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EU Food price inflation amid global market turbulences

during the COVID-19 pandemic and the Russia-Ukraine War

Introduction

Global food market turmoil has seen agricultural input and energy prices doubling between 2020
and 2022. The price increases drove up food prices with immediate consequences on access and
availability of food (Santeramo and Dominguez, 2021; Kornher and von Braun; 2024). Global
food market uncertainties caused by shortages in global grain and oilseed markets, as a direct result
of the Russia—Ukraine War, and international trade restrictions during the post-Covid period (Ahn
and Steinbach, 2022; Brander et al., 2023; Consoli et al. 2023), and the sanctions imposed on
Russia and Belarus in several sectors, have amplified global food system disruptions (Glauber and

Laborde, 2022).

The market disruptions have unfolded the vulnerability of the European Union’s (EU) agro-food
system (Wieck et al., 2021) and led to unprecedented phenomena of food price inflation, with wide
economic implications (Rose et al. 2023) and increasing food insecurity risks (Menyhert, 2022;
Rabbi et al. 2023). Following the Versailles Declaration by EU leaders in March 2022, the
European Commission adopted short-term environmental and financial measures to boost
agricultural production. In addition, the declaration reinforced the need for self-sufficiency in food,
feed, and fertilizers (Matthews, 2023). While the EU has not machted the US Inflation Reduction
Act, it has adopted a restrictive monetary policy, value-added tax cuts for energy and food
products, and fiscal measures to counter the negative welfare impacts of inflation for consumers
(Freier and Ricci, 2023). The EU agro-food system and the associated policy responses to the
inflation crisis are under the direct influence of the EU Green Deal and the Farm-to-Fork Strategy,

which are expected to increase food prices within the next couple of years (Badequano et al., 2022).



We study the dominant factors for increased EU food price inflation to comment on existing (and
potential) anti-inflation policy responses, such as price measures and interventions to promote EU
food production. The extant research has mostly focussed on variation in prices, margins, spatial
and vertical arbitrage (Ferrucci et al. 2012; Santeramo, 2015; Rezitis et al., 2019), and on the
effects of the trade regime (Fiankor and Santeramo, 2023; Santeramo and Lamonaca, 2022), with
little attention devoted to the role of international and external drivers (Peersman, 2022). The rising
importance of local and international trade networks has increased the complexity of trade
relationships. For instance, the EU has signed 46 regional trade agreements (Jafari et al., 2022)
and strengthened trade relationships with countries with which it sustained geopolitical tensions
over the past decades. The Russia—Ukraine War and other geopolitical tensions cause geonomic
fragmentation, which raises trade costs due to the need of the re-structuring of supply chains. The
geopolitical risks are associated with market uncertainty, price volatility, trade route disruptions,
tariff retaliation, and sanctions. In short, major geopolitical tensions and conflicts worsen the terms

of international trade; specifically, if major trading countries are involved.

A few studies attempted to ascertain the extent to which prices are transmitted from international
to markets in the EU (Irz, 2013; Garcia-Germén et al. 2016, Bekkers et al. 2017; Peersmann, 2022).
Garcia-German et al. (2016) reported a long-run relationship between world agricultural
commaodities and food prices in the EU for the majority of member states, which was lower in
eurozone member states. Irz et al. (2013) looked into the determinants of food prices in Finland
over 1995-2010 employing a co-integration analysis and showed that the international prices of
agricultural commodities and wages in the retail sector appeared as significant determinants of the
dynamics in the food prices, while energy price inflation did not show a significant effect in this
regard. Bekkers et al. (2017) tested the pass-through of international food prices onto domestic
food prices by using first difference panel model. They found a significant deviation of the EU

pass-through rates from the conditional average. On the contrary, Peersmann (2022) found that



about 30% of Euro-area inflation volatility was explained by shifts in international food prices
signifying the EU’s deep integration in global food markets. However, these studies do not
consider geopolitical tensions and how they may affect the transmission mechanism. For instance,
the current food price spike could differ from earlier periods of international price spikes when EU

food and input prices did not move along with international food prices (Figure Al).

Only a few studies concentrated on periods of extraordinary market behavior as came into play
through the disruptive events of 2020-2022, i.e. Covid pandemic and the Russia—Ukraine War.
Kirikkaleli and Darbaz (2022) argued that US policy uncertainty (including trade uncertainty),
exchange rate, and energy prices are the key factors to be considered when explaining the
variability of the food prices during this period. Martinez-Garcia et al. (2023) underlined the
relevance of the embargo on Russian gas and oil for the price levels in the EU and showed that

impacts varied across countries and sectors.

There is still limited evidence on the causes of the recent food price spikes; specifically how
important global market turbulences were in explaining the price spike. Akter (2020), for the EU,
and Dietrich etal. (2021), for low and middle income countries, showed that food price levels were
positively related to the stringency of Covid containment policy and movement restrictions. Akter
(2020) found the most significant surges in EU prices for perishable products. Algieri et al. (2024)
found that both value chain disruptions and higher agricultural input prices as well as
macroeconomic factors contributed to soaring food prices. For the US, Adjemian et al. (2023)
attributed food price changes mostly to supply-side factors and money supply. Legrand (2023)
showed that the uncertainty about the Ukrainian export supply drove commodity prices further up.
These studies suggest that increasing geopolitical risk and geonomic fragmentation cause food
price increases (Saadadou et al. 2022; Sun and Su, 2024). These studies do not provide evidence

on the relative contribution of different drivers of EU food inflation and do not distinguish between



international price levels and market risks due to the Covid pandemic and the Russia—UKraine War

, and the interactions of these effects with the level of integration in the global food trade system.

Understanding the drivers of recent European food price inflation and identifying policy options
for stabilizing food prices is essential to improve food security and well-being. Not all countries
and food sectors are equally suffering from food price inflation, and in fact distinct variation of
this phenomenon can be observed across European countries. For instance, a country’s sector-
specific trade status may determine the interconnectedness of domestic and international food price
dynamics. Moreover, agricultural input costs and energy prices have different relevance across

agri-food sectors. Examining these differences is relevant to suggest potential policy responses.

We analyze European food inflation dynamics using a quarterly food sector and country panel
from 2007-2022. As an identification strategy, we use variation across time, space, and sectors
regarding the level of market interconnectedness as well as the country-level policy stimuli
responses. We use a dynamic panel estimator and the Arellano-Bond estimator for short panels,
with GMM-type instrumentation, to account for dynamics and endogeneity bias. We
operationalize our identification strategy by interacting the variables representing the external
market risk and uncertainty factors with the country and sector-specific level of integration. Our
contribution is at least threefold: first, this research stands out as one of the first studies examining
post-2020 food inflation patterns in Europe, with a focus on the effects of risk and uncertainties
related to international trade on food price patterns; second, we quantify the contribution of
international and external drivers of the current food price spike; third, we link the findings to

specific EU policies that could limit food price inflation.

Conceptual framework

We use a simple price model to illustrate the relevance of the domestic and international

components in explaining EU food price inflation. The (domestic) price aggregate index of a group



of goods k, for instance cereals, p. , is a function of the price of non-traded goods, p;, and traded

goods, p,’, proxying the free-on-board (FOB) price at the export destination.

Following the Law of One Price (LOP), which postulates that prices of tradeable goods in spatially
separated markets are differentiated by the trade costs to move the good from the cheaper to the
expensive market, we replace the price for imported (traded) goods, with the international price,
p, , (equal to the export price) plus the transaction costs, 7, (Fackler and Goodwin, 2011; Lence
et al., 2018). ¥ The transaction costs include standard trade costs from shipping tradeable goods
from the exporting to the importing country as well as additional trade costs that increase in global
market turbulences, such as costs from increasing market uncertainty, changing supply chain
structures, and value chain disruptions. In reality, no country is an importing (exporting) country
for all traded consumer goods in the group of goods k and all their inputs, i.e. even if a country is
an exporting country for all cereals it may import seeds, fertilizer, or pesticides. This leads to the

following equation®:

D p=A-4)ST(Q)+ AP +A 7,

where A, is the share of the international component: the share of traded goods in all goods of
group k, i.e. the value of trade over the total gross output of group k; p,’ is the international price

for goods k in t with 7, being the transaction cost of trading.

1 While the price of tradable goods is determined by trade arbitrage, the price of non-tradeable goods is determined
by labor productivity, and thus, the price level is lower in countries with lower labor productivity (Maurer, 2023). For
simplicity, we assume that the relative labor productivity remains constant in the short-run, and therefore, we do not
need to consider this in our time series model.

2 This leads to p. =(1—A)p. +A.(p, + z,)for an importing country. For exporting countries, the

international component is only represented by the international price p\kN, which leads to:
D D W

Py :(1_2'k)pk + AP -

3 We replace the price for non-tradeables, ka , With the inverse supply function S_l(Qk) for non-traded goods in

group k.



The consumer price index of goods in sector k, p_, consists of the domestic component, the

international component, and the transaction cost component, whereas the respective relevance of
these components depends upon the trade share of goods in k. We postulate that all components in
equation (1) are time-invariant, including the share of the international component; henceforth
trade openness. Trade openness exhibits both time-invariant and time-variant features. On the one
hand, the preferences for domestic vis-a-vis international products (i.e. the Armington elasticities)
tend to be time-invariant. On the other hand, trade openness varies with the relative domestic price
(vis-a-vis international price) and decreases (increases) if the relative domestic price goes up

(declines); also as a result of substitution towards the cheaper good.

Moreover, for each specific sector k (say cereals or vegetables), the price is likely influenced by
the overall consumer price index of country i. To isolate the sector-specific effects, we divide (1)
by the overall price index. This transformation allows us to ignore exchange rate fluctuations (in
that the exchange rates appear in the nominator and the denominator, and therefore cancel out) and
other macroeconomic factors such as monetary policy issues, which are less relevant in the EU
with the majority of countries using the same currency. Furthermore, it removes the time trend,

and thus, reduces the risk of spurious regression.

The final econometric model describes the price index of goods k in country i at time t:

rpkEi)t =a+ B (c-dQy), +B,(c—dQg), x Ay + Bl + B, rkat + BT

(2
+/5 rp" ke % At + B 1T % Ay + Ei

where the real food price of good k in country i and time t, rp., , is explained by the inverse supply
function of the real price, (c—-Q,,), , the real international price of k international price index, rp" ,

, trade openness of county i ink, 4, , international transaction costs, and the interaction of all these

variables with trade openness.



With respect to our stated research objectives, we focus on two main variables in equation (2): (1)
transaction costs and (2) trade openness and derive two hypotheses. While international food prices
always influence domestic food prices, albeit to varying extents, global market turbulences,
through the COVID-19 pandemic and the Russia—Ukraine war, increase transaction costs and
subsequently domestic food prices. Hence, the first hypothesis to be tested is that global market

turbulences have increased real food price inflation controlling for international food prices.

H1: Real food price inflation increases with international market risks and uncertainties.

The second hypothesis considers the impact of transaction costs on food prices. Equation (2) shows
the relevance and dominant role trade openness in explaining real food price dynamics. Intuitively,
the model describes that the relevance of the international and transaction cost (domestic)
component, increases (decreases) in trade openness. Therefore, the second hypothesis states that
the larger the share of the traded goods in k, the more important international food price and
transaction cost movements for real food price inflation. Conversely, the lower the share of the

traded goods in k, the more important are domestic factors for real food price inflation.

H2: The importance of the international/domestic components [in explaining food price inflation]

depends on the trade openness of a country and sector.

It has been argued that more integrated markets are more vulnerable to international food price
shocks and show higher levels of international price transmission (Flachsbarth and Garrido, 2014;
Kornher et al., 2017). This is because in more integrated markets a larger share of the market is
determined by non-internal factors. On the other hand, more open economies could be less
vulnerable to global shocks because they are more capable of coping with the shocks. This has
been hardly empirically tested, and therefore, we are also interested in understanding if the trade
openness of EU countries has exacerbated the effect of global market turbulences on real food

price inflation.



H3: The larger the trade openness, the larger the effects of the global price turbulences.

Methods and data

We combine and use several data sets to describe the domestic, international, and transaction cost
components that determine real food price inflation in the EU. The dataset includes all 27 EU
countries, (with varying duration related to data availability and the duration of the countries’
membership) and seven individual food sectors — namely, cereals and bread, fruits, vegetables,
sugar, dairy, meat, oils, and fats. We consider the period 2007-2022 using quarterly data: the panel
dataset consists of 189 groups (N) and 63 time periods (T). Figure 1 shows the annual nominal

food price inflation in 2023, highlighting marked differences across Member States.

Figure 1: %-change in FPI across EU countries (Jan 2022-Jan 2023)
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Source: Own illustration based on Eurostat (2023).

Econometric approach

Since commodity prices tend to be characterized by a high degree of autocorrelation, we include
lags of the dependent variable in the model. The inclusion of a lagged dependent variable,
however, creates a potential endogeneity because the lagged dependent variable may induce

correlation among the regressors and the error term (i.e. the independent variables can become
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predetermined, correlated with the lagged error term, or strictly endogenous). System and
difference generalized methods of moments (GMM) estimators, such as the Arellano Bond
estimator, can resolve the potential endogeneity issues by instrumenting endogenous variables by
their lagged values, their first difference or orthogonal deviations, and all strictly exogenous
regressors. The Arellano-Bond system GMM estimator is more efficient, as compared to other
GMM estimators, in that all periods are utilized and more instruments are available (Rodman,
2009). Including the lagged dependent variable, the estimated quarterly (t) model becomes as

follows:

rfpiy, = a +orfpiy, , + BrIPL, + B,rIPl, xOpenness,, + £,GDP, + ,0penness;,

(3)

+ B rpW,, + sz, + S 1pW,, x Opennessijl + ST, % Opennessijt +y X'+ Ly + &

Here, we construct the real food price in sector k and country i, rp,.. , as the food price index divided

by the overall consumer price index (CPI), rIPI, is the real agricultural input price index (IPI) in

country i (IPI devided by CPI) representing the inverse supply function from equations (1) and (2),
Opennessy,;; IS the share of total trade in sector k and country i over the gross value added of
production of country i in the corresponding year, t, representing the transaction cost related to
global market turbulences, is parametrized by different variables; a time dummy for the Russia—
Ukraine War period and indicators of geopolitical risk. None of these continuous variables

captures the entire dimension of costs related to global market turbulences, but they capture

different elements; namely market uncertainty and risks, tariffs, and trade costs. GDP, is the
quarterly GDP of country i, and rpW,, is the sector-specific real international price index

constructed from sector-specific international price indices divided by the global price index of all

commodities (GPI). Last but not least, X 'stands for the further control variables, such as the real

energy price index of country i, the real international energy price index, and the average

stringency of COVID-19 policies, with the latter being zero before 2020. In addition, we include
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the agricultural stress index (ASI) and the deviation of the ASI from its long-term country- and

month-specific average. Finally, x;and ¢

;. are, respectively, the fixed effects and the i.i.d. error

term.

Data sources and variable construction

First of all, we use quarterly food price index data from Eurostat for all foods, bread and cereals,
meat and products, fish and products, dairy products, vegetables, fruits, and oils and fat, as well as
on the general CPI and the energy component. The IPI captures “the index of purchase prices of
the means of agricultural production” in each country and is provided by Eurostat. This covers
costs for fertilizers, pesticides, feed, seed, energy and lubricants, maintenance, and repairs. The
IP1 covers sector-level food production effects, while the GDP, also from Eurostat, covers country-
level macroeconomic demand shifts. To control for the possibility that trade openness primarily
reflects within EU trade, we also construct the extra-EU trade openness as the share of total extra-
EU trade in sector k and country i using extra-EU trade data from EUROSTAT (2023).* We control
also for seasonality and vegetation index variables. The sector-specific international food price
indices are taken from the World Bank Pinksheet and the FAO Food Price Index (FFPI); energy,
oils, and cereals (World Bank, 2023), as well as, meat, dairy, and sugar (FAO, 2023a). For fruits
and vegetables, we use the World Bank’s index of other foods. The GPI is the global equivalent
of a country’s CPI and is obtained from the Federal Reserve Bank of St. Louis (IMF 2023). The
monthly ASI represents the area of cropland affected by severe drought. We use the country-level
aggregation generated by FAO’s Global Information and Early Warning System (GIEWS) (FAO
2023b). We predominantly use the first season’s data and replace it with the second season’s only

if the respective month is not available.®

4 Overall trade openness is extracted from FAOSTAT (2023). We extrapolate the 2021 data to 2022.
5 We include both the ASI value and the deviation (ASI deviation) from the long-term mean between 1984 and 2023
in the models.
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The main variables of interest are those capturing the distortions, market risks, and transaction
costs due to the Ukraine war. We use three variables for this. Firstly, a simple dummy variable for
the war period starting in Q2 of 2022. Secondly, the geopolitical risks index (GPR) by Caldara and
lacoviello (2020) constructs the global and country-level geopolitical risk based on a tally of
newspaper articles. Specifically, the GPR is calculated as the share of articles in 10 US newspapers
related to adverse geopolitical events in combination with the respective country or its main cities.
We compute the EU’s geopolitical risks as the unweighted average of the country-level risks of
Denmark, Finland, Hungary, Poland, Sweden, Belgium, France, Germany, Italy, The Netherlands,
Portugal, and Spain. Thirdly, we construct the country and sector-specific number of export trade
restrictions imposed by trading partners on each EU country using the data by GTA (2023). Lastly,
we construct a variable that captures the share of sector-specific exports from countries under
multi-lateral sanctions using trade share from FAOSTAT and the global sanctions database
provided by Kirilakha et al. (2021), Felbermayr et al. (2020), and Syropoulos et al. (2022). We
concentrate on trade and financial sanctions. We are aware that food products are often exempted
from sanctions, like the sanction on Russia after the Russia-Ukraine War, however, trade sanctions
still undermine trading and increase the transaction cost of trading with the sanctioned country
(Glauber and Laborde 2022). We control for COVID-19 policy responses using the Oxford
Stringency Index (Hale et al. 2021). Financial speculation in grain and oilseed futures markets has
increased during the post-COVID period in both the US and the EU, which could have also
triggered additional price surges in these markets (Algieri et al., 2024). However, generally the
EU commodity exchanges were less prone to speculative activities than the US exchanges in the
past. Therefore, and, because financial speculation is irrelevant for perishable products, we do not
consider this in our empirical specification. The definitions of the variables used in the analysis

are shown in Table 1.
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Descritive statistics

Before turning to the results of the econometric model, we present the descriptive statistics of all
variables used in the analysis (Table 1). Because we mainly rely on models driven by within
variability, we report the within-standard deviation. All main variables are measured as real price
indices, and thus, the coefficients are easily comparable in the regression output. In this case, a
change by 1, aka 100% percentage points change, leads to an equivalent change by Xx-percentage

points of the dependent variable.

Generally, trade openness among the EU countries across all sectors is very high being averagely
greater than 100% for all sectors. The lowest trade openness among the EU countries is observed
for dairy products with only 150% overall trade openness and 42% extra-EU trade openness. We
find the largest extra-EU trade openness for meat and oils, which is 10,000% (6,000%)
respectively. The level of trade openness is generally overestimated as we use the gross value of
production as the denominator, while the nominator, exports and imports, is measured at the point
of sales including all value addition along the value chain. Similarly, extra-EU trade openness
varies across EU member states being highest in the Netherlands, Malta, and Belgium and lowest
in Croatia, France, and Italy. The average trade openness across sectors and countries declined

after 2009 by about 30% in 2015 but increased again in 2021 and 2022.

Table 1: Summary statistics

Variable Definition Mean Std. Within Std.
Deviation Deviation
Food price index (FPI) Quarterly food price index of each  1.009 0.075 0.069
sector divided by the CPI
Input price index (IPI) Quarterly production input price 1.022 0.091 0.089
index divided by the CPI
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Extra-EU trade openness Share of extra-EU trade over the 3.988 2.181 0.880
(log) gross value of production in each
sector
International price Quarterly average of World Bank  0.746 0.133 0.129
and FAO sectoral price indices
divided by the global production
price index.
Geopolitical risk EU country average geopolitical 94.546 22.639 22.622
risks index (GPR) by Caldara and
lacoviello (2020).
# export restrictions Number of export restrictions on 19.46 23.23 16.23
the country in each sector
Sanction share The share of exports in each sector  0.021 0.015 0.013
that comes from sanctioned
countries
GDP Quarterly GDP 0.010 0.086 0086
International real energy World Bank energy price index 0.678 0.108 0.108
price divided by the global production
price index
Real energy price Quarterly energy price index 1.028 0.121 0.129
divided by the CPI
Covid Stringency Index measuring government 7.127 18.807 18.677
restrictions on movements, travel,
gathering, etc.
Agricultural Stress Index Percentage of the area under 3.670 8.589 8.272
(ASI) agricultural stress.
Agricultural Stress Index Deviation of ASI from long-term -3.103 8.337 8.070

deviation

monthly average.

All other variables are measured in index form and are difficult to interpret. The average nominal
food price inflation growth rate since 2007 was 3% p.a. and the average nominal agricultural input
price inflation was 4% p.a.. Indeed, nominal agricultural input price inflation was larger than
nominal food price inflation in all but a few exemptions, such as Bulgaria, Cyprus, Czech
Republic, Malta, and Slovakia. However, the relative growth rates have varied by year and were
highest in 2022 with a 12% increase in nominal food price inflation and 29% in nominal

agricultural input price inflation. All the indicators for transaction costs during the recent period
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of global market turbulences show an increasing trend during the period 2020-2022, however,

there are some distinct trajectories during the entire observation period.

Results

Full sample estimates

In Table 2, we present the results of the dynamic panel regression employing the Arellano Bond
system GMM estimator. We use two lags of the dependent variable to avoid problems of
autocorrelation and present different specifications in columns (1)-(4): in columns (1)-(2), we
show the main specifications without interaction, while in columns (3)-(4) we include interaction
effects with the input price index. In column (2), we test specifically if a stronger intra-EU trade
integration stabilizes food inflation. In all regressions, and the subsequent ones, we treat extra-EU
trade openness, IPI, and the energy price, as well as all related interaction terms as strictly
endogenous variables, which implies that we use only deeper lags as instruments. In all tables, we
report the number of instruments and the AR (2) p-value indicating — when it does not suggest a
rejection — that lags are valid instruments in the system GMM estimation. The results in Table 2
and additional specifications, including more parsimonious models and a regression employing
the difference GMM estimator presented in Table Al in the appendix, suggest that our model
specification is stable and independent from the set of control variables included. We, therefore,
opt for the parsimonious specification, as shown in column (1), as our base model. The reason is

that our additional controls may be correlated with the main variables of interest.

Generally, the model estimates suggest that both internal and external factors have contributed to
real food price inflation dynamics among EU countries since 2007, which is in line with Peersman
(2022) for the Euro area and Adjemian et al. (2023) for the US. This is indicated by the significant

and positive coefficients of both IPI, the input producer price, and the international price. The

® The pairwise correlation is reported in Table Al in the appendix.
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coefficient of IPI is however always greater than the coefficient related to the international food
price. The coefficient of the war dummy is significant and positive in all specifications suggesting
that the food inflation was about 2%-points higher during the Russia—Ukraine War period. This
confirms the first hypothesis. Extra-EU trade openness appears insignificant without the
interaction with the IPI included and becomes positive and significantly associated with the real
food price when the interaction term is included. We do not find a stabilizing effect of stronger
intra-EU trade integration (column (2)). However, food inflation in countries and sectors with

greater extra-EU trade openness appears to be less affected by the rise in input prices.

In columns (3)-(4) of Table 2, we show the coefficient estimates of the system GMM including
the interaction term of IPI and extra-EU trade openness to examine if countries and sectors that
are more integrated are more strongly determined by the international, vis-a-vis the domestic
component. The negative coefficient of the interaction term confirms the second hypothesis. This
IS robust to a reduction of the sample to countries and sectors with high extra-EU trade openness
only (column (4)). Instead, in all specifications increased trade openness is associated with a lower

effect of the input prices on the FPI.

Table 2: Drivers of real food price inflation using the Arellano Bond estimator

1) 2) 3) (4)
Full sample Full sample  Full sample  High extra-
EU trade
openness
>40%
L.Food price index 0.504*** 0.515*** 0.426*** 0.573***
(5.56) (5.11) (5.29) (5.18)
L2. Food price index -0.220%**  -0.228*** -0.211%** -0.321%**
(-2.67) (-2.97) (-2.96) (-4.24)
Input price index 0.033 0.070** 0.177*** 0.220*
(0.91) (2.41) (2.87) (1.66)
Extra-EU trade 0.005* 0.033** 0.053*
openness (log) (1.74) (2.38) (1.90)
Intra-EU trade share -0.030
(-1.05)
-0.030** -0.043*
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Input price index x (-2.35) (-1.83)
Extra-EU trade
openness (log)

International price 0.025** 0.026** 0.030*** 0.035***
(2.38) (2.53) (3.12) (2.63)

War dummy 0.020*** 0.019*** 0.052*** 0.024***
(3.87) (3.81) (5.15) (3.81)

International price x

War dummy

Input price index x

War dummy

Vegetation variables YES YES YES YES

Additional controls NO NO NO NO

Year FE YES YES YES YES

Month FE YES YES YES YES

Number of instruments 84 84 115 116

Number of panel units 183 183 183 103

AR (2) 0.95 0.98 0.93 0.11

N 10634 10976 10634 5986

Note: t -statistics in parentheses* p<0.1, ** p<0.05, *** p<0.01 All regressions are two-step system GMM and treat
the lagged dependent variable as predetermined. Two-step robust standard errors, incorporating theWindmeijer
correction, are in parentheses. Input price index, Trade openness, and its interaction are considered endogenous.

In Table 3, we show the results using different indicators for international transaction costs related
to the global market turbulences. We find that all coefficients of these indicators are positive and
the coefficients for the war dummy and the number of export restrictions are statistically
significantly different from zero. We find a strong correlation between recent food inflation
patterns with economic sanctions and geopolitical risk, a relationship that previously was mainly
observed for energy and asset price dynamics (Bouoiyour et al. 2019).” Therefore, it is reasonable
to conclude that global market turbulence and risks associated with the Russia—Ukraine War
contribute to increasing food price inflation in the EU. In Table 3, we also test the third hypothesis
stating that countries and sectors with a higher integration in international food markets, indicated
by a larger trade openness, were more strongly affected by international market turbulences.
Interestingly, we do not find stronger impacts on countries and sectors that are more integrated

into global food markets. In all cases, the interaction term with extra-EU trade openness is negative

" The respective coefficients are positive and significant in the specifications without the interaction term.
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and significantly different from zero. Overall, holding the direct effect of trade openness on food
price inflation constant, countries and sectors with higher trade openness were less exposed to
price increases during the period of the Russia-Ukraine war. Therefore, we find robust evidence
that greater integration in the global food trade system did not exacerbate, possibly even limit, the
inflation effects of global market turbulences. In other words, while increasing trade openness is
generally associated with higher real food price inflation, the effect is not reinforced by recent
global market turbulences. A plausible rationale is that a better integration in the global food
system makes trade less vulnerable to increasing trade risks and costs from restructuring supply
chains; for instance, greater trade integration is often associated with a more diversified trade

network.

Table 3: Drivers of real food price inflation with interaction effects using the Arellano Bond

estimator

1) ) (©) (4)
L.Food price index 0.379%** 0.508*** 0.469%** 0.555%**

(4.36) (7.22) (7.04) (7.05)
L2.Food price index  -0.186** -0.252%** -0.228*** -0.284***

(-2.22) (-4.25) (-4.09) (-4.88)
Input price index 0.051 0.098*** 0.096*** 0.070**

(1.44) (4.08) (3.36) (2.25)
Extra-EU trade 0.004* 0.005** 0.006** 0.007**
openness (log) (1.91) (2.35) (2.20) (2.44)
International price 0.026** 0.039*** 0.036*** 0.040***

(2.49) (4.14) (3.85) (3.86)
War dummy 0.101***

(3.84)

War dummy x Extra-  -0.013**
EU trade openness 0.101***
(log)
Geopolitical risk 0.023
(0.60)
Geopolitical risk x -0.018**
Extra-EU trade (-2.16)
openness (log)
Sanction share 0.365
(1.32)
Sanction share x -0.137**
Extra-EU trade (-2.30)
openness (log)
#export restrictions 0.001**
(2.12)
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#export restrictions x -0.000*

Trade openness (log) (-1.74)
Vegetation variables YES YES YES YES
Additional controls NO NO NO NO
Year FE YES YES YES YES
Month FE YES YES YES YES
Number of instruments 89 145 145 145
Number of panel units 183 183 183 176
AR (2) 0.64 0.56 0.84 0.34

N 10634 10634 10634 10270

Note: t -statistics in parentheses* p<0.1, ** p<0.05, *** p<0.01. All regressions are two-step system GMM and treat
the lagged dependent variable as predetermined. Two-step robust standard errors, incorporating theWindmeijer
correction, are in parentheses. Input price index, Trade openness, and its interaction are considered endogenous.

Sector-specific results

In the sector-specific analysis, we consider sectors with different degrees of storability. Cereals
and oilseeds are easily storable. Meat, dairy products, fruits, and vegetables are perishable.
Moreover, the importance of Ukraine and Russia in international markets varies across these
sectors. Both countries are important cereal and oilseed exporters. On the other hand, they do not
engage much in international fruit and vegetable trade or the trading of animal products. Lastly,
the import dependency of the European countries across these sectors also varies. The EU is a net
exporter of cereals, a net importer of oilseeds, a net exporter of vegetables, and a net exporter of
dairy and meat. Therefore, we provide a huanced analysis taking account of the product and market
differences of these sectors. We classify the sectors into three categories: (1) cereals, oilseeds, and
sugar, (2) dairy and meat, and (3) fruits and vegetables. We interact these categories with all

important independent variables.

The results of the fixed effect regressions are presented in detail in Table A3.2 The base category
is always cereals, oilseeds, and sugar; the storable commaodities. First, we find that the effect of

the input price on EU real food price inflation is significant and positive for storable commodities

8 We prefer the fixed effect regression due to the high number of time-invariant interaction terms included in the
specifications.
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and animal products, but much lower for fruits and vegetables. This is because fruit and vegetable
production is more labor intensive and storable commodities and meat does require the bulk of
inputs (e.g. fertilizer) (EU Commission, 2019), which has become expensive in recent years. In
fact, the coefficient estimates of IPI and the interaction of IPI with fruits and vegetables almost
cancel each other out. Coherently, we find that trade openness and international price are more
strongly associated with real food price inflation for vegetables and fruits than for storable
commodities and animal products. This hints at a strong international integration of EU fruits and
vegetable markets. EU markets of storable commodities as well as dairy and meat are also
internationally integrated, but to a lesser extent, possibly owed to the fact that the EU is more self-

sufficient in these commodities.

In line with our earlier findings, the transaction cost variables are positive and significant (with the
exemption of GPR). However, the coefficients of the war dummy and the sanction share are
positive and significant only for storable commaodities, such as cereals, oilseeds, and sugar, and
significantly lower for animal products and fruits and vegetables. This can be explained by the
large importance of Ukraine and Russia for these markets. Another possible explanation is that
geopolitical risks restrict labor movement to and within the EU which leads to labor shortages in
the labor-intensive fruits and vegetable sector. In addition to that, the EU’s fruit and vegetable
trade partners are different from its grain and oilseed trade partners. Fruits and vegetable trade
partners are mostly African, in particular northern African, countries, with greater political
instability. This could indicate that international market risks usually affect fruits and vegetable

prices as or even stronger than they affect other sectors, but that the current food crisis is different.

Last, in this section, we conduct a standard Shapley decomposition (Israeli, 2007) to understand
the importance of the different independent variables on overall real food price inflation during
the period 2007-2022; we also consider the period 2000-2022 separately. We show the results for

the whole sample and for the three categories of food sectors in Figures 2&3. The input price index

20



is the most important variable in explaining real food price inflation in the EU within the 2007-
2022. This is, however, not the case for real food price inflation of fruits and vegetable products.
For fruits and vegetable products, the international price has the largest contribution. Energy price
inflation is equally important for all sectors and more important overall than changes in the GDP.
Trade openness is found to be most important for cereals, oilseeds, and sugar but much less for the
other sectors. Last, weather abnormalities, i.e., vegetation variations, explain little changes in real

food price inflation in the EU, however, they play some role for fruits and vegetable products.

Figure 2: Relative importance of independent variables (net effect) in the variation of the

dependent variable from Shapley Decomposition for the period 2007-2022
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For the period between 2020 and 2022, the war dummy explains most variation for all sectors
except fruits and vegetables. Among the remaining drivers, the input prices, the international price,
and the energy price are important drivers, while the relative contribution varies across sectors.
For cereals and oilseeds, the input price index dominates followed by the international prices. For

animal products, variation in input prices and energy prices were almost equally important. Last,
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for fruits and vegetable products, input prices were less important but variations in trade openness

and energy prices contributed most to inflation dynamics.

Figure 3: Relative importance of independent variables (net effect) in the variation of the

dependent variable from Shapley Decomposition for the period 2020-2022
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This has several important implications. Firstly, agricultural market factors dominate in explaining
EU real food price inflation, while energy prices (only indirectly through input prices) and
macroeconomic aspects had little influence on agricultural price dynamics, which confirms
findings by Martinez-Garcia et al. (2023) suggesting that energy price increase were more relevant
for transport and industry than for agriculture. Secondly, global input and commodity market risks
result in EU real food price variability, and therefore, endanger EU food security. Lastly, whilst
short-term global market risks, including the Russia—Ukraine War, drive EU real food price

inflation, the costs of production remain the dominant factor for EU food price formation.
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Discussion and conclusions

We investigate the dynamics and the external drivers of post-2020 food inflation patterns in
Europe, and the effects of the global market turbulences due to the Covid pandemic and the Russia-
Ukraine war on real food price inflation in the EU. The Covid pandemic has affected the agri-food
supply chains boosting input and output prices, as well as through changes in the regulatory
regimes, as a result of the increasing number of measures adopted to face the crisis (Fatouh et al.,
2021). We also investigate the role of international trade in the transmission of global shocks to

EU food markets.

Generally, supporting the existing literature, we find that food price inflation was fueled by global
market turbulences, namely geopolitical risks and conflict is associated with higher transaction
costs of trading. In addition to that, real food price inflation has been driven mainly by rises in
input prices, but marked differences are observed across sectors. For fruits and vegetables, the
international price has had stronger effects on EU food price inflation. The energy price inflation
has also contributed to the inflationary process, but possibly to a lesser extent than in other sectors.

Trade openness has been an important driver of price changes for cereals, oilseeds, and sugar.

These findings are in line with existing studies that reported increased food inflation during the
post-COVID period (e.g. Akter, 2020). However, our study is among the few investigations on the
effects of the Russia-Ukraine war on EU food prices. Different from related studies by Adjemian
et al. (2023) and Algieri et al. (2024), we control for economy-wide macroeconomic effects, such
as monetary policy and exchange rate fluctuations, to concentrate on the impact of global market
turbulences on different food sectors. The supply-side effects are confirmed: the increase in

agricultural production costs has been the main driver of food price inflation.
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Trade openness, i.e., a larger integration into global food markets, is found to be not associated
with larger real food price inflation among the EU countries. Instead, trade integration absorbs
parts of the global market shocks on EU food prices. This seemingly counterintuitive result can be
explained by the structure of international food trade. Higher trade integration does not necessarily
create additional vulnerability to global market shocks insofar as it is generally associated with
lower transaction costs of trade. In addition, international trade creates efficiencies in production
by creating a comparative advantage for countries with lower production costs. Countries and
sectors that are more integrated were able to source imports from countries that experienced lower

agricultural input price inflation, limiting the inflationary process.

These findings provide insights for the policy debate. First, reducing global market risks and
uncertainties may reduce EU food price inflation pressure. This could be achieved by keeping food
markets open —avoiding export restrictions, e.g., India’s wheat export ban —, minimizing the
transaction costs of economic sanctions, and by enabling both Russia and Ukraine to supply to
global food markets. Second, measures to reduce agricultural input price inflation may reduce the
pressure on EU food price inflation. Input subsidies and transfer programs would only help in the
very short-run and increasing EU fertilizer demand will impair global fertilizer availability. Third,
EU countries should diversify trade relations to reduce the vulnerability to global market shocks
and to exploit the efficiency gains from trade. Last, EU policies that aim at increasing EU food
production may be helpful if they reduce international market risks, but our results indicate that
less market integration will not isolate the EU agro-food sector from the effects of global market

turbulences.

The study is admittedly limited, among other issues, by the lack of a comprehensive analysis of
the EU trade regime, which is far beyond the scope of this paper. The extant regulatory regime

and its effects on trade would have added complexity to the analysis. We traded-off the complexity
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with the necessity to provide timely results, to understand the effects of global shifts in the

geopolitical situation.
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Appendix

Table Al: Pairwise correlation

Variables IPI #export Sanction  International GPR
restrictions  share price

GDP 0.024*  0.002 0.009 -0.086* 0.004

International real energy price 0.302*  -0.267* -0.212* -0.427* -0.146*

Real energy price 0.580*  0.105* 0.092* -0.274* 0.370*

Covid Stringency 0.069* 0.216* 0.151* 0.035* 0.118*

Note: * p<0.05.
Table A2: Drivers of real food price inflation using the Arellano Bond estimator: robustness

analysis with different specifications and estimators

) ) 3) (4) (5) (6)

L.Food price index 0.440*** 0.569*** 0.584*** 0.624*** 0.353*** 0.470***

(5.72) (6.40) (5.87) (7.04) (4.38) (5.84)
L2. Food price index -0.160* -0.259***  -0,253***  -0.280***  -0.290***  -0.225***
(-1.87) (-3.64) (-3.28) (-4.59) (-4.21) (-3.47)
Input price index 0.103*** 0.054* 0.088*** 0.030 0.512*** 0.392***
(5.24) (1.89) (2.87) (1.08) (3.41) (3.31)
Extra-EU trade 0.019* 0.006 0.011 0.004 0.045 0.059***
openness (log) (1.68) (0.69) (1.28) (0.50) (1.41) (2.76)
Input price index x -0.062***  -0.052***
Extra-EU trade (-2.65) (-2.80)
openness (log)
International price 0.045*** 0.026*** 0.014 0.031*** 0.031*** 0.027***
(4.59) (2.61) (1.14) (3.12) (3.69) (2.77)
War dummy 0.010* 0.019*** 0.023*** 0.023*** 0.012** 0.019***
(1.95) (3.91) (3.03) (5.08) (2.37) (3.91)
System/Diff gmm System System System System Diff System
Vegetation variables NO NO YES YES YES YES
Additional controls NO NO NO YES NO NO
Year FE NO YES YES YES YES YES
Month FE NO YES YES YES YES YES
Time trend YES NO NO NO NO NO
Number of instruments 83 84 86 118 111 116
Number of panel units 183 183 177 183 183 183
AR (2) 0.54 0.68 0.56 0.43 0.26 0.89
N 10634 10634 10262 10634 10451 10634

Note: t -statistics in parentheses* p<0.1, ** p<0.05, *** p<0.01. We treat the lagged dependent variable as
predetermined. Input price index, Trade openness, and its interaction are considered endogenous.
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Table A3: Drivers of real food price inflation: sectoral heterogeneity using the FE estimator

1) ) ©) (4) () (6)
L.Food price index 0.705*** 0.704***  0.705*** 0.702*** 0.705*** 0.706***
(72.23) (72.22) (72.21) (72.05) (72.23) (72.30)
L2. Food price index 0.050*** 0.046***  0.049*** 0.054*** 0.049*** 0.049***
(5.06) (4.69) (4.98) (5.43) (4.97) (4.91)
Input price index 0.0501*** 0.0353***  (0.0358***  0.0268** 0.0780*** 0.0873***
(4.50) (3.73) (3.78) (2.80) (12.49) (15.41)
Input price index x -0.004
animal products (-0.34)
Input price index x -0.046***
F&V (-3.73)
Extra-EU trade 0.000 -0.000 0.000 0.000 0.000 0.000
openness (log) 0.77) (-0.14) (0.92) (0.69) (0.82) (0.78)
Extra-EU trade -0.000
openness (log) x (-0.03)
animal products
Trade openness (log) x 0.014***
F&V (5.24)
International price 0.044*** 0.044***  0.039*** 0.045*** 0.046*** 0.049***
(9.01) (9.19) (6.25) (9.36) (9.63) (9.95)
International price x -0.005
animal products (-0.53)
International price x 0.032***
F&V (3.63)
War dummy 0.031***
(6.41)
War dummy x animal -0.005
products (-0.53)
War dummy x F&V -0.025***
(-5.06)
GPR -0.005
(-0.81)
GPR x animal -0.015*
products (-1.71)
GPR x F&V -0.010
(-1.15)
Sanction share 0.129**
(2.47)
Sanction share x -0.029
animal products (-0.30)
Sanction share x F&V -0.111
(-1.12)
Vegetation variables YES YES YES YES YES YES
Additional controls NO NO NO NO NO NO
Year FE YES YES YES YES YES YES
Month FE YES YES YES YES YES YES
N 10634 10634 10262 10634 10634 10634
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Note: t -statistics in parentheses* p<0.1, ** p<0.05, *** p<0.01. All regressions are two-step system GMM and treat
the lagged dependent variable as predetermined. Two-step robust standard errors, incorporating theWindmeijer
correction, are in parentheses. Input price index, Trade openness, and its interaction are considered endogenous.

Figure Al: Cereal price dynamics between 2007-2023 (2015=100)
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Source: Own illustration based on Eurostat (2023) and World Bank (2023).

Note: EU price indices are unweighted averages across all member states. FP1 is the nominal food
price index, IPI is the nominal input price index. World Bank Price Index is the World Bank’s

price index for cereals.
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