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Abstract

This paper shows that monetary policy transmission varies systematically with
the frequency of price adjustment. Using CPI microdata from the United
Kingdom between 1996 and 2024, I document pronounced cyclical, inflationary,
and seasonal variation in price adjustment rates. Embedding this variation
in a nonlinear local projection framework, I find that monetary policy has
substantially stronger effects on inflation when prices adjust more frequently,
whereas real activity responds similarly across states. These results provide
microfounded evidence that time-varying price rigidity is a key mechanism
behind the state dependence of monetary policy.
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1 Introduction

Nominal rigidities shape the transmission of monetary policy. Standard New Keyne-
sian models, built on the Calvo (1983) framework, assume that firms update prices
at random, constant intervals, independent of macroeconomic conditions. A growing
body of empirical evidence, however, shows that price rigidity is far from constant.
Micro price data reveal that the frequency of price changes co-moves strongly with
macroeconomic conditions, rising in economic downturns1 and increasing in high-
inflation2 periods. It also exhibits pronounced seasonal patterns.3

State-dependent pricing models recognize that firms choose when to adjust prices
optimally in response to economic conditions (e.g., Dotsey et al., 1999; Golosov and
Lucas, 2007; Karadi et al., 2025). These models predict that monetary policy should
have stronger and faster effects on inflation when price changes are frequent, and
weaker, more sluggish effects when adjustment is infrequent. A flourishing body
of empirical research supports this state-dependent view, showing that monetary
transmission varies systematically across different states, including business cycles
(e.g., Tenreyro and Thwaites, 2016; De Santis and Tornese, 2024), inflation regimes
(e.g., Ascari and Haber, 2022), and seasonal patterns in nominal (wage) rigidity (e.g.,
Olivei and Tenreyro, 2007, 2010; Björklund et al., 2019). However, most of this
work defines states using aggregate indicators such as economic growth, inflation, or
seasonal dummies, rather than by direct measures of firms’ price-setting behavior.
What is missing is a microfounded link between observed variation in price rigidity
and the state dependence of monetary policy.

This paper provides that link. I show that much of the observed state dependence in
monetary policy transmission can be traced back to time variation in the micro-level

1CPI microdata from the United States (Vavra, 2014) and the euro area (Gautier et al., 2024)
show that price changes become more frequent during recessions. Kryvtsov and Vincent (2021)
document countercyclical sales frequencies in the United States and the United Kingdom.

2In high-inflation environments, the frequency of price adjustment rises, as documented for Mex-
ico (Gagnon, 2009), the United States (Nakamura et al., 2018), Hungary (Karadi and Reiff, 2019),
and Argentina (Alvarez et al., 2019). This pattern reappeared during the post-pandemic inflation
surge in CPI microdata (Montag and Villar, 2022; Rudolf and Seiler, 2022), online prices (Cavallo
et al., 2024), and survey data (Dedola et al., 2023).

3Seasonal adjustment patterns have been documented in CPI microdata for the United States
(Nakamura and Steinsson, 2008, 2013), the euro area (Alvarez et al., 2006; Gautier et al., 2024),
Belgium (Aucremanne and Dhyne, 2004), and France (Berardi et al., 2015), as well as in PPI data
for the United States (Nakamura and Steinsson, 2008) and Denmark (Dedola et al., 2021).
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frequency of price adjustment. To do so, I proceed in two steps.

First, to measure price rigidity, I calculate the monthly frequency of price changes
for the United Kingdom (UK) from 1996 to 2024 using the micro price quotes col-
lected by the Office for National Statistics (ONS) to construct the Consumer Prices
Index (CPI). The dataset contains more than 32 million price observations from over
20,000 outlets across 12 UK regions, covering 1,319 narrowly defined items and over
60 percent of the CPI basket. The measure captures the share of prices that change
in a given month and directly reflects firms’ price-setting decisions. The data re-
veal substantial and systematic variation in price rigidity over time. The frequency
of price adjustment is strongly countercyclical, rises with inflation, and exhibits a
pronounced seasonal pattern: it declines monotonically across the four quarters and
within each quarter, generating regular peaks in January, April, July, and October.
These patterns are robust to excluding price changes due to temporary sales and
product substitution and hold across most CPI components.

Second, I use this microfounded measure of price rigidity to estimate state dependence
in the transmission of monetary policy. Specifically, I estimate nonlinear impulse re-
sponses to monetary policy shocks using local projections (Jordà, 2005), interacting
the monetary policy shocks with the frequency of price changes so that the effects of
the shocks vary smoothly with the degree of price rigidity. The remaining structure
mirrors a parsimonious monetary VAR and employs external-instrument identification
with high-frequency monetary policy shocks. These shocks are identified from asset-
price movements around Bank of England monetary policy announcements using the
medium-term “Path” factor from the UK Monetary Policy Event-Study Database
(Braun et al., 2025). This empirical strategy links the microeconomic timing of price
adjustment to the macroeconomic propagation of monetary shocks in a unified frame-
work.

The results provide microfounded evidence of state-dependent monetary transmission.
When prices adjust more frequently, the disinflationary effect of a contractionary mon-
etary policy shock becomes substantially stronger, while the timing of the response
remains unchanged. By contrast, the output response is largely insensitive to the de-
gree of rigidity, and the path of the policy rate is similar across states. These results
imply that variation in micro-level price flexibility primarily amplifies the nominal
effects of monetary policy, rather than affecting its real effects.
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Quantitatively, moving from low- to high-frequency environments increases the cumu-
lative inflation response by roughly 30 percent—an amplification comparable to differ-
ences observed between low- and high-inflation regimes observed over the 1996–2024
sample period, between expansions and downturns, and across the seasonal cycle. By
directly linking observed price-setting behavior to the strength of monetary transmis-
sion, the paper shows that variation in the frequency of price adjustment is a central
mechanism underlying the nonlinearities documented in the broader empirical litera-
ture.

Beyond documenting that monetary transmission varies with the aggregate frequency
of price adjustment, I show that this state dependence is highly granular. The amplifi-
cation of monetary tightening arises almost entirely from contractionary shocks, with
little corresponding asymmetry for easing episodes. It is driven disproportionately
by the downward margin of price flexibility: periods in which firms cut prices more
frequently exhibit markedly stronger disinflation in response to tightening, while the
frequency of price increases plays a limited role. Sectoral analysis reveals similarly
uneven patterns—nonlinear real effects originate mainly in the goods sector, where
prices are more flexible, whereas nonlinear price responses are concentrated in the
services sector, where rigidity is highest. Other price-setting moments also matter.
The size, dispersion, and kurtosis of micro price changes each generate additional
nonlinearities consistent with theories linking the cross-sectional distribution of price
adjustments to monetary non-neutrality (Alvarez et al., 2016, 2025).

A comprehensive set of robustness exercises confirms the stability of these results. The
nonlinear patterns persist when using alternative monetary policy shocks, alternative
measures of prices and economic activity, different specifications of the nonlinear local
projection model, alternative sample periods, and quarterly rather than monthly data.
This indicates that the amplification of inflation responses in high-frequency states
does not stem from any particular identification strategy or modeling choice.

Because the frequency of price changes is countercyclical and rises in high-inflation pe-
riods, the microfounded regimes map naturally into aggregate macroeconomic states
often studied in the empirical literature: flexible-price states coincide with down-
turns and high-inflation episodes, while rigid-price states align with expansions and
low-inflation periods. Seasonal variation provides an additional source of state de-
pendence, generating faster price responses to shocks early in the year than later.
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These results provide a microfounded explanation for why monetary policy appears
more effective in some environments than others, grounding nonlinear transmission
in observed price-setting behavior.

This helps reconcile mixed empirical findings. Some studies conclude that mone-
tary policy is more powerful in recessions than expansions (e.g., Weise, 1999; Garcia
and Schaller, 2002; Lo and Piger, 2005; Santoro et al., 2014; Burgard et al., 2019;
Bruns and Piffer, 2021; De Santis and Tornese, 2024), while others find the oppo-
site (e.g., Thoma, 1994; Tenreyro and Thwaites, 2016; Jordà et al., 2020; Alpanda
et al., 2021). My results support the former by showing that recessions coincide with
periods of elevated repricing frequencies, which strengthen disinflationary responses.
Inflation provides another dimension of nonlinearity: monetary policy is often found
to be less effective when inflation is low (Jordà et al., 2020) and more potent in high-
trend-inflation regimes (Ascari and Haber, 2022). These patterns are consistent with
state-dependent pricing models in which higher inflation raises the frequency of price
adjustment, but existing empirical work typically proxies regimes with aggregate in-
dicators rather than direct evidence on micro rigidities. My results fill this gap by
showing that variation in micro price flexibility itself explains these regime differ-
ences. Finally, the findings complement research exploiting seasonal or institutional
variation in wage rigidity (Olivei and Tenreyro, 2007, 2010; Björklund et al., 2019):
whereas that literature focuses on wages, this paper provides a parallel mechanism
based on prices.

Overall, the contribution of this paper is to show that many forms of state dependence
can be rationalized through a single, unifying channel: variation in the micro-level
frequency of price adjustment. By measuring this channel directly, the paper brings
the empirical state-dependence literature closer to its microfoundations and clarifies
when and why monetary policy has stronger or weaker effects on prices.

The remainder of the paper is organized as follows. Section 2 introduces the micro
price data and uses the frequency of price changes to document variation in price
rigidity over time. Section 3 presents the econometric method based on a nonlinear
local projection framework and introduces the estimation data and monetary policy
shocks. Section 4 provides the main results on frequency-dependent transmission of
monetary policy. Section 5 examines sources of heterogeneity in price-setting behavior
that account for the observed state dependence in monetary policy transmission,
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including shock asymmetry, asymmetry in price increases and decreases, heterogeneity
across sectors, and additional price-setting moments beyond the frequency of price
changes. Section 6 provides an extensive set of robustness checks. Section 7 concludes.

2 Empirical evidence on the non-uniformity of price rigidity over time

This section introduces the micro price data (Section 2.1) and uses the frequency of
consumer price changes (Section 2.2) to document the non-uniformity of price rigidity
in the United Kingdom from 1996 to 2024 (Section 2.3).

The dataset4 is uniquely suited for this purpose for several reasons. First, it has broad
coverage of the consumption basket, which is essential for analyzing the effects of
monetary policy on the broader economy. In particular, the coverage is much broader
than with (supermarket or household) scanner data or web-scraped prices. Second,
the data contain granular information on price observations, including information on
temporary sales and product substitutions, which are important factors to consider
when estimating price rigidity. Third, the Office for National Statistics (ONS) pub-
lishes some of the microdata underlying the UK CPI on its website, making the data
available to the public and for research purposes. Furthermore, the United Kingdom
represents a geography for which key data are available at a monthly frequency (e.g.,
monthly estimates of real growth domestic product) and for which monetary pol-
icy shocks have been identified in multiple ways using high-frequency identification
schemes, all of which are essential to the empirical strategy and contribute to the
quality of the analysis.

2.1 UK CPI microdata

The data I use to estimate price rigidity are the monthly price quotes collected by
the Office for National Statistics (ONS) to construct the Consumer Prices Index
(CPI) for the United Kingdom. The data span the period from February 1996 to

4Several studies have previously analyzed these data. In particular, Bunn and Ellis (2012) doc-
ument stylized facts about price-setting behavior in consumer prices in the United Kingdom from
1996 to 2006. More recently, Davies (2021a) examines price setting during the COVID-19 pan-
demic. Other studies include Hahn and Marenčák (2020), Kryvtsov and Vincent (2021), Blanco
(2021), Davies (2021b), or Adam and Weber (2023).

5



December 2024 and cover the economic territory of the United Kingdom, excluding
the offshore islands. The raw data consist of over 42 million individual price quotes5,
all sampled on a monthly basis from over 20,000 outlets and 12 regions (plus central
collection) across the UK. For any given sales outlet6, data collectors find the most
popular and regularly available goods and services and record the prices as well as
the information to identify the products uniquely. At the most granular level of
product disaggregation, there are 1,396 so-called expenditure items7 categorized in the
Classification of Individual Consumption by Purpose (COICOP). Using the available
product and outlet characteristics, I identify 2.6 million unique price spells.8

The publicly9 available micro price data do not contain all the price information
underlying the UK CPI. In particular, they do not include administered prices and
prices of central items10. In addition, the imputed prices of seasonal items11 are
excluded in their off-season.

To improve the informativeness of the data, I exclude several types of observations
a priori. First, I discard duplicate price quotes for a given item, shop, and region

5Price quotes reflect transaction prices. The CPI measures consumption expenditure mostly by
the acquisition of goods and services, i.e., “the total value of all goods and services delivered during
a given period is considered, whether or not they are wholly paid for during the period” (Office for
National Statistics, 2019).

6The UK is divided into twelve regions, and in each region, a number of locations is determined
from which outlets are selected for the local price collection.

7While the ONS tracks the prices of products at the barcode level, the true identity of the products
is masked by narrowly defined product categories called “expenditure items” (e.g., women’s cardigan,
flat panel TV 26”–42”, or restaurant main course). These items come from the basket of goods and
services, which contains all the products that represent household consumption expenditure in the
United Kingdom. Items represent the lowest level of the survey scheme and determine the categories
for which the ONS collects prices of goods and services.

8I define a “price spell” as the sequence of price quotes corresponding to a specific product
(identified at item level) collected in a specific outlet (identified at shop code, shop type, region,
and stratum levels) over time. In addition, I split price spells if there are missing price quotes for
more than one month to ensure that products are not inadvertently grouped because no prices were
recorded in the month prior to the price collection month.

9The ONS publishes some of the microdata underlying the UK CPI on its website (Office for
National Statistics, 2024). Price quote data and item indices are published monthly for the most
recent month.

10There are around 150 items for which prices are centrally collected, and the index calculation is
separate from the main index construction method (Office for National Statistics, 2019). Examples
include items related to housing, travel fares, or computer games.

11In a few areas covered by the CPI, there are distinct seasonal patterns of purchasing or consump-
tion, for example, for some clothing or garden products. In the past, some fresh fruits and vegetables
were also seasonal, although this has become less apparent with the importation of products from
around the world. The prices of seasonal items are usually imputed during their off-season.
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for the same month. For reasons of confidentiality, the ONS does not always publish
all available local information, resulting in product identifiers in the data containing
duplicate price quotes. Second, I remove “invalid” price quotes that do not pass ONS
cross-checking procedures and do not enter the calculation of the official CPI. Third,
whenever possible12, I exclude imputed prices from the sample.

Because measurement errors raise concerns beyond these restrictions, I further remove
outliers by excluding monthly price changes larger than the 99th percentile of absolute
log price changes and smaller than the 1st percentile of absolute log price changes
for each expenditure item.13 I also exclude price changes that coincide with changes
in the weight or volume of the product, ensuring that price changes due solely to
changes in the package size or volume are not counted as price changes. Finally,
price changes in months when the UK value-added tax (VAT) rate has changed are
excluded14 when measuring price rigidity.15 VAT rate changes often occur at the
beginning of the year, which could bias the estimation of price rigidity. Table A.1 in
the appendix illustrates the effect of all sample restrictions on the sample size. The
resulting baseline sample consists of 32 million price quotes and 790,000 products
across 1,319 expenditure items and averages more than 60 percent of the CPI basket
by expenditure weights.

In measuring price rigidity, the treatment of temporary sales and product substitu-
tions poses two challenges. On the one hand, temporary sales involve price discounts
for a limited period, after which the original price is usually restored, leading to high-
frequency price fluctuations. On the other hand, product substitutions replace (tem-
porarily) unavailable or discontinued products, which can lead to price changes that
result from comparing close substitutes rather than identical products. The baseline
sample includes price changes due to both temporary sales and product substitution
to capture all price changes relevant to the CPI when analyzing the differential effects
of monetary policy across periods of flexible and rigid price adjustment. However,

12The ONS flags products that are missing or temporarily out of stock in a store and imputes the
prices of these products.

13Eichenbaum et al. (2014) raise various concerns regarding mismeasurement in the context of
CPI microdata. The treatment chosen to deal with these measurement errors is in line with several
contributions in the literature, for example, Gautier et al. (2024) or Rudolf and Seiler (2022).

14In regression analyses, I control for VAT rate changes by including dummies in the corresponding
months instead of excluding these months altogether.

15Over the sample period, the standard VAT rate decreased from 17.5% to 15.0% on 1 December
2008, increased to 17.5% on 1 January 2010, and to 20.0% on 4 January 2011.
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since both temporary sales and product substitution can exhibit cyclical or seasonal
patterns, I complement the analysis of the non-uniformity of price rigidity over time
(in Appendix A.4 in Appendix Appendix A) and their influence on the frequency-
dependent monetary policy transmission (in Appendix D) net of these two effects. To
do this, I identify temporary sales and product substitution using the flags provided
by the ONS.16 To exclude temporary sales, I replace each sales price with the last
observed non-sales price. To exclude product substitutions, I start a new price spell
with each product substitution.

2.2 Frequency of price changes as a measure of price rigidity

To measure price rigidity, I use the monthly frequency of price changes, which captures
the share of prices that change in a given month. Formally, the frequency of price
changes for item i in month t is calculated as

fi,t =
∑p,s ωp,s,t Ip,s,t

∑p,s ωp,s,t
, (1)

where Ip,s,t is an indicator that takes the value one if the price of product p of item
i in outlet s has changed from the previous month t − 1, otherwise it takes the value
zero.17

The weight ωp,s,t is calculated as the CPI share of item i divided by the number
of prices collected for that item in month t. To compute aggregate statistics, I use
average weights over the sample period to minimize the impact of compositional
changes in the basket of goods and services and aggregate item-level moments using
weighted medians. Hence, the aggregate frequency of price changes, ft, is the weighted
median frequency across items using average CPI expenditure weights.

16For temporary sales, the ONS price collectors flag a price observation as a sales price if the
discount is temporary and granted to all consumers without restriction. For product substitution,
the ONS has established rules to account for quality adjustments when products are substituted
(Office for National Statistics, 2019).

17By analogy, I calculate the frequency of price increases, f+i,t , by considering only price increases
in the price change indicator, I+p,s,t, and the frequency of price decreases, f−i,t , by considering only
price decreases in the price change indicator, I−p,s,t.
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Figure 1. Frequency of price changes

(a) Over time (b) By month
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Notes: The figure shows the frequency of consumer price changes in the United Kingdom,
including price changes due to temporary sales and product substitution. Moments are
computed at the item level and aggregated to weighted medians using CPI expenditure
weights. The left panel shows the median frequency of price changes from February 1996 to
December 2024, together with the unemployment rate and CPI inflation. Recessions (gray
shaded areas) are dated by the Organisation for Economic Co-operation and Development
(OECD). The right panel shows the median frequency of price changes by calendar month
across the sample period, with the interquartile range indicated by the shaded area. Outliers
related to VAT rate changes are excluded. All values are expressed in percent.

2.3 Non-uniformity of price rigidity over time

This section documents the non-uniformity of price rigidity over time using the fre-
quency of consumer price changes in the United Kingdom.18 It considers two comple-
mentary dimensions of time variation: the evolution of the frequency of price changes
over the sample period and its seasonal profile across calendar months.

The left panel of Figure 1 shows the monthly frequency of price changes19 from
18Appendix A.5 provides evidence on the time variation of the size of price changes, complementing

the evidence on their frequency.
19The baseline sample includes price changes due to temporary sales and product substitution
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February 1996 to December 2024, together with the unemployment rate and CPI
inflation. Far from being constant, price rigidity exhibits pronounced low-frequency
fluctuations. The frequency was roughly 12 percent in the mid-1990s, fell to a trough
of 8.6 percent in 2003, and rose to above 14 percent around 2009–2011. It declined
again in the mid-2010s before increasing sharply—to more than 17 percent—during
the 2021–2023 inflation surge.

Two broad patterns stand out. First, the frequency of price changes is strongly
countercyclical: it tends to rise when the unemployment rate increases and during
recessions, such as the Great Recession. Second, it co-moves positively with inflation,
with noticeable increases during high-inflation episodes such as the post-pandemic
inflation surge. These patterns align with a growing body of evidence documenting
cyclical variation in the frequency of price adjustments. For instance, while the fre-
quency of consumer price changes in the euro area remained broadly flat from 2005
to 2019, it rose markedly during the Great Recession, when inflation reached 4.1 per-
cent (Gautier et al., 2024). Using Swiss CPI microdata, Rudolf and Seiler (2022) find
substantial increases in the frequency of price changes following the abandonment of
the Swiss franc’s minimum exchange rate in early 2015 and again during the inflation
surge of 2021–2022. Additional evidence comes from online prices (Cavallo et al.,
2024) and survey-based measures (Dedola et al., 2023), both of which show sharp
increases in the frequency of price adjustment during the post-pandemic inflation
surge.

To validate these visual patterns, I estimate time-series regressions of the monthly
frequency of price changes on business-cycle indicators and CPI inflation, controlling
for seasonality via month fixed effects and VAT changes. The coefficients (reported
in Table A.2 in Appendix A.2) on both inflation and the business-cycle indicators are
positive and statistically significant at the 1 percent level. The elasticities are econom-
ically meaningful: a 1-percentage-point increase in year-on-year inflation is associated
with roughly a 0.7-percentage-point rise in the frequency of price changes, and a 1-
percentage-point increase in unemployment is associated with a 0.2-percentage-point
rise.
to capture all price changes relevant to the CPI. Appendix A.4 documents how the inclusion or
exclusion of these adjustments affects the measured frequency of price changes. Their treatment
shifts the level and, to a lesser extent, alters the seasonal profile, while leaving cyclical patterns
unchanged.
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Beyond low-frequency movements, the frequency of price changes displays pronounced
seasonality. The right panel of Figure 1 shows the median frequency of price changes
by calendar month, along with its interquartile range across years.

Four observations emerge: First, the frequency of price changes declines monoton-
ically across the four quarters, with the highest levels in the first quarter and the
lowest in the fourth. The difference between the peak month (January) and the
trough (December) is about 4 percentage points—roughly one third of the average
frequency. Second, within each quarter, the frequency is highest in the first month,
declining monotonically thereafter. This gives rise to a pattern of local peaks in
January, April, July, and October. Third, the intra-quarter amplitude between the
months with the highest and lowest frequencies declines throughout the year: it is
largest in Q1 (3.5 pp) and smallest in Q3 (0.2 pp). Fourth, January stands out as an
exceptional month, with far more frequent price adjustments than any other month.
Table A.3 in Appendix A.2 reports regressions of January indicators on item-level
frequencies, showing significant “January effects” for 48% of items and an average
weighted effect of 11 percentage points.

These seasonal patterns are consistent with evidence from a wide range of countries
and datasets, including CPI microdata for the United States (Nakamura and Steins-
son, 2008, 2013), the euro area (Alvarez et al., 2006; Gautier et al., 2024), Belgium
(Aucremanne and Dhyne, 2004), and France (Berardi et al., 2015), as well as producer-
price microdata for the United States (Nakamura and Steinsson, 2008) and Denmark
(Dedola et al., 2021). The literature attributes these patterns to several mechanisms,
including seasonality in costs (such as wages), product life cycles, product turnover,
or seasonal sales.

To identify which types of price adjustments drive aggregate variation in price flex-
ibility, Figure 2 decomposes the frequency of price changes into price increases (in
yellow) and price decreases (in red), both over time (in the left panel) and across
calendar months (in the right panel).

Throughout the sample, price increases occur almost twice as frequently as price de-
creases, averaging roughly 6.1 and 3.2 percent, respectively. Cyclical variation is also
more pronounced for increases: the standard deviation of the frequency of increases is
1.6 percent, compared with 0.7 percent for decreases. This suggests that the business-
cycle sensitivity of the overall frequency reflects primarily firms raising prices rather
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Figure 2. Frequency of price increases and decreases
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Notes: The figure shows the frequency of price increases (in yellow) and the frequency of
price decreases (in red) in the United Kingdom, including price changes due to temporary
sales and product substitution. Moments are computed at the item level and aggregated to
weighted medians using CPI expenditure weights. The left panel shows the median frequen-
cies of price increases and decreases from February 1996 to December 2024. The right panel
shows the median frequencies of price increases and decreases by calendar month across the
sample period, with the interquartile ranges indicated by the shaded area. Outliers related
to VAT rate changes are excluded. Recessions (gray shaded areas) are dated by the Organ-
isation for Economic Co-operation and Development (OECD). All values are expressed in
percent.

than cutting them. Regression results in Table A.4 in Appendix A.3 confirm that both
increases and decreases are countercyclical, but only price increases co-move positively
with inflation. Thus, the inflation–frequency relationship documented above is driven
primarily by upward price adjustments.

Seasonal patterns also differ sharply across the two margins. The frequency of price
changes is strongly front-loaded: it rises over the first two quarters, peaks in May
at 6.7 percent, and then declines toward a flat profile of roughly 5.4 percent for
the remainder of the year. By contrast, price decreases display limited seasonality,
except for spikes in the first months of the quarter—at roughly 3.5 percent—with
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an otherwise flat profile at around 3 percent. Figure A.1 in Appendix A.3 reports
month-effect regressions confirming that seasonality stems almost entirely from price
increases. When temporary sales are excluded, the seasonal component of decreases
virtually disappears, while the seasonal pattern for increases remains.

Finally, Figure 3 documents substantial sectoral heterogeneity in price rigidity by
comparing non-energy industrial goods (NEIG) and services.

Figure 3. Frequency of price changes in non-energy industrial goods and services
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Notes: The figure shows the frequency of price changes for non-energy industrial goods
(in yellow) and services (in red) in the United Kingdom, including price changes due to
temporary sales and product substitution. Moments are computed at the item level and
aggregated to weighted medians using CPI expenditure weights. The left panel shows the
median frequencies of NEIG and services price changes from February 1996 to December
2024. The right panel shows the median frequencies of NEIG and services price changes
by calendar month across the sample period, with the interquartile ranges indicated by the
shaded area. Outliers related to VAT rate changes are excluded. Recessions (gray shaded
areas) are dated by the Organisation for Economic Co-operation and Development (OECD).
All values are expressed in percent.

Price changes are far more frequent in goods than in services. Over the sample, the
median frequency in NEIG averages 16.1%, compared with 6.0% in services, consistent
with the well-known sectoral gradient in nominal rigidity: goods prices adjust roughly
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three times as often as service prices.

Goods prices also exhibit much stronger high-frequency volatility. The standard de-
viation of NEIG frequencies is 4.2 percent—considerably larger than for services (2.1
percent)—reflecting more pronounced seasonal dynamics. NEIG displays two clear
seasonal peaks, a large spike in January (21.0 percent) and a second one in July (18.1
percent). By contrast, seasonality in services is weak. The frequency of service-sector
price changes shows only a mild rise in April–May (peaking at 7.5 percent), and
otherwise follows a nearly flat profile.

In sum, price rigidity displays substantial time variation at both low and high frequen-
cies. The frequency of price changes moves strongly with macroeconomic conditions—
rising in downturns and during high-inflation periods—and follows a pronounced sea-
sonal cycle, with far more adjustments early in the year than late. These patterns
are driven primarily by price increases and amplified by temporary sales. These tem-
poral variations point to meaningful state-dependent elements in firms’ price-setting
behavior: firms adjust prices more often in some states of the economy than in others.
This raises the possibility that the transmission of monetary policy itself may vary
across states of the economy. The next section develops an econometric framework
to test this hypothesis.

3 Econometric method

To examine whether time variation in price-setting behavior shapes the transmission
of monetary policy, this section introduces an econometric framework that allows the
effects of monetary policy shocks to depend on the observed frequency of price adjust-
ment. In particular, I estimate nonlinear20 impulse responses using local projections
(Jordà, 2005) in which monetary policy shocks are interacted with the frequency of
price changes. This approach provides a flexible, microfounded way of testing whether
monetary policy shocks propagate differently during periods of relatively rigid versus
flexible price adjustment.

20A growing body of literature uses nonlinear local projections to analyze state-dependent effects
in empirical impulse responses, e.g., Auerbach and Gorodnichenko (2012); Caggiano et al. (2014);
Tenreyro and Thwaites (2016); Ramey and Zubairy (2018); Ascari and Haber (2022).
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3.1 Nonlinear local projection model

To test whether impulse responses to monetary policy shocks depend on the frequency
of price adjustment, I estimate the following nonlinear local projection model:

yt+h = αh + βhet + γh(et · ft−1) +
K

∑
k=1

δh,kwt,k + νt+h, (2)

where yt+h denotes the variable of interest at horizon h, et represents the monetary
policy shocks identified using an external instruments approach (see Section 3.2),
ft−1 is the lagged frequency of price changes, wt,k are the K control variables (each
included with up to L lags), and νt+h captures the possibly heteroskedastic and serially
correlated estimation error.

Equation (2) extends the standard linear local projection framework of Jordà (2005)
by allowing the effects of monetary policy shocks to vary continuously with the degree
of price rigidity. The interaction term between the monetary policy shock and the
lagged frequency of price changes captures the potential state dependence of impulse
responses with respect to price rigidity.

The coefficient βh measures the average, frequency-independent response of yt+h at
horizon h to a monetary policy shock et at time t, while γh quantifies how this response
changes with the frequency of price adjustment. If γh has the same sign as βh, more
frequent price changes amplify the linear response implied by βh. By contrast, if
γh has the opposite sign, higher price flexibility dampens—or potentially reverses—
the linear impulse response for sufficiently large values of the interaction variable.
Whenever γh = 0, the impulse response to a monetary policy shock is linear and
independent of the degree of price rigidity. Thus, γh is the main coefficient of interest
for testing whether and how the propagation of monetary policy shocks depends on
the frequency of price adjustment.

Under a contractionary monetary policy shock, i.e., a positive value of et, we expect
prices and output to decline. Hence, βh is expected to be negative for both variables.
In the presence of more flexible pricing, firms adjust prices more quickly, which should
lead to a larger (in absolute value) decline in prices and a smaller decline in output.
Consequently, one would expect γh to be negative when the dependent variable is
a price measure (amplifying the price response) and positive when the dependent
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variable is output (attenuating the output response).

In the interaction term, the frequency of price changes enters lagged by one period
to mitigate contemporaneous feedback from monetary policy shocks to price-setting
behavior. A potential concern, however, is that the frequency of price changes may
nonetheless respond to monetary policy, violating the exogeneity assumption required
for consistent estimation of γh. Two arguments mitigate this concern.

First, existing empirical evidence suggests that firms adjust primarily the size rather
than the frequency of price changes in response to aggregate shocks, including mon-
etary policy shocks (e.g., Alvarez et al., 2019; Gautier et al., 2024). These studies
emphasize that aggregate shocks are small relative to firm-specific shocks, which
dominate pricing decisions. As a result, variation in the frequency of price changes is
largely driven by idiosyncratic, rather than aggregate, shocks.

Second, I empirically test the exogeneity of the frequency of price changes within
my dataset and econometric framework. Specifically, I estimate the response of the
frequency and size of price changes to monetary policy shocks using linear local projec-
tions. The results, displayed in Figure B.1 in Appendix B, confirm that the frequency
of price changes does not react significantly to monetary policy shocks, whereas the
size of price changes decreases following a contractionary shock. These findings alle-
viate endogeneity concerns and support the validity of using the frequency of price
changes as an exogenous interaction variable in the nonlinear local projection model.

3.2 Data and model specification

The baseline specification follows a standard monetary VAR specification, chosen to
be as parsimonious as possible21 while capturing the main transmission channels of
monetary policy (e.g., Christiano et al., 2005). The vector of endogenous variables yt

comprises real gross domestic product (GDP), the core consumer price index (CPI),
and the policy rate of the Bank of England (“Bank Rate”). To avoid the “price
puzzle”—a counter-intuitive rise in inflation following monetary policy tightening
(Eichenbaum, 1992; Sims, 1992)—I include a global commodity price index in US
dollars as an exogenous forward-looking variable. To express this index in sterling,

21In Section 6.2, I report results from extended specifications that include additional variables.
The main findings remain robust across specifications.
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I further include the nominal exchange rate between the British pound and the US
dollar as an endogenous variable. A detailed overview of all variables and data sources
is provided in Table B.1 in Appendix B.2.

The frequency of price changes is calculated as described in Section 2.2 from CPI
microdata for the United Kingdom. The measure uses the sample that includes price
changes due to temporary sales and product substitution to capture all price changes
relevant to the CPI.22

Monetary policy shocks are obtained from the UK Monetary Policy Event-Study
Database (UKMPD) of Braun et al. (2025), which provides high-frequency mone-
tary policy surprises for the United Kingdom.23 Building on the seminal work of
Gürkaynak et al. (2005) and Swanson (2021), the UKMPD identifies monetary policy
surprises as intra-day asset price revisions—across interest rate futures, gilt yields,
overnight index swaps, stock prices, and exchange rates—around monetary policy
events24. The UKMPD further provides three distinct monetary policy factors that
capture market reactions at different points of the yield curve: a short-term factor
reflecting policy rate surprises (“Target”), a medium-term factor reflecting expected
policy path revisions (“Path”), and a long-term factor reflecting quantitative easing
announcements (“QE”).

In the baseline model, I use the “Path” factor25 as my preferred measure of monetary
policy shocks, for several reasons. First, because it is extracted from a broad set of
contracts at different maturities, it captures monetary policy actions more compre-
hensively than any single-instrument surprise. Second, during much of the sample
period, the Bank Rate was constrained by the effective lower bound following the
2008 financial crisis, and policy operated mainly through unconventional measures
such as forward guidance and quantitative easing. The “Path” factor captures these

22In Section 6.1, I report sensitivity checks excluding price changes due to temporary sales and
product substitution. The main results prove robust to excluding these types of price changes from
estimates of the frequency of price changes.

23In Section 6.1, I perform extensive robustness analyses using alternative monetary policy shock
measures. These include variations based on different underlying contracts and maturities within the
UKMPD, as well as shocks obtained from alternative identification schemes in the broader monetary
policy literature. Across all specifications, the results remain qualitatively and quantitatively robust.

24These events include announcements by the Monetary Policy Committee (MPC) and press
conferences accompanying the publication of the quarterly Monetary Policy Report. As shown in
Section 6.1, the main results are robust to restricting the shocks to MPC announcement days only.

25Figure B.2 in Appendix B.2 shows the shock series over the sample period 1997–2024.
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medium-term policy shifts. Third, it provides meaningful variation throughout the
entire sample, in contrast to the “Target” factor (which is largely inert during the
lower-bound period) and the “QE” factor (which captures only discrete announce-
ment episodes). Braun et al. (2025) show that macroeconomic responses are stronger
and statistically significant for the “Path” factor, confirming its empirical relevance.

To construct monthly shocks for estimation, I follow the procedure of Gertler and
Karadi (2015). Specifically, I cumulate all intra-day shocks occurring within the
previous 31 days and then take the monthly average. Finally, I re-scale the shocks
such that a one-unit innovation corresponds to a positive surprise of 100 basis points
in the Bank Rate.

All data are monthly and cover the period from 1997:07 to 2024:12.26 The beginning
of this period is determined by the date on which the Bank of England was granted
operational independence over monetary policy. To control for extreme outliers during
the COVID-19 pandemic, I include a series of dummy variables from March 2020 to
August 2022.27 The policy rate is expressed in percent, and all other variables are
expressed in natural logarithms multiplied by 100, allowing the coefficients to be
interpreted as approximate percentage-point changes. Figure B.2 in Appendix B.2
displays the series included in the baseline model.

I estimate the local projection model for horizons h = 0, 1, . . . H, where I set H = 48,
corresponding to an impulse-response horizon of four years. The lag order is set to
L = 12. In terms of deterministics, only a constant term is included (αh). However,
the results are robust to alternative choices of H, L, and deterministic terms, as
discussed in Section 6.2.

For each endogenous variable, the H + 1 equations corresponding to the impulse
response function are estimated jointly as a system of seemingly unrelated regres-
sions. To ensure valid inference in the presence of potential serial correlation and het-
eroskedasticity, I compute heteroskedasticity- and autocorrelation-consistent (HAC)
standard errors using the estimator proposed by Newey and West (1987).

26In Section 6.2, I present the results of sensitivity checks for different subsamples. For example,
I exclude the period before the Great Recession or after the onset of the COVID-19 pandemic. The
main results are robust across subsamples.

27Although most pandemic-related volatility fades by mid-2021, I extend the dummies for one
additional year to prevent large residuals affecting lagged coefficients in the local projection estima-
tion.
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4 Frequency-Dependent Monetary Policy Transmission

This section presents the main results on the differential effects of monetary policy
in periods of flexible and rigid price adjustment.

Figure 4 displays the estimated coefficients from the nonlinear local projection model
in Equation (2) for each response variable: real GDP (in the left panel), core CPI
inflation (in the middle panel), and the Bank Rate (in the right panel).28 The solid
black lines plot the coefficients of the linear term, β̂h, while the dashed orange lines
plot the coefficients of the nonlinear interaction term, γ̂h, together with their 95%
confidence intervals.

Figure 4. Nonlinear local projection coefficients
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Notes: The figure shows the coefficients from estimating the nonlinear local projection
model in Equation (2) for each response variable: real GDP (in the left panel), core CPI
inflation (in the middle panel), and the Bank Rate (in the right panel). The solid black
lines plot the coefficients of the linear term, β̂h, and the dashed orange lines plot the ones
of the nonlinear interaction term, γ̂h, together with their respective 95% confidence interval
bands. The data used for estimation span from 1997:07 to 2024:12. The coefficients are
shown over a four-year horizon (48 months).

The linear coefficients β̂h reproduce the well-documented29 dynamic responses of
28Table C.2 in Appendix C reports the corresponding coefficients from the baseline nonlinear local

projection model in Equation (2). For each response variable—real GDP, consumer prices, and the
Bank Rate—the table lists the linear coefficients β̂h and the nonlinear interaction coefficients γ̂h at
horizons h = 1, 12, 24, 36, and 48 months.

29Table C.1 in Appendix C provides an overview of the responses of economic activity and prices
to monetary policy shocks from previous studies for the United Kingdom. For example, using the
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macroeconomic aggregates to monetary policy shocks (e.g., Christiano et al., 1999).
The shock has no effect on the Bank Rate on impact, but it gradually raises the rate
thereafter, consistent with the interpretation of the shock as capturing unexpected
changes in the anticipated policy path at medium-term horizons. The hump-shaped
response that peaks after about one and a half years generates a statistically sig-
nificant contraction in real activity. GDP begins to decline within six months and
reaches its trough after about two and a half years. Inflation shows the familiar de-
layed and persistent response to a contractionary monetary policy shock. The initial
effect is muted and statistically insignificant, but consumer prices start to fall around
eight quarters after the shock, with the decline remaining significant throughout the
estimation horizon.

Turning to the interaction coefficients, the nonlinear effects captured by γ̂h provide
evidence that the transmission of monetary policy depends on the degree of price
rigidity. For consumer prices, the γ̂h coefficients are close to zero and statistically
insignificant during the first eight quarters after the shock. Thereafter, they turn
negative and gradually decline, indicating that inflation responds more strongly to
a monetary policy shock when the frequency of price changes is higher. Because
the timing of significance for both the linear (β̂h) and nonlinear (γ̂h) coefficients
coincides—both becoming negative around eight quarters after the shock—these re-
sults suggest that the frequency of price adjustment neither accelerates nor delays the
timing of the price response. Instead, it amplifies its magnitude: the disinflationary
effect of a contractionary monetary policy shock is stronger when prices adjust more
frequently.

By contrast, the nonlinear interaction coefficients for economic activity are negative
but remain statistically indistinguishable from zero throughout most of the estimation
horizon. This implies that the response of real GDP to monetary policy shocks
is largely independent of the degree of price rigidity. In other words, variation in
the frequency of price changes primarily affects the pricing margin rather than the
output margin of monetary transmission. Finally, it is important to note that these
nonlinearities do not stem from differences in the monetary policy reaction itself. The
coefficients on the nonlinear term for the Bank Rate are close to zero and statistically

same monetary policy shocks as in this paper, Braun et al. (2025) find a peak decline of 1.5 percent
in activity and 0.45 percent in prices to a 100 basis point increase in the policy rate.
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insignificant at all horizons, indicating that the policy rate response to shocks does
not vary systematically with the degree of price rigidity.

Taken together, the results indicate that the transmission of monetary policy to
prices—and to a lesser extent to real activity—systematically varies with the de-
gree of price rigidity. Inflation responds more strongly to a contractionary monetary
policy shock when price changes are more frequent, while the output response remains
largely invariant across states. This pattern aligns with previous evidence that items
characterized by more frequent price adjustment are more responsive to monetary
policy (Hong et al., 2023; Gautier et al., 2024; Alvarez et al., 2025), and supports
the view that state-dependent pricing steepens the Phillips curve when firms adjust
more often, thereby amplifying the nominal rather than the real effects of policy
interventions.

At the same time, the findings refine and unify several strands of the empirical litera-
ture that document nonlinear monetary transmission across different macroeconomic
environments. The empirical patterns documented in Section 2 show that episodes
of high inflation, economic downturns, and the early-year seasonal window are the
states in which price changes occur more frequently. The stronger price effects in
states of more frequent adjustment are consistent with the strand of work docu-
menting stronger monetary transmission in low-growth or recessionary states (e.g.,
De Santis and Tornese, 2024) and echo the empirical work showing larger monetary
policy effects in high-inflation environments (Ascari and Haber, 2022). They also
mirror the seasonal evidence on wage rigidity in Olivei and Tenreyro (2007, 2010),
but extend the mechanism to price setting itself using microdata rather than relying
on assumed timing conventions in wage bargaining. Relatedly, Cravino et al. (2020)
highlight that heterogeneity in price stickiness across households generates distribu-
tional consequences of monetary shocks: prices of goods consumed by high-income
households are stickier and less volatile, leading to impulse responses of their consumer
price indices that are smaller than those of middle-income households. In contrast to
these studies, which infer state dependence indirectly from macroeconomic indicators
such as recessions or high- versus low-inflation regimes (e.g., Tenreyro and Thwaites,
2016; Jordà et al., 2020; Ascari and Haber, 2022; De Santis and Tornese, 2024), my
framework ties these nonlinearities directly to the underlying microeconomic timing
of actual price adjustments. By doing so, it provides empirical validation for the
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central mechanism emphasized in state-dependent pricing models (e.g., Vavra, 2014),
namely that changes in the frequency of adjustment alter the slope of the Phillips
curve and thereby the strength of monetary policy transmission.

To further illustrate the nonlinear effects implied by the estimated coefficients, Fig-
ure 5 plots the impulse response functions (IRFs) of the three main variables—real
GDP, core CPI inflation, and the Bank Rate—for three representative values of the
frequency of price changes corresponding to the 25th (9.6 percent), 50th (10.9 per-
cent), and 75th (13.0 percent) percentiles of its empirical distribution. The responses
are computed over a four-year horizon following a contractionary monetary policy
shock equivalent to a 100 basis point increase in the policy rate.

Figure 5. Frequency-dependent impulse response functions
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Notes: The figure shows impulse response functions following a contractionary monetary
policy shock estimated from the nonlinear local projection model in Equation (2) for each
response variable: real GDP (in the left panel), core CPI inflation (in the middle panel),
and the Bank Rate (in the right panel). The dashed-dotted yellow, solid orange, and
dashed red lines plot the responses for the 25th (9.6 percent), 50th (10.9 percent), and 75th
(13.0 percent) percentiles of the frequency of price changes, respectively. The data used
for estimation span from 1997:07 to 2024:12. The coefficients are shown over a four-year
horizon (48 months).

At the median frequency of price adjustment (10.9 percent), the impulse responses
display the conventional transmission pattern following a 100-basis-point monetary
tightening. Real GDP declines gradually and reaches a trough of 3.6 percent after
roughly two and a half years years. The response of core CPI inflation is initially close
to zero, turns negative after one and a half years, and then falls steadily, reaching a
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cumulative decline of about 5.3 percentage points by the end of the four-year window.
The policy rate path shows the expected mechanical increase to 1 percentage point
and remains positive for two and a half years. Taken together, the median-state
IRFs provide a benchmark against which the role of time-varying price rigidity can
be assessed.

Varying the frequency of price adjustment significantly alters the magnitude of the
inflation response. When the frequency is low (9.6 percent), the cumulative decline in
core CPI inflation is considerably weaker, stabilizing at around 4.8 percentage points
by the end of the horizon. When prices adjust more frequently (13.0 percent), the dis-
inflationary effect rises to about 6.1 percentage points. This corresponds to roughly a
30 percent amplification when moving from the 25th to the 75th percentile of the em-
pirical distribution—a sizable difference given the modest variation in the underlying
microeconomic frequency. For context, these frequencies historically correspond to
periods with average core CPI inflation of 1.9 percent versus 2.8 percent (Table A.2
in Appendix A.2), and they align closely with the typical seasonal swing from the
beginning to the end of the year (Figure 1). Thus, the estimated state dependence
is quantitatively meaningful in light of realistic time-series variation in the frequency
of adjustment.

Despite the substantial change in magnitude, the timing of the inflation response—the
delay before turning negative and the horizon of the trough—is nearly identical across
all three states. This suggests that greater price flexibility strengthens the transmis-
sion of monetary policy without altering its speed. Output responses, by contrast,
vary only modestly across states, and policy rate paths overlap almost perfectly.
Taken together, these results reinforce the core finding: fluctuations in the frequency
of price adjustment primarily amplify nominal effects of monetary policy while leaving
real effects relatively stable.

5 Dimensions of Heterogeneity in Frequency-Dependent Monetary Trans-
mission

Having established the baseline nonlinear effects of monetary policy as a function of
the aggregate frequency of price adjustment, this section examines which specific fea-
tures of price-setting behavior account for the observed state dependence in monetary
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policy transmission. I explore four sources of heterogeneity. First, I test whether the
nonlinearities differ between contractionary and expansionary monetary policy shocks
(Section 5.1). Second, I assess whether state dependence is driven more strongly by
the frequency of price increases or price decreases (Section 5.2). Third, I examine
whether the results vary across sectors (Section 5.3). Finally, I consider whether
alternative price-setting moments—such as the average size or dispersion of price
changes—contain additional explanatory power beyond the frequency of adjustment
(Section 5.4). Together, these exercises help clarify which granular margins of price
flexibility shape the nonlinear transmission of monetary policy.

5.1 Nonlinear Effects Across the Direction of Monetary Policy Shocks

A natural question is whether the role of price rigidity depends on the direction of the
monetary policy shock itself. To assess whether the frequency of price adjustment
amplifies positive versus negative monetary policy shocks differently, I re-estimate
the nonlinear local projection specification separately for contractionary (e+t ) and
expansionary (e−t ) monetary policy shocks, allowing both the linear effect and its
interaction with the frequency of price adjustment to vary across regimes.

Table 1 reports the resulting coefficients for each response variable—real GDP (in
the top panel), core CPI inflation (in the middle panel), and the Bank Rate (in the
bottom panel)—at horizons from one month to four years. For each shock type, the
table lists the linear response coefficient β̂h and the nonlinear interaction coefficient
γ̂h, which captures how the effect of the shock varies with the frequency of price
adjustment.

The linear coefficients reveal the expected qualitative asymmetry between positive
and negative monetary shocks. Contractionary shocks generate declines in GDP at
short horizons, while expansionary shocks produce small but positive effects on impact
that strengthen at one-year horizons. For inflation, contractionary shocks reduce core
CPI inflation at medium and long horizons, whereas expansionary shocks generate
weaker and more muted price responses, consistent with the well-known difficulty
of stimulating inflation during easing episodes. The policy rate panels confirm the
mechanical increase (decrease) in response to expansionary (contractionary) shocks
and show that the persistence of the shock differs across directions, especially at
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Table 1. Effects Across the Direction of Monetary Policy Shocks

Horizon

h = 1 h = 12 h = 24 h = 36 h = 48

Gross domestic product

Contractionary shocks β̂
e+t
h -0.155*** -0.187 0.031 -0.146 -0.482

γ̂
e+t
h -0.014** -0.096* -0.175** -0.101** -0.141

Expansionary shocks β̂
e−t
h 0.047* 0.452*** 0.239 -0.232 0.159**

γ̂
e−t
h 0.039*** 0.051 0.163* -0.006 -0.076***

Core consumer price index

Contractionary shocks β̂
e+t
h 0.016 0.043 -0.027 0.127 -0.392**

γ̂
e+t
h -0.001 -0.013 0.058* 0.066*** -0.072*

Expansionary shocks β̂
e−t
h 0.010 -0.005 -0.190 0.029 0.037

γ̂
e−t
h 0.003 -0.021 -0.107** -0.030 0.042

Bank Rate

Contractionary shocks β̂
e+t
h -1.076 0.610 -1.349 -1.121 -6.726***

γ̂
e+t
h -0.376 -0.286 0.852 1.149 -5.075***

Expansionary shocks β̂
e−t
h 1.212** 5.391* -5.762* 4.325* -2.980

γ̂
e−t
h 0.089 0.726 -4.431** -0.105 -1.592

Notes: The table reports the estimated coefficients from the nonlinear local projection
model in Equation (2), estimated separately for contractionary (e+t ) and expansionary
(e−t ) monetary policy shocks. For each response variable—real GDP, core CPI inflation,
and the Bank Rate—the table lists the linear coefficients β̂h and the nonlinear interaction
coefficients γ̂h at horizons h = 1, 12, 24, 36, and 48 months. The linear coefficients β̂h cap-
ture the direct effect of the monetary policy shock, while the interaction coefficients γ̂h
measure how the effect varies with the frequency of price adjustment. The data used for
estimation span from 1997:07 to 2024:12. Statistical significance is indicated by * p < 0.10,
** p < 0.05, and *** p < 0.01.
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longer horizons. Together, the linear estimates indicate that tightening and loosening
episodes do not simply mirror one another, aligning with evidence of asymmetric
monetary transmission in earlier work.

Turning to the nonlinear coefficients, the interaction terms indicate that the ampli-
fying effect of the frequency of price adjustment is present but differs in magnitude
across shock types. For contractionary shocks, γ̂h is generally negative for inflation at
medium and long horizons, implying that more frequent price adjustment strengthens
the disinflationary impact of a monetary tightening—mirroring the baseline results
in Section 4. In contrast, the interaction terms for expansionary shocks are smaller in
absolute value and often statistically insignificant, suggesting that variation in price
rigidity plays a more limited role in shaping the response to monetary easing. For
real GDP, the interaction coefficients remain modest in both regimes, indicating that
the degree of price flexibility primarily affects nominal rather than real transmission.
Taken together, the results show that the state dependence documented earlier is
predominantly a feature of contractionary monetary policy shocks: price flexibility
amplifies the effects of monetary tightening, but plays a weaker role in easing episodes.

5.2 Nonlinear Effects Across the Direction of Price Changes

To assess whether the state dependence in monetary policy transmission is driven
more by upward or downward price adjustments, I re-estimate the nonlinear local
projection model in Equation (2) using separately the frequency of price increases
( f+t ) and the frequency of price decreases ( f−t ) as the interaction variable. Table 2
reports the estimated linear and nonlinear coefficients for real GDP, core CPI inflation,
and the Bank Rate at yearly horizons.

Across all specifications, the linear coefficients β̂h remain very similar regardless of
whether the interaction is based on f+t or f−t . For both real GDP and core CPI
inflation, the expected signs and magnitudes broadly resemble the baseline estimates.
GDP shows significant negative responses, and core CPI inflation displays increas-
ingly negative linear coefficients at longer horizons. Thus, decomposing the overall
frequency of price adjustment does not alter the average transmission of monetary
policy.

More substantial differences appear in the nonlinear interaction coefficients γ̂h, which
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Table 2. Effects Across the Direction of Price Changes

Horizon

h = 1 h = 12 h = 24 h = 36 h = 48

Gross domestic product

Frequency of price increases β̂
f+

h -0.012** -0.159*** -0.088** -0.045 -0.090**
γ̂

f+

h -0.020** -0.051** -0.006 -0.018 -0.034
Frequency of price decreases β̂

f−

h -0.013** -0.162*** -0.114** -0.014 -0.096**
γ̂

f−

h -0.035** -0.086** 0.001 -0.058* -0.067**

Core consumer price index

Frequency of price increases β̂
f+

h 0.001 -0.012 -0.050*** -0.123*** -0.165***
γ̂

f+

h -0.001 -0.003 -0.019** -0.086*** -0.093***
Frequency of price decreases β̂

f−

h 0.001 -0.011 -0.032* -0.096*** -0.125***
γ̂

f−

h -0.002 -0.003 -0.037* -0.122*** -0.138***

Bank Rate

Frequency of price increases β̂
f+

h 0.053 -0.838 -3.525*** -4.387** -1.171
γ̂

f+

h 0.373*** -1.700** -0.121 -1.658** -0.493
Frequency of price decreases β̂

f−

h 0.047 -1.142 -4.338*** -3.554** -0.575
γ̂

f−

h 0.463*** -2.209** 0.626 -2.748* -1.068

Notes: The table reports the estimated coefficients from the nonlinear local projection model in
Equation (2), estimated separately using the frequency of price increases ( f+t ) and the frequency
of price decreases ( f−t ) as the interaction variable. For each response variable—real GDP, core CPI
inflation, and the Bank Rate—the table lists the linear coefficients β̂h and the nonlinear interac-
tion coefficients γ̂h at horizons h = 1, 12, 24, 36, and 48 months. The linear coefficients β̂h capture
the direct effect of the monetary policy shock, while the interaction coefficients γ̂h measure how
the effect varies with the frequencies of price increases and decreases, respectively. The data used
for estimation span from 1997:07 to 2024:12. Statistical significance is indicated by * p < 0.10, **
p < 0.05, and *** p < 0.01.
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capture the frequency dependence of the shock. For core CPI inflation, both in-
teractions yield negative nonlinear effects at medium and long horizons, but their
magnitudes differ. When using the frequency of price increases, the interaction co-
efficients are negative but moderate. When using the frequency of price decreases,
the coefficients are more strongly negative at the same horizons. The gap is size-
able across all horizons where coefficients are significant, indicating that states with
more frequent price decreases exhibit substantially stronger disinflationary responses
to contractionary monetary policy shocks. The interaction terms under f−t are also
more consistently statistically significant. These results suggest that the state depen-
dence documented in the baseline model is driven more by the downward margin of
price adjustment rather than by a greater incidence of price increases.

For real GDP, the nonlinear effects remain small and largely insignificant under both
specifications. At longer horizons, the coefficients on both f+t and f−t are close to zero
or only marginally significant. This mirrors the baseline result that the real effects
of monetary policy do not vary systematically with the frequency of either price
increases or price decreases. The evidence therefore continues to point to nominal
rather than real amplification of monetary policy transmission. Finally, the estimates
for the Bank Rate show some significant nonlinearities at shorter horizons, but these
patterns do not persist beyond the first year. At longer horizons, the interaction
coefficients become inconsistent in sign and significance, indicating that differences
in the CPI responses are not mechanically driven by distinct adjustment paths of the
policy rate itself.

Taken together, the results show that the frequency dependence of monetary trans-
mission operates predominantly through the extensive margin of price decreases. In-
flation falls more strongly in states where firms reduce prices more frequently, while
upward adjustment frequencies play a secondary role and real activity remains largely
unaffected. This underscores that downward price flexibility is the key microeconomic
channel behind the nonlinearities observed in the transmission of monetary policy to
inflation.
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5.3 Nonlinear Effects Across Sectoral Heterogeneity

The degree of price rigidity varies significantly across sectors. In the goods sector, the
frequency of price changes is relatively high, averaging 16.1 percent over the sample
period, and exhibits pronounced cyclical and seasonal fluctuations. In contrast, the
services sector is characterized by a much lower frequency of price changes, averaging
only 6.0 percent, with weaker cyclical and seasonal patterns.

How do these sectoral differences in price setting influence the transmission of mon-
etary policy? To address this question, I examine whether economic activity and
prices respond differently to monetary policy shocks in the goods versus services sec-
tor. Specifically, I re-estimate the nonlinear local projection model in Equation (2)
separately for each sector, distinguishing between flexible and rigid price adjustment
regimes based on sector-specific frequencies of price changes as the interaction vari-
able. For economic activity, I use GDP data for the production and services sectors,
while for prices, I analyze the goods (non-energy industrial goods, NEIG) and services
components of the CPI. Table 3 reports the resulting linear and nonlinear coefficients
for the sectoral measures of real activity and consumer prices.

The estimated linear coefficients β̂h reveal meaningful differences across sectors. For
real GDP in the goods-producing sector, the response to a contractionary monetary
policy shock is strongly negative at medium and long horizons, indicating a sizable
and persistent decline in output. In contrast, services GDP exhibits a much weaker
response that vanishes by the end of the estimation horizon. This suggests that, on
average, monetary policy has more pronounced real effects in the goods sector. The
linear price responses display the opposite pattern. Goods prices show limited and
only intermittently significant declines, whereas services prices fall more persistently
and with larger magnitudes. These differences are consistent with slower and less
frequent price adjustment in services, leading to a delayed but ultimately stronger
disinflationary response.

Turning to the interaction terms, the sectoral patterns differ sharply. For real GDP,
the nonlinear coefficients are small across both sectors, but only the goods sector
shows systematic significance. Output in the goods sector becomes more responsive
to monetary tightening when prices adjust more frequently. In services, by contrast,
the estimates of γ̂h are generally modest and do not display a consistently significant
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Table 3. Effects Across Sectoral Heterogeneity

Horizon

h = 1 h = 12 h = 24 h = 36 h = 48

Gross domestic product

NEIG β̂
g
h -0.010 -0.133*** -0.117* -0.062 -0.175***

γ̂
g
h -0.010** -0.019* -0.029** -0.024 -0.047***

Services β̂
g
h 0.020** -0.019 -0.048 -0.126*** 0.007

γ̂s
h -0.006 -0.042** -0.006 -0.068** -0.032

Core consumer price index

NEIG β̂
g
h 0.001 -0.050** -0.010 -0.045 -0.070**

γ̂
g
h 0.007** -0.001 -0.006 -0.018 0.007

Services β̂
g
h 0.006 -0.020* -0.019 -0.072*** -0.077***

γ̂s
h -0.005 -0.004 -0.015 -0.066** -0.027***

Bank Rate

NEIG β̂
g
h 0.496*** 2.313*** 5.667*** 1.944 1.104

γ̂
g
h -0.051 0.004 2.144*** 0.525 0.327

Services β̂
g
h 0.294 2.089** 5.024*** -3.009 2.421

γ̂s
h -0.221 0.197 3.298*** -3.320 2.088**

Notes: The table reports the estimated coefficients from the nonlinear local
projection model in Equation (2), estimated separately for non-energy in-
dustrial good (NEIG) and services using sector-specific frequencies of price
adjustment as the interaction variable. For each response variable—sector-
specific GDP, sector-specific CPI inflation, and the Bank Rate—the table
lists the linear coefficients β̂h and the nonlinear interaction coefficients γ̂h
at horizons h = 1, 12, 24, 36, and 48 months. The linear coefficients β̂h cap-
ture the direct effect of the monetary policy shock, while the interaction
coefficients γ̂h measure how the effect varies with the frequencies of price in-
creases and decreases, respectively. The data used for estimation span from
1997:07 to 2024:12. Statistical significance is indicated by * p < 0.10, **
p < 0.05, and *** p < 0.01.
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pattern. Overall, state dependence in the real effects of monetary policy appears
to originate primarily in the goods sector. For prices, the nonlinearities differ not
only in magnitude but also in sign. In the goods sector, the interaction coefficients
are small and mostly insignificant, implying that more frequent price adjustment
does not meaningfully alter the response of goods prices. In services, however, the
nonlinear effects are larger and consistently negative at medium and long horizons.
This indicates that when services prices adjust more frequently, the disinflationary
effect of monetary policy is substantially amplified.

Taken together, these results show that frequency-dependent nonlinearities in price
responses are concentrated in the services sector—where prices are typically most
rigid—while nonlinear real effects arise mainly in the goods sector. The aggregate
state dependence documented earlier therefore reflects distinct sectoral mechanisms
rather than a uniform response across the economy.

5.4 Nonlinear Effects Across Alternative Price-Setting Moments

To assess whether state dependence in the transmission of monetary policy reflects
other dimensions of price-setting beyond the frequency of adjustment, I re-estimate
the nonlinear local projection model in Equation (2) using alternative interaction vari-
ables that summarize additional micro-level moments of price changes. Specifically,
I consider (i) the average absolute size of price changes, (ii) the dispersion (standard
deviation) of price changes, and (iii) their kurtosis. Table 4 reports the estimated
coefficients at yearly horizons.

A common feature across all specifications is that the linear coefficients, β̂h, remain
virtually unchanged relative to one another and to the baseline using the frequency of
price changes as interaction variable. A contractionary monetary policy shock lowers
economic activity and produces a delayed but persistent decline in core CPI inflation,
regardless of which moment is used. This confirms that the average, frequency-
independent transmission of monetary policy is not sensitive to the choice of inter-
action variable. The relevant variation therefore lies in the nonlinear coefficients, γ̂h,
which capture whether and how different price-setting moments shape the amplifica-
tion or attenuation of monetary policy shocks.

First, considering the size of price changes, the interaction terms based on the aver-
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Table 4. Effects Across Alternative Price-Setting Moments

Horizon

h = 1 h = 12 h = 24 h = 36 h = 48

Gross domestic product

Size of price changes β̂
|∆p|
h -0.011 -0.157*** -0.150*** -0.068* 0.012

γ̂
|∆p|
h -0.003** -0.008*** -0.009*** -0.004* -0.001

Dispersion of price changes β̂
sd(∆p)
h -0.016* -0.161*** -0.145*** -0.076* -0.007

γ̂
sd(∆p)
h -0.012* -0.041*** -0.042*** -0.021 -0.008

Kurtosis of price changes β̂
Kur(∆p)
h -0.006 -0.167*** -0.142*** -0.093** -0.029

γ̂
Kur(∆p)
h -0.008** -0.028*** -0.029*** -0.009 -0.002

Core consumer price index

Size of price changes β̂
|∆p|
h 0.001 -0.002 0.000 -0.049* -0.070***

γ̂
|∆p|
h 0.000 0.000 0.000 -0.006*** -0.005***

Dispersion of price changes β̂
sd(∆p)
h 0.001 0.000 -0.010 -0.085*** -0.123***

γ̂
sd(∆p)
h 0.000 0.000 -0.006 -0.041*** -0.043***

Kurtosis of price changes β̂
Kur(∆p)
h 0.000 -0.004 -0.025 -0.089*** -0.134***

γ̂
Kur(∆p)
h 0.000 -0.001 -0.007 -0.029*** -0.028***

Bank Rate

Size of price changes β̂
|∆p|
h 0.616*** 3.110* 4.102** -1.890 -4.778**

γ̂
|∆p|
h -0.018 0.168 0.231* -0.305 -0.502***

Dispersion of price changes β̂
sd(∆p)
h 0.615*** 2.947** 2.925* -2.959 -7.385***

γ̂
sd(∆p)
h -0.065 1.014** 1.091 -1.308 -2.992***

Kurtosis of price changes β̂
Kur(∆p)
h 0.654*** 5.694*** 5.419** -1.607 -6.265***

γ̂
Kur(∆p)
h -0.052 0.936** 1.029** -0.840 -2.089***

Notes: The table reports the estimated coefficients from the nonlinear local projection model in Equa-
tion (2), estimated separately using alternative moments of micro price adjustments (absolute size, disper-
sion, and kurtosis of price changes) as interaction variables. For each response variable—real GDP, core
CPI inflation, and the Bank Rate—the table lists the linear coefficients β̂h and the nonlinear interaction
coefficients γ̂h at horizons h = 1, 12, 24, 36, and 48 months. The linear coefficients β̂h capture the direct
effect of the monetary policy shock, while the interaction coefficients γ̂h measure how the effect varies
with the frequencies of price increases and decreases, respectively. The data used for estimation span
from 1997:07 to 2024:12. Statistical significance is indicated by * p < 0.10, ** p < 0.05, and *** p < 0.01.
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age absolute size of adjustments generate small but statistically significant nonlinear
effects for real activity at short horizons, though these are economically modest and
dissipate quickly. For inflation, the coefficients become negative and significant at
longer horizons, indicating that in periods when individual price adjustments are
larger, contractionary monetary policy produces a stronger disinflationary response.

These findings are consistent with the selection-effect mechanism emphasized in stan-
dard menu cost models (Golosov and Lucas, 2007; Karadi and Reiff, 2019; Bonomo
et al., 2022). Periods in which individual price adjustments are larger reflect stronger
selection, in the sense that only firms with sufficiently large desired price changes
choose to adjust. In such environments, a contractionary monetary policy shock in-
duces larger disinflation because the firms that do adjust respond disproportionately,
even though the number of adjusting firms remains limited. As a result, nominal
adjustment absorbs much of the shock, leaving real activity largely unaffected. The
concentration of nonlinear effects in inflation rather than output in the estimates
aligns closely with this prediction and provides empirical support for selection as a
key channel shaping monetary transmission.

Second, for the higher-order moments of price changes, both the dispersion and kur-
tosis of price adjustments yield nonlinear effects on real activity: the coefficients are
negative and statistically significant at shorter horizons. For inflation as well, the
interaction terms are negative and statistically significant at horizons beyond three
years, implying that greater cross-sectional variation in price changes strengthens the
disinflationary response to a monetary tightening.

The role of kurtosis is consistent with the interpretation that periods of lower kurtosis—
characterized by more price selection and hence greater flexibility in the aggregate
price level—correspond to lower monetary non-neutrality Alvarez et al. (2016, 2025).
In such states, the pass-through of monetary shocks to consumer prices is faster but
smaller overall and less persistent, and the Phillips curve is steeper. The flexibility
in the aggregate price level decouples the nominal and real sides of the economy,
thereby reducing the impact of a monetary shock on output. By contrast, higher
kurtosis signals less price selection and greater rigidity, which reduces output and
slows but prolongs the disinflationary response and flattens the Phillips curve.

Overall, alternative price-setting moments reveal further nonlinearities in monetary
transmission. In particular, the impact of monetary policy on prices and output
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is larger in periods when our measures indicate high monetary non-neutrality and
smaller when they indicate low monetary non-neutrality. The nonlinear estimates
therefore provide time-series evidence that the distributional shape of price changes,
not only their frequency, is a key determinant of monetary non-neutrality.

6 Robustness

In this section, I conduct a comprehensive set of robustness exercises. In particular,
I perform additional tests regarding the identification of both price rigidity and the
monetary policy shocks used in the nonlinear local projection estimates (Section 6.1).
I also analyze how sensitive the results are to the model specification and data choices
(Section 6.2). All tables corresponding to these sensitivity checks can be found in
Appendix D.

6.1 Identification

Measurement of price rigidity The baseline specification uses a measure of the fre-
quency of price changes that includes price changes due to temporary sales and prod-
uct substitution, consistent with the idea that all price changes relevant for the CPI
should enter the state variable. As a robustness check, I re-estimate Equation (2) us-
ing interaction variables constructed from all combinations of alternative treatments
that include or exclude sales and substitution-related price changes. The results,
summarized in Table D.1, show that the main conclusions regarding the state depen-
dence of monetary transmission are qualitatively robust to these alternative measures
of price rigidity.

Overall, the findings are more sensitive to the treatment of temporary sales than to
the treatment of product substitutions. Excluding product substitutions leaves the
results essentially unchanged relative to the baseline, whereas excluding sales leads to
somewhat smaller and more muted responses of both output and prices. This pattern
suggests that temporary sales constitute an important margin of price flexibility and
may play a non-negligible role in how firms adjust to aggregate shocks, consistent with
evidence on the macroeconomic relevance of sales behavior (Kryvtsov and Vincent,
2021; Rudolf and Seiler, 2022; Henkel et al., 2023).
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Alternative monetary policy shocks The robustness of the results to the choice of
monetary policy instrument is an important concern, given the variety of available
approaches for identifying policy surprises. In addition to the baseline medium-term
“Path” shocks from the UK Monetary Policy Event-Study Database (Braun et al.,
2025), I re-estimate the nonlinear local projection model using a comprehensive set of
alternative shocks drawn both from within the UKMPD and from external sources.
These include alternative event-study measures based on different definitions of policy
events, individual-asset surprises at various maturities, high-frequency shocks from
Cesa-Bianchi et al. (2020), and narrative monetary policy shocks following Romer
and Romer (2004) from Cloyne and Hürtgen (2016).

Across these specifications, summarized in Table D.2, the qualitative results remain
stable. Using alternative event constructions within the UKMPD yields responses
very similar to the baseline, confirming that the key findings do not depend on the
precise definition of monetary policy announcements. Shocks derived from individual
assets display weaker and less precise responses, but they nonetheless preserve the
overall pattern of stronger inflation responses in states of more frequent price ad-
justment. The external high-frequency and narrative shocks also produce dynamics
aligned with the main results. Taken together, the evidence shows that the state-
dependent effects of monetary policy documented in the paper are robust to a wide
range of identification strategies and are not an artifact of any particular shock series.

6.2 Specification and data choices

Variable selection and model specification The baseline specification is intentionally
parsimonious, including only the variables needed to capture the core transmission
of monetary policy. To assess whether omitted channels materially affect the results,
I estimate an extended version of the model that augments the baseline model with
the 1-year government gilt yield, the producer price index (PPI), the US BAA cor-
porate spread, and the FTSE 100 index (Table D.3). The coefficients on the main
variables remain highly stable across horizons, confirming that the baseline dynamics
are not sensitive to a richer information set. The estimated responses of the addi-
tional variables are both economically plausible (such as a decline in PPI following a
contractionary shock) and broadly consistent with previous findings using the same
shocks (Braun et al., 2025).
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I then evaluate the robustness of the results to the choice of activity and price in-
dicators. Specifically, I replace real GDP with the industrial production index, and
I estimate versions of the model using alternative inflation measures: the headline
CPI, the CPI including owner-occupiers’ housing costs (CPIH), the Retail Price Index
(RPI), and the producer price index (PPI). Across all alternatives, the core patterns
in both the linear and nonlinear coefficients remain very similar to the baseline (Ta-
ble D.4). This confirms that the documented state dependence does not hinge on a
specific choice of output or price series.

Finally, I examine the sensitivity of the results to the lag structure and the determin-
istic components of the model. Varying the lag order from two to twenty-four lags
(Table D.5) produces highly consistent results, with only minor changes in precision.
Likewise, estimating specifications without a constant, with a constant only, and with
both a constant and linear trend (Table D.6) leaves the main qualitative conclusions
unchanged. Overall, these robustness checks indicate that the findings are not driven
by particular modeling choices and that the nonlinear responses are a stable feature
of the data.

Sample and data frequency To ensure that the estimated state dependence is not
driven by specific historical episodes, I re-estimate the model on a range of subsamples.
Excluding either the Great Recession or the COVID-19 pandemic yields responses
that closely mirror the baseline patterns, both for output and prices, indicating that
the main findings are not dominated by these large macroeconomic disruptions. While
some subsample estimates are naturally less precise—reflecting shorter samples and
calmer interest rate environments—the underlying nonlinear relationship between
monetary policy and the frequency of price adjustment remains intact (Table D.7).

I also examine robustness to the use of quarterly data by re-estimating the model with
GDP and the GDP deflator, aggregating all remaining monthly variables (including
the state variable) to the quarterly frequency. The resulting dynamic responses are
broadly aligned with those obtained from monthly data (Table D.8). As expected,
the estimation is less precise when moving to the lower-frequency specification, but
the core patterns in both the linear and nonlinear coefficients remain qualitatively
similar.
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7 Conclusion

This paper studied how time variation in price rigidity shapes the transmission of
monetary policy. Using CPI microdata for the United Kingdom from 1996 to 2024,
I constructed a direct, microfounded measure of price rigidity based on the monthly
frequency of price changes. The data reveal substantial and systematic variation in
price adjustment: prices change more frequently during economic downturns, in high-
inflation periods, and early in the calendar year. I then used this measure to estimate
nonlinear local projection models in which the effects of monetary policy shocks vary
continuously with the degree of price rigidity, linking the microeconomic timing of
price setting directly to macroeconomic outcomes.

The results show that monetary policy has significantly stronger effects on inflation
when prices adjust more frequently, while the timing of the inflation response re-
mains unchanged. By contrast, the response of real activity is largely invariant to
the degree of price rigidity, and the policy rate itself reacts similarly across states.
Quantitatively, moving from low- to high-frequency environments amplifies the cu-
mulative inflation response by about 30 percent, an effect comparable to differences
observed across business cycle phases, inflation regimes, and the seasonal calendar.
Taken together, these findings provide microfounded evidence that variation in the
frequency of price adjustment is a central mechanism underlying state-dependent
monetary transmission, primarily affecting nominal rather than real outcomes.

From a policy perspective, the results imply that the same monetary policy action
can have markedly different inflationary consequences depending on the prevailing
degree of price flexibility, even when real effects remain stable (Karadi et al., 2025).
Models and empirical analyses that abstract from time variation in price rigidity
may therefore mischaracterize the strength of monetary transmission and the trade-
offs faced by central banks. Incorporating observable, micro-level measures of price-
setting behavior offers a promising avenue for improving both positive and normative
analyses of monetary policy.
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A Empirical evidence on the non-uniformity of price rigidity over time

This appendix refers to Section 2 and provides additional information on the empirical
evidence of the non-uniformity of price rigidity over time. It provides figures and
tables that are not included in the main body of the paper.

A.1 UK CPI microdata

Table A.1 illustrates the effect of all sample restrictions on the sample size. I ex-
clude duplicate price quotes (because of reasons of confidentiality, the ONS does not
always publish all available local information, resulting in product identifiers con-
taining duplicate price quotes), “invalid” price quotes (which do not pass the ONS
cross-checking procedures and are not included in the calculation of the official CPI),
imputed prices, outliers (by excluding monthly price changes larger than the 99th
percentile of absolute log price changes and smaller than the 1st percentile of abso-
lute log price changes for each expenditure item), price changes that coincide with
changes in product units, and price changes that coincide with changes in VAT rates.

Table A.1. Sample restrictions and sample size

# price quotes # products # price changes

Raw data 42,018,324 906,866 9,846,656
− exclude invalid price quotes 3,685,454 571,693 1,752,741
− exclude duplicate price quotes 6,747,419 65,585 2,054,872
− exclude imputed prices 1,992,487 326,848 1,094,871

− exclude |∆p| < P1, |∆p| > P99 100,786 65,160 100,786
− exclude product unit changes 10,335 8,510 4,527
− exclude/dummy VAT price changes 348,408 158,476 151,606

Baseline sample 32,009,659 789,382 5,499,732

Notes: The table illustrates the effect of all sample restrictions on the sample size. I ex-
clude duplicate price quotes (because of reasons of confidentiality, the ONS does not always
publish all available local information, resulting in product identifiers containing duplicate
price quotes), “invalid” price quotes (which do not pass the ONS cross-checking procedures
and are not included in the calculation of the official CPI), imputed prices, outliers (by ex-
cluding monthly price changes larger than the 99th percentile of absolute log price changes
and smaller than the 1st percentile of absolute log price changes for each expenditure item),
price changes that coincide with changes in product units, and price changes that coincide
with changes in VAT rates.
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A.2 Further evidence on the aggregate frequency of price changes

The left panel of Figure 1 illustrates cyclical patterns of price rigidity: the frequency
of price changes is countercyclical and positively associated with inflation. To vali-
date these visual patterns, I formally examine the relationship between the frequency
of price changes, the unemployment rate, and CPI inflation in regression analyses.
Specifically, I estimate OLS time-series regressions of the monthly frequency of price
changes on business-cycle indicators (the unemployment rate and recession dum-
mies) and CPI inflation, controlling for seasonality via month fixed effects and VAT
changes. The regressions are run for all sample definitions, including and excluding
price changes due to temporary sales and product substitution.

Table A.2 reports the estimated coefficients. Across specifications, the coefficients
on CPI inflation and business-cycle indicators are statistically significant at the 1%
level, even when a linear time trend or a lagged dependent variable is included. The
elasticity of the frequency of price changes with respect to inflation is consistently
larger than with respect to the unemployment rate, though both effects are econom-
ically meaningful. A 1-percentage-point increase in inflation is associated with a 0.7
percentage point (pp) higher frequency of price changes, while a 1-percentage-point
increase in the unemployment rate is associated with a 0.2 pp higher frequency.

The right panel of Figure 1 presents the seasonal profile of price rigidity, highlighting
a pronounced “January effect” whereby the frequency of price changes is substantially
higher in January than in any other month. To validate this visual pattern, I regress
January dummies on item-level frequencies of price changes, increases, and decreases
for UK consumer prices from February 1996 to December 2024, using the samples with
and without price changes due to temporary sales. The regressions include month
and year fixed effects as well as VAT dummies.
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Table A.3. “January effect” on the frequency of price changes

Including sales Excluding sales
Sector Variable Effect N % CPI Effect N % CPI

Aggregate Price changes 11.02 462 47.94 6.80 330 37.56
Price decreases 6.15 484 50.28 2.59 242 27.19
Price increases 5.62 370 40.90 5.14 328 38.43

Food Price changes 8.76 36 3.48 7.95 33 2.98
Price decreases -1.80 82 6.69 1.80 29 2.34
Price increases 9.92 71 6.85 6.94 53 5.07

NEIG Price changes 11.45 334 27.82 3.30 204 17.61
Price decreases 10.03 331 28.16 3.20 149 11.84
Price increases 1.22 204 17.67 1.94 179 16.02

Services Price changes 10.77 92 16.64 10.22 93 16.97
Price decreases 2.52 71 15.43 2.18 64 13.01
Price increases 8.65 93 16.27 7.62 95 17.27

Notes: “January effects” from item-level regressions of January dummies on the
frequency of price changes, increases, and decreases for consumer prices in the
United Kingdom from February 1996 to December 2024 using the samples in-
cluding and excluding price changes due to temporary sales. Price changes due
to product substitution are excluded. Regressions include month and year fixed
effects and dummies for VAT changes. “Effect” indicates the weighted average
size of significant January-dummy coefficients. “N” and “% CPI” indicate the
absolute number and weighted share of items with significant January-dummy
coefficients. Significance is evaluated at the 5% significance level. The total
number of items used in the estimation is 1,260. The CPI weights refer to the
average CPI expenditure weight over the sample period.

Table A.3 summarizes the estimation results. The “January effect” is statistically sig-
nificant for 48% of items, with an average weighted effect of 11.0 pp for the frequency
of price changes when sales are included. The effect for price decreases is 6.2 pp, the
effect for price increases is 5.6 pp.

A.3 Further evidence on the frequency of price increases and decreases

The left panel of Figure 2 illustrates cyclical patterns in the frequencies of price in-
creases and decreases: both types of adjustments are countercyclical, rising when
economic activity slows, but only price increases co-move positively with inflation.
To validate these visual patterns, I formally examine the relationship between the
frequency of price increases and decreases, the unemployment rate, and CPI infla-
tion in regression analyses. Specifically, I estimate OLS time-series regressions of
the monthly frequency of price increases and decreases on business-cycle indicators
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(the unemployment rate and recession dummies) and CPI inflation, controlling for
seasonality via month fixed effects and VAT changes.

Table A.4 reports the estimated coefficients. The results show that both the frequency
of price increases and decreases are equally countercyclical: a 1‑percentage‑point in-
crease in the unemployment rate is associated with a 0.17 pp higher frequency of
either increases or decreases. By contrast, the positive co-movement with inflation is
driven solely by price increases. A 1‑percentage‑point increase in inflation is associ-
ated with a 0.50 pp higher frequency of price increases, while the frequency of price
decreases shows no significant response to inflation.

The right panel of Figure 2 illustrates seasonal patterns in the frequencies of price
increases and decreases: both types of adjustment are more frequent early in the
year than later, with the seasonal pattern being more pronounced for price increases
than for price decreases. To further investigate the role of increases and decreases
in driving these seasonal patterns, I adopt the approach of Gautier et al. (2024) and
estimate weighted panel regressions relating item-level frequencies of price increases
and decreases to month and year fixed effects. Specifically, I estimate

yi,t = µi + µm + µy + βVATi,t + εi,t, (3)

where µi is an item-level fixed effect, µm is a calendar-month fixed effect, µy is a year
fixed effect, and VATi,t is a dummy variable controlling for VAT changes in December
2008, January 2010, and January 2011. This regression framework is independent of
both the choice of the measure of central tendency30 used for cross-sectional aggrega-
tion (since month fixed effects are estimated at the most disaggregated product level)
and of any trend in the frequency of price changes (since year fixed effects are in-
cluded). The dependent variables are the frequencies of price increases and decreases,
calculated using samples both including and excluding temporary sales.

Figure A.1 plots the estimated month-effects. The left panel shows results using the
sample including temporary sales, while the right panel shows results excluding them.

The evidence points to strong seasonal patterns in both frequencies. Price increases
and decreases are roughly 2 percentage points more frequent in January than in
other months. Temporary sales play a key role in shaping these patterns: when sales
are excluded, the seasonal pattern for price increases persists, while the seasonality
of price decreases largely disappears. Thus, most of the seasonality in the overall
frequency of price changes is driven by the frequency of price increases.

30Estimates aggregated using mean and median moments can vary widely depending on cross-
sectoral heterogeneity. In the euro area, the median frequency of consumer price changes is only
about 2.5 pp lower than the mean frequency (Gautier et al., 2024). By contrast, the difference
is larger than 6 pp in the United States (Nakamura and Steinsson, 2008), France (Gautier and
Le Bihan, 2022), or Switzerland (Rudolf and Seiler, 2022).
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Figure A.1. Month-effects of the frequency of price increases and decreases

Temporary sales included Temporary sales excluded

-3 -2 -1 0 1 2 -3 -2 -1 0 1 2

Dec

Nov

Oct

Sep

Aug

Jul

Jun

May

Apr

Mar

Feb

Jan

Price increases Price decreases

Notes: Coefficient plots of month-effects from weighted item-level panel regressions as spec-
ified in Equation (3) with robust standard errors and 95% confidence intervals. The depen-
dent variables are the frequencies of price increases and decreases for consumer prices in
the United Kingdom from February 1996 to December 2024. The base month is January.
Price changes due to product substitution are included. Outliers identified as values smaller
(larger) than the 1st (99th) percentiles of the dependent variables are excluded beforehand.

A.4 The role of temporary sales and product substitutions

This appendix documents how the treatment of price changes due to temporary sales
and product substitution affects the measured frequency of price changes. Figure A.2
illustrates the evolution of the frequency of price changes over time (left column) and
its seasonal profile (right column) across four sample definitions: including versus
excluding temporary sales (upper versus lower panels) and including versus excluding
product substitution (solid versus dashed lines).

The time-series patterns in the left column of Figure A.2 show that the treatment
of temporary sales and product substitution primarily affects the level of the se-
ries rather than its cyclical co-movement with macroeconomic conditions. Excluding
product substitutions lowers the average frequency by around two percentage points,
reflecting the small but non-negligible contribution of replacement items—particu-
larly during periods of product shortages such as the COVID-19 pandemic, when
substitution-related price changes briefly reached 5.5 percent. Excluding temporary
sales has a much larger effect: the frequency measured without sales is roughly three
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Figure A.2. Frequency of price changes

(a) Over time (b) By month
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Notes: The figure shows the frequency of consumer price changes in the United Kingdom,
including price changes due to temporary sales and product substitution. Moments are
computed at the item level and aggregated to weighted medians using CPI expenditure
weights. The left panel shows the median frequency of price changes from February 1996 to
December 2024, together with the unemployment rate and CPI inflation. Recessions (gray
shaded areas) are dated by the Organisation for Economic Co-operation and Development
(OECD). The right panel shows the median frequency of price changes by calendar month
across the sample period, with the interquartile range indicated by the shaded area. Outliers
related to VAT rate changes are excluded. All values are expressed in percent.
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to four percentage points lower, and the contribution of sale-related price changes has
increased over the sample, stabilizing around 4 percent in recent years. Despite these
level differences, the cyclical properties of the series remain unchanged. Frequen-
cies remain countercyclical and positively correlated with inflation across all sample
definitions; the regression coefficients reported in Table A.2 are robust to including
or excluding sales and substitution. However, the elasticities of the frequency of
price changes to fluctuations in inflation are much smaller when temporary sales are
excluded. This is consistent with the view that firms’ sales policies are important
for adjusting to large aggregate shocks. Using CPI microdata, Kryvtsov and Vin-
cent (2021) show that the frequency of sales is strongly countercyclical in the United
Kingdom and the United States, more than doubling during the Great Recession.
Evidence for a more recent period suggests that firms responded to the large demand
shock caused by the COVID-19 lockdowns in the euro area (Henkel et al., 2023) and
Switzerland (Rudolf and Seiler, 2022) by adjusting the frequency of their temporary
sales.

The seasonal patterns differ more starkly across sample definitions. As shown in the
right column of Figure A.2, product substitution has only a modest effect on seasonal-
ity, whereas temporary sales play a central role. Excluding sales substantially attenu-
ates the seasonal amplitude and removes the characteristic within-quarter monotonic
decline. The January peak remains visible when sales are excluded, but it is notably
smaller: the January effect averages 6.8 percentage points (compared with 10.2 pp in
the sample including temporary sales). These results indicate that temporary sales
disproportionately shape the seasonal structure of aggregate price flexibility, whereas
regular (non-sale) price adjustments show weaker and less systematic seasonal varia-
tion. When sales are excluded, the frequency of price changes is still higher in January
than in other months for some items (around 30 percent). However, the overall effect
is smaller (6.8 pp), driven by a much weaker effect for price decreases (2.1 pp). By
contrast, the January effect for price increases remains about the same as when sales
are included (5.7 pp). This suggests that the exclusion of temporary sales particularly
affects the seasonal profile of price decreases.

To identify which types of price adjustments account for this variation, Figure A.3
decomposes frequencies into price increases and price decreases under different sample
definitions. Consistent with the aggregate results, the treatment of temporary sales
primarily affects the level and seasonal profile of price decreases, while price increases
are less sensitive to sample construction.

Finally, Figure A.4 reports the same set of sample definitions separately for non-
energy industrial goods and services. The influence of temporary sales is concentrated
in the goods sector, where discounts and promotions significantly elevate both the
level and seasonality of price adjustment frequencies. By contrast, services exhibit low
frequencies and limited seasonal variation regardless of sample definition, reflecting
the near absence of temporary sales in that sector.
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Figure A.3. Frequency of price increases and decreases
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Notes: The figure shows the frequency of price increases (in yellow) and the frequency of
price decreases (in red) in the United Kingdom, including price changes due to temporary
sales and product substitution. Moments are computed at the item level and aggregated to
weighted medians using CPI expenditure weights. The left panel shows the median frequen-
cies of price increases and decreases from February 1996 to December 2024. The right panel
shows the median frequencies of price increases and decreases by calendar month across the
sample period, with the interquartile ranges indicated by the shaded area. Outliers related
to VAT rate changes are excluded. Recessions (gray shaded areas) are dated by the Organ-
isation for Economic Co-operation and Development (OECD). All values are expressed in
percent.
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Figure A.4. Frequency of price changes in non-energy industrial goods and services
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Notes: The figure shows the frequency of price changes for non-energy industrial goods
(in yellow) and services (in red) in the United Kingdom, including price changes due to
temporary sales and product substitution. Moments are computed at the item level and
aggregated to weighted medians using CPI expenditure weights. The left panel shows the
median frequencies of NEIG and services price changes from February 1996 to December
2024. The right panel shows the median frequencies of NEIG and services price changes
by calendar month across the sample period, with the interquartile ranges indicated by the
shaded area. Outliers related to VAT rate changes are excluded. Recessions (gray shaded
areas) are dated by the Organisation for Economic Co-operation and Development (OECD).
All values are expressed in percent.
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A.5 Size of price changes

The absolute size of price changes for item i in month t captures the average of all
non-zero log price changes of product p of item i that change from one month to
another in absolute value and is calculated as

|∆pi,t| =
∑p,s ωp,s,t Ip,s,t(| log Pp,s,t − log Pp,s,t−1|)

∑p,s ωp,s,t Ip,s,t
. (4)

When calculating the size of price increases, ∆p+i,t, and the size of price decreases,
∆p−i,t, the price change indicators, I+p,s,t and I−p,s,t, only consider price increases or
price decreases, respectively. The aggregate absolute size of price changes, |∆pt|,
is the weighted median absolute size across items using average CPI expenditure
weights.

The left panel of Figure A.5 plots the absolute size of price changes from February
1996 to December 2024, alongside the unemployment rate and CPI inflation. The
size of price changes exhibits a distinct hump-shaped pattern in the 2000s: it rises
from roughly 10 percent at the start of the sample to about 14 percent in the mid-
2000s and declines to around 12 percent by the end of that decade. After 2010, the
average size increases again, stabilizing above 16 percent for several years. During
the post-pandemic inflation surge, the average size temporarily falls below 15 percent.
Visually, these fluctuations appear to move opposite to those of the frequency of price
changes. The size of price changes is clearly cyclical and negatively associated with
inflation.

Time-series regressions confirm these impressions. Table A.5 reports OLS estimates
of monthly absolute price-change size on business-cycle indicators and CPI inflation.
Both inflation and the business-cycle variables (unemployment rate and a recession
dummy) enter with negative and statistically significant coefficients at the 1 percent
level. These results hold across alternative sample definitions, including and excluding
price changes due to temporary sales, and remain robust to the inclusion of a linear
time trend or a lagged dependent variable.

The right panel of Figure A.5 displays the seasonal profile of the absolute size of price
changes. In contrast to the seasonal patterns documented for the frequency of price
changes, the size shows little systematic intra-annual variation: monthly averages
hover around 14 percent with no clear “January effect.” This is corroborated by
item-level regressions of January dummies on the size of price changes—estimated
separately for all price changes, increases, and decreases, and for samples with and
without temporary sales. The regressions include month and year fixed effects as
well as VAT dummies. The results, summarized in Table A.6, show that fewer than
one-fifth of items exhibit a statistically significant January effect. When present, the
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Figure A.5. Size of price changes

(a) Over time (b) By month
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Notes: The figure shows the absolute size of consumer price changes in the United Kingdom,
including price changes due to temporary sales and product substitution. Moments are
computed at the item level and aggregated to weighted medians using CPI expenditure
weights. The left panel shows the median absolute size of price changes from February 1996
to December 2024, together with the unemployment rate and CPI inflation. Recessions (gray
shaded areas) are dated by the Organisation for Economic Co-operation and Development
(OECD). The right panel shows the median absolute size of price changes by calendar
month across the sample period, with the interquartile range indicated by the shaded area.
Outliers related to VAT rate changes are excluded. All values are expressed in percent.
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effect is modest: on average, 3.5 percentage points for the absolute size of all price
changes in the sample including sales, 6.1 percentage points for decreases, and -4.7
percentage points for increases.

Table A.6. “January effect” on the size of price changes

Including sales Excluding sales
Sector Variable Effect N % CPI Effect N % CPI

Aggregate Price changes 3.52 194 19.01 -2.86 97 11.40
Price decreases 6.06 245 21.18 2.72 93 8.33
Price increases -4.71 147 15.45 -5.41 132 13.29

Food Price changes 2.64 37 2.67 1.20 23 1.79
Price decreases 1.96 74 5.73 4.17 36 2.51
Price increases 1.11 47 3.73 0.87 35 3.05

NEIG Price changes 4.76 136 11.07 -5.19 53 4.77
Price decreases 7.94 164 14.25 3.39 52 4.82
Price increases -8.25 83 8.09 -8.57 83 7.42

Services Price changes 1.35 20 5.26 -2.06 20 4.82
Price decreases 3.36 7 1.21 -4.10 5 1.00
Price increases -3.31 14 2.67 -4.17 13 2.70

Notes: “January effects” from item-level regressions of January dummies on the
absolute size of price changes, increases, and decreases for consumer prices in the
United Kingdom from February 1996 to December 2024 using the samples in-
cluding and excluding price changes due to temporary sales. Price changes due
to product substitution are excluded. Regressions include month and year fixed
effects and dummies for VAT changes. “Effect” indicates the weighted average
size of significant January-dummy coefficients. “N” and “% CPI” indicate the
absolute number and weighted share of items with significant January-dummy
coefficients. Significance is evaluated at the 5% significance level. The total
number of items used in the estimation is 1,260. The CPI weights refer to the
average CPI expenditure weight over the sample period.

Figure A.6 decomposes the absolute size of adjustments into price increases (in yellow)
and price decreases (in red). Throughout the sample, price decreases are almost
consistently larger in absolute terms than price increases (16 percent vs. about 12
percent on average). Both series trend upward over the sample, with increases rising
from roughly 10.5 percent before 2010 to 13.1 percent afterward, and decreases rising
from around 13.4 percent to 18.2 percent over the same periods. Despite these long-
run changes, neither series exhibits pronounced seasonal variation. Price decreases
tend to be slightly larger in December and January, while the size of price increases
is marginally smaller in January and April, but these differences are small and not
systematic.

Figure A.7 separates the size of price changes for non-energy industrial goods (in
yellow) and services (in red). Service-sector price changes are remarkably stable:
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Figure A.6. Size of price increases and decreases
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Notes: The figure shows the frequency of price increases (in yellow) and the frequency of
price decreases (in red) in the United Kingdom, including price changes due to temporary
sales and product substitution. Moments are computed at the item level and aggregated to
weighted medians using CPI expenditure weights. The left panel shows the median frequen-
cies of price increases and decreases from February 1996 to December 2024. The right panel
shows the median frequencies of price increases and decreases by calendar month across the
sample period, with the interquartile ranges indicated by the shaded area. Outliers related
to VAT rate changes are excluded. Recessions (gray shaded areas) are dated by the Organ-
isation for Economic Co-operation and Development (OECD). All values are expressed in
percent.
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they average 8.4 percent over the full sample and remain below 10 percent for nearly
the entire period, with the post-pandemic inflation surge as the only notable devi-
ation (when the size briefly exceeds 13 percent). In contrast, the absolute size of
price changes for non-energy industrial goods is substantially higher—averaging 22.3
percent—and displays more pronounced cyclical variation. The seasonal profiles on
the right-hand side remain flat for both sectors, consistent with the overall finding
that the size of price changes exhibits little systematic seasonal pattern.

Figure A.7. Size of price changes in non-energy industrial goods and services
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Notes: The figure shows the frequency of price changes for non-energy industrial goods
(in yellow) and services (in red) in the United Kingdom, including price changes due to
temporary sales and product substitution. Moments are computed at the item level and
aggregated to weighted medians using CPI expenditure weights. The left panel shows the
median frequencies of NEIG and services price changes from February 1996 to December
2024. The right panel shows the median frequencies of NEIG and services price changes
by calendar month across the sample period, with the interquartile ranges indicated by the
shaded area. Outliers related to VAT rate changes are excluded. Recessions (gray shaded
areas) are dated by the Organisation for Economic Co-operation and Development (OECD).
All values are expressed in percent.
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B Econometric method

This appendix refers to Section 3 and provides additional information not included
in the main body of the paper.

B.1 Exogeneity of the frequency of price changes

To test the exogeneity of the frequency of price changes empirically within my dataset
and econometric framework, I estimate the response of the frequency and (absolute)
size of price changes to monetary policy shocks. Figure B.1 shows the estimated
coefficients together with their 68% and 95% confidence intervals using linear local
projections. The left panel reports the results for the frequency of price changes, the
middle panel for the absolute size of price changes, and the right panel for the Bank
Rate. The data used for estimation span from 1997:07 to 2024:12. The coefficients are
shown over a four-year horizon (48 months). The results confirm that the frequency
of price changes does not react significantly to monetary policy shocks, whereas the
size of price changes decreases following a contractionary shock.

Figure B.1. Exogeneity of the frequency of price changes
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Notes: The figure shows the coefficients together with their 68% and 95% confidence in-
tervals estimated using linear local projections. The left panel reports the results for the
frequency of price changes, the middle panel for the absolute size of price changes, and the
right panel for the Bank Rate. The data used for estimation span from 1997:07 to 2024:12.
The coefficients are shown over a four-year horizon (48 months).

B.2 Data sources

Table B.1 gives details on the data used in the paper, including information on the
coverage and data sources.
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Table B.1. Data description, sources, and coverage

Variable Description Source Sample

Microdata
CPI price quotes Price quote data that underpin

consumer price inflation statistics
in the United Kingdom

ONS 1996:01–2024:12

CPI item indices Item index data that underpin con-
sumer price inflation statistics in
the United Kingdom

ONS 1996:01–2024:12

Monetary policy shocks
Path Monetary MPC factors estimated

in multiple sterling futures and gilt
yields (Baseline)

UKMPD 1997-06-06–2024-12-19

Events Monetary event factors estimated
in multiple sterling futures and gilt
yields (Baseline)

UKMPD 1997-06-06–2024-12-19

FSScm1 Monetary MPC surprises in the
3M Libor 1st quarterly contract

UKMPD 1997-06-06–2024-12-19

SON3c1 Monetary MPC surprises in the
3M Sonia 1st quarterly contract

UKMPD 2021-05-06–2024-12-19

GBP1YT=RR Monetary MPC surprises in 1-year
gilt yields

UKMPD 2021-05-06–2023-06-22

GBP10YT=RR Monetary MPC surprises in 10-
year gilt yields

UKMPD 2021-05-06–2023-06-22

CTV High-frequency monetary policy
surprises

Cesa-Bianchi
et al. (2020)

1997:06–2015:01

CH Narrative monetary policy sur-
prises of Cloyne and Hürtgen
(2016), extended by Cesa-Bianchi
et al. (2020)

Cesa-Bianchi
et al. (2020)

1997:06–2009:02

Baseline variables
GDP Real gross domestic product

(GDP) monthly estimate, season-
ally adjusted

ONS 1997:01–2024:12

DKC6 UK consumer price index (CPI),
all items excluding energy, food,
alcoholic beverages & tobacco
(2015=100), seasonally adjusted

ONS 1988:01–2024:12

RATE Bank Rate BoE 1972-10-16–2024-11-07
DEXUSUK US Dollars to UK Pound Sterling

Spot Exchange Rate
FRED 1971-01-04–2024-12-31

BAA10Y Moody’s Seasoned Baa Corporate
Bond Yield Relative to Yield on
10-Year Treasury Constant Matu-
rity

Federal Re-
serve Bank of
St. Louis

1986-01-02–2024-12-31

Additional variables
Economic activity
GDP Production Real gross domestic product

(GDP) monthly estimate, Produc-
tion (B-E), seasonally adjusted

ONS 1997:01–2024:12

GDP Services Real gross domestic product
(GDP) monthly estimate, Services
(G-T), seasonally adjusted

ONS 1997:01–2024:12

GBRRECDM Recession Indicators for the United
Kingdom from the Peak through
the Trough

OECD 1952:02–2022:09

UKNGDP Real gross domestic product
(GDP), quarterly

ONS 1955:I–2024:IV
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gbprod00571 Industrial production index, Total,
Constant prices, SA

ONS 1948:01–2024:12

LRHUTTTTGBM156S Infra-Annual Labor Statistics:
Monthly unemployment rate total:
15 years or over

OECD 1983:01–2024:12

Prices
D7BT UK consumer price index (CPI),

all items (2015=100), seasonally
adjusted

ONS 1988:01–2024:12

D7F4 UK consumer price index (CPI),
Goods (2015=100), seasonally ad-
justed

ONS 1988:01–2024:12

D7F5 UK consumer price index (CPI),
Services (2015=100), seasonally
adjusted

ONS 1988:01–2024:12

CHAW UK retail price index (RPI), all
items (Jan 1987=100)

ONS 1987:01–2024:12

L522 UK consumer price index (CPIH)
including owner occupiers’ housing
costs, all items (2015=100)

ONS 1988:01–2024:12

gbpric27001 UK producer price index (PPI),
output, manufactured products
for the domestic market, index
(2015=100)

ONS 1957:01–2024:12

GBRGDPDEFQISMEI GDP deflator, SA, index
(2015=100)

ONS 1960:I–2024:IV

Financial variables
gbpric27001 UK government benchmarks, 1-

year gilt yield
Macrobond 1979-01-02–2024-12-31

BAMLC0A0CM Investment-grade non-financial
corporate bond spreads: ICE
BofA US Corporate Index Option-
Adjusted Spread

Ice Data In-
dices

1996-12-31–2024-12-31

Notes: The table provides details of the data used in the study, including information on coverage and data sources.
Unless otherwise stated, the geographical scope of the variables refers to the United Kingdom.
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Figure B.2 shows the series included in the baseline local projection model over the
sample period 1997–2024.

Figure B.2. Transformed data series in the baseline local projection model
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Notes: The figure shows the series included in the baseline local projection model over the
sample period 1997–2024. Real GDP, the core consumer price index, and the commodity
price index are in log levels multiplied by 100. The Bank Rate is in percent.
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C Results

This appendix refers to Section 4 and provides additional information not included
in the main body of the paper.

C.1 Linear impulse responses

Table C.1 is an update and extension of the tables reported in Cloyne and Hürtgen
(2016) and Cesa-Bianchi et al. (2020) and provides an overview of the responses of
economic activity and prices to monetary policy shocks from previous studies.

Table C.1. The effects of monetary policy shocks in the United Kingdom in
previous studies

Study Method Period Peak Effects
Quarter Activity (in %) Prices (in %)

Dedola and Lippi
(2005)

VAR 1975:1-1997:3 6–8 -0.5 (IP) 0.2 (CPI)

Mountford (2005) Sign Rest. 1974:I-2001:II 6 -0.6 (GDP) -0.15 (GDP Defl)
Ellis et al. (2014) FAVAR 1992:I-2005:IV 3 -2.0 (IP) -2 (CPI)
Cloyne and Hürt-
gen (2016)

Narrative 1975:3-2007:12 3-4 (IP), -0.5 (IP) -1.0 (CPI Infl)

11 (CPI)
Gerko and Rey
(2017)

Proxy-SVAR 1982:1-2015:1 10 -1.8 (IP) 1.0 (RPIX)

Cesa-Bianchi et al.
(2020)

Proxy-SVAR 1992:1-2015:1 8 (GDP), -1.6 (GDP) -0.3 (CPI)

3-4 (CPI)
Braun et al. (2025) Proxy-SVAR 1997:1-2019:12 8 ca. -1.5 (GDP) ca. -0.45 (CPI)

Notes: The table is an update and extension of the tables reported in Cloyne and Hürtgen (2016) and Cesa-
Bianchi et al. (2020). The results are from impulse responses displayed in previous studies for the United
Kingdom and are the response of prices and indicators of economic activity to a one percentage point increase
in the short-term nominal rate (Exceptions: In Gerko and Rey (2017), the shock increases the UK 5-year-
rate by 20 basis points on impact; in Cesa-Bianchi et al. (2020), the shock increases the 1-year gilt rate by
25 basis points on impact). In brackets, I include the specific measures of economic activity and prices (IP
denotes industrial production, GDP denotes gross domestic product, CPI denotes consumer price index, and
RPIX denotes the Retail Price Index excluding mortgage interest payments).
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C.2 Baseline results

Table C.2. Nonlinear local projection coefficients from the
baseline model

Horizon
h = 1 h = 12 h = 24 h = 36 h = 48

Gross domestic product

β̂h -0.011 -0.127*** -0.114** -0.090** -0.051
γ̂h -0.014** -0.030* -0.026 -0.027* -0.030*

Core consumer price index

β̂h 0.001 -0.002 -0.028* -0.100*** -0.168***
γ̂h 0.000 -0.001 -0.012 -0.055*** -0.067***

Bank rate

β̂h 0.429*** 2.452* 2.990 -2.626 -5.741**
γ̂h -0.116 0.619 0.604 -2.291 -3.233***

Notes: The table reports the estimated coefficients from the
baseline nonlinear local projection model in Equation (2).
For each response variable—real GDP, consumer prices, and
the Bank Rate—the table lists the linear coefficients β̂h and
the nonlinear interaction coefficients γ̂h at horizons h =
1, 12, 24, 36, and 48 months. The linear coefficients β̂h capture
the direct effect of the monetary policy shock, while the inter-
action coefficients γ̂h measure how the effect varies with the
frequency of price adjustment. The data used for estimation
span from 1997:07 to 2024:12. Statistical significance is indi-
cated by * p < 0.10, ** p < 0.05, and *** p < 0.01.
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D Sensitivity analyses

This appendix refers to Section 6 and provides the tables of the sensitivity checks
that are not included in the main body of the paper.

D.1 Measurement of price rigidity

The baseline specification uses a measure of the frequency of price changes that in-
cludes price changes due to temporary sales and product substitution, consistent with
the idea that all price changes relevant for the CPI should enter the state variable.
As a robustness check, I re-estimate Equation (2) using interaction variables con-
structed from all combinations of alternative treatments that include or exclude price
changes due to temporary sales and product substitution. I identify temporary sales
and product substitution using flags provided by the ONS. To exclude temporary
sales, I replace each sales price with the last observed non-sales price. To exclude
product substitutions, I start a new price spell with each product substitution. Ta-
ble D.1 shows that the main conclusions regarding the state dependence of monetary
transmission are qualitatively robust to these alternative measures of price rigidity.

D.2 Alternative monetary policy shocks

A key concern in empirical monetary policy analysis is the sensitivity of estimated
transmission effects to the choice of shock measure. To assess the robustness of the
state-dependent responses documented in the baseline specification, I re-estimate the
nonlinear local projection model using a broad set of alternative monetary policy
shocks drawn from both the UK Monetary Policy Event-Study Database (UKMPD)
and external sources.

Within the UKMPD, I consider several variants of high-frequency event-study shocks.
First, I employ a broader event definition that includes the press conferences accom-
panying the release of the Bank of England’s quarterly Monetary Policy Report, in
addition to the baseline shocks around monetary policy events defined by market
surprises following Monetary Policy Committee (MPC) announcements. In addition,
rather than relying on the factor structure underpinning the Path shocks, I re-estimate
the model using individual-asset surprises at different maturities: the first quarterly
contracts of the 3-month interest rate futures (based on Libor until 2021 and on Sonia
thereafter) as well as the 1-year and 10-year benchmark gilt yields. These shocks are
informative because they isolate movements on specific parts of the yield curve and
allow me to examine whether the state dependence identified in the baseline is an
artifact of the factor extraction procedure.
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Table D.1. Robustness to the treatment of price changes due to temporary
sales and product substitution in estimating the frequency of price changes

Horizon

h = 1 h = 12 h = 24 h = 36 h = 48

Gross domestic product

With sales, with substitutions β̂h -0.011 -0.127*** -0.114** -0.090** -0.051
γ̂h -0.014** -0.030* -0.026 -0.027* -0.030*

With sales, without substitutions β̂h -0.011 -0.127*** -0.112** -0.081* -0.044
γ̂h -0.015** -0.035** -0.031 -0.021 -0.029*

Without sales, with substitutions β̂h -0.011 -0.137*** -0.123** -0.078* -0.055*
γ̂h -0.015* -0.040** -0.040** -0.034* -0.034**

Without sales, without substitutions β̂h -0.011 -0.128*** -0.114** -0.082** -0.053*
γ̂h -0.017* -0.044** -0.041* -0.035* -0.036*

Core consumer price index

With sales, with substitutions β̂h 0.001 -0.002 -0.028* -0.100*** -0.168***
γ̂h 0.000 -0.001 -0.012 -0.055*** -0.067***

With sales, without substitutions β̂h 0.001 -0.002 -0.022 -0.089*** -0.149***
γ̂h 0.000 -0.002 -0.012 -0.054*** -0.068***

Without sales, with substitutions β̂h 0.001 -0.002 -0.019 -0.081** -0.146***
γ̂h 0.000 -0.002 -0.007 -0.055*** -0.069***

Without sales, without substitutions β̂h 0.001 -0.003 -0.020 -0.077** -0.132***
γ̂h 0.000 -0.002 -0.009 -0.059*** -0.074***

Bank rate

With sales, with substitutions β̂h 0.429*** 2.452* 2.990 -2.626 -5.741**
γ̂h -0.116 0.619 0.604 -2.291 -3.233***

With sales, without substitutions β̂h 0.398*** 2.361* 2.410 -3.242 -5.402**
γ̂h -0.119 0.746 0.550 -2.520* -3.400***

Without sales, with substitutions β̂h 0.409** 1.533 2.477 -3.081 -5.851***
γ̂h -0.125 0.461 0.480 -2.611* -3.533***

Without sales, without substitutions β̂h 0.399** 1.576 2.373 -3.046 -5.078**
γ̂h -0.141 0.687 0.619 -2.970* -3.912***

Notes: The table reports the estimated coefficients from the nonlinear local projection model in Equa-
tion (2), using interaction terms constructed from alternative measures of the frequency of price changes
that either include or exclude price changes due to temporary sales and product substitution. For each re-
sponse variable—real GDP, core CPI inflation, and the Bank Rate—the table lists the linear coefficients β̂h
and the nonlinear interaction coefficients γ̂h at horizons h = 1, 12, 24, 36, and 48 months. The linear coeffi-
cients β̂h capture the direct effect of the monetary policy shock, while the interaction coefficients γ̂h mea-
sure how the effect varies with the frequency of price adjustment. The data used for estimation span from
1997:07 to 2024:12. Statistical significance is indicated by * p < 0.10, ** p < 0.05, and *** p < 0.01.
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From outside the UKMPD, I use two widely employed shock measures. The first is the
series of high-frequency monetary policy surprises constructed by Cesa-Bianchi et al.
(2020), available for the period 1997:06–2015:01. The second consists of narrative
monetary policy shocks inspired by Romer and Romer (2004); I rely on the extended
series compiled by Cloyne and Hürtgen (2016), which extends the original dataset
through 2009:02.

Table D.2 shows that the qualitative results remain stable across specifications. Using
alternative event constructions within the UKMPD yields responses very similar to
the baseline, confirming that the key findings do not depend on the precise definition
of monetary policy announcements. Shocks derived from individual assets display
weaker and less precise responses, but they nonetheless preserve the overall pattern
of stronger inflation responses in states of more frequent price adjustment. The
external high-frequency and narrative shocks also produce dynamics aligned with the
main results. Taken together, the evidence shows that the state-dependent effects of
monetary policy documented in the paper are robust to a wide range of identification
strategies and are not an artifact of any particular shock series.

D.3 Extended model specification

The baseline specification is intentionally parsimonious, including only the variables
needed to capture the core transmission of monetary policy. To assess whether omit-
ted channels materially affect the results, I estimate an extended version of the model
that augments the baseline model with the 1-year government gilt yield, the producer
price index (PPI), the US BAA corporate spread (which is the difference between the
Moody’s BAA corporate yield and the yield on the 10-year US Treasury constant
maturity), and the FTSE 100 index.

The coefficients on the main variables in Table D.3 remain highly stable across hori-
zons, confirming that the baseline dynamics are not sensitive to a richer information
set. The estimated responses of the additional variables are both economically plausi-
ble (such as a decline in PPI following a contractionary shock) and broadly consistent
with previous findings using the same shocks (Braun et al., 2025).

D.4 Alternative variables for economic activity and prices

The baseline specification employs monthly estimates of real GDP as the measure of
economic activity and core CPI inflation as the measure of prices. Since the choice
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Table D.2. Robustness to alternative monetary policy shocks

Horizon

h = 1 h = 12 h = 24 h = 36 h = 48

Gross domestic product

Events β̂h 0.021** -0.037 -0.092** -0.131*** -0.031
γ̂h -0.029** -0.032* -0.046*** -0.050** -0.020

3-month Libor/Sonia futures β̂h 0.023** -0.054 -0.092** -0.124*** -0.021
γ̂h -0.026*** -0.039** -0.043*** -0.045** -0.012

1-year gilt yield β̂h 0.035* 0.015 -0.023 -0.113* -0.036
γ̂h -0.021** -0.011 -0.017 -0.047 -0.015

10-years gilt yield β̂h 0.053 0.029 -0.032 -0.240*** -0.119**
γ̂h -0.025* -0.007 -0.031 -0.125*** -0.064***

Cesa-Bianchi et al. (2020) β̂h 0.023** -0.072 -0.081* -0.089*** -0.019
γ̂h -0.010*** -0.032 -0.062** -0.060*** -0.021

Cloyne and Hürtgen (2016) β̂h 0.001 0.017* 0.027*** 0.016 0.005
γ̂h 0.000 -0.002 0.003 0.006* 0.002

Core consumer price index

Events β̂h 0.001 -0.001 0.006 -0.012 -0.071**
γ̂h 0.000 0.000 0.001 -0.018 -0.045***

3-month Libor/Sonia futures β̂h 0.000 0.012*** 0.022** 0.028* 0.026
γ̂h 0.003*** 0.007*** 0.011*** 0.009 0.012

1-year gilt yield β̂h 0.000 0.004 0.014 0.013 0.000
γ̂h 0.002*** 0.003 0.010** 0.006 -0.001

10-years gilt yield β̂h 0.000 0.005 0.017 0.044 0.072**
γ̂h 0.002** 0.003 0.015** 0.029* 0.039**

Cesa-Bianchi et al. (2020) β̂h 0.000 0.005 0.011* 0.014** 0.014***
γ̂h 0.001*** 0.004** 0.008** 0.013*** 0.009**

Cloyne and Hürtgen (2016) β̂h 0.000 -0.001 0.001 0.002** 0.001
γ̂h 0.000 0.000 0.000 0.001* 0.000

Bank rate

Events β̂h 0.484** 0.661 2.192 0.904 -0.496
γ̂h -0.172* -0.041 0.508 -0.329 -1.670

3-month Libor/Sonia futures β̂h 0.021 -2.768** -1.586 -2.002 -0.530
γ̂h 0.453*** -1.164* -0.760* -0.861 -0.435

1-year gilt yield β̂h 0.054 0.105 -1.751 -3.484* 0.053
γ̂h 0.288*** -0.258 -0.894* -1.230* -0.332

10-years gilt yield β̂h -0.217 -2.774** -3.864** -3.322 3.874
γ̂h 0.165 -1.069** -1.930*** -1.084 1.328

Cesa-Bianchi et al. (2020) β̂h 0.037 -0.641 -0.858 -1.579* -1.131
γ̂h 0.569*** -0.641 -1.170 -1.317*** -1.000

Cloyne and Hürtgen (2016) β̂h -0.282*** -0.718*** 0.199 0.406* 0.490**
γ̂h 0.228*** -0.338*** 0.136* 0.252** 0.072

Notes: The table reports the estimated coefficients from the nonlinear local projection model in Equa-
tion (2), estimated separately using a range of alternative monetary policy shock measures, including
surprises from the UKMPD based on a broader set of monetary policy events (“Events”), individual-
asset shock series (3-month Libor/Sonia interest rate futures; 1-year and 10-years gilt yield), and ex-
ternal high-frequency (Cesa-Bianchi et al., 2020) and narrative shocks (Cloyne and Hürtgen, 2016).
For each response variable—real GDP, core CPI inflation, and the Bank Rate—the table lists the
linear coefficients β̂h and the nonlinear interaction coefficients γ̂h at horizons h = 1, 12, 24, 36, and
48 months. The linear coefficients β̂h capture the direct effect of the monetary policy shock, while
the interaction coefficients γ̂h measure how the effect varies with the frequency of price adjustment.
The data used for estimation span from 1997:07 to 2024:12. Statistical significance is indicated by *
p < 0.10, ** p < 0.05, and *** p < 0.01.
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Table D.3. Robustness to an extended model spec-
ification

Horizon

h = 1 h = 12 h = 24 h = 36 h = 48

Gross domestic product

β̂h -0.010 -0.190*** -0.092*** 0.018 -0.007
γ̂h -0.015*** -0.064*** -0.003 0.002 -0.005

Core consumer price index

β̂h 0.001 -0.009 -0.047*** -0.120*** -0.140***
γ̂h 0.000 -0.005** -0.020*** -0.055*** -0.054***

Bank rate

β̂h 0.639*** 0.707 1.938** -6.508*** -5.030**
γ̂h -0.113** 0.374 1.202*** -3.520*** -2.331***

1-year government gilt yield

β̂h 0.649* 1.900** 1.486* -5.537*** -1.977
γ̂h -0.213 0.904** 0.692 -2.534*** -1.300**

Producer price index

β̂h 0.022*** -0.024 -0.069 -0.295*** -0.239***
γ̂h -0.007** -0.019 -0.037 -0.132*** -0.098***

US BAA corporate spread

β̂h -0.197* -0.804*** 0.628** 0.118 0.137
γ̂h -0.136* -0.455*** 0.131 -0.106 0.084

FTSE 100

β̂h -0.059 0.338*** -0.255** -0.079 0.176
γ̂h 0.078* 0.204*** 0.000 -0.114* 0.025

CRB

β̂h -0.052 -0.156 -0.486** -0.965*** -0.887***
γ̂h 0.056 -0.027 -0.165* -0.433*** -0.252**

USD-GBP exchange rate

β̂h -0.014 0.348*** -0.103 -0.128 -0.099
γ̂h -0.001 0.183*** 0.005 -0.111 -0.019

Notes: The table reports the estimated coefficients from the nonlinear
local projection model in Equation (2), estimated for a model that ex-
tends the baseline with the 1-year government gilt yield, the producer
price index, the US BAA corporate spread and the FTSE 100 index.
For each response variable, the table lists the linear coefficients β̂h and
the nonlinear interaction coefficients γ̂h at horizons h = 1, 12, 24, 36,
and 48 months. The linear coefficients β̂h capture the direct effect of
the monetary policy shock, while the interaction coefficients γ̂h mea-
sure how the effect varies with the frequency of price adjustment. The
data used for estimation span from 1997:07 to 2024:12. Statistical sig-
nificance is indicated by * p < 0.10, ** p < 0.05, and *** p < 0.01.
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of variables can be influential in parsimonious local projection frameworks, I assess
the robustness of the main findings to alternative indicators for both activity and
inflation. For economic activity, I re-estimate the nonlinear local projection model
replacing real GDP with the industrial production index (IPI), while keeping the
remaining variables consistent with the baseline specification. To evaluate robustness
with respect to the price measure, I estimate versions of the model using several
alternatives one at a time: the headline CPI, the CPI including owner-occupiers’
housing costs (CPIH), the Retail Price Index (RPI), and the producer price index
(PPI).

Across all alternative indicators, the results remain highly consistent with the baseline.
As shown in Table D.4, both the linear coefficients β̂h and the interaction coefficients
γ̂h retain their qualitative patterns, including the stronger price responses in periods of
more frequent price adjustment. The economic activity responses also remain stable
when substituting IPI for GDP. These findings confirm that the state-dependent
effects of monetary policy documented in the paper do not depend on the specific
choice of output or price series.

D.5 Model specification: Selection of lag order and model deterministics

A further set of robustness exercises examines whether the main results depend on
specific modeling choices within the local projection framework, in particular the
selection of lag length and the inclusion of deterministic terms. To this end, I re-
estimate the model using a wide range of lag orders (Table D.5) and alternative
deterministic components (Table D.6), assessing both the linear coefficients and the
interaction terms for stability across specifications. Across all these variants, the core
patterns remain intact.

D.6 Samples excluding the Great Recession and the COVID-19 pandemic

To verify that the detected state dependence is not driven by specific large macroeco-
nomic disruptions, I re-estimate the model across a range of subsamples. In particular,
I exclude the Great Recession by estimating the model either on the period before
2008 or on the period after 2009, and I exclude the COVID-19 period by restricting the
sample to observations before 2020. Across these alternative samples, the responses
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Table D.4. Robustness to alternative variables for economic activity and prices

Horizon

h = 1 h = 12 h = 24 h = 36 h = 48

Economic activity (baseline: monthly GDP)

Alternative price variable: CPI β̂h -0.010 -0.123*** -0.129*** -0.107*** -0.053
γ̂h -0.013* -0.024 -0.027 -0.025* -0.033*

Alternative price variable: CPIH β̂h -0.019** -0.134*** -0.124** -0.080* -0.045
γ̂h -0.014* -0.029** -0.018 -0.020 -0.034*

Alternative price variable: RPI β̂h -0.022*** -0.130*** -0.112** -0.061 -0.051
γ̂h -0.014* -0.030** -0.022 -0.022 -0.038**

Alternative price variable: PPI β̂h -0.018** -0.145*** -0.131*** -0.073 -0.051
γ̂h -0.011* -0.037** -0.025 -0.034** -0.037**

Alternative economic activity: IPI β̂h 0.038** 0.023 -0.042 -0.082** -0.037
γ̂h -0.008 -0.004 -0.032*** -0.020 -0.017

Prices (baseline: Core CPI)

Alternative price variable: CPI β̂h 0.004 -0.003 0.000 -0.156** -0.242***
γ̂h 0.001 -0.006 -0.008 -0.092*** -0.104***

Alternative price variable: CPIH β̂h 0.000 -0.017 -0.017 -0.123** -0.192***
γ̂h 0.003** -0.003 -0.004 -0.072*** -0.083***

Alternative price variable: RPI β̂h 0.000 0.004 -0.025 -0.175** -0.246***
γ̂h 0.002 0.002 -0.006 -0.103*** -0.109***

Alternative price variable: PPI β̂h 0.025*** -0.006 -0.041 -0.262*** -0.285***
γ̂h -0.008** -0.013 -0.033 -0.151*** -0.110***

Alternative economic activity: IPI β̂h 0.001 0.000 -0.047*** -0.130*** -0.168***
γ̂h 0.000 0.002 -0.018** -0.062*** -0.071***

Bank rate

Alternative price variable: CPI β̂h 0.452** 1.599 2.866 -2.847 -4.783**
γ̂h -0.067 -0.156 0.718 -2.456* -2.945***

Alternative price variable: CPIH β̂h 0.496*** 2.617** 2.061 -1.816 -2.943
γ̂h -0.033 0.675 0.531 -1.627 -1.530

Alternative price variable: RPI β̂h 0.479** 3.830*** 2.669 -2.579 -4.582*
γ̂h -0.002 1.066** 0.610 -1.746 -2.224**

Alternative price variable: PPI β̂h 0.609*** 2.255 0.662 -3.237 -4.621*
γ̂h -0.145 0.431 0.437 -2.234 -2.201**

Alternative economic activity: IPI β̂h 0.321* 2.884** 2.571 -3.775 -5.895***
γ̂h -0.272*** 0.883** 0.091 -2.761 -3.178***

Notes: The table reports the estimated coefficients from the nonlinear local projection model in Equa-
tion (2), estimated using alternative variables of prices (CPI, CPIH, RPI, PPI) and economic activity
(IPI). For each response variable, the table lists the linear coefficients β̂h and the nonlinear interaction co-
efficients γ̂h at horizons h = 1, 12, 24, 36, and 48 months. The linear coefficients β̂h capture the direct effect
of the monetary policy shock, while the interaction coefficients γ̂h measure how the effect varies with the
frequency of price adjustment. The data used for estimation span from 1997:07 to 2024:12. Statistical sig-
nificance is indicated by * p < 0.10, ** p < 0.05, and *** p < 0.01.
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Table D.5. Robustness to different lag orders

Horizon

h = 1 h = 12 h = 24 h = 36 h = 48

Gross domestic product

Lag 6 β̂h -0.007 -0.132*** -0.125** -0.096* -0.039
γ̂h -0.011** -0.047*** -0.044*** -0.022 -0.011

Lag 8 β̂h -0.012* -0.132*** -0.135*** -0.080 -0.017
γ̂h -0.011** -0.044*** -0.045*** -0.027 -0.016

Lag 10 β̂h -0.015** -0.146*** -0.140** -0.085 -0.010
γ̂h -0.015** -0.046*** -0.035** -0.009 0.005

Lag 12 β̂h -0.013 -0.155*** -0.134** -0.075* 0.006
γ̂h -0.014** -0.043** -0.047*** -0.024 -0.004

Lag 16 β̂h -0.010 -0.181*** -0.156* -0.061 0.012
γ̂h -0.014** -0.056** -0.062** -0.016 0.007

Lag 18 β̂h -0.013 -0.153*** -0.142*** 0.023 0.034
γ̂h -0.016** -0.042* -0.075*** 0.007 -0.004

Core consumer price index

Lag 6 β̂h 0.003* 0.012 -0.018 -0.056 -0.082*
γ̂h 0.000 0.002 -0.007 -0.035** -0.040**

Lag 8 β̂h 0.002 0.001 -0.008 -0.043 -0.064
γ̂h 0.000 0.003 -0.006 -0.034** -0.038**

Lag 10 β̂h 0.002 -0.003 -0.014 -0.070** -0.094**
γ̂h 0.000 -0.001 -0.009 -0.035** -0.040**

Lag 12 β̂h 0.002 0.000 -0.025 -0.086*** -0.118***
γ̂h 0.000 0.000 -0.010 -0.048*** -0.050***

Lag 16 β̂h 0.003*** 0.014 -0.011 -0.057** -0.051
γ̂h 0.000 0.003 -0.008 -0.036*** -0.034***

Lag 18 β̂h 0.003*** 0.015* -0.010 -0.017 -0.014
γ̂h 0.000 0.008** -0.002 -0.036*** -0.034**

Bank rate

Lag 6 β̂h 0.601*** 6.901*** 5.935** -0.948 -7.238***
γ̂h -0.094 1.465* 1.434* -0.742 -2.824***

Lag 8 β̂h 0.689*** 5.060*** 4.649** -1.376 -5.637**
γ̂h -0.089 2.166*** 1.934** -1.017 -3.129***

Lag 10 β̂h 0.621*** 4.176** 4.606** -1.591 -5.161**
γ̂h -0.108 1.808*** 1.645* -1.298 -3.285***

Lag 12 β̂h 0.704*** 5.315*** 5.907*** -1.301 -6.108***
γ̂h -0.076 1.646*** 1.958** -1.542 -3.488***

Lag 16 β̂h 0.647** 4.527** 4.217** -5.571*** -5.352***
γ̂h -0.102 1.658** 1.434* -1.821 -2.652***

Lag 18 β̂h 0.606** 4.497*** 4.533** -4.088** -3.145
γ̂h -0.053 1.278* 1.352* -2.603** -3.749***

Notes: The table reports the estimated coefficients from the nonlinear local
projection model in Equation (2), estimated using different numbers of lags
included in the model. For each response variable, the table lists the lin-
ear coefficients β̂h and the nonlinear interaction coefficients γ̂h at horizons
h = 1, 12, 24, 36, and 48 months. The linear coefficients β̂h capture the direct
effect of the monetary policy shock, while the interaction coefficients γ̂h mea-
sure how the effect varies with the frequency of price adjustment. The data
used for estimation span from 1997:07 to 2024:12. Statistical significance is in-
dicated by * p < 0.10, ** p < 0.05, and *** p < 0.01.
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Table D.6. Robustness to deterministic components of the model

Horizon

h = 1 h = 12 h = 24 h = 36 h = 48

Gross domestic product

No constant β̂h -0.017** -0.209*** -0.238*** -0.236*** -0.204**
γ̂h -0.015** -0.061*** -0.085*** -0.086*** -0.083**

Constant β̂h -0.013 -0.155*** -0.134** -0.075* 0.006
γ̂h -0.014** -0.043** -0.047*** -0.024 -0.004

Constant and trend β̂h -0.013 -0.155*** -0.136** -0.076* 0.001
γ̂h -0.014** -0.042** -0.047*** -0.024 -0.005

Core consumer price index

No constant β̂h 0.002 0.000 -0.025 -0.089* -0.120*
γ̂h 0.000 0.000 -0.011 -0.056*** -0.063**

Constant β̂h 0.002 0.000 -0.025 -0.086*** -0.118***
γ̂h 0.000 0.000 -0.010 -0.048*** -0.050***

Constant and trend β̂h 0.002 -0.001 -0.025*** -0.086*** -0.112***
γ̂h 0.000 -0.002 -0.015*** -0.043*** -0.050***

Bank rate

No constant β̂h 0.697*** 5.332*** 5.792* -1.015 -6.085***
γ̂h -0.075 1.756** 2.329 -0.829 -3.217***

Constant β̂h 0.704*** 5.315*** 5.907*** -1.301 -6.108***
γ̂h -0.076 1.646*** 1.958** -1.542 -3.488***

Constant and trend β̂h 0.704*** 5.406*** 5.918*** -1.301 -6.488***
γ̂h -0.065 1.934*** 2.087** -1.545 -3.474***

Notes: The table reports the estimated coefficients from the nonlinear local projection model
in Equation (2), estimated using different deterministic components of the model (no con-
stant, constant, constant and linear trend). For each response variable, the table lists the
linear coefficients β̂h and the nonlinear interaction coefficients γ̂h at horizons h = 1, 12, 24, 36,
and 48 months. The linear coefficients β̂h capture the direct effect of the monetary policy
shock, while the interaction coefficients γ̂h measure how the effect varies with the frequency
of price adjustment. The data used for estimation span from 1997:07 to 2024:12. Statistical
significance is indicated by * p < 0.10, ** p < 0.05, and *** p < 0.01.
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of output, prices, and the policy rate closely track the baseline dynamics, indicating
that the main findings are not dominated by these extreme episodes. While some
estimates become less precise due to shorter sample periods and more tranquil pol-
icy environments, the fundamental nonlinear relationship between monetary policy
shocks and the frequency of price adjustment remains clearly visible (Table D.7).

Table D.7. Robustness to different subsamples

Horizon

h = 1 h = 12 h = 24 h = 36 h = 48

Gross domestic product

Before 2008 β̂h -0.007*** -0.064*** -0.029 0.030** -0.003
γ̂h -0.002* -0.015* -0.016 0.007 0.007

After 2009 β̂h -0.040** 0.013 0.185** -0.144*** -0.176**
γ̂h -0.030* 0.008 0.002 0.009 -0.277***

Before 2020 β̂h -0.015*** -0.128*** -0.143*** -0.046 0.008
γ̂h -0.006*** -0.038** -0.042** -0.017 -0.003

Core consumer price index

Before 2008 β̂h 0.000 0.015* 0.012* 0.013** 0.001
γ̂h 0.001 0.005 0.006 0.009*** 0.001

After 2009 β̂h 0.002 0.004 0.020** 0.017** -0.003
γ̂h 0.000 0.002 0.010** 0.030*** 0.013***

Before 2020 β̂h 0.000 -0.007 -0.023* -0.034* -0.059***
γ̂h 0.000 -0.001 -0.006 -0.013** -0.025***

Bank rate

Before 2008 β̂h 0.290 -1.284 -0.899 1.086 0.834
γ̂h 0.277 0.004 0.138 -0.248 0.267

After 2009 β̂h 0.042 1.294*** 0.054 -0.462 -0.672**
γ̂h -0.230*** 0.329* -0.283* 0.689 0.353**

Before 2020 β̂h 0.620** 8.100*** 9.154*** 3.073 -3.889**
γ̂h -0.012 3.047*** 3.546*** 1.014 -2.101***

Notes: The table reports the estimated coefficients from the nonlinear local pro-
jection model in Equation (2), estimated on different subsamples: excluding the
Great Recession (estimated on the period before 2008; estimated on the period
after 2009) and the COVID-19 pandemic (estimated on the period before 2020).
For each response variable, the table lists the linear coefficients β̂h and the non-
linear interaction coefficients γ̂h at horizons h = 1, 12, 24, 36, and 48 months. The
linear coefficients β̂h capture the direct effect of the monetary policy shock, while
the interaction coefficients γ̂h measure how the effect varies with the frequency
of price adjustment. The data used for estimation span from 1997:07 to 2024:12.
Statistical significance is indicated by * p < 0.10, ** p < 0.05, and *** p < 0.01.
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D.7 Quarterly data

I further assess robustness to the frequency of the data by re-estimating the model
at the quarterly level. Specifically, I use quarterly GDP and the GDP deflator, and
aggregate all remaining monthly series—including the frequency of price changes—
by taking simple averages within each quarter. The resulting impulse responses are
broadly consistent with those obtained from the monthly baseline (Table D.8). Al-
though the lower-frequency specification naturally yields somewhat less precise es-
timates, the qualitative patterns in both the linear coefficients and the nonlinear
interaction terms remain intact, reinforcing the stability of the main conclusions.

Table D.8. Robustness to quarterly data

Horizon

h = 1 h = 12 h = 24 h = 36 h = 48

Gross domestic product

β̂h -0.046 0.025 0.000 -0.121** -0.075
γ̂h 0.025 0.016 -0.044 -0.044* -0.009

GDP deflator

β̂h 0.034** 0.015 0.007 0.028 0.028
γ̂h -0.022* -0.028 0.002 -0.010 0.002

Bank rate

β̂h -0.925 6.322*** 10.185*** 2.068 -4.624*
γ̂h 0.509 1.968** 0.788 -1.057 -2.553***

Notes: The table reports the estimated coefficients from the
nonlinear local projection model in Equation (2), estimated us-
ing quarterly data. For each response variable, the table lists
the linear coefficients β̂h and the nonlinear interaction coeffi-
cients γ̂h at horizons h = 1, 12, 24, 36, and 48 months. The
linear coefficients β̂h capture the direct effect of the monetary
policy shock, while the interaction coefficients γ̂h measure how
the effect varies with the frequency of price adjustment. The
data used for estimation span from 1997:III to 2024:IV. Statis-
tical significance is indicated by * p < 0.10, ** p < 0.05, and
*** p < 0.01.
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