “DMSPE all” combinations), that is, we set mmax = 54 in equation (10). Overall, com-

bining the forecasts of all 54 models often results in improved forecasts relative to the AO benchmark.

However, these combinations often underperform the best individual models, highlighting the limited

value of simple averaging in this context.
15 Similar variability is observed across different forecasting horizons and for PCE inflation. These additional results are

available upon request.
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Inspired by the findings of Aiolfi and Timmermann (2006), we explore whether trimming the model

space to a smaller subset enhances performance. We do so by searching for the combination of individual

model forecasts that gives the lowest relative RMSE. For computational reasons, the maximum number

of models in the combination is set to four (mmax = 4 in equation (10)). Their RMSEs relative to the AO

model’s RMSEs are reported in the fifth to eighth lines in panel B, along with the individual models used

(reported in squared brackets).

The results reveal that limiting the forecast combination to four models significantly improves accuracy,

particularly for short forecasting horizons (h=1). Time-varying combination methods, such as the “DM-

SPE_1” model, perform well at short horizons due to their capacity to use only the most recent forecasts.

For longer horizons, however, simpler approaches, such as the “Mean best” model, outperform, reflecting

the tendency for longer-term forecasts to benefit less from time variation in model weights.

Among the individual models included in successful combinations, the WAV-4 model stands out. It is the

bivariate model with constant coefficients that forecasts inflation using the low-frequency component of

the term spread. This model appears in 20 of the 24 forecast combinations. This finding underscores the

term spread’s importance as an indicator of future inflation.16 Other models, such as TS-TVC-1, perform

well at short horizons by capturing well high-frequency fluctuations, while constant coefficient models

are more useful at longer horizons, especially the WAV models. Multivariate models are rarely included

in the optimal combinations.

Finally, individual models with time-varying coefficients tend to excel individually but offer limited addi-

tional value when combined. Conversely, constant-coefficient models, though less effective individually,

are frequently included in successful combinations. This suggests that forecast combination methods can

effectively account for time variation in the data, reducing the need for TVC models in these exercises.

Graphical analyses in figure 5 compare the forecasts of the best combination models to those of the

best individual models across different forecasting horizons. The left-hand graphs plot realized inflation

16 Faria and Verona (2020) show that the trend of the term spread is also a remarkably good equity premium predictor.
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(black lines), the best combination forecasts (blue lines), and the best individual forecasts (red lines).

The right-hand graphs depict the cumulative differences in squared forecast errors (SFE) between these

models. For the one-quarter and one-year average inflation (graphs in the first and second rows), the

outperformance of the best combination model occurs in three distinct periods: during the GFC, during

year 2015, and in the period following the Covid recession. For the two-year average inflation (graph

in the bottom), both models display similar performances across the entire sample period, with two

exceptions. The first is in the years after the GFC, in which the best individual model performs better than

the best combination model, as the latter is not able to capture the inflation drop during that period. The

second exception is in the last two years of the sample period, in which the best combination model clearly

outperforms the best individual model as it captures the inflation surge of the 2020s more effectively.

These results emphasize the utility of combination models, particularly during periods of heightened and

persistent inflation.

5.2 The usefulness of frequency-domain information

Previous research has demonstrated that incorporating frequency-domain (FD) information can improve

forecast accuracy compared to models relying solely on time-domain (TD) data.17 Motivated by these

findings, we run our forecast combination using two subsets of models: one comprising only TS models

(models 1-26) and the other including only WAV models (models 27-54). Panel C of table 6 presents the

relative RMSEs for these subsets.

The first two rows report the results when combining all the individual models forecasts in the respective

subset. Combining all models within each subset produces similar results, though forecasts from the

“Mean all WAV” combination tend to show greater statistical significance. The last two rows report

the same results when we trim the model space and limit the combination forecast to have (at most) 4

17 For inflation, see Martins and Verona (2024); for stock market returns, see Faria and Verona (2018, 2020, 2021, 2025);
for investment, see Kilponen and Verona (2022). Furthermore, Faria and Verona (2025) show that those better forecasts would
also translate in more profitable trading opportunities.
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individual models forecasts.

In this case, FD models demonstrate a clear advantage at forecasting at longer horizons (h=4 and 8). For

instance, the best-performing model to forecast at h=8 relies exclusively on FD models, while the models

at h=4 perform equally well with or without TD information. At shorter horizons (h=1), combining both

TD and FD forecasts provides the greatest accuracy, emphasizing the complementary nature of these

datasets and models.

Overall, these results confirm the value of extracting and leveraging frequency-domain information in

forecasting, especially at longer horizons.

5.3 Sensitivity analyses

5.3.1 On the assumptions about FD models

We test the robustness of our findings by considering alternative assumptions about FD models. First,

using cycles longer than 8 years (instead of 16) slightly reduces predictive accuracy, confirming that very

low-frequency data carry the most forecasting power. Second, applying different wavelet filters, such

as Daubechies filters of length 4 and 8,18 produces results similar to those obtained with the Haar filter,

further supporting the robustness of the baseline findings. Third, similar findings are observed when the

Hodrick and Prescott (1997) filter is used to extract low-frequency components of predictors.19

5.3.2 On the predictors used

Inflation forecasts in this study are based on ten commonly used predictors. We have checked that

including additional variables yielded limited gains in accuracy.

18 These filters are also widely used in the literature (see e.g., Gallegati et al., 2011, Rua, 2017, and Crowley and Hudgins,
2021, 2023).

19 As standard with quarterly data, to extract the cycle with this filter we set the smoothness parameter of the filter to 1600.
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An alternative common method for efficiently incorporating information from multiple predictors in-

volves estimating predictive regressions based on principal components, which capture the key comove-

ments across predictors while filtering out much of the noise in individual variables. We implement this

method using the McCracken and Ng (2016) FRED-QD dataset. Starting with the full dataset, we ex-

clude variables with outliers, those with missing observations at the start of the sample period, and all

variables in Group 6: Prices. This leaves us with 129 potential predictors of inflation. From this subset,

we extract the first ten principal components (standardizing the predictors beforehand, as is customary)

and use them as inputs in models TS-1 to TS-10, TS-KS, TS-SIC, and TS-TVC-1 to TS-TVC-10. For the

corresponding WAV models, we use the low-frequency components of these factors. In the final model

combination exercise, we exclude the TS-PCA and WAV-PCA models (which correspond to TS-1 and

WAV-1, respectively) and include forecasts from the TS-PC, TS-MSC, TS-SPF models and their WAV

counterparts. These models are taken from the original set of forecasts.

Overall, we find comparable results to those obtained with the ten original predictors, albeit somewhat

less pronounced.

6 Concluding remarks

Inflation concerns all economic agents, making accurate forecasts essential for informed decisions. Al-

though inflation forecasting has a rich and extensive literature, no single method consistently outperforms

others across all time horizons. Even after decades of research, the simple random walk model remains a

challenging benchmark to beat.

In this paper, we contribute to the field by introducing an enhanced approach to inflation forecasting using

a thick modeling framework. Our key innovation lies in incorporating frequency-domain models into an

otherwise standard forecast combination framework. By integrating models from both the time and

frequency domains, we demonstrate that combining forecasts improves inflation predictions, especially
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during periods of rising inflation. The inclusion of frequency-domain information is central to achieving

these forecasting gains.

Overall, pooling forecasts from different models provides a hedge against instability in individual forecast

performance. Future research could investigate the advantages of integrating frequency-domain informa-

tion with advanced forecasting approaches. Promising techniques include the three-pass regression filter

of Kelly and Pruitt (2015), the scaled principal component analysis developed by Huang, Jiang, Li, Tong

and Zhou (2022), and various machine learning models as applied by Naghi et al. (2024). Additionally,

innovative combination techniques like the approximate Bayesian model averaging employed by Garratt

and Petrella (2022) offer promising avenues for further enhancement.
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(Predictor number) / acronym Predictor name Data source

(1) / DP Dividend-price ratio Goyal, Welch and Zafirov (2024)
(2) / TBL Treasury bill rate Goyal et al. (2024)
(3) / LTR Long-term bond return Goyal et al. (2024)
(4) / TMS Term spread Goyal et al. (2024)
(5) / DFR Default return spread Goyal et al. (2024)
(6) / SHR Shadow rate Wu and Xia (2016)
(7) / M2 M2 growth rate McCracken and Ng (2016)
(8) / MSC Inflation expectations Martins and Verona (2024)
(9) / U Unemployment Martins and Verona (2024)
(10) / CPI energy CPI / PCE energy inflation Martins and Verona (2024)

Table 1: Predictors of inflation

mean median 1st perc. 99th perc. std. dev. skew. kurt. AR(1)

Panel A) Target variables
CPI inflation (h=1) 3.51 3.07 -3.43 13.3 3.09 0.83 6.63 0.70
CPI inflation (h=4) 3.48 2.86 -0.67 13.2 2.64 1.83 6.69 0.96
CPI inflation (h=8) 3.40 2.75 0.43 12.0 2.39 2.13 7.72 0.98
PCE inflation (h=1) 3.00 2.56 -2.39 10.8 2.46 0.88 5.81 0.78
PCE inflation (h=4) 2.97 2.43 -0.63 10.3 2.19 1.62 5.84 0.97
PCE inflation (h=8) 2.90 2.30 0.46 9.85 2.01 1.88 6.56 0.99

Panel B) Predictors
DP -3.74 -3.87 -4.48 -2.83 0.43 0.47 2.24 0.98
TBL 0.04 0.04 0.00 0.15 0.04 0.81 3.38 0.96
LTR 0.02 0.01 -0.11 0.21 0.06 0.75 4.52 -0.06
TMS 0.02 0.02 -0.03 0.04 0.02 -0.60 3.28 0.83
DFR 0.00 0.00 -0.11 0.06 0.03 -0.44 12.8 -0.11
SHR 0.04 0.05 -0.03 0.18 0.04 0.73 3.62 0.96
M2 0.01 0.01 -0.02 0.05 0.01 3.57 30.8 0.47
MSC 3.59 3.07 2.08 9.80 1.61 2.51 9.05 0.95
U 6.10 5.72 3.54 10.6 1.76 0.85 3.60 0.89
CPI energy 4.28 4.36 -53.1 45.4 19.0 -0.95 7.35 0.27

Table 2: Summary statistics, U.S. data, 1978:Q1-2023:Q4
This table reports summary statistics for different inflation measures (panel A) and their predictors (panel B).
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Panel A) Models in the time domain
TS-1 to TS-10 1-10
TS-KS 11
TS-SIC 12
TS-PCA 13
TS-PC 14
TS-TVC-1 to TS-TVC-10 15-24
TS-MSC 25
TS-SPF 26

Panel B) Models in the frequency domain
WAV-1 to WAV-10 27-36
WAV-KS 37
WAV-SIC 38
WAV-PCA 39
WAV-PC 40
WAV-TVC-1 to WAV-TVC-10 41-50
WAV-FC-1 51
WAV-FC-2 52
WAV-MSC 53
WAV-SPF 54

Table 3: The model suite
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Inflation measure CPI PCE
Forecasting horizon h=1 h=4 h=8 h=1 h=4 h=8

Panel A) Benchmark
AO 2.57 2.03 1.66 1.88 1.61 1.39

Panel B) Individual forecast model – TD
TS-1 1.13 1.12 1.15 1.24 1.19 1.19
TS-2 1.05 1.06 1.18 1.11 1.14 1.25
TS-3 1.11 1.13 1.24 1.18 1.18 1.24
TS-4 1.17 1.15 1.25 1.24 1.21 1.26
TS-5 1.13 1.15 1.24 1.21 1.20 1.24
TS-6 1.06 1.08 1.19 1.13 1.16 1.25
TS-7 1.18 1.49 1.52 1.26 1.52 1.49
TS-8 0.94* 0.93 1.06 0.98 0.97 1.06
TS-9 1.12 1.10 1.21 1.22 1.16 1.25
TS-10 1.16 1.34 1.38 1.24 1.38 1.37
TS-KS 1.01 1.04 1.02 1.04 1.03 1.04
TS-SIC 0.97 1.01 1.03 1.01 1.04 1.03
TS-PCA 1.04 1.06 1.12 1.09 1.11 1.15
TS-PC 0.97 0.93 1.05 1.00 0.95 1.07
TS-TVC-1 0.91** 0.84** 0.94* 0.94 0.87** 0.96
TS-TVC-2 0.98 0.93 0.99 1.03 1.00 1.03
TS-TVC-3 0.93 0.89* 0.94* 0.96 0.92 0.94*
TS-TVC-4 0.99 0.90* 0.92** 1.01 0.93 0.93**
TS-TVC-5 1.05 0.94 0.95* 1.08 0.97 0.95*
TS-TVC-6 0.97 0.93 0.97 1.03 0.98 1.01
TS-TVC-7 0.98 1.06 1.03 1.03 1.12 1.05
TS-TVC-8 0.94** 0.96 1.02 0.96 0.98 1.01
TS-TVC-9 0.99 0.94 0.96 1.03 0.97 0.95
TS-TVC-10 0.97 0.89* 0.93** 1.00 0.91* 0.93**
TS-MSC 0.95 0.90 0.97 1.08 1.07 1.15
TS-SPF 0.95 0.85** 0.88*** 0.98 0.87* 0.88*

Table 4: Out-of-sample root mean squared forecast errors, time domain individual models
Panel A): Root mean squared errors (RMSEs) at different forecasting horizons (h=1, h=4, and h=8) for the AO model. Panel
B): RMSEs relative to those of the AO model (RMSEj / RMSEAO for model j). Asterisks indicate statistical significance of
the Diebold-Mariano-West test of comparative predictive accuracy at the 10 % (*), 5 % (**), and 1 % (***) levels, relative to
the AO model. The out-of-sample period is 2000:Q1-2023:Q4 for h=1, 2000:Q4-2023:Q4 for h=4, and 2001:Q4-2023:Q4 for
h=8. Bold underlined entries denote the best model for that horizon and inflation measure.
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Inflation measure CPI PCE
Forecasting horizon h=1 h=4 h=8 h=1 h=4 h=8

Panel A) Benchmark
AO 2.57 2.03 1.66 1.88 1.61 1.39

Panel B) Individual forecast model – FD
WAV-1 1.06 1.00 1.02 1.15 1.09 1.09
WAV-2 1.06 1.03 1.08 1.16 1.13 1.15
WAV-3 1.27 1.36 1.45 1.35 1.37 1.36
WAV-4 1.15 1.15 1.28 1.25 1.20 1.26
WAV-5 1.17 1.12 1.25 1.32 1.26 1.39
WAV-6 1.06 1.03 1.07 1.16 1.12 1.14
WAV-7 1.17 1.21 1.22 1.25 1.26 1.22
WAV-8 1.01 0.95 1.03 1.06 0.99 1.05
WAV-9 1.21 1.28 1.47 1.38 1.45 1.62
WAV-10 1.24 1.40 1.65 1.35 1.46 1.64
WAV-KS 1.01 1.00 1.04 1.01 1.00 1.03
WAV-SIC 0.99 0.95 1.02 1.02 0.99 1.04
WAV-PCA 1.08 1.06 1.13 1.16 1.13 1.18
WAV-PC 0.97 0.88** 0.88** 1.03 0.94 0.93
WAV-TVC-1 0.97 0.91 0.96 1.01 0.95 0.99
WAV-TVC-2 0.99 0.96 1.00 1.05 1.04 1.05
WAV-TVC-3 1.03 0.91 0.99 1.02 0.93 0.95
WAV-TVC-4 0.96 0.89** 0.95* 0.99 0.91* 0.95*
WAV-TVC-5 0.98 1.21 1.05 1.02 1.09 1.07
WAV-TVC-6 1.01 0.90 0.94* 1.16 0.94 0.99
WAV-TVC-7 1.16 1.09 1.27 1.15 1.06 1.24
WAV-TVC-8 1.00 0.96 1.00 1.05 0.98 1.03
WAV-TVC-9 0.95 0.88* 0.91*** 1.15 0.95 0.95*
WAV-TVC-10 1.24 0.91* 0.98 1.34 0.93 0.98
WAV-FC-1 0.96 0.91* 0.98 0.99 0.93 0.97
WAV-FC-2 0.98 0.90* 0.94 1.02 0.92 0.94
WAV-MSC 1.00 0.92 0.97 1.13 1.07 1.12
WAV-SPF 0.97 0.86* 0.86*** 1.01 0.89* 0.86*

Table 5: Out-of-sample root mean squared forecast errors, frequency domain individual models
Panel A): Root mean squared errors (RMSEs) at different forecasting horizons (h=1, h=4, and h=8) for the AO model. Panel
B): RMSEs relative to those of the AO model (RMSEj / RMSEAO for model j). Asterisks indicate statistical significance of
the Diebold-Mariano-West test of comparative predictive accuracy at the 10 % (*), 5 % (**), and 1 % (***) levels, relative to
the AO model. The out-of-sample period is 2000:Q1-2023:Q4 for h=1, 2000:Q4-2023:Q4 for h=4, and 2001:Q4-2023:Q4 for
h=8. Bold underlined entries denote the best model for that horizon and inflation measure.
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Inflation measure CPI PCE
Forecasting horizon h=1 h=4 h=8 h=1 h=4 h=8

Panel A) Best individual models
Best individual models 0.91** 0.84** 0.86*** 0.94 0.87* 0.86*
[model used] [TS-TVC-1] [TS-TVC-1] [WAV-SPF] [TS-TVC-1] [TS-SPF] [WAV-SPF]

Panel B) Combination forecast models
Mean all 0.94 0.87** 0.91** 0.98 0.90* 0.92**
DMSPE_1 all 0.94* 0.91** 0.96* 0.94 0.92** 0.97*
DMSPE_2 all 0.93* 0.89** 0.95** 0.95 0.91** 0.95**
DMSPE_3 all 0.94 0.89** 0.94** 0.98 0.92* 0.95*
Mean best 0.89** 0.77*** 0.76* 0.92* 0.77** 0.75*
[models used] [12 15 20 30] [2 15 30 31] [30 31 47] [12 15 17 30] [15 30 31 32] [30 31 32]

DMSPE_1 best 0.83*** 0.82*** 0.78 0.84*** 0.83*** 0.76
[models used] [2 17 30] [4 15 54] [4 9 30] [17 20 30] [4 15 45] [4 9 30]

DMSPE_2 best 0.86*** 0.82*** 0.81 0.87*** 0.84*** 0.77
[models used] [2 3 15 30] [4 15 54] [4 9 30] [10 17 20 30] [4 10 15 46] [9 30]

DMSPE_3 best 0.89** 0.78*** 0.79** 0.91* 0.79** 0.79**
[models used] [10 15 20 30] [10 30 31 32] [4 30 31 54] [10 15 17 30] [10 30 31 42] [6 9 30 31]

Panel C) Combination forecast models – TD vs FD
Mean all TS only 0.94 0.88** 0.92* 0.97 0.91* 0.92
Mean all WAV only 0.95 0.88** 0.92*** 0.99 0.90* 0.92**
Mean best TS only 0.90** 0.83** 0.85*** 0.93* 0.85** 0.84**
[models used] [15 17 22] [4 15 24 26] [6 9 26] [15 17 22] [15 26] [6 9 26]

Mean best WAV only 0.92* 0.77** 0.76* 0.93 0.77** 0.75*
[models used] [30 31 37 46] [30 31 32] [30 31 47] [30 31 37 46] [30 31 32] [30 31 32]

Table 6: Out-of-sample root mean squared forecast errors, combinations of models
Panel A): RMSEs at different forecasting horizons (h=1, h=4, and h=8) of individual forecasting models relative to those of
the AO model. Panels B) and C): RMSEs of combinations of models relative to those of the AO model. Asterisks indicate
statistical significance of the Diebold-Mariano-West test of comparative predictive accuracy at the 10 % (*), 5 % (**), and 1 %
(***) levels, relative to the AO model. The out-of-sample period is 2000:Q1-2023:Q4 for h=1, 2000:Q4-2023:Q4 for h=4,
and 2001:Q4-2023:Q4 for h=8. Bold underlined entries denote the best model for that horizon and inflation measure.
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Figure 1: Annualized inflation rates (percent)
This figure plots the quarterly U.S. one-quarter, one-year, and two-year average inflation rates corresponding to various price
indexes (black lines) along with their long-run trends (blue lines), which have been computed using the Haar filter and capture
fluctuations longer than 16 years. Sample period: 1978-2023. Shading indicates periods of NBER-dated recessions.
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Figure 2: Predictors of inflation
This figure plots the predictors of inflation (black lines) along with their long-run trends (blue lines), which have been com-
puted using the Haar filter and capture fluctuations longer than 16 years. Sample period: 1978-2023. Shading indicates periods
of NBER-dated recessions.
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Figure 3: CPI inflation forecasts and cumulative squared forecast error differences: best individual mod-
els vs AO benchmark
The graphs on the left report realized inflation (black lines) and its forecasts made with the AO model (red lines), with the best
individual TS model (green lines), and with the best individual WAV model (blue lines). The graphs on the right report the
cumulative differences between the squared forecast errors of the best individual TS / WAV model and those of the AO model
(green / blue dashed lines). First row: CPI inflation, h=1. Second row: CPI inflation, h=4. Third row: CPI inflation, h=8.
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Figure 4: Best individual forecasting models over time
This figure plots the best-performing individual forecasting models for CPI inflation (h=4) at each point of the out-of-sample
period.
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Figure 5: CPI inflation forecasts and cumulative squared forecast error differences: best combination
model vs best individual model
The graphs on the left report realized inflation (black lines) and its forecasts made with the the best individual model (red
lines) and with the best combination model (blue lines). The graphs on the right report the cumulative differences between the
squared forecast errors of the best combination model and those of the best individual model (blue dashed lines). First row:
CPI inflation, h=1. Second row: CPI inflation, h=4. Third row: CPI inflation, h=8.
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