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Abstract 

This paper integrates the global crude oil market and the European natural gas market into a 
Bayesian SVAR model to investigate the sources and macro effects of energy price movements. 
We identify shocks to oil and gas supply and demand. The contribution of oil supply shocks in 
explaining real oil-price movements is smaller than that of oil-specific demand shocks. 
Similarly, gas-specific demand shocks contribute more than gas supply shocks to the real gas-
price movements. More specifically, gas-specific demand accounts for about 60 per cent of the 
gas price movements observed between March and December 2022, whereas supply factors 
contributed for about 30 per cent. In 2023, oil supply and aggregate demand shocks had a non-
negligible role in explaining the swing in the real price of oil. Finally, the shocks arising in both 
oil and gas markets negatively affect Italian industrial production, value added and investment 
in energy-producing, energy-intensive and non-energy intensive sectors. The impacts are 
stronger for energy-intensive sectors in the case of an adverse oil supply shock. 
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(a) The Global Financial Crisis

(b) The 2014-2015 Oil Price Slump

(c) The COVID-19 Lockdowns and Reopening

(d) The Russian-Ukrainian War

(e) Energy prices reduction and the outset of new tensions (the Israel-Hamas conflict)

Figure 4: Historical decomposition, for specific periods, of oil supply (red), aggregate demand
(orange), oil-specific demand (purple), gas supply (green), and gas-specific demand (blue)
shocks. The solid black lines depict the percentage monthly growth rate (i.e. percentage loga-
rithmic differences) of each series.
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period, characterized by a major slump in the real price of oil. Our estimates attribute most

of the decline and the rebound in real oil price to oil-specific demand shocks. We also find

that oil supply shocks explain less than half of the oil price collapse in that period. These find-

ings are consistent with the analysis in Baumeister and Kilian (2016), Caldara et al. (2019) and

Baumeister and Hamilton (2019). Throughout this period, both gas supply and gas-specific

demand shocks are the main drivers of real gas price movements.

The results in Panel 4c suggest that the observed decrease of the real oil price during the

lockdown period of March 2020-April 2020 can be attributed mainly to aggregate demand

shocks since the virus and the measures taken to protect public health-induced sharp declines

in economic activity, consistently with the findings in Gazzani et al. (2024). Aggregate demand

shocks play also a central role in explaining the decrease of the real gas price during the lock-

down period. Our estimates attribute most of the oil price rebound at the end of 2020 to strong

demand, while the rise in gas price observed after July 2020 is attributed both to gas supply

and gas-specific demand, in roughly equal proportions.

Panel 4d displays the estimated historical decomposition for the January 2022-December

2022 period. This is the year not only of the recovery of the international economy from the

negative effects of the COVID-19 pandemic but also of the Russia-Ukraine conflict. The ob-

served increase in the real price of gas after February 2022 cannot be attributed to gas supply

disruption alone. Indeed, the model identifies another important channel through which the

Russia-Ukraine conflict may have affected the real price of gas, that is gas-specific demand.

As this conflict grew, gas market participants may have become more concerned about the gas

supply shortage in the European Union. The contribution of gas supply shock is maybe lower

than expected, since European countries were able to compensate for the gradual Russian sup-

ply shortfalls by additional imports from other gas producers.11. While the main driver of the

increase in the real price of oil, in early 2022, was the cumulative effect of aggregate demand

due to the post-pandemic, the sharp increase in the real price of oil following the beginning

of the Russia-Ukraine conflict was due to a rise in oil-specific demand. Russia is a relevant

crude oil exporter and the market accounted for the risk that political tensions could affect

also Russian oil exports, translating into a rise in oil-specific demand.

11During 2022, firms implemented various strategies to limit the impact of energy price shock, especially those
not protected by fixed-price energy contracts, derivatives, or other instruments. A small portion of companies,
using natural gas, replaced it, at least partially, with other energy sources. Additionally, a significant number of
companies generated part of their electricity from renewable sources, with a notable portion of their total energy
consumption coming from self-produced electricity Banca d’Italia (2023)
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Finally, Panel 4e shows the decomposition during the last period of our sample, from Jan-

uary to December 2023. Oil-specific demand shocks explain a large part of oil price dynamics

however, a nontrivial role can be ascribed to oil supply and aggregate demand. During the

second half of 2023 further geopolitical tensions along with concerns about the future level of

oil production have re-emerged, causing upward pressure on oil prices12, largerly attributed

to oil-specific demand shocks. Oil supply shocks contributed to the decline of the price of

oil at the end of 2023, consistent with narrative suggesting that oil markets remained rela-

tively stable, with limited reaction to the Hamas-Israel conflict. Gas-specific demand shocks

largely explain the decrease in real gas prices during the first half of 2023. Our decomposi-

tion attributes most of the rise in gas price observed after June 2023 both to gas supply and

gas-specific demand, likely resulting from the rising violence in the Middle East coupled with

Europe’s dependence on liquefied natural gas (LNG) supplies.

4 Quantifying the macroeconomic effects of energy shocks in Italy

Energy shocks may be transmitted to the economy through an increase in the energy com-

ponent of the production cost and a decrease in the demand for firms’ output, resulting from a

reduction in consumer expenditures. In this section we estimate the transmission of all identi-

fied energy shocks on the Italian industrial sector, excluding construction, in particular on in-

dustrial production, value added and investment. The response of these macroeconomic vari-

ables is also analysed separately for groups of sectors defined as energy-producing, energy-

intensive and non-energy-intensive sectors (based on NACE classification).13

The energy-producing sectors include the following NACE economic activities: mining

and quarrying, manufacture of coke and refined petroleum products, electricity, gas, steam

and air conditioning supply, and water collection, treatment and supply. Paper and paper

products, chemicals and chemical products, other non-metallic mineral products and basic

metals all fall in the energy-intensive sectors.14 The remaining industrial sectors are defined as

12On June 2023, OPEC+ members announced they would extend crude oil production cuts through the end of
2024. Following this meeting, Saudi Arabia declared an additional voluntary oil production cut for July. Finally, in
early September, Saudi Arabia announced it would extend its voluntary production cuts through the end of 2023,
putting upward pressure on crude oil prices.

13The definition of the groups follows Corsello et al. (2023). The degree of energy intensity is based on the ratio
between energy consumption (expressed in Terajoule) and the value added (expressed in millions of euro) of each
industrial subsector. Similar classification approaches have been employed by Gunnella et al. (2022) and De Santis
and Tornese (2023). Further details are reported in the Appendix A.

14Investment data are available with a slightly different level of sectoral aggregation. Therefore energy-intensive
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non-energy-intensive.

We estimate different local projections of Italian industrial production, value added and

investment for these groups in response to each identified shock. Because data on Italian in-

vestment and value added by industry are available at annual frequency, we obtain quarterly

estimates of these variables through a Chow-Lin disaggregation. We construct a measures of

quarterly industrial production (available at monthly frequency) by averaging the monthly

values for each quarter. Coherently, we average the monthly structural shocks for each quarter

(as done, for instance, in Kilian, 2009).15

The quarterly variables are affected by the pandemic shock, as the volatility of economic

variables in 2020 was markedly different from that observed in other turbolent periods. In or-

der to deal with COVID-19 observations we estimate the posterior distribution of the volatility

scaling factor as in Lenza and Primiceri (2022). Then we use the resulting scaled variables as

the dependent variable in the local projections, similarly to what has been done previously in

the VAR estimate.

To measure the dynamic effect of the shock ut on a particular variable yt, h quarters after

the shock, we run local projections of this form:

yt+h = α(h) + β(h)zt−1 + ψ(h)ut + εt+h , h = 0, 1, . . . H (10)

where zt−1 is a vector of pre-determined controls and εt+h is a residual. The dynamic mul-

tiplier, i.e. the impulse response function of the variable yt to the shock ut at horizon h, is

represented by ψ(h) which is recovered by running H + 1 least squares regressions (Jordà,

2005). We estimate these local projections16 for each variable and for each structural shock and

horizon h from zero to twelve quarters following the shock. In all of our specifications the

controls zt−1 include four lags of the endogenous variable together with the other macroeco-

nomic variables included in the monthly Structural VAR (i.e. oil and gas prices). The sample

period starts from the 1st quarter of 1999 to the 4th quarter of 2023 (see Appendix A for more

sectors include wood, paper and publishing industries, manufacture of chemical products, manufacture of rubber
and plastic products and other non-metallic mineral processing products and metallurgical activities and manu-
facture of metal products, excluding machinery and equipment as the energy-intensive sectors.

15Alessandri et al. (2021) show that as long as the data-generating process is a VAR, averaging the high-frequency
proxy to a lower frequency delivers consistent estimates of the responses in a broad range of empirical setups and
model specifications.

16We follow the smooth local projections approach proposed by Barnichon and Brownlees (2019). The empirical
results are in line with those obtained withouth smoothing (Jordà, 2005), both qualitatively and quantitatively.
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details).17 According to the identification of the model presented in Section 2, the impulse re-

sponse tracks the response of variables to a one-unit change in the structural shock. In some

cases, impulse response to a shock that raises energy prices by 10 per cent may result more

interesting from a policy analysis perspective. In our exercises, we therefore normalise the dy-

namic multiplier by the contemporaneous effect of the shock on the percentage change in the

price of oil, when ut represents the oil market shocks and the aggregate demand shock. In the

case of gas supply shock and gas-specific demand shock the standardization refers to the price

of natural gas. In all cases, we consider a 10 percent increase in both the oil and the gas price

at time 0.

The resulting IRFs for oil supply shock are displayed in Figure 5 (Panel a). An adverse oil

supply shock persistently reduces industrial production, value added, and investment. The

effect is negative and persistent for all sectors considered. However, the response of indus-

trial production for energy-intensive sectors is more pronounced while the impact is lower

for energy-producing sectors, over all horizons. In the short run, these developments are con-

firmed also for value added whereas, two years after the shock hits, the effect becomes stronger

for energy-producing sectors. The reaction for non-energy-intensive sectors is smaller, in the

short run, than for the other two groups of economic activities. Over longer horizons differ-

ences across sectors tend to narrow, suggesting that the reductions of the production and value

added observed for energy-producing and energy-intensive sectors eventually spill over to

non-energy intensive ones due to the presence of sectoral linkages. Finally, energy-producing

sectors decrease investment spending much less than the other two sectors, with statistically

not significant impacts at all horizons.18

Figure 5 (Panel b) displays the impact of an oil-specific demand shock which increases the

oil price on impact by 10 percent. In the short run, a positive oil-specific demand shock elicits a

negative response of industrial production, value added and investment. The negative impact

is mostly statistically significant but transitory, in fact it becomes uncertain after six quarters

17The transmission of energy price shocks to macroeconomic variables may be nonlinear, depending, for in-
stance, on asymmetries in the response of the economy to positive and negative shocks. Kilian and Vigfusson
(2011), Kilian and Vigfusson (2017), Herrera et al. (2011) and Alsalman and Herrera (2015), among others, study
the asymmetric propagation in the oil market. De Santis and Tornese (2023) uncover nonlinearities in the prop-
agation of energy supply shocks, finding that the transmission of these shocks to consumer prices is stronger in
high-inflation regimes. However, in this paper, we choose not to address such nonlinearity and leave this question
for future research.

18Although higher oil prices could generate larger revenues for firms operating in energy-producing sectors,
firms might consider difficult to cover the high fixed costs of investment, particularly in presence of small oil price
increases (Kilian, 2009, Melek et al., 2018).
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(a) oil supply shock

(b) oil-specific demand shock

Figure 5: Cumulated response of Italian industrial production, value added and investment,
both at the total industrial sector and separately for the energy-producing, energy-intensive
and non-energy-intensive sectors, to a oil supply shock and to a oil-specific demand shock,
identified as in Section 2. The response regarding oil supply and oil-specific demand is nor-
malized as an event that leads to a 10 percent increase in the oil price on impact. The solid lines
depict impulse response functions that are estimated using local projections. The light shaded
bands represent the 68 percent posterior credible sets. The horizontal axis measures quarters
after the shock.

in the majority of the cases, as signalled by the wide range of the 68th percentiles.19

The impact response of industrial production and value added is immediate and negative

after an adverse gas supply shock that raises the gas price by 10 percent, as shown in Fig-

ure 6 (Panel a). The negative response is more pronounced and significant in the short run,

19Elder and Serletis (2010) find evidence that uncertainty in oil prices lead to a decline of real output to a positive
oil shock. Similar results are estimated in the case of fixed investment.
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(a) gas supply shock

(b) gas-specific demand shock

Figure 6: Cumulated response of Italian industrial production, value added and investment,
both at the total industrial sector and separately for the energy-producing, energy-intensive
and non-energy-intensive sectors, to a gas supply shock and to a gas-specific demand shock,
identified as in Section 2. The response regarding gas supply and gas-specific demand is nor-
malized as an event that leads to a 10 percent increase in the gas price on impact. The solid
lines depict impulse response functions that are estimated using local projections. The light
shaded bands represent the 68 percent posterior credible sets. The horizontal axis measures
quarters after the shock.

peaking after two quarters in almost all cases. In the case of energy-producing and energy-

intensive sectors, the effect on value added remains statistically significant also in the long

run. Investment, instead, does not respond significantly when non-energy-intensive sectors

are considered. The negative investment response is pronounced for energy-producing sec-

tors and statistically significant for about ten quarters.

Gas-specific demand shock, which raises the gas price to 10 percent, has a negative impact
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on the three variables analysed and for almost all the sectors (Figure 6, Panel b). In the case of

energy-producing sectors, the production and value added record a transitory increase, more

likely to match shifts in preference to maintain certain level of gas storages.20

Figure 7: Cumulated response of Italian industrial production, value added and investment,
both at the total industrial sector and separately for the energy-producing, energy-intensive
and non-energy-intensive sectors, to an aggregate demand shock, idenitfied as in Section 2.
The response regarding the aggregate demand is normalized as an event that leads to a 10
percent increase in the oil price on impact. The solid lines depict impulse response functions
that are estimated using local projections. The light shaded bands represent the 68 percent
posterior credible sets. The horizontal axis measures quarters after the shock.

Finally, as shown in Figure 7, an unanticipated aggregate demand expansion due to an

increase in the oil price of 10 percent, causes a statistically significant increase in industrial

production, value added and investment. For energy-producing sectors, the impact remains

positive and statistically significant also after three years the shock hits. Therefore, the direct

stimulus of higher aggregate demand seems to dominate the indirect negative effect of higher

energy prices.

20For Germany, Güntner et al. (2024) find an increase of net gas imports due to a storage demand.
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5 Conclusions

In this paper, using the Bayesian perspective by Baumeister and Hamilton (2019), we pro-

pose a Structural VAR model in which we consider both the global oil market and the Euro-

pean natural gas market. We then run a local projection of Italian industrial production, value

added and investment on the identified shocks, exploring possible specificities of sectors with

a more intense use of energy.

Overall the analysis points to a significant macroeconomic impact of the shocks identified.

In particular, unexpected downturns in oil and gas supply lead to an increase in energy prices

that is persistent and significant. Similarly, oil- and gas-specific demand shocks increase real oil

prices and real gas prices, respectively. Based on the historical decomposition, the contribution

of supply shocks is lower than market demand shocks in explaining the price movements in

both the markets. More specifically, the observed movements in the real price of gas between

March and December 2022 are mainly due to changes in gas-specific demand rather than to

gas supply. Our decomposition attributes most of the rise in gas price observed after June 2023

both to gas supply and gas-specific demand, likely resulting from the rising violence in the

Middle East coupled with Europe’s dependence on liquefied natural gas supplies.

Focusing on Italian macroeconomic variables, we observe a reduction of industrial produc-

tion, value added and investment in response to adverse oil and gas supply shocks. The fall

is stronger for the energy-intensive sectors, when an adverse oil supply shock is considered.

The rise of the gas price due to a gas supply shock affects all the sectors in the short-run. Oil-

specific and gas-specific demand shocks have an immediate but transitory negative effect on

the three variables considered. Finally, an unanticipated aggregate demand expansion causes a

statistically significant increase in production, value added and investment, for all the sectors.

We have set aside the possibility of capturing nonlinearities in the propagation of oil and

gas shocks to the economy. A potential direction for future research could be to incorporate

these features to study the macroeconomic effects of energy shocks.
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A Data

Our dataset for the energy markets consists of monthly data spanning the period from

January 1996 to December 2023.

The crude oil production, expressed as thousand barrels per day, is drawn from the Energy

Information Administration.

The spot price of Brent crude oil and the Europe TTF natural gas price are taken from the In-

ternational Monetary Fund database. Both prices are converted into euros by the Euro/dollar

exchange rates and deflated by the EU Consumer Price Index, both retrieved from the Istat

database.

As a proxy for global economic activity, we use industrial production measure developed

by Baumeister and Hamilton (2019).

Regarding the European natural gas supply, we take monthly data for natural gas balance

from Eurostat and compute the production by summing to primary production the imports

and subtracting exports for the European Union (27 countries).21 The final gas supply series is

expressed in terajoules and, for consistency with natural gas price, it is converted into Million

British thermal units.

Industrial production index, value added and investment (i.e. gross fixed capital forma-

tion) of the Italian industrial sector, excluding construction, are retrieved from Istat database.

The energy-producing sectors include: mining and quarrying, manufacture of coke and refined

petroleum products, electricity, gas, steam and air conditioning supply, and water collection,

treatment and supply (NACE). The energy-intensive sector group is defined by aggregating

paper and paper products, chemicals and chemical products, other non-metallic mineral prod-

ucts and basic metals, defined according to the statistical classification of economic activities

in the European Community. The remaining sectors are defined as non-energy-intensive.

Data on value added and investment by sectors are available with annual frequency and

are temporally disaggregated by using the total series of value added and investment, avail-

able quarterly. In the case of industrial production, information are available monthly and

are aggregated at quarterly level by using time-varying weights, defined on the sectoral value

added. In the case of investment, the data are available with a slightly different level of sec-

toral aggregation. For ease of comparability with industrial production and value added, we

21For the period preceding 2008, the variables used for constructing gas production are available only at an
annual frequency. Therefore, for this period, monthly data are obtained by applying the Chow-Lin disaggregation.
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consider wood, paper and publishing industries, the manufacture of chemical products, the

manufacture of rubber and plastic products and other non-metallic mineral processing prod-

ucts and metallurgical activities and the manufacture of metal products, excluding machinery

and equipment as the energy-intensive sectors. Value added and investment are transformed

into real terms by using the harmonized index on consumer prices. Industrial production in-

dex is based on production volumes.

The sample period of this last dataset starts from the 1st quarter of 1999 to the 4th quarter

of 2023.

Finally, all the variables have been tested for seasonality and, whenever seasonality has

been detected, we seasonally adjust the series.
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