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publication of the latest research results via the internet intends to stimulate criticism and to
ensure research quality at an early stage before printing.



Contents

B 11 oY 3Tt e T 6
N 0 - - T 7
1 O =1 Voo o o -4 11
I 1 12
LT 0 1 Ve 117 o T 15

Ry =T =T o= P 16

IAB-Discussion Paper 10[2022 3



Abstract

With the Russian war against Ukraine, global economic conditions changed abruptly. We
provide first causal evidence of effects of the energy crisis on Germany as Europes most
important economy. Combining cost structure data, national accounts and administrative
labour market data, we identify effects in a sectoral panel setting. The results show that via
the channel of energy intensity, production decreased by about 1 percent with the onset of
the war, but turnover increased, mirroring sales from stock. Firms safeguard employment
via short-time work with 10 percent additional applications. Vacancy posting was reduced
already in anticipation by 8 percent.

Zusammenfassung

Mit dem russischen Krieg gegen die Ukraine anderten sich schlagartig die
weltwirtschaftlichen Rahmenbedingungen. Wir liefern erste kausale Evidenz flr Effekte der
Energiekrise in Deutschland als wichtigster Volkswirtschaft Europas. Durch die Kombination
von Kostenstrukturdaten, Daten der Volkswirtschaftlichen Gesamtrechnungen und
administrativen Arbeitsmarktdaten identifizieren wir Effekte in einem Branchen-Panel. Die
Ergebnisse zeigen, dass liber den Kanal der Energieintensitat die Produktion mit
Kriegsbeginn um rund 1 Prozent zuruickging, der Umsatz jedoch stieg, was Lagerabbau
widerspiegelt. Unternehmen sichern Beschaftigung durch Kurzarbeit mit 10 Prozent
zusatzlichen Anzeigen. Die Schaffung neuer Stellen wurde bereits im Vorfeld des Krieges um
8 Prozent reduziert.
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1 Introduction

With Russia’s war against Ukraine and the imposed sanctions, global economic conditions
changed abruptly in February 2022. Manufacturing worldwide is coming under pressure
especially from rising energy prices. In this note, we provide first causal evidence of
economic effects of the energy crisis in Germany as Europes most important economy.

We focus on monthly key indicators: production, real turnover, new vacancies,
unemployment entries and short-time work. This mirrors the consequences on output and
the labour market. Considering short-time work is important in view of recent evidence that
this instrument has been used extensively to buffer the effects of the COVID-19 crisis in both
Germany (Gehrke/Weber (2020)) and Europe (e.g. Giupponi/Landais/Lapeyre
(Forthcoming)). Early simulation studies for the war in Ukraine projected considerable
economic effects due to spikes in energy prices (e.g. Wolter et al. (2022)). Indeed, gas prices
doubled after the onset of the war. The HWWI Energy Raw Materials index shown in Figure 1
witnessed a strong increase.

We make use of energy intensity of manufacturing industries as a treatment variable.
Combining cost structure data, national accounts and administrative labour market data,
we identify causal effects in a sectoral panel setting.

Figure 1: HWWI Energy Raw Materials index
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Notes: HWWI Energy Raw Materials index. Monthly time series from January 2014 to April 2022. Unit: index
(2020=100).
Source: HWWI. ©IAB

Our study relates to several strands of literature. The negative output effects of increasing
energy (especially oil) prices are analysed in studies such as Baumeister/Hamilton (2019),
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Kilian (2008) or Carstensen/Elstner/Paula (2013). Ordonez/Sala/Silva (2011) focus on the
labour market dynamics following oil price shocks. Belin/Hanousek (2021) and Crozet/Hinz
(2020), amongst others, investigate the economic effects of sanctions in the countries
concerned. The labour market reactions and robustness to economic fluctuations are
studied, for instance, in Giupponi/Landais/Lapeyre (Forthcoming) and Klinger/Weber
(2020).

The paper is structured as follows: The subsequent section introduces our data on energy
intensity and the outcome variables. Section 3 discusses the methodology. Section 4 shows
empirical results. The last section concludes our findings.

2 Data

For our analysis, we combine cost structure data, national accounts and administrative
labour market data on a sectoral level. Indices of production and real turnover (2015=100)
are obtained from destatis. New vacancies, unemployment entries from employment in the
primary labour market, and short-time work notifications! are taken from the Statistics of
the Federal Employment Agency. Energy intensity is defined as energy usage in 2019
divided by gross output value and is obtained from the destatis cost structure statistics
(Kostenstrukturerhebung).

All variables are combined in the dimension of economic sectors. Disaggregation at the
2-digit level yields 24 different subsectors of the manufacturing industry. We focus on
subsectors of manufacturing for several reasons. Firstly, the cost structure data is not
available for the service sector. Secondly, energy intensive firms usually belong to
manufacturing. Thirdly, parallel pre-treatment trends, i.e., the identifying assumption in a
difference-in-difference approach, are likely to hold within manufacturing. In contrast, the
recovery from the recent corona waves could lead to diverging trends especially in
contact-intensive service sectors.

1 Before short-time work can begin, a notification is required. During short-time work, the employees receive

wage replacement benefits from the unemploymentinsurance for the reduced working time. While high energy
prices as such do not justify short-time work, aninduced loss of orders due to the need to raise sales prices would
be sufficient.
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Figure 2: Production and turnover
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Notes: The upper line chart shows the median among 24 subsectors in the manufacturing industry of the pro-
duction index together with 75 percent and 25 percent quantiles as upper and lower bounds. The lower line
chart shows the median among 24 subsectors in the manufacturing industry of the turnover index together
with 75 percent and 25 percent quantiles as upper and lower bounds. Unit: index (2015=100). Observation pe-
riod: January 2021 to March 2022.

Source: destatis. ©IAB
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Figure 3: Labour market variables
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Notes: The figure shows the median among 24 subsectors in the manufacturing industry of new vacancies (up-
per panel), short-time work notifications (middle panel), and unemployment entries from employment in the
primary labour market (lower panel). All variables are divided by the number of employees subject to social
security contributions. Shaded areas: 75 percent and 25 percent quantiles serve as upper and lower bounds.
Unit: percent. Observation period: January 2021 to April 2022.

Source: Statistics of the Federal Employment Agency. ©IAB
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Figure 4: Energy intensity
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Notes: Energy intensity defined as energy usage in 2019 divided by gross output value.
Source: destatis. ©IAB
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Figure 2 shows the development of the median among 24 subsectors in the manufacturing
industry of the production index and the turnover index together with 75 percent and 25
percent quantiles as upper and lower bounds. Analogously, Figure 3 shows the
development of new vacancies (upper panel), short-time work notifications (middle panel),
and unemployment entries from employment in the primary labour market (lower panel).
All labour market variables are divided by the number of employees subject to social
security contributions. Figure 4 shows the energy intensity for 24 subsectors in the
manufacturing industry. The observation period of all variables starts in January 2021 and
ends at the current edge (March or April 2022, depending on the publication lag of the
respective variables). Following increase before the war, both production and turnover have
recently fallen significantly, but not exorbitantly. Unemployment entries and short-time
work notifications increased moderately, new vacancies witnessed a temporary decline.

3 Methodology

We estimate the economic war effects in a sectoral panel model. For the purpose of
identification, we make use of differences in energy intensity across sectors. The
combination of the time and sector dimensions yields 360 to 384 observations in our panel
setting, depending on data availability.

The dependent variables are production, real turnover, new vacancies, unemployment
entries, and short-time work notifications. The explanatory variable is given by energy
intensity, interacted with a dummy for the Russia-Ukraine war. We use sector-fixed effects to
control for general sector differences. Time-fixed effects take into account specifics of the
months including seasonal effects. The panel model is shown in equation (3.1):

Yit = €1 + caxy X dy + pi + v + €t (3.1)

where ¢; and ¢, are the coefficients, y is the outcome (unemployment entries, vacancies,
short-time work notifications, production, turnover), x is the treatment variable (energy
intensity), d the war dummy, p; the sector fixed effects, ; the time fixed effects and ¢;; the
error terms. The index for the sectors is denoted by i and the time index by ¢.

For production, turnover, and short-time work notifications, the cut-off date for
measurement is the end of a month. As the war began on February 24th, February already
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contains five post-treatment days. Hence, for the estimations of these three variables, d is
zero until January, 2% in February, and 1 in March. By contrast, unemployment entries and
new vacancies are measured between the two cut-off dates around the mid of a month (in
case of March between February 14 and March 14). Here, the February values do not include
pre-war days, but the March values do (9 days). Therefore, in these estimations, we set d to
zero until February, to % in March, and to 1 in April.

A wartime effect can be presumed if energy intensity has an additional effect on the
outcome variable during the war period. This procedure can be seen as a type of a
difference-in-difference approach with February 24th as the treatment date. We use a
special application of this approach by replacing the binary treatment by the bite, i.e.,
different intensities. We borrow this procedure from the literature that is concerned with
the measurement of the effects of a nationwide minimum wage on employment; see, for
instance, Card (1992) or recent applications in Bauer/Weber (2021) and Caliendo et al.
(2018).

4 Results

Table 1 shows the results for the treatment interaction effect. With the onset of the war, one
additional percentage point in energy intensity decreases production by 0.42 index points.
This suggests that the peak in energy prices dampened economic activity, especially in
energy-intensive sectors. In contrast, turnover is increased by 3.97 points. Logically, this
must be explained by additional sales from stock as compared to less energy-intensive
sectors. A plausible reason would be the strong demand from customers trying to secure
critical intermediate products, with energy-intensive sectors often being part of the primary
industry.

The labour market results show that with the onset of the war, one additional percentage
point in energy intensity leads to 0.056 additional short-time work applications per 100
employees, and 0.010 fewer new vacancies per 100 employees. Put into context, 0.902
short-time work applications per 100 employees and 0.239 new vacancies per 100
employees could be expected on average per month in a typical 2-digit subsector of the
manufacturing industry during the pre-war period. Entries to unemployment did not react
significantly. Evidently, firms safeguard employment via short-time work and reduce their
hiring activities. This is in line with the negative effects on production, which is, more than
turnover, the relevant determinant for labour demand.
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Table 1: Estimated treatment interaction effects

Dependent variable
Production Turnover New vacancies Sl Unemplgyment
work entries
Effect -0.415 3.968 -0.010 0.056 -0.008
(p-value) (0.002) (0.000) (0.000) (0.049) (0.438)
Observations 360 360 384 360 384

Notes: Estimated treatment interaction effects following Equation (3.1). Estimation period: 2021:1 to 2022:3
(production, turnover, new vacancies) or to 2022:4 (Short-time work, unemployment entries). White cross-
section (period cluster) standard errors and covariance were used to calculate p-values.

Source: Own calculations. ©IAB

As an illustration, we quantify the overall effects following from our estimationsin a
counterfactual scenario. For this purpose, we calculate a hypothetical development
without the war, i.e., d remains zero.? The differences of this counterfactual and the actual
development are cumulated over the treatment period. We find that the energy channel
leads to an overall production loss of 0.92 points on sectoral average. Furthermore, it is
accompanied by a total of 8,400 (or 10.1%) additional short-time work applications and
2,200 (or 8.1%) less vacancy postings.

The danger of war loomed already in the weeks leading up to February 24 due to troop
movements in Russia and Belarus and the development of the geopolitical situation.
Therefore, we check for potential anticipatory effects. This is achieved by adding the
treatment interaction term with a lead, z; x d;1, to equation (3.1). We find no anticipatory
effects for production and short-time work. However, the effects on turnover and new
vacancies already appeared one month in advance (and persisted afterwards). This seems
plausible as vacancy posting is a typical forward-looking activity, depending on the
expected profits from a filled job in standard search-and-matching models
(Mortensen/Pissarides (1994)). By the same token, customers seem to have ordered
energy-intensive products in advance. A further lead by two months does not play an
additional role. This insignificance of a pre-treatment indicator also provides evidence
supporting the assumption of common trends.

We conduct several robustness checks. Firstly, we define d as a conventional dummy, i.e.,
being 0 until February and 1 from March. Secondly, in addition we shorten the
pre-treatment period to 2021:4 to exclude the second corona lockdown in Germany. Thirdly,
energy intensity is also available with a higher sectoral disaggregation. This might allow for
a sharper identification of very energy-intensive subsectors, but potentially with the
drawback of higher noise in small sectors. We repeat the estimations with 213
manufacturing sectors (87 for unemployment entries®). The results are shown in Table 2.

2
3

An alternative interpretation would be that energy intensity is zero for all sectors.
The maximum disaggregation level is typically 4 digits, but only 3 digits for unemployment entries.
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The numbers are comparable to the baseline estimations. The rather high coefficient of
turnover becomes more moderate.

Table 2: Robustness checks

Dependent variable
Short-time Unemployment

Production Turnover New vacancies .
work entries

Estimation with binary war dummy (1 from March 2022)

Effect -0.404 3.472 -0.009 0.065 -0.005
(p-value) (0.001) (0.000) (0.000) (0.012) (0.569)
Observations 360 360 384 360 384

Estimation with shortened pre-treatment period

Effect -0.395 3.015 -0.009 0.049 -0.001
(p-value) (0.005) (0.000) (0.000) (0.039) (0.9329)
Observations 288 288 312 288 312

Estimation with higher sectoral disaggregation

Effect -0.410 2.422 -0.001 0.050 -0.005
(p-value) (0.001) (0.000) (0.591) (0.002) (0.331)
Observations 3135 3195 3408 3195 1392

Controlling for supply chain bottlenecks

Difference of

+0.0449 +0.189 -0.000 -0.002 -0.001
effects

Observations 285 285 304 285 304

Notes: Estimated treatment interaction effects following Equation (3.1). White cross-section (period cluster)
standard errors and covariance were used to calculate p-values. Bottom section: Difference of coefficients from
models with and without bottleneck variable.

Source: Own calculations. ©IAB

The war did not only trigger economic pressures due to rising energy prices, but also due to
aggravated supply chain bottlenecks. If bottlenecks are correlated with energy intensity,
this may bias our estimates. Therefore, we include an additional variable in the regressions,
namely the change of material shortages interacted with the war dummy. Data are obtained
from a survey of the ifo institute where firms are asked about a lack of primary and
intermediate products. Here, out of the 24 sectors at the 2-digit level only 19 are available.
Therefore, we repeat the baseline estimation with the smaller sample and report the
difference of the coefficients from the models with and without the bottleneck variable in
the bottom section of Table 2. Reassuringly, the results do not strongly change.

In our estimations, we treat direct effects on the sectors via energy intensity. However, while
each sector is directly hit, effects in other sectors could lead to reduced demand due to
dampened economic activity (Guerrieri et al. (Forthcoming)). Therefore, we consider
input-output linkages between the sectors. To do so, we pre-multiply the treatment vector
by an input-output matrix (obtained from the destatis National Accounts) and repeat the
regression with the new variable. This results in only small changes.
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5 Conclusion

We present first causal evidence for economic effects of the Russia-Ukraine war abroad.
Using data for economic sectors in Germany, we estimate short-run consequences of the
energy crisis.

Via the identification channel of sectoral energy intensity, we find that the energy crisis has
already had a sizeable impact on industrial production in the short run. This is notable as
macroeconometric studies such as Kilian (2008) estimate GDP effects to amplify over
several quarters after the shock hits. In this sense, our results call for a warning signal: While
sales of energy-intensive sectors were still able to contribute to their financial situation
right after the onset of the war, the drop in production will cause further harm over time.
These industries, such as metal, chemistry, or glass, usually stand at the beginning of
production chains, which implies macroeconomic relevance. Indeed, supply bottlenecks
had already reached a significant level due to Corona (e.g. Krolikowski/Naggert (2021)) and
were exacerbated by the Ukraine war. Hummel/Hutter/Weber (2022) show that supply
bottlenecks on the labour market are primarily compensated for by short-time work and
only lead to job losses to a limited extent.

The risk of further economic damage calls for economic policy instruments that support
sustaining production instead of buffering losses of working hours, as short-time work does
(Weber (2022)). At the same time, policy should support the ecological transition in the
direction of decarbonisation and energy efficiency, which can also boost economic growth
(Diaz et al. (2019)). Future research, in addition to the short-run effects investigated in this
note, could treat long-run consequences of the energy crisis (compare Yoon/Ratti (2011)).
For instance, this could concern investment or energy intensity itself. Moreover, further
economic effects of the Russia-Ukraine war, e.g. via trade and inflation, can be studied.
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