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Inflation at risk in advanced and emerging market 
economies1 

Ryan Banerjee,* Juan Contreras,** Aaron Mehrotra* and Fabrizio Zampolli* 

Abstract 

We examine how inflation risks have changed over time in a large panel of advanced 
and emerging market economies (EMEs). Quantile regressions show a general decline 
in upside inflation risks over time, reflecting successful disinflationary processes and 
the adoption of inflation targeting regimes. But important non-linearities remain. In 
advanced economies, the zero lower bound represents a prominent source of 
downside inflation risk. In EMEs, the exchange rate remains a powerful source of non-
linearity, with large exchange rate depreciations associated with upside inflation risks. 
Tightening financial conditions increase both up- and downside inflation risks.  

Keywords: inflation risk; monetary policy framework; zero lower bound; inflation 
targeting. 

JEL classification: E31, E37, E52. 

  

 
1  The views expressed in the paper are those of the authors and do not necessarily reflect those of the 

Bank for International Settlements. We thank Sirio Aramonte for sharing his data on option-based 
deflation probabilities, and acknowledge excellent research assistance by Berenice Martinez and 
Teuta Turani. We are also grateful to João Santos Silva and Egon Zakrajsek for very useful discussions, 
and to Julan Du, Emanuel Kohlscheen, Benoît Mojon, Alexandre Tombini, Christian Upper, James 
Yetman, participants at a BIS seminar and the Western Economic Association’s 95th Annual 
Conference for helpful comments and suggestions.   

*  Bank for International Settlements. Email address of corresponding author: aaron.mehrotra@bis.org. 

**  jutirado@gmail.com. 

mailto:aaron.mehrotra@bis.org
mailto:juan.contreras-tirado@gmail.com


  

 

2 BIS Working Papers No 883 
 

Introduction 

Discussion of inflation risks, especially whether risks to future inflation are balanced 
or tilted to the upside or downside, often take centre stage in central bank policy 
meetings and communication. Taking a risk management approach to monetary 
policy, policymakers need to consider not only the most likely future path of inflation, 
but also the distribution of outcomes around that path. In practice, policymakers may 
take actions to reduce the probability of extreme inflation outcomes, even though 
they may not be warranted by the central tendency (see eg Greenspan (2004); Kilian 
and Manganelli (2008)). Furthermore, the central bank’s assessment of inflation risks, 
and how this is communicated to the public, may potentially influence private agents’ 
expectations and hence their decisions, thus contributing to actual outcomes. 

Notwithstanding their importance, the measurement of inflation risks and the 
understanding of the factors that drive them, including the monetary policy 
framework, are still under-researched. A significant amount of literature has 
investigated the variance of inflation or symmetric uncertainty (see eg Engle (1983); 
Ball and Cecchetti (1990); Grier and Perry (1998)). By contrast, only a few recent 
empirical studies have investigated the shape of the entire inflation distribution, 
including tail risks (eg Andrade et al (2015); Lopez-Salido and Loria (2019)). Notably, 
these papers have focused on advanced economies where inflation has generally 
been less volatile and tail risks – in particular those on the upside – less prominent 
than in emerging market economies (EMEs).  

Density functions of one-year-ahead inflation, 1990 and 2018, 
selected advanced economies   Graph 1 

 
Note: Distributions conditional on estimated Phillips curves at the start (blue) and at the end (violet) of the 
sample. The grey distributions correspond to all quarters between the start and end of the sample. The Phillips 
curves are based on models shown in Table A5. DE = Germany; JP = Japan; SE = Sweden; US = United States. 
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In this paper, we investigate inflation risks – the conditional forecast distribution 
of inflation – in a large panel of advanced and emerging market economies. We 
extend quantile regression methods used by Adrian et al (2019) to examine GDP at 
risk to a panel setting by implementing new methods for quantile regressions with 
fixed effects (Machado and Santos Silva (2019)). The panel dimension is particularly 
valuable in that it increases statistical power when studying EME inflation risks given 
that many of the associated time series are short.  

We estimate separate models for advanced and emerging market economies 
given the significant heterogeneity between these groups of countries. Indeed, it is 
plausible that the data generating processes are notably different, not least due to 
differences in exchange rate pass-through and policy frameworks, which we also 
highlight (see also eg Gagnon and Ihrig (2004); Ha et al (2019)). 

The starting point of the analysis is an open-economy Phillips curve that relates 
the future inflation distribution to output, current inflation and changes in the 
exchange rate and oil prices. In extensions, we augment the Phillips curve to 
incorporate factors related to monetary policy and the policy framework. In particular, 
we examine how inflation risks change with two factors that have attracted the 
attention of policymakers: the influence of formal inflation targeting frameworks (eg 
de Gregorio (2019); Mishkin (2005)) and the constraint posed by the zero lower bound 
on interest rates (eg Williams (2014); Bernanke (2017)).  

In another extension to the baseline model, we consider the role of tighter 
financial conditions for future inflation risks. On the one hand, Lopez-Salido and Loria 
(2019) find that tighter financial conditions are associated with greater downside 
inflation risks. On the other hand, Gilchrist et al (2017) document that tighter financial 
conditions create incentives for financially constrained firms to raise prices.  

Importantly, for all these “risk” factors, the estimation framework yields the entire 
distribution of future inflation. We can thus examine important non-linearities – the 
possibility that the effects of the various risk factors on inflation vary along the 
quantiles of the conditional inflation forecast distribution – as well as the average 
effects of the risk factors. After the estimation of the quantile regressions, we smooth 
the point forecasts in order to construct conditional distributions of the one-year-
ahead inflation forecast. Using these distributions, we construct measures of 
downside and upside inflation risks and evaluate their behaviour over time. 

Graphs 1 and 2 illustrate the significant variation in inflation risks across both 
time and countries. They show conditional density functions of one-year-ahead 
headline CPI inflation based on a quantile Phillips curve. Graph 1 includes four 
advanced economies: the United States, Japan, Germany and Sweden, in 1990 (blue) 
and 2018 (violet). In all four countries, the distributions have shifted to the left, as 
average levels of inflation have declined. The distribution has narrowed prominently 
in Sweden but increased somewhat in Germany. And downside risks have become 
more prominent. In both Japan and Sweden, a non-negligible part of the one-year-
ahead inflation distributions now cover deflation.  

Over the same period, the corresponding changes in EME inflation risks are even 
more dramatic. Graph 2 plots the corresponding inflation-at-risk distributions for four 
EMEs: Korea, Mexico, Poland and Turkey, at the start and end of their respective 
samples. The leftward shift and the narrowing of the distributions are much more 
pronounced for these economies (note the larger scale on the x-axes compared with 
advanced economies). And while upside risks have generally receded, the 
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distributions for Turkey have recently shifted rightward and upside inflation risks 
remain.   

Overall, we document five empirical facts about inflation risks and highlight the 
role of monetary policy.  

First, there is a prominent channel that works through the level of inflation. In 
particular, we document a non-linear relationship between the level of inflation and 
the conditional inflation forecast distribution. At higher inflation rates, upside tail risks 
become particularly prominent. Thus the general decline in upside inflation risks in 
both advanced economies and EMEs, illustrated by Graphs 1 and 2, reflects the 
conquest of high inflation.  

Second, we find that monetary policy regimes and constraints on policy setting 
strongly affect inflation risks. In particular, we document that the adoption of inflation 
targeting regimes has further tamed upside inflation risks in EMEs.2 However, since 
the Great Financial Crisis downside risks to inflation have increased. In particular, we 
find that being at the zero lower bound is associated with greater downside inflation 
risks in advanced economies. This is consistent with Mertens and Williams (2018), who 
show that the presence of the lower bound skews the distribution of inflation to the 
left in a New Keynesian model. Moreover, similar to their empirical results based on 

 
2  While analysis about the importance of fiscal policy for inflation outcomes in EMEs is beyond the 

scope of the paper, fiscal dominance may have been relevant especially before the 2000s (see eg the 
papers in BIS (2003)). 

Density functions of one-year-ahead inflation, selected EMEs Graph 2 

 
Note: Distributions conditional on estimated Phillips curves at the start (blue) and at the end (violet) of the 
sample. The grey distributions correspond to all quarters between the start and end of the sample. The Phillips 
curves are based on models shown in Table A6. KR = Korea; MX = Mexico; PL = Poland; TR = Turkey. 
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options data, we find that the median inflation forecast declines. However, our 
framework results in somewhat more prominent asymmetry in the inflation forecast 
distribution than the options data, measured by the increased dispersion between 
the median and the left tail. 

Third, our results indicate significant non-linearities in inflation risks to output in 
both advanced economies and EMEs. Downside risks increase significantly when 
output is weaker, while upside inflation risks are relatively insensitive to economic 
activity.  

Fourth, the exchange rate remains a significant source of non-linearity in EMEs, 
with exchange rate depreciations increasing upside inflation risk. This holds for both 
the nominal effective exchange rate and the US dollar. This finding contributes to 
explaining the prominence of the exchange rate in EME monetary policy frameworks 
(see Agénor and Pereira da Silva (2019); BIS (2019)).  

By contrast, no similar evidence of non-linearity associated with the exchange 
rate is found for advanced economies. In these economies, depreciations of the 
nominal effective exchange affect the location of the inflation forecast distribution 
but have less effect on its shape. Thus, whereas the relationships of output and 
current inflation to inflation risks are perhaps strikingly similar in advanced economies 
and EMEs, differences become prominent when open economy variables in the form 
of exchange rates are considered. 

Finally, there is a non-linear relationship between financial conditions – measured 
by the realised volatility in equity returns – and inflation risks. Notably, tighter 
financial conditions increase not only downside but also upside inflation risks. The 
finding is consistent with recent literature highlighting the interaction between 
financial shocks, firms’ liquidity constraints and price setting (eg Gilchrist et al (2017)), 
which suggests that tighter financial conditions could have heterogeneous effects on 
price setting. While the impact on downside inflation risks is consistent with financial 
tightening generating downside growth risks, our result on upside inflation risks is 
also in line with cost-push effects stemming from tighter financial conditions. We also 
document that whereas financial conditions matter for the future inflation distribution 
in both advanced economies and EMEs, they have particularly large effects on the 
tails in EMEs.  

Our paper is related to various strands of the literature. A relatively small number 
of empirical studies have recently tried to quantify inflation risks (asymmetry and 
tails), yet focus mostly on advanced economies.3 Busetti et al (2015) find that lagged 
inflation and the exchange rate have large effects on the tails of the inflation 
distribution in the euro area. Lopez-Salido and Loria (2019) document notable 
variability in the conditional distribution of inflation and show that tighter financial 
conditions are important contributors to low-inflation risks in the United States and 
the euro area. Both papers use Phillips curves estimated by quantile regressions. 
Focusing specifically on periods of deflation and survey measures of inflation 
expectations, Banerjee and Mehrotra (2020) show that periods of falling prices are 
associated with downward shifts in the left-hand tail of the inflation forecast 
distribution.  

Among earlier studies, Cecchetti (2008) constructs measures of GDP-at-risk and 
price-at-risk to assess the potential costs of an equity and real estate crash and finds 

 
3 An exception is Frascaroli and Nobrega (2019) who study inflation risks in Latin American EMEs. 
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that equity price busts increase downside price risks. Kilian and Manganelli (2007) 
develop measures of deflation risks linked to private sector preferences, finding no 
evidence of this risk in the US and the euro area in 2002 and beyond. We contribute 
to this literature by investigating inflation risks in a Phillips curve framework, 
exploiting the panel dimension in the data for a large sample of advanced and 
emerging market economies. Importantly, we show that the risk factors in EMEs differ 
from those in advanced economies, highlighting, inter alia, the non-linear effects on 
future inflation stemming from the exchange rate, as well as the effects of tighter 
financial conditions on the tails of future inflation distribution.  

Some studies have evaluated the policy responses to inflation risks. Kilian and 
Manganelli (2008) provide evidence that the Federal Reserve under Greenspan had 
been responding to changes in the balance of risks in inflation and output growth 
rather than changes in the conditional means of these variables. Andrade et al (2015) 
document that measures of inflation risks constructed from surveys improve the out-
of-sample performance of inflation forecasts in real time and help explain 
developments in the fed funds rate. We contribute to this research by documenting 
the importance of monetary policy-related factors for inflation risks, both through the 
implications of inflation targeting frameworks as well as policy constraints in the form 
of the zero lower bound. 

Our paper is also related to studies that show how firms’ price setting behaviour, 
including the frequency of price setting and even the direction of price changes, can 
vary depending on the economic and financial environment. Previous research has 
highlighted the relevance for price setting of, among other things, the level of 
inflation (Alvarez et al (2019)); firms’ liquidity constraints (Gilchrist et al (2017)); 
demand conditions (Nakamura and Steinsson (2011)); and the persistence of 
exchange rate shocks (Taylor (2000)). Interestingly, while our results on non-linearities 
are consistent with these studies, the dynamics are often most visible in the tails of 
the inflation distribution and much less so in the mean. This underscores the 
importance of analysing the entire inflation distribution. 

This paper is structured as follows. The next section describes the methodology, 
together with the data that are used in the empirical analysis. Section 3 contains the 
baseline estimations from the quantile regressions based on Phillips curves, as well 
as augmented models that incorporate factors related to monetary policy. Section 4 
uses the previous estimates to construct measures of upside and downside inflation 
risks and discusses their developments over time. Section 5 considers the inclusion of 
financial conditions and various robustness tests, and the final section concludes.   
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Methodology and data 

We use quantile panel regressions with fixed effects to estimate the conditional 
quantiles of the four-quarter-ahead headline inflation rate 𝑄𝑄𝜋𝜋(𝜏𝜏|𝑋𝑋).4 Specifically, 
following Machado and Santos Silva (2019), we consider the following location-scale 
model:  

𝜋𝜋𝑖𝑖,𝑡𝑡+4 = 𝛼𝛼𝑖𝑖 + 𝑋𝑋𝑖𝑖𝑡𝑡′ 𝛽𝛽 + (𝛿𝛿𝑖𝑖 + 𝑋𝑋𝑖𝑖𝑡𝑡′ 𝛾𝛾)𝑈𝑈𝑖𝑖𝑡𝑡,        (1) 

where the dependent variable is four-quarter-ahead year-on-year CPI inflation.5 
The vector 𝑋𝑋𝑖𝑖𝑡𝑡 = (𝑦𝑦�𝑖𝑖,𝑡𝑡 ,𝜋𝜋𝑖𝑖,𝑡𝑡 ,∆𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖,𝑡𝑡 ,∆𝑜𝑜𝑜𝑜𝑜𝑜𝑖𝑖,𝑡𝑡) in (1) is comprised of explanatory variables 
in an open-economy Phillips curve for economy i: 𝑦𝑦�𝑖𝑖,𝑡𝑡 is a measure of output (either 
real GDP growth or the output gap), 𝜋𝜋𝑖𝑖,𝑡𝑡 is current inflation, ∆𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖,𝑡𝑡 is the change in 
the exchange rate (nominal effective exchange rate or the US dollar) and ∆𝑜𝑜𝑜𝑜𝑜𝑜𝑖𝑖,𝑡𝑡 
denotes the change in oil price in domestic currency. All variables except headline 
inflation are in logarithms and multiplied by 100.  

The parameters (𝛼𝛼𝑖𝑖 ,𝛿𝛿𝑖𝑖), 𝑜𝑜 = 1, … ,𝑛𝑛, denote the individual i fixed effects, and 
Pr[𝛿𝛿𝑖𝑖 + 𝑋𝑋𝑖𝑖𝑡𝑡′ 𝛾𝛾 > 0] = 1. The sequence {𝑋𝑋𝑖𝑖𝑡𝑡} is assumed to be strictly exogenous, i.i.d. for 
any fixed i and independent across i. The 𝑈𝑈𝑖𝑖𝑡𝑡 are unobserved random variables, i.i.d. 
(across both i and t), independent of 𝑋𝑋𝑖𝑖𝑡𝑡 and normalised to satisfy 𝐸𝐸(𝑈𝑈) = 0 and 
𝐸𝐸(|𝑈𝑈|) = 1.  

The conditional quantiles for four-quarter-ahead inflation are obtained as 

𝑄𝑄𝜋𝜋(𝜏𝜏|𝑋𝑋𝑖𝑖𝑡𝑡) = �𝛼𝛼𝑖𝑖 + 𝛿𝛿𝑖𝑖𝑞𝑞(𝜏𝜏)� + 𝑋𝑋𝑖𝑖𝑡𝑡′ 𝛽𝛽 + 𝑋𝑋𝑖𝑖𝑡𝑡′ 𝛾𝛾𝑞𝑞(𝜏𝜏),      (2) 

where the scalar coefficient 𝛼𝛼𝑖𝑖(𝜏𝜏) ≡ 𝛼𝛼𝑖𝑖 + 𝛿𝛿𝑖𝑖𝑞𝑞(𝜏𝜏) is the quantile- 𝜏𝜏 fixed effect for 
economy i. This captures time-invariant country characteristics that may have 
different effects in different parts of the conditional inflation distribution, similarly to 
the other explanatory variables in a quantile regression set-up. We estimate 
coefficients for five quantiles: the 5, 25, 50, 75 and 95 percent quantiles. The 
confidence intervals are computed by block bootstrapping using country clusters, 
with 1,000 replications. 

Each predicted quantile in the equation above corresponds to a point in the cdf 
F(.) of the one-year ahead inflation forecast, for each country and quarter. These 
points can be interpolated to obtain a smooth distribution with which we can carry 
out risk analysis. Smoothing is also needed because quantile predictions are often 
noisy, given the error associated with the estimation. In our case, we interpolate 
semiparametrically the predicted quantiles using the skewed t-distribution to take 
advantage of its overall shape flexibility (see Azzalini and Capitanio (2003)). The 
distribution is described by the following function: 

𝑓𝑓(𝜋𝜋;𝜇𝜇,𝜎𝜎,𝛼𝛼, 𝑣𝑣) = 2
𝜎𝜎
𝑡𝑡 �𝜋𝜋−𝜇𝜇

𝜎𝜎
; 𝑣𝑣�𝑇𝑇�𝛼𝛼 𝜋𝜋−𝜇𝜇

𝜎𝜎 �
𝑣𝑣+1

𝑣𝑣+�𝜋𝜋−𝜇𝜇𝜎𝜎 �
2 ;𝑣𝑣 + 1�   (3) 

 
4  Our horizon is similar as in Lopez-Salido and Loria (2019) and Busetti et al (2015), although the latter 

also consider shorter horizons.  
5  Retail price inflation (RPI) is used for the UK until end-2004 and CPI inflation thereafter, reflecting the 

change in the inflation target. Separate cross-sections are included in the estimation for United 
Kingdom pre- and post-2005. 
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where t(.) and T(.) are the pdf and the cdf of the Student t-distribution. The four 
parameters that control the location (µ), scale (σ), fatness (ν) and shape (α) of the 
distribution can be computed for each set of observations corresponding to a pair 
(country; quarter) to minimise the distance between the five estimated quantiles and 
those implied by the distribution, ie: 

(�̂�𝜇𝑖𝑖𝑡𝑡+ℎ ,𝜎𝜎�𝑖𝑖𝑡𝑡+ℎ ,𝛼𝛼�𝑖𝑖𝑡𝑡+ℎ ,𝑣𝑣�𝑖𝑖𝑡𝑡+ℎ) = 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑜𝑜𝑛𝑛∑ �𝑄𝑄�𝜋𝜋𝑡𝑡+ℎ|𝑥𝑥𝑡𝑡(𝜏𝜏|𝑒𝑒𝑡𝑡) − 𝐹𝐹−1(𝜏𝜏; 𝜇𝜇,𝜎𝜎,𝛼𝛼, 𝑣𝑣)�2𝜏𝜏 . (4) 

Our data cover 43 economies, 12 advanced economies (AEs) and 31 EMEs.6 The 
sample runs from Q1 1990 to Q1 2019 for all advanced economies and 17 EMEs. For 
the remaining 14 EMEs – Argentina and countries in central and eastern Europe – the 
sample starts between 1993 and 1997, based on data availability. To deal with outlier 
observations, we exclude all quarters where both one-year-ahead inflation and 
current inflation are above 50%.7 Annex Table A1 shows details about the data 
sources.  

Baseline results 

Estimated quantile regressions 

Graph 3 shows the coefficient estimates from the quantile regressions for advanced 
economies, at the 5, 25, 50, 75 and 95 percent quantiles (red line), together with the 
least squares estimate (blue line). At these quantiles, the four-quarter-ahead inflation 
in AEs ranges from –0.3% (5 percent quantile) to 4.5% (95 percent quantile), with a 
median of 1.8% (see Annex Table A2). 

Graph 3 highlights economically and statistically significant nonlinearities 
associated with both current inflation and output growth. In particular, current 
inflation affects most strongly the right-hand tail of the inflation forecast distribution, 
while the effects of output growth are stronger at the left-hand than at the right-hand 
tail. By contrast, for oil prices and exchange rates, the quantile regression slopes are 
highly similar to the linear regression slopes. All coefficients in the Phillips curve have 
the expected signs, including the change in the exchange rate: an exchange rate 
appreciation is associated with a decline in future inflation. 

  

 
6  The advanced economies are Canada, France, Germany, Italy, Japan, the Netherlands, Norway, Spain, 

Sweden, Switzerland, the United Kingdom and the United States. The EMEs are Argentina, Brazil, 
Bulgaria, Chile, China, Chinese Taipei, Colombia, Croatia, the Czech Republic, Estonia, Hong Kong 
SAR, Hungary, India, Indonesia, Korea, Latvia, Lithuania, Malaysia, Mexico, Peru, the Philippines, 
Poland, Romania, Russia, Singapore, Slovenia, Slovakia, Thailand, Turkey, Ukraine and Venezuela.  

7  Although quantile methods are more robust to outliers compared with least squares methods (see 
eg Machado and Santos Silva (2019)), they are not immune to distortions from extreme outliers. Thus, 
we exclude the very high inflation rates in our sample as they result in large distortions to our EME 
estimates even at the lowest inflation quantiles.  
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While non-linearities and the sizes of the coefficients associated with current 
inflation and output growth are perhaps surprisingly similar between advanced 
economies and EMEs, a major difference is the nonlinear effect of the exchange rate. 
Graph 4 shows that changes in exchange rates have the strongest impact on the right-
hand tail of the distribution, whereas the effects are muted at the left-hand tail. 
Moreover, the least squares coefficient associated with the exchange rate, as well as 
the median estimate from the quantile regression, is around six times larger in EMEs 
than in advanced economies. Not surprisingly, the levels of four-quarter-ahead 
inflation at most quantiles are also higher in EMEs, with a median of 4.0% and the 95 
percent quantile at 20.5% (see Annex Table A2). 

  

Estimated quantile regression and OLS coefficients, advanced economies Graph 3 

Inflation  Log change real GDP  Log change oil price2  Log change nominal 
effective exchange rate3 

 

 

 

 

 

 

 

1  OLS regressions in blue and quantile regressions in red; 90% confidence intervals.    2  In domestic currency.    3  Increase denotes an 
appreciation of domestic currency. 

Estimated quantile regression and OLS coefficients, EMEs Graph 4 

Inflation  Log change real GDP  Log change oil price2  Log change nominal 
effective exchange rate 

 

 

 

 

 

 

 

1  OLS regressions in blue and quantile regressions in red; 90% confidence intervals.    2  In domestic currency. 
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An alternative way to illustrate the nonlinear effects is to evaluate how changes 
in the different risk factors affect the conditional distributions. Graph 5 considers the 
conditional probability density functions for inflation in advanced economies, fitted 
as skewed t-distributions using the quantile regressions and the methodology 
discussed in Section 2. For the distributions shown in Graph 5, we set all variables to 
their means, and then change the value of each risk factor by two standard deviations, 
one variable at a time to examine the economic importance of each factor.  

Graph 5 shows how, in addition to shifting the location of the future inflation 
distribution, GDP growth and lagged inflation have contrasting implications for the 
tails of the distribution. In particular, increases in lagged inflation result in 
distributions with greater positive skewness, as the right-tail is affected by more than 
the left. In the case of a pick-up in real GDP growth, the left-tail shifts but the right 
tail remains broadly unchanged. By contrast, changes in oil prices and exchange rates 
only shift the location of the distribution marginally without any visible effects on the 
tails.  

Graph 6 replicates the analysis for EMEs and highlights how exchange rate 
appreciations are associated with leftward shifts in the distribution as well as reduced 
positive skew. Thus, as the exchange rate appreciates, upside risks to inflation decline. 
Other dynamics are similar to those in advanced economies. 

We also highlight the importance of the exchange rate for conditional 
distributions in EMEs by documenting the shifts occurring around currency crises. 
Graph 7 shows the probability density functions for one-year-ahead inflation, 
computed four quarters before a currency crisis occurs (blue), as well as during the 
quarter of the crisis (violet). We consider the Asian crisis episodes for Korea and 
Thailand, the Tequila crisis in Mexico, and Brazil’s financial crisis of the late 1990s. The 
currency crisis dates are associated with rightward shifts in the location of the density 
functions. But even more prominently, the distributions widen significantly and 
upside inflation risks rise for all the economies.   

Effect of changes in risk factors on probability densities, 
advanced economies Graph 5 

 

Note: The Graph shows how two standard deviation changes in the respective variables (see panel headings) 
affect the conditional inflation forecast distribution. For the computation of the distributions, all other variables 
are set at their means. An increase in the exchange rate denotes an appreciation of domestic currency. 
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Effect of changes in risk factors on probability densities, 
EMEs Graph 6 

 

Note: The Graph shows how two standard deviation changes in the respective variables affect the conditional 
inflation forecast distribution (shift from grey to red). For the computation of the distributions, all other 
variables are set at their means. 

Probability densities one year prior and during currency 
crises, selected EMEs Graph 7 

 
Note: BR = Brazil; KR = Korea; MX = Mexico; TH = Thailand 
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In additional estimations, we replace the nominal effective exchange rate by the 
bilateral exchange rate against the US dollar, given the dominance of the US dollar in 
global trade invoicing and finance (see Gopinath et al (2020)). For EMEs, the resulting 
estimates show similar non-linearity as with the NEER (Annex Table A4), with the 
bilateral dollar exchange rate mattering more for inflation in the upper quantiles. For 
AEs, the coefficient on the US dollar is not statistically significant (Annex Table A3).  

What are the possible economic rationales behind some the observed non-
linearities in the Phillips curve? The higher inflation persistence and the larger effects 
of exchange rate changes in the upper quantiles may partly arise from prices being 
adjusted more frequently at higher than at near-zero inflation rates (see eg Alvarez 
et al (2019) for theoretical and empirical evidence), as well as stronger wage-price 
spirals when future inflation is expected to be high. Another possibility is that firms 
are more averse to goods being under-priced than over-priced (see Devereux and Siu 
(2007)), strongly passing through higher costs to prices when they expect high 
inflation. Moreover, if firms expect exchange rate shocks to be more persistent when 
inflation is high, their price setting may be more responsive to exchange rate 
fluctuations (see Taylor (2000)).8 Finally, the stronger relationship between output 
growth and inflation at the lower quantiles is consistent with Nakamura and Steinsson 
(2011) who postulate that firms keep prices rigid in “normal times” but apply steep 
discounts when firm demand is sufficiently low. 

Importance of monetary policy 

The higher coefficients and nonlinearities observed for the exchange rate in EMEs are 
consistent with the prominent role of exchange rates in EME policy frameworks. One 
factor is exchange rate pass-through, which tends to be higher in EM than in 
advanced economies (see eg Jasova et al (2019) and references therein). Other 
reasons include the relevance of exchange rate fluctuations for financial stability, as 
reflected in frequent FX interventions and the increasing use of FX-related 
macroprudential policies (see BIS (2019) and Agénor and Pereira da Silva (2019)).  

Besides exchange rates, other variables related to monetary policy may also have 
had a bearing on inflation risks in recent years. Below, we focus on two factors: the 
zero lower bound (ZLB) in the case of advanced economies, and the possible 
existence of an inflation targeting framework in both groups of countries. The 
relevance of the former for inflation risks relates to possible constraints regarding 
policy space, while the latter could work through the strength of the policy response, 
and expectations thereof, to inflation.  

To investigate the relevance of these factors, we first add a dummy variable for 
ZLB in the estimated quantile Phillips curve for advanced economies. The dummy 
takes a value of one during periods when policy interest rates are at or below 0.5% 
and zero otherwise. The left-hand panel of Graph 8 shows that being at the ZLB has 
the largest effect on the left-tail of the inflation distribution, with a coefficient 
estimate of –0.66 at the 5 percent quantile, compared with –0.33 at the median. The 
latter estimate is close to that reported by Mertens and Williams (2018) who 
document a decline in the median long-term inflation forecast during the zero lower 
bound, based on distributions computed from financial market data for the United 

 
8  An and Wang (2012) report that exchange rate pass-through is greater in economies with more 

persistent exchange rate shocks.  
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States. However, and in addition to the decline in the median, our estimates for a 
panel of advanced economies suggest prominent nonlinearities associated with the 
zero lower bound, as the distance between the median and the left tail increases. The 
left-hand panel of Graph 9 shows the associated shift in the density function.  

Second, we consider another variable related to the policy regime in the baseline 
Phillips curves for both advanced economies and EMEs. This dummy variable obtains 
a value of one during periods when an economy was not pursuing inflation targeting 
and zero otherwise.9 For advanced economies, quantile estimations show that the 
implications of such a variable for future inflation are linear and the OLS estimates 
are not statistically significantly different from zero (Graph 8, centre panel). Similarly, 
there is little change in the density function (Graph 9, centre panel).  

By contrast, inflation targeting is highly relevant for inflation distributions in 
EMEs. In particular, not targeting inflation is associated with higher four-quarter-
ahead inflation, by around two percentage points on average. Moreover, the effect is 
nonlinear, as the right tail is affected by more than the left tail (right-hand panel of 
Graph 8). Note also the much larger scale on the x-axis of the density function in 
Graph 9 for the non-inflation targeting variable in EMEs than in advanced economies. 

Equipped with these results, in the remainder of the paper, all models for 
advanced economies include the ZLB dummy and the ones for EMEs include the non-
IT dummy variable. The corresponding quantile conditional forecasts are shown in 
Annex Graph A1 for all advanced economies and in Graph A2 for all EMEs in our 
sample. 

  

 
9  The classification of countries into IT and non-IT regimes follows the working paper version of 

Mehrotra and Yetman (2018). In addition, for some of the recent time periods, we classify Argentina, 
India, Japan, Russia and the United States as inflation targeters. 

Effect of changes in risk factors on probability densities, EMEs Graph 8 

AEs: Zero lower bound  AEs: No inflation targeting EMEs: No inflation targeting 

   
  1  OLS regressions in blue and quantile regressions in red; 90% confidence intervals. 
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Quantifying inflation risks 

We then proceed to evaluate indicators of inflation tail risks. The objective is to 
examine the likelihood that future inflation is affected by upside or downside risks. 
We do this by using a measure proposed by Adrian et al (2019): downside and upside 
entropy.  

Downside and upside entropy measure the probability mass of left- and right-
tail outcomes under the conditional density, relative to the probability of these 
outcomes under the unconditional density. Thus, they illustrate whether left- or right-
tail inflation outcomes are more likely under the conditional forecast than under the 
inflation forecast implied by the unconditional distribution.10 The unconditional 
density 𝑎𝑎�𝑦𝑦𝑡𝑡+ℎ is obtained as the unconditional empirical distribution of inflation and 
is computed from quantile regressions including only the fixed effects as the 
explanatory variables. 

Let 𝑓𝑓𝜋𝜋𝑡𝑡+ℎ(𝜋𝜋|𝑒𝑒𝑡𝑡) = 𝑓𝑓(𝜋𝜋; �̂�𝜇𝑡𝑡+ℎ,𝜎𝜎�𝑡𝑡+ℎ,𝛼𝛼�𝑡𝑡+ℎ , �̂�𝜗𝑡𝑡+ℎ) denote the estimated skewed t-
distribution and 𝐹𝐹�𝜋𝜋𝑡𝑡+ℎ(𝜋𝜋|𝑒𝑒𝑡𝑡)  the corresponding cumulative distribution. 
𝐹𝐹�𝜋𝜋𝑡𝑡+ℎ|𝑥𝑥𝑡𝑡
−1 (0.5|𝑒𝑒𝑡𝑡)  is the conditional median.  

The downside Ξ𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 and upside Ξ𝑡𝑡
𝑢𝑢𝑢𝑢 entropy of 𝑎𝑎�𝜋𝜋𝑡𝑡+ℎ relative to 𝑓𝑓𝜋𝜋𝑡𝑡+ℎ(𝜋𝜋|𝑒𝑒𝑡𝑡) are 

computed as: 

 
10  As noted by Adrian et al (2019), the upside and downside vulnerability of future inflation is then, on 

the basis of the entropy measure, the “extra” probability mass that the conditional density yields to 
upside/downside inflation outcomes compared with the unconditional distribution. 

Effect of changes in monetary policy-related risk factors on probability densities Graph 9 

   
Note: The Graph shows how changes in the dummy variables from zero to one affect the conditional inflation forecast distribution (shift 
from grey to red). For the computation of the distributions, all other variables are set at their means. The left and right-hand panels are 
based on the Phillips curve estimates shown in Annex Table A5 and A6, respectively. 
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Ξ𝑡𝑡𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 �𝑓𝑓𝜋𝜋𝑡𝑡+ℎ|𝑥𝑥𝑡𝑡
;𝑎𝑎�𝜋𝜋𝑡𝑡+ℎ� = −∫ (log 𝑎𝑎�𝜋𝜋𝑡𝑡+ℎ(𝜋𝜋) −𝐹𝐹�𝜋𝜋𝑡𝑡+ℎ|𝑥𝑥𝑡𝑡

−1 �0.5�𝑒𝑒𝑡𝑡�
−∞

log 𝑓𝑓𝜋𝜋𝑡𝑡+ℎ|𝑥𝑥𝑡𝑡
(𝜋𝜋|𝑒𝑒𝑡𝑡))𝑓𝑓𝜋𝜋𝑡𝑡+ℎ|𝑥𝑥𝑡𝑡

(𝜋𝜋|𝑒𝑒𝑡𝑡)𝑑𝑑𝜋𝜋  (5) 
 
and 

Ξ𝑡𝑡
𝑢𝑢𝑢𝑢 �𝑓𝑓𝜋𝜋𝑡𝑡+ℎ|𝑥𝑥𝑡𝑡

;𝑎𝑎�𝜋𝜋𝑡𝑡+ℎ� = −∫ (log 𝑎𝑎�𝜋𝜋𝑡𝑡+ℎ(𝜋𝜋) −∞
𝐹𝐹�𝜋𝜋𝑡𝑡+ℎ|𝑥𝑥𝑡𝑡
−1 �0.5�𝑒𝑒𝑡𝑡�

log 𝑓𝑓𝜋𝜋𝑡𝑡+ℎ|𝑥𝑥𝑡𝑡
(𝜋𝜋|𝑒𝑒𝑡𝑡))𝑓𝑓𝜋𝜋𝑡𝑡+ℎ|𝑥𝑥𝑡𝑡

(𝜋𝜋|𝑒𝑒𝑡𝑡)𝑑𝑑𝜋𝜋.        (6) 
 

Thus, downside entropy amounts to the difference between the unconditional 
density and the conditional density that obtains below the median of the conditional 
density. And, upside entropy measures the difference between the unconditional 
density and the conditional density that obtains above the median of the conditional 
density. These measures are shown in Graphs 10 and 11 for advanced economies and 
EMEs, respectively. 

Graph 10 suggests that there is considerably more volatility in upside than in 
downside risks, as captured by the upside and downside entropy measures. 
Moreover, most advanced economies have seen a downward trend in upside entropy 
over time. Therefore, the conditional density has, over time, gradually assigned lower 
probabilities to extreme right-hand tail inflation outcomes, relative to the 
unconditional density. However, upside entropy has increased recently in many 
economies, perhaps most prominently in France and the United Kingdom. As to 
downside entropy, this measure saw an increase at the time of the Great Financial 
Crisis, followed in some countries by another pick-up later (eg France, Japan, 
Switzerland).  
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Inflation risks: downside and upside entropy, advanced economies Graph 10 

 
Note:   The downside entropy is shown in blue and the upside entropy in red. See Graph A1 for country abbreviations. 
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In EMEs, the volatility of upside entropy is also higher than that of downside 
entropy. Moreover, its longer-term decline tends to be even more pronounced than 

Inflation risks: downside and upside entropy, EMEs Graph 11 

 
Note: The downside entropy is shown in blue and the upside entropy in red. See Graph A2 for country abbreviations. 
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in the case of advanced economies (Graph 11). The most prominent exception is 
Argentina, where the level of upside risk has increased over time. Upside risks have 
spiked during EME crises, as is clear from observations during the financial crises in 
emerging Asia and Latin America in the late 1990s-early 2000s. Interestingly, these 
same periods have also seen an increase in downside risks. 

Indeed, changes in upside and downside entropy are correlated, and more so in 
EMEs than in advanced economies (correlation of 0.68 in EMEs vs 0.29 in advanced 
economies). Moreover, periods of simultaneously rising upside and downside entropy 
are often associated with large exchange rate depreciations, especially in EMEs. 
Considering all quarters where exchange rate changes are in the lowest decile, 
implying a notable weakening of the domestic currency, upside and downside 
entropy both increased during 58% of observations in EMEs. This compares with a 
share of 29% in advanced economies.    

Graphs A3 and A4 in the Appendix present results for two other risk measures, 
the expected shortfall and the longrise, which measure (average) inflation in the left 
and right tails of the distribution respectively (Adrian et al (2019)). These measures 
provide a qualitatively similar picture of inflation risks over time as the entropy-based 
indicators.  

Extensions and robustness tests 

Inclusion of financial conditions 

As an extension to the previous specification, we include a measure of financial 
conditions in the estimated Phillips curves. Lopez-Salido and Loria (2019) find that 
tighter financial conditions are important drivers of downside inflation risks, 
consistent with their importance in driving left-tail GDP growth outcomes in Adrian 
et al (2019).  

As a measure of financial conditions, we use the realised volatility in equity 
returns, measured by the quarterly standard deviation of daily equity returns, based 
on benchmark indices for the respective economies (eg, S&P500 for the United 
States). This measure of financial conditions has the benefit of being available for the 
entire sample of countries. Moreover, Adrian et al (2019) show that their conditional 
quantile estimates of GDP growth risks appear most sensitive to realised equity 
volatility, among the variables that constitute the overall financial conditions index. 
Graphs 12 and 13 show the resulting quantile and least squares Phillips curve 
estimates for advanced economies and EMEs, respectively. 

Our estimates with financial conditions reveal an interesting nonlinearity in that 
tighter financial conditions widen the entire inflation forecast distribution – both the 
left and right tail move outward. Regarding the left tail, greater financial volatility and 
tighter financial conditions could be associated with lower demand and hence lower 
future growth, which may dampen inflation risks (eg Bloom (2009)). As to the right 
tail, the importance of financial conditions is consistent with recent work suggesting 
that firms’ pricing behaviour may be affected by the availability of credit, with liquidity 
constrained firms increasing prices in response to financial shocks in order to avoid 
accessing external finance (Gilchrist et al (2017)). Our result is also consistent with 
cost-push shocks – stemming from tighter financial conditions – raising upside 
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inflation risks. That said, the effect of tighter financial conditions on right-tail inflation 
risks is not statistically significant for advanced economies. 

By contrast, tighter financial conditions significantly increase both down and 
upside inflation risks in EMEs even though the linear least squares estimate is close 
to zero (Graph 13). Yet, the coefficient estimates for the tails are much higher in 
magnitude in EMEs than in advanced economies, suggesting that financial conditions 
are especially important in driving inflation tail outcomes in these countries. The large 
effect on upside risk in EMEs is consistent with the evidence in Banerjee et al (2020) 
who show that firms in many EMEs tend to have weaker net liquid asset positions 
than AE firms, which could lead them to increase prices when faced with tighter 
financial conditions. Finally, the other coefficient estimates, including the relevance of 
the ZLB, are broadly unchanged by the inclusion of financial conditions in the 
estimated Phillips curves.  

  

Estimated quantile regression and OLS coefficients, including financial 
conditions, advanced economies Graph 12 

Inflation  Log change real GDP  Log change oil price2 

 

 

 

 

 
Log change nominal effective 
exchange rate 

 Zero lower bound  Equity return volatility 

 

 

 

 

 
1  OLS regressions in blue and quantile regressions in red; 90% confidence intervals. 2  In domestic currency. 
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Comparing model predictions with inflation options data 

In order to compare our inflation-at-risk model’s predictions with an alternative 
methodology, we evaluate deflation probabilities yielded by the model against those 
from options prices. Cumulative inflation densities derived from traded caps and 
floors strikes are computed with the methodology of Kitsul and Wright (2013) and 
Ait-Sahalia and Duarte (2003). A skewed Student-t is fitted to these cumulative 
densities in order to obtain probabilities at non-traded strikes (similarly to Aramonte 
et al (2019)). We conduct this comparison for the United States and the euro area 
from 2010 onwards. Note that as our inflation-at-risk model generates country-level 
distributions, we compute our euro area estimates using the average for Germany, 
France and Italy for inputs in the model. Equity return volatility is included in the 
inflation risk model considered here.  

  

Estimated quantile regression and OLS coefficients, including financial 
conditions, EMEs Graph 13 

Inflation  Log change real GDP  Log change oil price2 

 

 

 

 

 

Log change nominal effective 
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 No inflation targeting  Equity return volatility 

 

 

 

 

 

1  OLS regressions in blue and quantile regressions in red; 90% confidence intervals. 2  In domestic currency. 
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Interestingly, the two methodologies deliver similar outcomes (Graph 14). The 
broad trends are comparable, with deflation risks rising both in the Phillips curve and 
the option price-based models during the period of very low inflation in 2015-16. 
Notably, the inflation risk model delivers a somewhat more timely warning about the 
looming low inflation, and in the United States the option price-based probability 
remains contained during 2015-16.  

Perhaps more strikingly, the levels of deflation probabilities are highly 
comparable across the two different models, both for the United States and the euro 
area. In the latter, both the Phillips curve and the option price-based model yield 
deflation probabilities of around 15-20% during 2015-16. Towards the end of the 
sample, the deflation probability is close to zero in the United States (from both 
models), while in the euro area, the inflation-at-risk model hints at some lingering 
deflation concerns that are not evident in options prices. 

Robustness tests 

We conduct four robustness tests. First, we consider other measures of economic 
activity in the Phillips curve. Second, we replace current inflation by short-term 
inflation expectations. Third, we estimate the model for a sub-sample starting in 2000. 
Fourth, we replace four-quarter-ahead expectations by their eight-quarter-ahead 
counterpart as the dependent variable. 

In order to evaluate whether the Phillips curve estimates are robust to 
considering a measure of output gap instead of real GDP growth, we replace the latter 
variable by the measure proposed by Hamilton (2018). Here, the output gap is 
obtained as the residual 𝜐𝜐𝑡𝑡 from the following linear projection: 

𝑦𝑦𝑡𝑡 = 𝛽𝛽0 + 𝛽𝛽1𝑦𝑦𝑡𝑡−8 + 𝛽𝛽2𝑦𝑦𝑡𝑡−9 + 𝛽𝛽3𝑦𝑦𝑡𝑡−10 + 𝛽𝛽4𝑦𝑦𝑡𝑡−11 + 𝜐𝜐𝑡𝑡 ,     (7) 

where y denotes log real GDP.  

  

Estimated deflation probabilities from inflation risk model and options data1, 
United States (left) and euro area (right) Graph 14 

1  See main text for details on the models 
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The nonlinearities associated with the output gap in the Phillips curve are similar 
to those obtained with real GDP growth (Graph 15, first and third panels). In both 
advanced economies and EMEs, the output gap has a greater effect on the left than 
on the right tail of the future inflation distribution. The point estimates, including 
those from the OLS regressions, are similar in both groups of countries. The other 
coefficients in the Phillips curve are robust to the inclusion of the output gap.11  

As an alternative measure of economic activity, we estimate the Phillips curve for 
advanced economies with the unemployment rate. Table A7 shows that, in contrast 
to the two measures of output, the effects of unemployment are somewhat larger in 
the right tail of the future inflation distribution, with higher unemployment 
dampening future inflation. However, the degree of non-linearity tends to be smaller 
than with the two output-based measures and the standard errors are relatively wide. 
We also note that limited data availability precludes the use of the unemployment 
rate in the EME panel. 

Next, we evaluate the importance of inflation expectations in the Phillips curve. 
Due to data availability considerations in our large panel of economies, we use 
professional forecasts from Consensus Economics. As the forecasts from Consensus 
pertain to inflation in the current and next calendar year, we transform these into 
one-year-ahead forecasts by computing a weighted average of current and next-year 
forecasts. This approach has been widely used in the literature (see eg Dovern et al 
(2012); Siklos (2013)). With ℎ as the forecast horizon, the 12-month-ahead forecast is 
computed as 

𝜋𝜋�𝑡𝑡+12|𝑡𝑡 = ℎ
12
𝜋𝜋�𝑡𝑡+ℎ|𝑡𝑡 + 12−ℎ

12
𝜋𝜋�𝑡𝑡+12+ℎ|𝑡𝑡       (8) 

where 
ℎ
12

  and 
12−ℎ
12

  denote the weights, ie the shares of current and next-year 
forecasts in the forecast period. Then, given the high correlation between current 
inflation and one-year-ahead expectations, especially in advanced economies (0.92, 
vs 0.53 in EMEs), we replace current inflation by inflation expectations in the estimated 
Phillips curves. As shown in Graph 15, the quantile coefficient estimates are highly 

 
11  Detailed results are available from the authors upon request. 

Estimated quantile regression and OLS coefficients, robustness tests Graph 15 

AEs: Output gap  AEs: One-year-ahead 
inflation expectations 

 EMEs: Output gap  EMEs: One-year-ahead 
inflation expectations 

 

 

 

 

 

 

 
1  OLS regressions in blue and quantile regressions in red; 90% confidence intervals. 
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similar for inflation expectations as those obtained for current inflation, both in 
advanced economies (second panel) and EMEs (fourth panel). In particular, increases 
in one-year-ahead inflation expectations move the right-tail of future inflation more 
than the left. 

As the next robustness test, we consider sub-sample estimates starting in 2000. 
This time period was characterised by low inflation and concerns about a flattening 
Phillips curve, with central banks in many advanced economies and EMEs missing 
their inflation targets on the downside after the GFC. Moreover, the zero lower bound 
became a more widespread concern following Japan’s earlier experience. Tables A8 
and A9 in the Appendix show the sub-sample estimates for the quantile regressions 
for advanced economies and EMEs, respectively.  

In advanced economies, the sub-sample estimates feature a change in the non-
linearity associated with real GDP growth (Table A8). In contrast to the full sample 
results, the coefficient on output growth is now slightly higher at the higher quantiles; 
yet, output growth matters for inflation at all quantiles. The non-linearity related to 
current inflation is similar as in the longer sample but with much lower coefficient 
estimates across the quantiles. And, while non-linearity associated with the zero lower 
bound is also similar as in the full sample, with the variable mattering more in the 
lower quantiles, its negative effect on future inflation is also economically and 
statistically significant in the upper quantiles. 

In EMEs, the subsample results differ somewhat less from the full sample 
estimates, with similar non-linearities associated with output growth, inflation and the 
exchange rate (Table A9). The main difference is the effect of the non-inflation 
targeting dummy variable: while not being an inflation targeter still raises inflation 
risks, the effect is stronger in the left tail than in the other quantiles.  

Finally, we replace four-quarter-ahead inflation by eight-quarter-ahead inflation 
as the dependent variable. This results in similar non-linearities as the baseline 
estimates, for most variables (Annex Tables A10 and A11). However, the coefficient 
on the oil price switches sign for most of the quantiles. In EMEs, the coefficient on the 
exchange rate also becomes mostly statistically insignificant, even if the economic 
impact of exchange rate changes is still larger at the higher quantiles.  

Conclusions 

In this paper, we investigate the evolution of inflation risks and their drivers in a large 
panel of advanced and emerging market economies. We use quantile regressions to 
estimate the one-year-ahead density forecast for inflation, derived from an open-
economy Phillips curve for advanced and emerging market economies. To examine 
the entire inflation risk distribution and evaluate its behaviour over time, we fit 
skewed-t densities to the quantile forecasts.  

We find that there has been a decline in upside inflation risks over time, reflecting 
successful disinflationary processes and the adoption of inflation targeting regimes. 
But important non-linearities remain. In advanced economies, the zero lower bound 
is a prominent source of downside inflation risk. In EMEs, the exchange rate is a 
powerful source of non-linearity, with large exchange rate depreciations conducive 
to upside inflation risks. We also find that tightening financial conditions increase 
both up- and downside inflation risks, with upside risks rising especially in EMEs. 
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Our work has at least three policy implications, especially relevant at the current 
juncture, for both advanced economies and EMEs. 

First, in the context of the current low inflation environment, our results provide 
support for a risk management approach to monetary policy to reduce the risk of 
undesirable tail outcomes for inflation. Indeed, our estimates suggest that when 
output growth is weak, downside risks to inflation rise more strongly.  

Second, in EMEs the success in taming inflation, together with the adoption of 
inflation targeting frameworks, has greatly reduced upside inflation risks. Yet 
exchange rate dynamics continue to warrant close attention due to significant non-
linear effects that affect the right-tail inflation outcomes. And, going forward, the zero 
lower bound may become increasingly relevant in driving downside inflation risks in 
EMEs. 

Finally, our results also inform the debate on whether inflation targets should be 
raised to minimise the risk of policy rates hitting the zero lower bound. In particular, 
our results suggest a trade-off. On the one hand, too low inflation targets, to the 
extent that they increase the probability of hitting the zero lower bound, do increase 
downside inflation risks. On the other hand, higher inflation targets may raise upside 
risks, given that we find the right tail of the future inflation distribution to strongly 
respond to current inflation, as well as to inflation expectations. Thus, our estimates 
of inflation risks may help quantify the trade-offs involved in adopting higher inflation 
targets.  
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Appendix 

Data sources  Table A1 

Series Source 
Real GDP National data; Datastream; Oxford Economics 

Headline inflation National data 

Nominal effective exchange rate BIS; JPMorgan 

Oil price, WTI Bloomberg; transformed into local currency 
using bilateral USD exchange rate from 
national sources and Datastream 

Inflation expectations Consensus Economics 

Policy interest rate 

Unemployment rate 

Equity return volatility 

National data; Datastream 

National data; FRED database 

Bloomberg; quarterly standard deviation 
computed from daily return data, using 
benchmark indices for various economies in 
local currency 

 

 

Levels of headline inflation at different quantiles, in per cent Table A2 

Quantile AEs EMEs 
5 percent –0.30 –0.39 

25 percent 0.92 1.94 

50 percent 1.79 3.96 

75 percent 2.59 7.55 

95 percent 4.49 20.46 
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Quantile regression estimates with bilateral US dollar exchange rate, 
advanced economies Table A3 

 Quantile 
Variables (0.05) (0.25) (0.5) (0.75) (0.95) 
      
Inflation 0.194** 0.375*** 0.475*** 0.581*** 0.777*** 
 (0.0966) (0.0679) (0.0558) (0.0555) (0.0761) 
Change in log real GDP 0.408*** 0.306*** 0.249*** 0.189*** 0.0789 
 (0.116) (0.0697) (0.0460) (0.0497) (0.0967) 
Change in log USD 0.00218 0.00499 0.00654 0.00819 0.0112 
 (0.00690) (0.00440) (0.00677) (0.0105) (0.0181) 
Change in log oil price 0.00660*** 0.00704*** 0.00729*** 0.00755*** 0.00803*** 
 (0.00200) (0.00158) (0.00168) (0.00193) (0.00286) 
      
Observations 1,363 1,363 1,363 1,363 1,363 
Note: Dependent variable is four-quarter-ahead inflation. 
Bootstrapped standard errors clustered by country in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

Quantile regression estimates with bilateral US dollar exchange rate, EMEs Table A4 

 Quantile 
Variables (0.05) (0.25) (0.5) (0.75) (0.95) 
      
Inflation 0.361*** 0.460*** 0.541*** 0.636*** 0.836*** 
 (0.0505) (0.0462) (0.0452) (0.0497) (0.0702) 
Change in log real GDP 0.430*** 0.300*** 0.194** 0.0689 -0.194 
 (0.103) (0.0772) (0.0910) (0.126) (0.253) 
Change in log USD -0.0339 -0.0872*** -0.131*** -0.182*** -0.290*** 
 (0.0318) (0.0261) (0.0324) (0.0478) (0.0957) 
Change in log oil price 0.0273*** 0.0297*** 0.0316*** 0.0340*** 0.0388*** 
 (0.00696) (0.00539) (0.00525) (0.00656) (0.0125) 
      
Observations 3,083 3,083 3,083 3,083 3,083 
Note: Dependent variable is four-quarter-ahead inflation. 
Bootstrapped standard errors clustered by country in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 



  

 

30 BIS Working Papers No 883 
 

 

Quantile regression estimates, full model, EMEs Table A6 

 Quantile 
Variables (0.05) (0.25) (0.5) (0.75) (0.95) 
      
Inflation 0.321*** 0.415*** 0.486*** 0.572*** 0.747*** 
 (0.0481) (0.0411) (0.0410) (0.0488) (0.0790) 
Change in log real GDP 0.414*** 0.281*** 0.182** 0.0612 -0.186 
 (0.0949) (0.0695) (0.0845) (0.138) (0.264) 
Change in log neer -0.0711* -0.138*** -0.187*** -0.247*** -0.370*** 
 (0.0377) (0.0312) (0.0377) (0.0533) (0.106) 
Change in log oil price 0.0214*** 0.0215*** 0.0215*** 0.0216*** 0.0217* 
 (0.00585) (0.00473) (0.00515) (0.00643) (0.0115) 
Not inflation targeter 1.658*** 1.981*** 2.220*** 2.512** 3.110* 
 (0.585) (0.498) (0.632) (0.988) (1.851) 
      
Observations 3,075 3,075 3,075 3,075 3,075 
Note: Dependent variable is four-quarter-ahead inflation. 
Bootstrapped standard errors clustered by country in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

 

  

Quantile regression estimates, full model, advanced economies Table A5 

 Quantile 
Variables (0.05) (0.25) (0.5) (0.75) (0.95) 
      
Inflation 0.136* 0.322*** 0.442*** 0.563*** 0.785*** 
 (0.0732) (0.0581) (0.0539) (0.0584) (0.0849) 
Change in log real GDP 0.386*** 0.301*** 0.247*** 0.192*** 0.0914 
 (0.130) (0.0748) (0.0469) (0.0451) (0.0965) 
Change in log neer -0.0365* -0.0336** -0.0317** -0.0299 -0.0265 
 (0.0220) (0.0139) (0.0141) (0.0183) (0.0322) 
Change in log oil price 0.00571** 0.00635*** 0.00677*** 0.00718*** 0.00795*** 
 (0.00270) (0.00192) (0.00185) (0.00201) (0.00293) 
ZLB -0.664*** -0.463*** -0.333*** -0.203* 0.0368 
 (0.201) (0.148) (0.122) (0.105) (0.131) 
      
Observations 1,363 1,363 1,363 1,363 1,363 
Note: Dependent variable is four-quarter-ahead inflation. 
Bootstrapped standard errors clustered by country in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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Quantile regression estimates, with unemployment rate, advanced 
economies Table A7 

 Quantile 
Variables (0.05) (0.25) (0.5) (0.75) (0.95) 
      
Inflation 0.0685 0.267*** 0.398*** 0.531*** 0.790*** 
 (0.0627) (0.0614) (0.0592) (0.0622) (0.0834) 
Unemployment rate -0.0628** -0.0726*** -0.0790*** -0.0856** -0.0983 
 (0.0312) (0.0242) (0.0271) (0.0364) (0.0612) 
Change in log neer -0.0352** -0.0338*** -0.0328** -0.0319 -0.0301 
 (0.0174) (0.0131) (0.0155) (0.0198) (0.0331) 
Change in log oil price 0.0106*** 0.00962*** 0.00899*** 0.00835*** 0.00711** 
 (0.00208) (0.00164) (0.00171) (0.00197) (0.00296) 
ZLB -0.628*** -0.432*** -0.303*** -0.172* 0.0836 
 (0.184) (0.135) (0.110) (0.0994) (0.138) 
      
Observations 1,357 1,357 1,357 1,357 1,357 
Note: Dependent variable is four-quarter-ahead inflation.  
Bootstrapped standard errors clustered by country in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

Quantile regression estimates, from 2000 onwards, advanced economies Table A8 

 Quantile 
Variables (0.05) (0.25) (0.5) (0.75) (0.95) 
      
Inflation -0.00646 0.0636 0.108* 0.154** 0.227*** 
 (0.0882) (0.0708) (0.0644) (0.0625) (0.0769) 
Change in log real GDP 0.302** 0.315*** 0.324*** 0.333*** 0.347*** 
 (0.134) (0.0930) (0.0669) (0.0507) (0.0471) 
Change in log neer -0.00387 -0.0130 -0.0189 -0.0248 -0.0344 
 (0.0308) (0.0201) (0.0167) (0.0185) (0.0310) 
Change in log oil price 0.00487* 0.00541*** 0.00575*** 0.00610*** 0.00666** 
 (0.00258) (0.00181) (0.00171) (0.00193) (0.00290) 
ZLB -0.725*** -0.654*** -0.608*** -0.562*** -0.488*** 
 (0.274) (0.226) (0.195) (0.172) (0.138) 
      
Observations 895 895 895 895 895 
Note: Dependent variable is four-quarter-ahead inflation. 
Bootstrapped standard errors clustered by country in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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Quantile regression estimates, from 2000 onwards, EMEs Table A9 

 Quantile 
Variables (0.05) (0.25) (0.5) (0.75) (0.95) 
      
Inflation 0.227*** 0.309*** 0.365*** 0.431*** 0.568*** 
 (0.0595) (0.0480) (0.0509) (0.0614) (0.0950) 
Change in log real GDP 0.261** 0.172* 0.111 0.0390 -0.110 
 (0.106) (0.104) (0.136) (0.199) (0.356) 
Change in log neer -0.0834*** -0.118*** -0.141*** -0.168*** -0.226*** 
 (0.0318) (0.0293) (0.0335) (0.0416) (0.0703) 
Change in log oil price 0.0219*** 0.0219*** 0.0219*** 0.0219*** 0.0219** 
 (0.00576) (0.00389) (0.00360) (0.00448) (0.00868) 
Not inflation targeter 1.864* 1.561 1.354 1.110 0.604 
 (1.104) (0.975) (1.313) (1.589) (2.462) 
      
Observations 3,075 3,075 3,075 3,075 3,075 
Note: Dependent variable is four-quarter-ahead inflation.  
Bootstrapped standard errors clustered by country in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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Quantile regression estimates, eight-quarter-ahead inflation as dependent 
variable, advanced economies Table A10 

 Quantile 
Variables (0.05) (0.25) (0.5) (0.75) (0.95) 
      
Inflation 0.169*** 0.209*** 0.239*** 0.268*** 0.315*** 
 (0.0433) (0.0421) (0.0479) (0.0547) (0.0725) 
Change in log real GDP 0.291** 0.225*** 0.178*** 0.130*** 0.0533 
 (0.128) (0.0835) (0.0597) (0.0435) (0.0646) 
Change in log neer -0.0629*** -0.0543*** -0.0480*** -0.0418*** -0.0317 
 (0.0214) (0.0128) (0.0101) (0.0114) (0.0199) 
Change in log oil price -0.0169*** -0.00946*** -0.00404*** 0.00136 0.0101*** 
 (0.00310) (0.00171) (0.00123) (0.00153) (0.00253) 
ZLB -0.567*** -0.425** -0.322** -0.219 -0.0526 
 (0.190) (0.165) (0.148) (0.140) (0.147) 
      
Observations 1,311 1,311 1,311 1,311 1,311 
Note: Bootstrapped standard errors clustered by country in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

Quantile regression estimates, eight-quarter-ahead inflation as dependent 
variable, EMEs Table A11 

 Quantile 
Variables (0.05) (0.25) (0.5) (0.75) (0.95) 
      
Inflation 0.179*** 0.229*** 0.266*** 0.314*** 0.416*** 
 (0.0426) (0.0429) (0.0605) (0.0870) (0.144) 
Change in log real GDP 0.116 0.155*** 0.184*** 0.222*** 0.300* 
 (0.0730) (0.0479) (0.0489) (0.0827) (0.173) 
Change in log neer 0.0221 -0.0157 -0.0435 -0.0804* -0.157* 
 (0.0388) (0.0319) (0.0342) (0.0448) (0.0823) 
Change in log oil price -0.00529 -0.00679* -0.00790 -0.00937 -0.0124 
 (0.00505) (0.00413) (0.00511) (0.00768) (0.0148) 
Not inflation targeter 0.789 2.097*** 3.060*** 4.338*** 6.985** 
 (0.656) (0.518) (0.873) (1.568) (3.238) 
      
Observations 2,950 2,950 2,950 2,950 2,950 

Note: Bootstrapped standard errors clustered by country in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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Quantile conditional distributions, four-quarter-ahead inflation, advanced 
economies Graph A1 

 
Note: The highlighted areas correspond to the 5, 25, 75 and the 95 percent quantiles. The solid line is four-quarter-ahead inflation. Country 
codes: CA = Canada; CH = Switzerland; DE = Germany; ES = Spain; FR = France; GBC = United Kingdom (CPI inflation); GBR = United 
Kingdom (RPI inflation); IT = Italy; JP = Japan; NL = Netherlands: NO = Norway; SE = Sweden; US = United States 
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Quantile conditional distributions, four-quarter-ahead inflation, EMEs Graph A2 

 

Note: The highlighted areas correspond to the 5, 25, 75 and the 95 percent quantiles. The solid line is four-quarter-ahead inflation. Country 
codes: AR = Argentina; BG = Bulgaria; BR = Brazil, CL = Chile; CN = China; CO = Colombia; CZ = Czech Republic; EE = Estonia; HK = Hong 
Kong SAR; HR = Croatia; HU = Hungary; ID = Indonesia; IN = India; KR = Korea; LT = Lithuania; LV = Latvia; MX = Mexico; MY = Malaysia; 
PE = Peru; PH = Philippines; PL = Poland; RO = Romania; RU = Russia; SG = Singapore; SI = Slovenia; SK = Slovakia; TH = Thailand; TR = 
Turkey; TW = Chinese Taipei; UA = Ukraine; VE = Venezuela 
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Inflation risks: expected shortfall and longrise, advanced economies Graph A3 

 
Note: The expected shortfall (5%) is shown in blue and the expected longrise (95%) in red. Given a target probability p (we choose p=5%), 
the shortfall 𝑆𝑆𝐹𝐹 and longrise 𝐿𝐿𝐿𝐿 are computed as:  

𝑆𝑆𝐹𝐹𝑡𝑡+ℎ = 1
𝑢𝑢
∫ 𝐹𝐹�𝜋𝜋𝑡𝑡+ℎ|𝑥𝑥𝑡𝑡

−1 (𝜏𝜏|𝑒𝑒𝑡𝑡)
𝑢𝑢
0 𝑑𝑑𝜏𝜏 and 𝐿𝐿𝐿𝐿𝑡𝑡+ℎ = 1

𝑢𝑢
∫ 𝐹𝐹�𝜋𝜋𝑡𝑡+ℎ|𝑥𝑥𝑡𝑡

−1 (𝜏𝜏|𝑒𝑒𝑡𝑡)
1
1−𝑢𝑢 𝑑𝑑𝜏𝜏. 
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Inflation risks: expected shortfall and longrise, EMEs Graph A4 

 

Note: The expected shortfall (5%) is shown in blue and the expected longrise (95%) in red. Given a target probability p (we choose p=5%), 
the shortfall 𝑆𝑆𝐹𝐹 and longrise 𝐿𝐿𝐿𝐿 are computed as:  

𝑆𝑆𝐹𝐹𝑡𝑡+ℎ = 1
𝑢𝑢
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