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Abstract 

GDP-at-risk and Inflation-at-risk are standard measures of tail risk in modern macroeconometrics, adapted from tools 

originally developed in the financial risk management literature. In this work, these indicators are estimated for the 

euro area and its Member States by leveraging a high-dimensional dataset in the construction of time-varying 

conditional distributions of GDP growth and inflation. The distributions obtained at country level are used to assess 

how the synchrony of euro-area countries’ business cycles has evolved since the introduction of the euro. The results 

indicate significant asymmetries in the balance between upside and downside risks for both GDP and inflation, and a 

persistently weak synchrony for the left tails of GDP growth distributions during episodes of crisis. 
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Tail risk indicators as a tool to deal with uncertainty 

Uncertainty on the future state of the economy is often managed by complementing point forecasts with probability 

distributions of the variables of interest, conditional on a series of financial and economic indicators. The tails of these 

distributions, capturing outcomes in worst-case scenarios, are especially informative and under scrutiny in turning 

points of the business cycle. The recurrence of periods of macroeconomics stress has fostered a large literature on this 

topic, which has borrowed and adapted modelling approaches from financial risk management as the Value-at-risk 

(Cecchetti (2006, 2008), Adrian, Boyarchenko, and Giannone (2019), Aikman et al. (2019) among others). Previous 

studies on the Euro Area (Figueres and Jarocin ski (2020), Chavleishvili and Kremer (2023), Szendrei and Varga (2023), 

Chavleishvili and Manganelli (2024) among others) have found a non-linear relationship between GDP growth and 

financial stress indicators, as well as asymmetries between the tails of the GDP growth conditional distribution. 

 

 

 

Conditional distributions of GDP growth and inflation in the Euro Area 

In this study, I estimate conditional distributions of GDP growth and inflation and construct measures of their tail risks 

for the Euro Area (EA) and its member countries. The estimated distributions are based on factors extracted from a 

large dataset covering macroeconomic and financial variables for the Euro Area and its main member states (Barigozzi 

et al. (2024)), using a partial quantile regression (PQR) approach. Factors obtained by PQR (Giglio et al. (2016)) 

condense the most relevant information for a target variable at a specific quantile, thus exploiting large information 

sets and avoiding strong assumptions on the indicators to be included in the conditioning set1. 

 

The tails of the conditional distribution of GDP (Figure 1a) are strongly asymmetric: while the right tail, measuring 

unexpected growth, hovers around 3-4 percent across the whole sample, the left tail – measuring the GDP-at-risk – 

varies significantly in time and falls drastically during crises2. Dispersion tends to increase when the median shrinks, 

hinting at a negative relationship between the first and the second moment of the distribution. This feature of the 

distribution characterizes recessions as periods of combined economic downturn and higher uncertainty3. For what 

concerns prices, the right tail of the conditional distribution (Figure 1b), a measure of inflation-at-risk, is the most 

volatile part of the distribution, although the asymmetry is less pronounced than that observed for economic growth4. 

The dispersion of the distribution increases when inflation is higher: high inflation risks, unlike deflation risks, are 

associated to higher uncertainty on future price growth5. 

 

 

 

 

 

 

 
1 The data sample for estimation is 2001q1-2023q4. Original data are transformed to obtain stationarity and to treat the 
Covid outlier (through the EM algorithm, as in McCracken and Ng (2016)). 
2 The most relevant drivers of the GDP-at-risk are the indicators of real activity in the high-dimensional dataset, as the 
industrial production index for non-durable goods and for manufacturing firms, which are closely related also to the median 
of the distribution, confirming their leading properties. Other variables, specifically relevant for the left tail are the 
investment share of non-financial corporations, the residential property prices, a common measure of financial imbalances 
indicator for macroprudential policy (Aikman et al. (2019)), the overall HICP and the services HICP, which hint at a 
relationship between the tails of the distributions of GDP growth and inflation. 
3 The larger dispersion during crisis episodes also indicates the limited reliability of point forecasts in such episodes, 
highlighting the importance of a specific modelling of tail risks. 
4 The median of the inflation conditional distribution hovers around the two percent ECB target in most of the sample. 
5 Among the most relevant drivers of the right tail of the inflation distribution are the monetary aggregates M1 and M2, which 
are not correlated with the median of the distribution, indicating that these indicators do not seem to be much informative 
for inflation in normal times. Other relevant indicators for the right tail are households’ long-term liabilities, the correlated 
confidence indicators of firms in the construction sector, the producers’ price index for non-durable goods and the HICP for 
consumer goods. 
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Figure 1. Conditional distributions, Euro Area 
(percentage points) 

 
a. GDP growth b. Inflation 

  
Notes: Dashed black line: actual four-quarter-ahead GDP growth 

rate; Solid black line: counterfactual four-quarter-ahead GDP 

growth rate; Blue line: conditional median; Shaded areas: 5th, 

10th, 25th, 75th, 90th and 95th percentiles of the estimated 

conditional distribution. 

Notes: Solid black line: actual four-quarter-ahead inflation rate; 

Red line: conditional median; Shaded areas: 5th, 10th, 25th, 75th, 

90th and 95th percentiles of the estimated conditional 

distribution. 

 

The conditional distributions of GDP growth and inflation can be considered jointly, so to evaluate the relationship 

between the two variables in different parts of their density functions. In the panels of Figure 2, each observation 

represents a pair of (y, π) conditional tail quantiles in a quarter. Considering the two variables on the same tail allows 

to interpret the point clouds as a conditional aggregate supply curve, evaluated at different points of the distributions6. 

The curve outlined by conditional quantiles appears substantially flat on the left tail (Figure 2a), suggesting that 

positive demand shocks are unlikely to affect prices during times of weak economic activity. Conversely, the curve 

becomes steeper on the right tail (Figure 2b): when output growth is close to its potential, or in periods of high 

inflation, expansionary demand shocks would translate into price increases, with very limited effects on economic 

activity. 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
6 Considering conditional GDP growth and inflation at the same quantile implies evaluating the two variables in the context 
of a shock that affects them in the same direction (e.g. a demand shock). For this reason, the obtained (y, π) pairs on the main 
diagonal delineate a supply curve at different quantiles. For simplicity, the analysis abstains from modelling the joint 
distribution of GDP growth and inflation; although the conditioning set is common, the two distributions are estimated 
separately, therefore ignoring the correlation between the two marginals.  
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Figure 2. Conditional aggregate supply curve at different quantiles, Euro Area 
(percentage points) 

a. Left tail b. Right tail 

  
 

Notes: Pairs of conditional quantiles on the left tail (5th percentile 

of the GDP growth and inflation conditional distributions). 

Notes: Pairs of conditional quantiles on the right tail (95th 

percentile of the GDP growth and inflation conditional 

distributions). 

 

Assessing macroeconomic synchrony at the quantiles 

 

The conditional distributions of GDP growth and inflation estimated for the main EA countries lead to similar 

conclusions on the asymmetry between tails and the slope of conditional AS curves. These distributions can be also 

used to compute a measure of time-varying synchrony between economic cycles across the EA, with the advantage 

over indices based on realized outcomes of capturing synchrony on the whole distribution. The cross-sectional 

dispersion of the member states’ GDP growth distributions7 (Figure 3a) is quite low at the median the whole sample8; 

similarly, the right tails of the distributions are quite synchronized throughout the period. On the contrary, the 

synchrony of left tails varies significantly across time, with very large spikes in periods of distress, after which it reverts 

quite slowly to the lower levels observed before crises. From a longer term perspective, there are little signs of 

convergence of left tails, suggesting small improvements in the synchronization of economic cycles in bad times. 

 

For inflation (Figure 3b), the average dispersion of the right tails is higher in comparison to the median and the lower 

percentiles. The dispersion of the right tail of the inflation distribution varies in time less than the one computed on 

the GDP-at-risk, and returns quite quickly to lower levels, suggesting that the degree of divergence during times of 

upside risks to prices increases significantly less than downwards risks to economic activity; furthermore, the 

dispersion of the distributions is quite limited on the whole distribution, indicating a high and stable level of 

synchronization of price growth in the EA, reached already before the introduction of the common currency. 

 

 

 

 

 

 

 
 

 
7 The reported cross-sectional standard deviation of conditional distributions at country level is an inverse measure of 
synchrony: a lower (higher) standard deviation indicates a higher (lower) synchrony. 
8 The dispersion of actual GDP growth rates follows quite closely the dispersion of the conditional medians during periods 
of growth, while it tends to become larger during crises. 
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Figure 3. Conditional cross-sectional standard deviation at different quantiles 
(percentage points) 

a. GDP growth b. Inflation 

  
 

 
 

 

 

Concluding remarks 

This policy brief has presented estimates of the GDP-at-Risk and Inflation-at-risk for the Euro Area and its member 

states obtained from the information provided by a large dataset. Results indicate strong asymmetries in the GDP 

growth distribution, which displays fatter and volatile left tails in contrast with steadier right tails, and a higher 

uncertainty around outcomes during recessions. Opposite - but minor in extent - asymmetries are found also in the 

inflation distribution, which displays fatter and more volatile right tails, while remaining fairly stable on its lower 

quantiles in the whole sample. For what concerns synchrony between countries, results lead to mixed conclusions. The 

persistently low synchrony of GDP growth left tails during crises casts some doubts on the convergence of economic 

cycles; on the other hand, the short deviations of the conditional distribution from target levels of inflation indicate a 

good level of synchrony of upside risks to inflation across countries in the euro area, at least in the analysed sample, 

characterized by positive shocks to the price level that hit member states quite symmetrically. 

 

 

 

References 

Adrian, T., Boyarchenko, N., & Giannone, D. (2019). “Vulnerable growth”, American Economic Review, 109(4), 1263–89. 

Aikman, D., Bridges, J., Hacioglu Hoke, S., O’Neill, C., & Raja, A. (2019). “Credit, capital and crises: A gdp-at-risk approach”, Staff Working 

Paper 823, Bank of England 

Barigozzi, M., Lissona, C., & Tonni, L. (2024). “EA-MD-QD: Large euro area and euro member countries datasets for macroeconomic 

research”, Zenodo. 

Cecchetti, S. G. (2006). “Gdp at risk: A framework for monetary policy responses to asset price Movements”, NBER Working Paper (C0012). 

Cecchetti, S. G. (2008). “Measuring the macroeconomic risks posed by asset price booms. In Asset prices and monetary policy” (pp. 9–43). 

University of Chicago Press. 

Chavleishvili, S., & Kremer, M. (2023). “Measuring systemic financial stress and its risks for growth”, Working Paper Series 2842, European 

Central Bank. 

Chavleishvili, S., & Manganelli, S. (2024). “Forecasting and stress testing with quantile vector autoregression”, Journal of Applied 

Econometrics, 39(1), 66-85. 

Figueres, J. M., & Jarocin ski, M. (2020). “Vulnerable growth in the euro area: Measuring the financial Conditions”, Economics Letters, 191, 

109126. 

Notes: Cross-sectional standard deviations of conditional distributions at country level, for GDP growth (left panel) 

and inflation (right panel). 

 



A high-dimensional GDP-at-risk and Inflation-at-risk for the euro area 

 

SUERF Policy Brief, No 1178 6 

Giglio, S., Kelly, B., & Pruitt, S. (2016). “Systemic risk and the macroeconomy: An empirical evaluation”, Journal of Financial Economics, 119 

(3), 457–471. 

McCracken, M. W., & Ng, S. (2016). “Fred-md: A monthly database for macroeconomic research”, Journal of Business & Economic Statistics, 

34 (4), 574–589. 

Szendrei, T., & Varga, K. (2023). “Revisiting vulnerable growth in the euro area: Identifying the role of financial conditions in the 

distribution”, Economics Letters, 110990. 

 

 

About the author 

Matteo Santi is an Economist at the Economic Outlook and Monetary Policy Directorate of the Bank of Italy. His fields 

of interest are empirical macroeconomics and monetary policy, with a focus on the credit channel. Matteo holds a joint 

Master of Science in Economics from University of Rome Tor Vergata and the University of Gothenburg, and is a PhD 

Candidate in Economics at University of Bologna. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SUERF Policy Notes and Briefs disseminate SUERF Members‘ economic research, policy-oriented analyses, and views. They analyze 
relevant developments, address challenges and propose solutions to current monetary, financial and macroeconomic themes. The style is 
analytical yet non-technical, facilitating interaction and the exchange of ideas between researchers, policy makers and financial 
practitioners. 

SUERF Policy Notes and Briefs are accessible to the public free of charge at https://www.suerf.org/publications/suerf-policy-notes-and-briefs/. 

The views expressed are those of the authors and not necessarily those of the institutions the authors are affiliated with. 

© SUERF – The European Money and Finance Forum. Reproduction or translation for educational and non-commercial purposes is 
permitted provided that the source is acknowledged. 

Editorial Board: Ernest Gnan, David T. Llewellyn, Donato Masciandaro, Natacha Valla 

Designed by the Information Management and Services Division of the Oesterreichische Nationalbank (OeNB) 

SUERF Secretariat 
c/o OeNB, Otto-Wagner-Platz 3A-1090 Vienna, Austria  
Phone: +43 1 40 420 7206 
E-Mail:  suerf@oenb.at 
Website: https://www.suerf.org/ 

 


