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Abstract  

The 2022 Russian invasion of Ukraine disrupted one of the world’s major agricultural-exporting 

economies. Ukraine’s pre-war role as a major wheat supplier can be understood through the 

Heckscher-Ohlin model, as the country’s fertile land endowment supported a comparative 

advantage in wheat production. However, the war created a major external shock to this trade 

structure. 

This thesis examines whether exposure to Ukrainian wheat imports shaped post-2022 

adjustment patterns in domestic wheat production, total wheat imports, non-Ukraine wheat 

imports, and wheat self-sufficiency across 11 EU member states between 2018 and 2024. The 

study applies a two-way fixed-effects model with a continuous Difference-in-Differences 

interaction structure with country and year fixed effects, using exposure to Ukrainian wheat 

imports to capture differences in Ukrainian wheat dependence across countries and years. The 

empirical analysis is grounded in the Heckscher-Ohlin model and the Specific Factors model, 

which together explain both pre-war trade specialization and short-run adjustment constraints. 

The results do not provide statistically significant evidence of common average post-war 

changes in wheat production, imports, non-Ukraine imports, or self-sufficiency across the full 

sample. However, countries with higher exposure to Ukrainian wheat experienced relatively 

weaker domestic production and self-sufficiency outcomes after 2022. Evidence for total import 

adjustment is weaker, while the results do not show statistically significant exposure-driven 

reallocation toward non-Ukrainian suppliers. Overall, the findings suggest that short-run 

adjustment was constrained by immobile agricultural and logistical factors, supporting the 

relevance of the Specific Factors model in explaining limited supply-side adaptation during 

geopolitical shocks. 
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I. Introduction 

1.1 Background 

Since the end of World War II, international trade has become increasingly integrated, allowing 

countries to specialize according to their factor endowments and comparative advantages. In 

agricultural markets, Ukraine represents a particularly important example of this specialization. 

The country has historically been one of the world’s major wheat producers and exporters. This 

role has made the country an important supplier in global food markets and a relevant trading 

partner for the European Union. 

EU–Ukraine trade relations have deepened over time, particularly after the EU–Ukraine 

Association Agreement in 2014, which strengthened economic cooperation and market access 

through the Deep and Comprehensive Free Trade Area (European Commission, 2025). By 

2023, total trade in goods between the EU and Ukraine reached €61.9 billion, with the EU 

accounting for 56% of Ukraine’s total trade, while Ukraine represented only 1.2% of EU trade 

(Nivievsky & Bogonos, 2024). Although this shows an overall asymmetry, Ukraine plays a 

more important role in specific sectors such as agriculture.  

Agriculture is central to the Ukrainian economy, contributing around 10% of GDP, or up to 

20% when including the broader agri-food sector, and accounting for roughly 40% of total 

exports (Nivievsky & Bogonos, 2024). Ukraine’s fertile soils and strong wheat-export position 

have made it an important agricultural supplier, often described as part of the global 

“breadbasket” (Ardan et al., 2023). Ukraine’s agricultural exports are therefore relevant both 

geopolitically and economically, as they illustrate comparative advantage and the importance 

of trade connectivity for European and global food security. 

1.2 The Problem 

The stability of the established trade system between the EU and Ukraine has been challenged 

over the last years. Since the fall of the USSR, Ukraine has experienced several threats from 

Russia, with a major escalation occurring through the annexation of Crimea in 2014. Then, the 

2022 full-scale invasion of Ukraine represented one of the largest European conflicts since the 
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end of World War II. The war has had several global effects, with one of them being a major 

exogenous shock to global supply chains (Rose et al., 2023). While the blockade of Black Sea 

ports during the war caused global wheat prices to rise, domestic prices within Ukraine 

decreased by approximately 27% as producers were unable to access international markets 

(Devadoss & Ridley, 2024). This shows that when trade and exports are diminished, the 

resulting disruption can lead to severe domestic production shocks and massive producer 

surplus losses, estimated at $1.4 billion USD (Devadoss & Ridley, 2024). Furthermore, 

research suggests that certain regions outside the conflict zone, such as North America and the 

EU, may benefit from this trade disruption (Ahn et al., 2023). The impact of the war across 

individual EU member states is likely to be highly heterogeneous based on their unique 

network-based exposure to Ukrainian commodities (Braun et al., 2023). 

The conflict caused difficulties for Ukraine’s production and trade; however, it is important to 

note that the war did not eliminate Ukrainian wheat production or exports entirely. Although 

the invasion disrupted port access, transport routes, storage facilities, and market expectations, 

Ukraine continued to export sizable quantities of grain through alternative land routes and, 

temporarily, through the Black Sea Grain Initiative. The Black Sea Grain Initiative enabled 

almost 33 million tons of grain and other foodstuffs to be exported by July 2023, while EU 

Solidarity Lanes also supported Ukrainian trade flows after May 2022 (Council of the European 

Union, 2023, 2025). Because of this partial recovery, the shock should be understood less as a 

complete collapse of Ukrainian wheat supply and more as a serious disruption to trade logistics 

and export reliability. 

The geographical distribution of the war is also important. The heaviest fighting and occupation 

were concentrated in eastern and southern Ukraine, while Ukraine’s agricultural production is 

spread across several regions, including areas outside the most intense fighting zones. As a 

result, wheat production was not uniformly or completely destroyed. Some agricultural regions 

were directly affected by occupation, damaged storage, and disrupted transport infrastructure, 

but other producing areas remained under Ukrainian control and continued operating. Recent 

evidence shows that regions directly affected by the war include important agricultural areas, 

yet the impact varied geographically rather than representing a total collapse of national 

production (Food and Agriculture Organization, 2025; Jia et al., 2024; NASA Harvest & Johns 

Hopkins SAIS, 2023). 
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Figure 1. Ukraine’s Wheat Exports in tons. 

Source: UN Comtrade (2026b) 
 

 
Figure 2. Global Price of Wheat, US Dollars per Metric Ton. 

Source: FRED Data 
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Figure 1 illustrates the disruption to Ukrainian wheat exports following the invasion, while 

Figure 2 shows the sharp increase in global wheat prices around the same period. Together, 

these figures motivate the empirical question of whether EU member states with higher 

exposure to Ukrainian wheat adjusted differently after 2022. 

1.3 Purpose and Research Question 

While existing literature has covered global price volatility and broad geopolitical effects, there 

remains a gap in understanding how individual EU member states adjusted their domestic 

supply policies in response to this shock. Some member states may have sought to increase 

domestic production to achieve higher self-sufficiency, while others may have simply 

reallocated their imports toward alternative non-Black Sea trading partners (Buiak et al., 2023). 

The purpose of this thesis is to analyze the extent to which the exogenous shock to the 

Ukrainian war influenced domestic wheat production and import reallocation within the 

European Union. By synthesizing the logic of immobile specific factors with network-based 

exposure data, this study aims to answer: 

Did EU member states with higher dependence on Ukrainian wheat adjust domestic production, 

total wheat imports, non-Ukraine imports, or self-sufficiency more strongly after 2022 than 

less exposed member states?  

This study contributes to the existing literature in three ways. First, it shifts the focus from 

global price dynamics to member-state-level adjustment mechanisms within the European 

Union, analysing domestic production, imports, and self-sufficiency simultaneously. Second, 

it introduces continuous exposure to Ukrainian wheat imports to examine adjustment patterns 

across EU member states. Third, the thesis combines trade theory with a Difference-in-

Differences approach to examine whether short-run limits in production and trade adjustment 

help explain why highly exposed countries did not adjust more strongly after the shock. 
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II. Literature Review and Theoretical Framework 

This chapter reviews literature on international trade, exogenous shocks, and the Russia-

Ukraine war. The literature review section primarily focuses on papers and articles that have 

been published in relation to the war between Russia and Ukraine. The discussion begins with 

the theoretical foundations of international trade, and arrives at the specific problem, where an 

exogenous shock disrupts the already existing trade patterns and supply channels. 

2.1 The Theoretical Basis: Factor Abundance and Specific Factors 

To analyze the Ukrainian wheat shock and its relevance for EU adjustment, the thesis uses a 

neoclassical trade framework. The Heckscher-Ohlin Model helps explain the pre-war trade 

pattern by linking Ukraine’s wheat-export position to its abundance of fertile agricultural land 

(Feenstra & Taylor, 2011). Ukraine’s comparative advantage in wheat is rooted in its 

abundance of fertile land, allowing it to serve as a major supplier in global wheat markets 

(Ardan et al., 2023). However, once the 2022 invasion disrupted this trade pattern, the Specific 

Factors model becomes important because it explains why production and sourcing decisions 

may be difficult to adjust in the short run. This model states that in the short run, factors of 

production, such as specialized agricultural machinery, are immobile (Feenstra & Taylor, 

2011). 

2.1.1 The Heckscher-Ohlin Model 

The Heckscher-Ohlin model is relevant to this thesis because it explains why countries with 

different factor endowments specialize in different goods. In the context of agricultural trade, 

countries with relatively abundant land—such as Ukraine—tend to specialize in and export 

land-intensive products like wheat, while more capital-abundant economies, such as many EU 

member states, rely more on imports for such goods (Krugman et al., 2018). For this thesis, the 

most relevant implication is that trade allows EU member states to access wheat from a country 

with a stronger land-based comparative advantage. 

When disruptions occur, such as the 2022 war in Ukraine, the resulting changes in relative 

prices and supply conditions can alter established trade patterns and may create incentives for 

EU countries to reconsider their wheat supply strategies. In this thesis, the Heckscher-Ohlin 
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model therefore explains the pre-war dependence pattern: EU countries imported Ukrainian 

wheat partly because Ukraine’s land endowment gave it a comparative advantage in wheat 

production. 

2.1.2 The Specific Factors Model 

The Specific Factors model is used in this thesis to explain why EU wheat-market adjustment 

may be limited in the short run. In the context of agricultural markets such as wheat, land and 

capital are largely sector-specific, meaning they cannot be easily reallocated in response to 

sudden changes in trade conditions. When external shocks occur, such as the disruption of 

Ukrainian wheat exports after 2022, relative prices may shift quickly, but production and 

sourcing patterns may adjust more slowly because they depend on fixed or slow-moving factors 

(Krugman et al., 2018). Within the European Union, exposed countries may have incentives to 

increase domestic production or seek alternative suppliers, but their ability to do so depends on 

available land, production capacity, infrastructure, and existing trade relationships. Because 

these factors are fixed or slow to adjust, the model predicts that short-run responses may be 

incomplete, uneven, or delayed across countries (Krugman et al., 2018). Thus, the model 

provides a useful framework for understanding how the reallocation of wheat supply sources 

in the EU reflects both trade-induced price changes and structural limitations in production 

capacity. 

2.2 Exogenous Shocks and Trade Disruption 

The 21st-century global agricultural market is defined by deep integration, where international 

trade serves as a critical mechanism for food security. According to Ardan et al. (2023), the 

Russia-Ukraine war acted as a profound exogenous shock to these established supply chains. 

This disruption contributed to changes in global trade flows. Devadoss and Ridley (2024) 

demonstrate this through a spatial equilibrium analysis, finding that as Ukrainian exports were 

reduced, other major wheat-exporting nations increased their exports and captured part of 

Ukraine’s lost market share. Their research illustrates the importance of trade connectivity. 

They found that while the shock caused global wheat prices to increase by about 2%, domestic 

prices in Ukraine fell by 27% due to the inability to export. This divergence is consistent with 

the Specific-Factors prediction: restricted export access can lead to severe domestic production 

shocks and producer surplus losses, estimated at $1.4 billion (Devadoss & Ridley, 2024). 
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Recent working-paper evidence further supports the interpretation of the Russian invasion as a 

sharp and externally imposed shock to wheat markets. Using a regression discontinuity design, 

Goyal et al. (2025) exploit the timing of the invasion to estimate its effect on wheat futures 

prices. They document statistically significant and persistent price increases across U.S. and 

European wheat contracts immediately following February 24, 2022. Importantly, their results 

indicate that the adjustment occurred primarily through prices rather than quantities, with 

limited short-run supply responses. Fertilizers and crude oil prices are identified as key 

transmission channels, highlighting how rising input costs amplified the price response while 

constraining production flexibility. This mechanism aligns closely with the Specific-Factors 

model, which predicts limited short-run reallocation when sector-specific capital is immobile. 

For the present study, these findings provide supporting evidence: even when markets transmit 

strong price signals, domestic production and trade volumes may remain rigid in the short run, 

helping explain the absence of statistically significant exposure-driven effects in EU production 

and self-sufficiency outcomes. 

The economic consequences of supply chain disruptions caused by geopolitical conflicts have 

gained increasing attention in recent years, particularly in relation to global food systems. The 

Russia-Ukraine war represents a critical case study since both of the countries play an 

important role in global wheat markets. Rose, Chen, and Wei (2023) examine the economic 

effects of grain export disruptions, using a multi-country computable general equilibrium 

(CGE) model for the analysis. Their results suggest that the effects of the Ukrainian war go far 

beyond these two countries. The analysis suggests that reduced exports from Ukraine and 

Russia lead to a slight drop in GDP for the rest of Europe. On the other hand, India, Canada, 

and Latin America benefited in terms of GDP. This very small increase (0.01%) is due to the 

increased production of other goods in their own countries to substitute for the Russian and 

Ukrainian exports. This highlights that the consequences of the shock depended on countries’ 

positions in global production and trade networks rather than affecting all regions uniformly. 

Ahn et al. (2023) use an ex-post empirical analysis of the war on global agricultural trade. The 

paper applies a commodity-level empirical model to estimate trade flows and evaluate how 

trade patterns would have developed without the conflict. They find that the reduction in 

Ukrainian exports led to trade diversion, with North American and European countries 

benefiting the most from increased demand for their agricultural products. However, the study 
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reveals that the trade implications for other countries are limited for the global grain and oilseed 

markets in terms of traded quantity. This could indicate that alternative suppliers filled in the 

void. An important conclusion of the study is that the global market adjustment process 

operates primarily through price changes rather than quantity adjustments.  

2.3 Measuring Exposure and Domestic Impact 

Braun et al. (2023) make an important contribution to the literature of the subject. The study 

identifies which countries are more dependent on Russia and Ukraine. Ukraine is shown to be 

important in iron and agricultural products, while Russia is significant in energy resources, raw 

materials and iron products. The paper combines trade data with a network-based exposure 

indicator. The most important products exported by Russia and Ukraine are identified. 

Furthermore, it is evaluated how crucial the two countries are in the corresponding supply 

networks. Finally, the study measures third countries’ dependencies on these imports. The 

findings show that the post-soviet countries are dependent on Russian imports heavily. 

However, these countries have not restricted trade with Russia to a great extent. Therefore, they 

are less adversely affected than other EU countries. 

Recent working-paper evidence also suggests that the Russia-Ukraine war did not uniformly 

disrupt global wheat markets but instead triggered phases of insulation and realignment across 

regions. Using daily futures prices from major exporters, Cao et al. (2025) identify multiple 

structural breaks in global wheat price relationships following the invasion. Their results 

indicate that while pre-war markets were highly integrated, the onset of the conflict led several 

regions, including the European Union, to temporarily insulate domestic markets through 

policy interventions rather than reallocating trade volumes. For the EU, this insulation was 

driven by emergency support measures under the Common Agricultural Policy and efforts to 

stabilise domestic supply, which reduced sensitivity to external price signals. At the same time, 

Ukraine experienced substantial market disruption due to logistical constraints, while Russia 

redirected exports toward non-Western partners. These findings suggest that exposure to the 

Ukrainian shock did not automatically translate into observable adjustments in production or 

import behaviour but instead manifested through altered price transmission and policy-

mediated buffering. This perspective helps explain the heterogenous and statistically 

insignificant exposure effects observed in the present study. 
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Overall, the literature suggests that the Russia-Ukraine war created a major wheat-market 

shock, but that short-run adjustment was shaped by logistics, price transmission, policy 

intervention, and structural constraints. What remains less clear is whether EU member states 

with greater dependence on Ukrainian wheat changed their own production and import 

behaviour more strongly than less exposed countries. 

Our contribution to the literature is to examine how the war in Ukraine has affected the 

domestic wheat supply in the EU. The thesis examines the extent to which EU member states 

increased their domestic wheat production or changed wheat import volumes after the invasion. 

The study examines whether exposure to Ukrainian wheat had an effect on supply policies in 

11 EU countries.  
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III. Theory and Model 

3.1 Theory and Method 

3.1.1 Theory and hypotheses 

The study is based on the Heckscher-Ohlin (H-O) model and the Specific Factors model in 

international trade. Together, these frameworks explain both why Ukraine became an important 

wheat exporter before the war and why EU member states may have faced difficulties adjusting 

after the 2022 shock. 

For EU member states that had relied more heavily on Ukrainian wheat before the war, the 

shock created a stronger need to adjust their wheat supply strategies. These adjustments could 

theoretically occur through various ways: increased domestic production, higher total wheat 

imports, reallocation toward non-Ukrainian suppliers, changes in wheat self-sufficiency, or 

policy shifts in the EU. 

The theoretical basis leads to four empirical hypotheses. 

H1: Domestic production adjustment 

EU member states with higher exposure to Ukrainian wheat are expected to experience 

different post-war domestic production outcomes compared to less exposed countries. If 

exposed countries attempt to substitute Ukrainian imports with domestic production, the 

interaction between post-war exposure and production should be positive. However, if short-

run agricultural constraints dominate, the interaction should be weak or negative. 

Given the Specific Factors framework, the expected result is: 

H1: Higher exposure to Ukrainian wheat is associated with weaker or limited domestic wheat 

production growth after 2022, because agricultural land, machinery, and production capacity 

are difficult to adjust in the short run. 
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H2: Total import adjustment 

If exposed countries cannot rapidly increase domestic production, they may respond by 

increasing total wheat imports. In this case, countries that were more dependent on Ukrainian 

wheat before the war may seek to compensate for disrupted supply by importing more wheat 

overall. 

This leads to the second hypothesis: 

H2: Higher exposure to Ukrainian wheat is associated with higher total wheat imports after 

2022, as exposed countries attempt to compensate for disrupted Ukrainian supply through 

external sourcing. 

H3: Self-sufficiency adjustment 

Self-sufficiency reflects the extent to which domestic wheat demand can be met through 

domestic production. If highly exposed countries successfully increase domestic production 

or reduce dependence on imports, their self-sufficiency should rise after the shock. However, 

if domestic production is constrained and import dependence persists, self-sufficiency may 

decline or fail to improve. 

Following the Specific Factors model, the expected result is: 

H3: Higher exposure to Ukrainian wheat is associated with weaker self-sufficiency outcomes 

after 2022, because exposed countries face short-run constraints in replacing disrupted 

imports with domestic production. 

H4: Import reallocation toward non-Ukrainian suppliers 

A more specific form of import adjustment is trade reallocation. If Ukrainian wheat became 

less reliable or more difficult to access after the invasion, highly exposed EU member states 

may have shifted imports toward alternative suppliers outside Ukraine. This would imply an 

increase in non-Ukraine wheat imports among countries with higher exposure. 

This leads to the final hypothesis: 
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H4: Higher exposure to Ukrainian wheat is associated with increased imports from non-

Ukrainian suppliers after 2022, reflecting trade reallocation away from Ukraine. 

3.1.2 Method 

This study applies a two-way fixed-effects continuous difference-in-differences framework in 

which exposure to Ukrainian wheat imports is used to examine whether dependence on 

Ukrainian wheat was associated with different post-2022 adjustment patterns. Following 

Callaway et al. (2024), the interaction between the post-war indicator and exposure to 

Ukrainian wheat imports allows the study to examine whether countries with different levels 

of Ukrainian wheat dependence experienced different post-shock adjustment patterns. The 

interpretation of this interaction relies on a generalised parallel trends assumption, which 

implies that, in the absence of the war, countries with different exposure levels would have 

followed similar outcome trends. 

Although post-war outcomes are directly observable, simple before-and-after comparisons do 

not permit causal interpretation due to confounding time trends and cross-country 

heterogeneity. The difference-in-differences framework addresses this limitation by 

controlling for time-invariant country characteristics and common shocks. In particular, the 

interaction between the post-war period and exposure examines whether more exposed 

countries experienced systematically different adjustments relative to less exposed countries 

after 2022. This allows the analysis to move beyond descriptive comparisons and assess 

exposure-related heterogeneity in post-war adjustments, conditional on the maintained 

identification assumptions. 

To test robustness, the study estimates an event-study style parallel trends specification in 

which exposure is interacted with year indicators before the 2022 invasion. This approach 

follows standard applied DiD practice, where pre-treatment coefficients are used to examine 

whether more and less exposed units displayed differential trends before the shock occurred 

(Roth et al., 2023). 

Because Difference-in-Differences estimates may be sensitive to inference problems and 

spurious significance, robustness checks are important in empirical DiD applications (Bertrand, 

Duflo, & Mullainathan, 2004). Placebo tests are commonly used as falsification checks in 
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causal inference. The logic is that, if the empirical strategy is valid, assigning the shock period 

to a pre-war year should not produce a statistically significant placebo interaction. Eggers, 

Tuñón, and Dafoe (2024) describe placebo tests as a way of assessing whether estimated causal 

effects also appear in settings where no true effect should be present. In this thesis, the placebo 

test assigns a false treatment period before the 2022 invasion. A significant placebo interaction 

would suggest that the baseline Difference-in-Differences estimates may be driven by pre-

existing trends rather than by the Ukrainian wheat shock. 

The dependent variables are transformed into natural logarithms before estimation. This 

transformation is used because the raw production and trade variables are highly unevenly 

distributed across countries. Larger member states such as France, Germany, Italy, and Spain 

have substantially higher wheat production or trade volumes than smaller countries such as 

Cyprus or Lithuania. As a result, the raw variables are right-skewed and may give 

disproportionate influence on large observations. 

The logarithmic transformation also allows the estimated coefficients to be interpreted 

approximately as percentage changes in the outcome variable. For example, when the 

dependent variable is log wheat production, a coefficient of 0.10 corresponds approximately to 

a 10% change in wheat production, holding other factors constant. 

For variables measured as ratios, such as self-sufficiency, the logarithmic transformation is 

also useful because it allows changes to be interpreted proportionally rather than in absolute 

percentage-point terms. A negative value of logged self-sufficiency does not imply negative 

self-sufficiency; it simply indicates that the self-sufficiency ratio is below one, meaning that 

domestic production is lower than domestic use. 

Overall, the use of logarithmic dependent variables improves comparability across countries of 

very different sizes and reduces the influence of extreme observations in the estimation. No 

zero values were present in the logged dependent variables, so no constant adjustment was 

required before applying the logarithmic transformation. 
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3.2 Empirical Model 

To examine post-war changes in domestic wheat outcomes, the study applies a panel 

fixed-effects model with country and year fixed effects within a continuous 

Difference-in-Differences framework. The baseline specification is given by: 

l n(𝑌𝑖𝑡) = 𝑎𝑖 + 𝜆𝑡 + 𝑦1 𝑃𝑜𝑠𝑡𝑡 + 𝑦2 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒𝑖𝑡 + 𝛿(𝑃𝑜𝑠𝑡𝑡 ∗ 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒𝑖𝑡) +

𝑦3 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒𝑖𝑡 + 𝑦4 𝑅𝑎𝑖𝑛𝑖𝑡 + 𝜀𝑖𝑡    

 (1) 

where ln(𝑌𝑖𝑡) denotes the logarithm of the outcome variable for country i in year t. Country 

fixed effects (𝑎𝑖) control for time-invariant heterogeneity across member states, while year 

fixed effects (𝜆𝑡) absorb common shocks affecting all countries in a given year. The post-war 

indicator (𝑃𝑜𝑠𝑡𝑡) captures the average post-2022 change across all countries, while the 

interaction term examines whether countries with higher exposure to Ukrainian wheat 

experienced differential adjustments after 2022. 

3.2.1 Definition of variables 

Dependent Variable (𝑌𝑖𝑡) 

The dependent variable differs across model specifications: 

• Model A: 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛𝑖𝑡 → domestic wheat production 

• Model B: 𝐼𝑚𝑝𝑜𝑟𝑡𝑠𝑖𝑡 → total wheat imports by member states 

• Model C: 𝑆𝑒𝑙𝑓𝑆𝑢𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦𝑖𝑡 → degree of wheat self-sufficiency 

• Model D: 𝐼𝑚𝑝𝑜𝑟𝑡𝑠𝑁𝑜𝑛𝑈𝑘𝑎𝑟𝑎𝑖𝑛𝑒𝑖𝑡 → import reallocation - non-Ukraine imports 

Self Sufficiency is defined as: 

𝑆𝑒𝑙𝑓𝑆𝑢𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦𝑖𝑡 = 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛𝑖𝑡
( 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛𝑖𝑡+𝐼𝑚𝑝𝑜𝑟𝑡𝑠𝑖𝑡−𝐸𝑥𝑝𝑜𝑟𝑡𝑠𝑖𝑡 )

  (2) 

This reflects the extent to which domestic demand is satisfied through domestic production. 

Country Fixed Effects (𝑎𝑖) 
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Country fixed effects capture time-invariant characteristics for each member state. These time 

invariant characteristics include factors such as long-term climate conditions, soil quality, 

agricultural technology, or institutional structures. These characteristics change very little over 

time. 

Time Fixed Effects (𝜆𝑡) 

Time fixed effects control for common shocks affecting all countries in a given year. Such 

shocks may include EU-wide policy changes, energy and fertilizer price shocks. However, the 

most important time fixed effect is the global wheat price shock from 2022. Time fixed effects 

allow the model to isolate differences in outcomes across countries rather than global trends. 

Post-War Indicator (𝑃𝑜𝑠𝑡𝑡) 

This is a binary variable equal to 1 for periods after the Russian invasion of Ukraine in 2022, 

and 0 otherwise. It captures the timing of the external shock. 

Exposure Variable (𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒𝑖𝑡) 

The exposure variable measures each country’s dependence on Ukrainian wheat imports (Note: 

for Austria, Cyprus, Czechia, and Lithuania there was one missing year before 2022, therefore, 

we make up for the missing data by taking the averages for each country before the invasion). 

It is calculated as the share of total wheat imports sourced from Ukraine for country (i) in year 

(t): 

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒𝑖𝑡 = 𝑊ℎ𝑒𝑎𝑡 𝑖𝑚𝑝𝑜𝑟𝑡𝑠 𝑓𝑟𝑜𝑚 𝑈𝑘𝑟𝑎𝑖𝑛𝑒
𝑇𝑜𝑡𝑎𝑙 𝑤ℎ𝑒𝑎𝑡 𝑖𝑚𝑝𝑜𝑟𝑡𝑠

   (3) 

The variable ranges from 0 to 1, where higher values indicate a larger dependence on Ukrainian 

wheat in a given country-year. Since the variable varies across countries and years, it can be 

included directly in the fixed-effects regressions. The interaction between the post-war 

indicator and exposure captures whether countries with higher dependence on Ukrainian wheat 

imports experienced different post-2022 changes in domestic production, imports, non-Ukraine 

imports, or self-sufficiency. Since exposure varies after 2022, it may partly reflect countries’ 

responses to the war rather than only their initial dependence on Ukrainian wheat. 

Interaction term (𝑃𝑜𝑠𝑡𝑡 ∗ 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒𝑖𝑡) 
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The interaction between the post-war indicator and the exposure variable is the key variable of 

the model. The coefficient captures whether countries with higher dependence on Ukrainian 

wheat imports experienced different post-2022 changes in the outcome variable compared to 

countries with lower dependence. 

Control Variables (𝜆1,2) 

Temperature and Rain: This is a time-varying control variable measured at the country year 

level. Its purpose is to control environmental conditions that may influence the dependent 

variables independently of exposure and the post-2022 period. 

Model A: Domestic wheat production 

l n(𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛𝑖𝑡) = 𝑎𝑖 + 𝜆𝑡 + 𝑦1 𝑃𝑜𝑠𝑡𝑡 + 𝑦2 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒𝑖𝑡 + 𝛿(𝑃𝑜𝑠𝑡𝑡 ∗ 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒𝑖𝑡) +

𝑦3 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒𝑖𝑡 + 𝑦4 𝑅𝑎𝑖𝑛𝑖𝑡 + 𝜀𝑖𝑡   (4) 

Model B: Wheat import volumes 

l n(𝐼𝑚𝑝𝑜𝑟𝑡𝑠𝑖𝑡) = 𝑎𝑖 + 𝜆𝑡 + 𝑦1 𝑃𝑜𝑠𝑡𝑡 + 𝑦2 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒𝑖𝑡 + 𝛿(𝑃𝑜𝑠𝑡𝑡 ∗ 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒𝑖𝑡) +

𝑦3 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒𝑖𝑡 + 𝑦4 𝑅𝑎𝑖𝑛𝑖𝑡 + 𝜀𝑖𝑡   (5) 

Model C: Self-Sufficiency 

l n(𝑆𝑒𝑙𝑓𝑆𝑢𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦𝑖𝑡) = 𝑎𝑖 + 𝜆𝑡 + 𝑦1 𝑃𝑜𝑠𝑡𝑡 + 𝑦2 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒𝑖𝑡 + 𝛿(𝑃𝑜𝑠𝑡𝑡 ∗

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒𝑖𝑡) + 𝑦3 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒𝑖𝑡 + 𝑦4 𝑅𝑎𝑖𝑛𝑖𝑡 + 𝜀𝑖𝑡  (6) 

Model D: Import Reallocation - Non-Ukraine Imports 

l n(𝐼𝑚𝑝𝑜𝑟𝑡𝑠𝑁𝑜𝑛𝑈𝑘𝑟𝑎𝑖𝑛𝑒𝑖𝑡) = 𝑎𝑖 + 𝜆𝑡 + 𝑦1 𝑃𝑜𝑠𝑡𝑡 + 𝑦2 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒𝑖𝑡 + 𝛿(𝑃𝑜𝑠𝑡𝑡 ∗

𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒𝑖𝑡) + 𝑦3 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒𝑖𝑡 + 𝑦4 𝑅𝑎𝑖𝑛𝑖𝑡 + 𝜀𝑖𝑡  (7) 

3.2.2 Data 

The 11 countries: Austria, Cyprus, Czechia, France, Germany, Greece, Italy, Lithuania, 

Netherlands, Poland, Spain. 

The paper uses these 11 EU member states, since bilateral trade from Ukraine is only available 

for these 11 countries over the 7-year period (for Austria, Cyprus, Czechia, and Lithuania there 
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was one missing year before 2022, therefore, we make up for the missing data by taking the 

averages for each country before the invasion). However, the sample includes countries with 

different size, GDP, and agricultural traditions. The broader description of data and their 

sources are given in section 7.2 of Appendix. To provide additional context on the trade 

relationships within the sample, section 7.4 of the Appendix also reports descriptive bilateral 

trade data for the 11 EU member states examined in the study. 

3.3 Descriptive Statistics and Correlation Matrix of the Data 

 

Variable Obs Mean Std.dev. Min Max 

log_production 77 14.97806 1.888245 9.637567 17.5194 

log_imports 77 13.57546 1.785004 10.4557 16.08104 

log_selfsufficiency 77 -0.1558647 0.8884014 -2.041933 1.839099 

log_importnonukraine 77 13.4627 1.810628 9.835625 15.9797 

exposure 77 0.0867645 .1556712 4.34e-10 0.722738 

temperature 77 2.184416 .5747001 1.1 3.4 

rain 77 865.9956 254.3671 300.8408 1442.546 

Table 3.3.1. 
 
 

 
log_production log_imports log_selfs log_importnonu exposure temperature rain 

log_production 1.0000 
      

log_imports 0.3352 1.0000 
     

log_selfsufficiency 0.5703 -0.4739 1.0000 
    

log_importnonukraine 0.3638 0.9914 -0.4466 1.0000 
   

exposure -0.2909 -0.0559 -0.1654 -0.1842 1.0000 
  

temperature 0.2268 -0.0773 0.3178 -0.0630 -0.1253 1.0000 
 

rain 0.4764 0.3214 0.1393 0.3705 -0.4499 0.1273 1.0000 

Table 3.3.2. (Note: log_selfs = log_selfsufficiency; log_importnonu = log_importnonukraine) 
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IV. Empirical Estimations 

The empirical setup estimates four panel fixed-effects models with country fixed effects, year 

fixed effects, and standard errors clustered at the country level. The models are estimated using 

Stata’s xtreg, fe command. This difference-in-differences framework evaluates whether 

countries with higher exposure to Ukrainian wheat experienced systematically different 

post-war adjustments compared to less exposed countries. By including both country and year 

fixed effects, the estimates are based on within-country changes over time, rather than from 

cross-country differences. Because exposure varies over time, post-2022 exposure may partly 

reflect adjustment to the shock itself. The results should therefore be interpreted as exposure-

related post-war associations rather than definitive causal effects. 

 
Table 4.1. Empirical Results 
  

Post Exposure Post × Exposure Temperature Rain Constant 

Model A: Log Production 0.046 1.523** -1.373** -0.023 0.00022 14.688*** 

 
(0.090) (0.572) (0.555) (0.058) (0.000) (0.201) 

Model B: Log Imports -0.231 -0.745 1.211* 0.098 0.00074 12.790*** 

 
(0.238) (0.873) (0.585) (0.121) (0.000) (0.499) 

Model C: Log Self-
Sufficiency 

0.267 1.565** -1.533** 0.003 0.00007 -0.436 

 
(0.189) (0.591) (0.576) (0.127) (0.000) (0.338) 

Model D: Log Non-
Ukraine Imports 

-0.201 -2.112** 0.948 0.080 0.00068 12.889*** 

 
(0.229) (0.847) (0.560) (0.116) (0.000) (0.495) 

Significance: *** 1% level; ** 5% level; * 10% level. Standard errors clustered at the country level are reported 
in parentheses.  
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Table 4.2 Model Statistics 
  

Model A: Log 
Production 

Model B: Log 
Imports 

Model C: Log Self-
Sufficiency 

Model D: Log Non-
Ukraine Imports 

Observations 77 77 77 77 

Within R² 0.3073 0.1404 0.1987 0.2764 

Between R² 0.0050 0.0863 0.2008 0.0901 

Overall R² 0.0047 0.0763 0.0002 0.0906 

F (10, 10) 1467.40 4.06 8.45 28.45 

Prob > F 0.0000 0.0186 0.0012 0.0000 

 
Model A (Domestic wheat production) shows no statistically significant average post-war 

effect, as the post-2022 dummy is insignificant. This means that the model does not provide 

evidence of a statistically significant average change in domestic wheat production after 2022 

across the countries in the sample. However, the interaction between the post-war indicator and 

exposure to Ukrainian wheat is negative and statistically significant at the 5% level. This 

indicates that countries with higher dependence on Ukrainian wheat experienced a relative 

decline in domestic wheat production after 2022 compared to less exposed countries. In other 

words, more exposed countries did not compensate for the disruption through stronger 

domestic production growth. Instead, the results suggest that higher exposure was associated 

with a relative decline in production performance after 2022. In logarithmic terms, this suggests 

a weaker post-war production performance among more exposed member states, consistent 

with constraints imposed by specific factors and limited short-run adjustment capacity. 

To assess the credibility of the continuous Difference-in-Differences design, the production 

model was subjected to both a parallel trend check and a placebo test (see table 7.1.1 in 

Appendix). The parallel trends specification interacted exposure with year indicators, using 

2021 as the omitted pre-war base year. The pre-treatment interaction terms for 2018, 2019, and 
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2020 are statistically insignificant, suggesting no evidence of systematic differential production 

trends between more and less exposed countries prior to the invasion. A placebo test was also 

estimated by assigning a false treatment period beginning in 2020. The placebo interaction term 

is likewise statistically insignificant. These results provide support for the identifying 

assumption and suggest that the baseline production effects are not driven by pre-existing 

trends. 

Model B (Wheat imports) does not show a statistically significant average post-war change in 

imports. The interaction between post-war exposure and dependence on Ukrainian wheat is 

positive and marginally significant at the 10% level. This provides weak evidence that more 

exposed countries increased wheat imports relatively more after the invasion, although the 

effect is not robust at conventional significance levels and should be interpreted cautiously.  

The identification checks for the import model provide more mixed evidence than those for 

domestic production (see table 7.1.2 in Appendix). In the event-study specification, exposure 

was interacted with year indicators using 2021 as the omitted pre-war base year. The pre-

treatment interaction terms for 2018 and 2020 are statistically insignificant, but the 2019 

interaction is positive and statistically significant. This indicates some evidence of differential 

pre-treatment import trends across countries with different levels of exposure to Ukrainian 

wheat. The placebo test, which assigns a false treatment period beginning in 2020, produces an 

insignificant placebo-exposure interaction, suggesting that the baseline import estimates are 

not driven by a broad pre-existing treatment pattern. 

Model C (Self-sufficiency) indicates no statistically significant average post-war change across 

EU member states. However, the interaction between post-war exposure and dependence on 

Ukrainian wheat is negative and statistically significant. This implies that countries with higher 

exposure to Ukrainian wheat experienced a relative decline in wheat self-sufficiency after 2022 

compared to less exposed countries. Rather than moving toward greater self-reliance, highly 

exposed countries appear to have faced stronger constraints in adjusting domestic supply, 

consistent with the Specific-Factors framework. 

The identification checks for the self-sufficiency model provide supportive evidence for the 

empirical design (see table 7.1.3 in Appendix). In the event-study specification, exposure was 

interacted with year indicators, using 2021 as the omitted pre-war base year. None of the pre-
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treatment exposure interactions for 2018, 2019, or 2020 are statistically significant, suggesting 

no evidence of systematic differential self-sufficiency trends between more and less exposed 

countries prior to the invasion. The placebo test, which assigns a false treatment period 

beginning in 2020, also produces an insignificant placebo-exposure interaction. 

Model D (Import reallocation – non-Ukraine imports) examines whether EU member states 

substituted away from Ukrainian wheat toward alternative suppliers by estimating a 

fixed-effects model of non-Ukraine wheat imports. The post-war indicator is statistically 

insignificant, indicating that there was no systematic average increase in imports from 

non-Ukrainian sources following the invasion. 

The interaction term between the post-war indicator and exposure to Ukrainian wheat is also 

statistically insignificant. This suggests that more exposed countries did not reallocate imports 

toward alternative suppliers to a greater extent than less exposed countries. Overall, the results 

point to limited short-run flexibility in import substitution, likely reflecting logistical 

constraints, contractual rigidities, and policy-driven market stabilisation. 

The identification checks for the non-Ukraine import model provide mixed support for the 

empirical design (see table 7.1.4 in Appendix). In the event-study specification, exposure was 

interacted with year indicators, with 2021 serving as the omitted pre-war base year. The 

interaction terms for 2018 and 2020 are statistically insignificant, but the 2019 exposure 

interaction is positive and statistically significant. This suggests that countries with different 

levels of exposure to Ukrainian wheat may have already differed in their non-Ukraine import 

trajectories before the invasion. The placebo test, which assigns a false treatment period 

beginning in 2020, produces an insignificant placebo-exposure interaction, providing some 

reassurance that the baseline estimates are not driven by a broad placebo treatment effect. 

Nevertheless, the significant 2019 pre-treatment coefficient indicates that the parallel trends 

assumption is only partially supported. 
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V. Discussion of the Results and Connection to Theory and 
Literature 

5.1 Domestic Wheat Production 

The production results suggest that the Ukrainian wheat shock did not generate a statistically 

significant average change in domestic wheat production across the 11 EU member states in 

the sample. The post-war coefficient is positive but statistically insignificant, meaning that the 

model does not support a strong claim that wheat production increased overall after 2022. The 

more important result is the negative and statistically significant interaction between post-war 

exposure and dependence on Ukrainian wheat. This indicates that countries with higher 

exposure to Ukrainian wheat experienced relatively weaker domestic production outcomes 

after the invasion compared to less exposed countries. 

This result aligns closely with the predictions of the Specific Factors model. Agricultural 

production cannot adjust immediately because key production factors such as land, machinery, 

infrastructure, and specialized agricultural capital are immobile in the short run (Krugman et 

al., 2018). The results suggest that greater exposure did not translate into stronger domestic 

production adjustment. This is consistent with the Specific Factors model, which predicts that 

agricultural production cannot adjust quickly because key inputs such as land, machinery, 

storage facilities, and sector-specific infrastructure are fixed or slow to change in the short run. 

From the perspective of the Heckscher-Ohlin framework, Ukraine’s pre-war role as a wheat 

exporter reflected its comparative advantage in land-intensive agricultural production. 

However, the disruption of this trade relationship did not automatically lead exposed EU 

countries to replace Ukrainian wheat with domestic production. This shows the limits of short-

run adjustment in a specialized trade system. The results are also consistent with recent 

literature on the Russia-Ukraine war. Devadoss and Ridley (2024) argue that the disruption 

primarily affected prices rather than quantities in the short run, while the working paper 

evidence of Goyal et al. (2025) suggests that wheat market adjustments following the invasion 

occurred largely through futures prices and input-cost transmission mechanisms. Similarly, 

Cao et al. (2025) provide working paper evidence suggesting that EU agricultural markets 

became partially insulated through policy interventions and stabilization measures rather than 

through immediate structural production responses. The present findings complement this 
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literature by showing that exposure to Ukrainian wheat imports did not lead to stronger 

domestic production responses among highly exposed EU member states. 

5.2 Wheat Imports and Import Reallocation 

The import results provide more limited and less robust evidence than the production results. 

In the total imports model, the post-war coefficient is statistically insignificant. This means that 

the model does not show a clear average increase or decrease in wheat imports across the 

sample after 2022. The interaction between post-war exposure and dependence on Ukrainian 

wheat is positive and marginally significant at the 10% level. This provides weak evidence that 

countries with higher exposure may have increased total wheat imports relatively more after 

the invasion, possibly as an attempt to compensate for disrupted Ukrainian supply. However, 

this result should be interpreted cautiously. The coefficient is only marginally significant, and 

the parallel trends test for the import model gives mixed evidence because one pre-treatment 

interaction is statistically significant. This suggests that countries with different levels of 

Ukrainian wheat exposure may already have followed different import trends before the war. 

Therefore, the total import result should be treated as suggestive rather than strong causal 

evidence. 

The non-Ukraine import model provides even weaker evidence for trade reallocation. The post-

war coefficient is statistically insignificant, and the interaction between post-war exposure and 

dependence on Ukrainian wheat is also statistically insignificant. This means that the results 

do not provide evidence that highly exposed countries systematically shifted toward non-

Ukrainian wheat suppliers more than less exposed countries after the invasion. Although 

exposed countries may have had incentives to diversify away from Ukraine, the model does 

not show a statistically significant exposure-driven reallocation effect. The coefficient on the 

exposure variable itself is negative and statistically significant in the non-Ukraine import 

model. This indicates that countries with higher dependence on Ukrainian wheat tended to 

import less wheat from non-Ukrainian suppliers, holding other factors constant. However, this 

coefficient should not be interpreted as evidence of post-war import reallocation. The main 

Difference-in-Differences coefficient is the interaction between the post-war indicator and 

exposure. Since this interaction is positive but statistically insignificant, the model does not 
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provide strong evidence that highly exposed countries increased imports from non-Ukrainian 

suppliers more than less exposed countries after the invasion. 

Together, the import and reallocation results suggest that highly exposed EU countries did not 

clearly adjust through strong import substitution. There is only weak evidence that they 

increased total imports, and no significant evidence that they redirected imports toward non-

Ukrainian suppliers. This is important because one possible response to the Ukrainian wheat 

shock would have been to replace Ukrainian wheat with wheat from alternative exporters. The 

results suggest that this adjustment mechanism was limited in the short run. 

This interpretation is consistent with Aizenman et al. (2023), who show that geopolitical shocks 

from the Russia-Ukraine conflict affected agricultural commodity markets, including wheat, 

but with heterogeneous effects across markets. This supports the view that the invasion created 

substantial market disruption while not necessarily producing uniform quantity adjustments 

across EU member states. Transport rigidities provide another explanation for the limited 

import reallocation observed in Model D. Brancaccio, Kalouptsidi, and Papageorgiou (2025) 

argue that supply-chain disruptions are amplified when demand shocks meet inelastic 

transportation capacity and port bottlenecks. In the wheat context, this suggests that 

reallocation away from Ukrainian supply may have been constrained by shipping, port, and 

logistics capacity. 

These findings can be interpreted through both the Heckscher-Ohlin and Specific Factors 

frameworks. From a Heckscher-Ohlin perspective, countries import wheat when domestic 

factor endowments make wheat production relatively less efficient than sourcing it from land-

abundant exporters. Before the war, Ukraine’s comparative advantage made it a natural 

supplier. After the shock, however, the same logic would suggest that EU countries might turn 

to other land-abundant wheat exporters if Ukrainian supply became less reliable. The absence 

of a significant non-Ukraine import response suggests that trade reallocation was not 

frictionless. This is where the Specific Factors model helps explain the result. Although the 

model is often applied to production, its logic also applies to trade adjustment. Import networks 

depend on specific logistical and institutional factors, including port capacity, transport routes, 

storage facilities, quality standards, contracts, and established commercial relationships. These 

factors cannot be changed immediately. As a result, even when countries have incentives to 
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shift away from Ukrainian wheat, they may not be able to rapidly redirect imports toward 

alternative suppliers. 

The results are also consistent with Ahn et al. (2023), who find that the global grain and oilseed 

market adjusted more through price changes than through large quantity shifts. Similarly, Cao 

et al. (2025) provide working-paper evidence that several regions, including the EU, 

experienced forms of market insulation and policy-mediated stabilization rather than full trade 

realignment. The lack of a strong non-Ukraine import response in this thesis fits this 

interpretation. EU member states may have absorbed the shock through broader market 

mechanisms, policy support, price changes, and existing trade structures rather than through 

immediate bilateral reallocation. 

The import findings therefore reinforce the broader argument of the thesis: trade systems that 

appear efficient in normal times may be difficult to restructure quickly during geopolitical 

crises. While the Heckscher-Ohlin model explains the pre-war pattern of specialization and 

import dependence, the Specific Factors model explains why neither domestic production nor 

import sourcing could adjust rapidly after the shock. 

5.3 Self-Sufficiency 

The post-war coefficient is positive but statistically insignificant, meaning that the model does 

not provide strong evidence of an average increase in wheat self-sufficiency after 2022 across 

the sample. Therefore, the results should not be interpreted as showing that EU member states 

generally became more self-sufficient after the outbreak of the war. 

However, the interaction between post-war exposure and dependence on Ukrainian wheat is 

negative and statistically significant. This suggests that countries with higher exposure to 

Ukrainian wheat experienced relatively weaker self-sufficiency outcomes after the invasion 

compared to less exposed countries. Rather than becoming more self-sufficient in response to 

the shock, highly exposed countries appear to have faced greater difficulty improving their 

domestic supply position. 

This result is closely linked to the domestic production findings. Since more exposed countries 

did not increase domestic wheat production relatively more after the shock, it is unsurprising 

that their self-sufficiency also did not improve. Self-sufficiency depends on the relationship 
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between domestic production, imports, exports, and domestic use. If production capacity is 

constrained and import dependence remains important, then self-sufficiency cannot increase 

quickly. 

The Specific Factors model again provides the strongest theoretical explanation. Increasing 

wheat self-sufficiency requires more than a political or economic desire to produce more 

domestically. It requires land availability, machinery, storage, labor, infrastructure, and 

agricultural investment. These factors are fixed or slow-moving in the short run. Therefore, 

highly exposed countries could not rapidly transform their supply structures in response to the 

Ukrainian wheat shock. 

The result also illustrates a limitation of the Heckscher-Ohlin model when applied to short-run 

crisis adjustment. In the long run, countries specialize according to factor endowments, and 

trade allows them to access goods that would be relatively costly to produce domestically. This 

explains why some EU countries relied on Ukrainian wheat before the invasion. However, 

when the trade relationship is disrupted, the same specialization pattern can reduce short-run 

resilience. Countries that previously benefited from importing Ukrainian wheat may not 

possess the domestic factor structure required to quickly become more self-sufficient. 

This finding connects to the broader literature on the Russia-Ukraine war and agricultural 

markets. Devadoss and Ridley (2024) emphasize the disruptive effect of blocked trade channels 

and the resulting divergence between domestic and global wheat prices. Ahn et al. (2023) and 

the working paper evidence of Cao et al. (2025) suggest that market adjustment occurred partly 

through price mechanisms, trade diversion, and policy buffering rather than immediate 

structural transformation. The self-sufficiency result in this thesis supports this interpretation. 

Highly exposed EU countries did not rapidly move toward greater wheat self-sufficiency, 

suggesting that structural adjustment was limited in the short run. 

5.4 Limitations of the Study 

Some limitations should be acknowledged when interpreting the results of the thesis. First, the 

sample size is relatively small, consisting of only 11 EU member states over the period 2018–

2024. Bilateral trade data over the previous years were available for these 11 countries only. 

This limits statistical power and means that the results may be sensitive to individual countries 



 

27 
 

or country-specific shocks. The small number of country clusters also limits the reliability of 

clustered standard errors. Since standard errors are clustered at the country level, inference is 

based on only 11 clusters, which may make the reported significance levels less reliable. 

Therefore, the p-values should be interpreted cautiously, and the results should be viewed as 

suggestive evidence rather than definitive causal estimates. 

Second, the post-war period remains relatively short. Structural adjustments in agricultural 

production and trade often occur gradually, particularly in sectors characterized by fixed capital 

and institutional rigidities. It is therefore possible that stronger exposure-driven effects may 

emerge over a longer time horizon. 

In addition, alternative mechanisms such as EU-wide policy interventions, global price 

adjustments, and logistical constraints may also contribute to the observed patterns. These 

factors may mitigate or amplify exposure-based effects, suggesting that the estimated 

relationships reflect a combination of market, policy, and structural dynamics rather than a 

single causal channel. 

Finally, while the continuous Difference-in-Differences framework provides a useful 

framework, the validity of the results depends on the generalized parallel trends assumption as 

discussed in the methodological literature on continuous DiD (Callaway et al., 2024). Although 

the inclusion of country and year fixed effects helps address certain factors, unobserved shocks 

may still influence the estimated relationships. The robustness checks partly address this 

concern: the placebo tests provide reassurance that the results are not driven by a broad pre-

existing treatment pattern, but the parallel trends tests for the import models show mixed 

evidence. Therefore, the causal interpretation of the import and import-reallocation results 

should remain more cautious than that of the production and self-sufficiency models. 

5.5 Societal and Policy Implications 

The findings have broader implications for food security and supply-chain resilience in the 

European Union. The results suggest that countries more exposed to Ukrainian wheat did not 

rapidly adjust through stronger domestic production or clear import reallocation after the 2022 

invasion. This highlights the difficulty of responding quickly to geopolitical shocks in 
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agricultural markets, especially when production depends on fixed factors such as land, 

machinery, storage capacity, and transport infrastructure. 

From a policy perspective, the results suggest that trade specialization can create efficiency 

under stable conditions but may also increase vulnerability during crises. For the EU, this 

implies that food-security strategies should not focus only on increasing domestic production, 

but also on strengthening storage capacity, diversifying supplier networks, improving transport 

infrastructure, and monitoring dependence on key external suppliers. The Ukrainian wheat 

shock therefore illustrates the importance of balancing the benefits of international trade with 

the need for resilience in essential food supply chains. 

The findings are most applicable to commodities characterised by sector-specific capital, 

production rigidities, and logistical constraints, such as agricultural goods. For more globally 

integrated and flexible markets, such as oil, adjustment mechanisms may differ substantially, 

with stronger price transmission and faster trade reallocation. This suggests that the extent of 

short-run adjustment depends critically on the structural characteristics of the commodity in 

question. 
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VI. Conclusions 

This thesis examined whether the Russian invasion of Ukraine led EU member states with 

higher dependence on Ukrainian wheat to adjust domestic production, imports, import 

sourcing, and self-sufficiency after 2022. Using a fixed-effects model with a continuous 

Difference-in-Differences framework, the analysis examined whether higher dependence on 

Ukrainian wheat imports was associated with different post-2022 adjustments. 

The results do not provide statistically significant evidence of a common average post-war 

change in wheat production, total imports, non-Ukraine imports, or self-sufficiency across the 

full sample. In all four models, the post-war coefficient is statistically insignificant. Therefore, 

the thesis does not support the conclusion that the war produced a uniform increase or decrease 

in these outcomes across the 11 EU member states. 

However, the results show important exposure-related differences. Countries with higher 

exposure to Ukrainian wheat experienced relatively weaker domestic production and self-

sufficiency outcomes after the invasion. These findings are statistically significant and are 

consistent with the Specific Factors model, which predicts that agricultural production cannot 

adjust rapidly because land, machinery, infrastructure, and other sector-specific inputs are fixed 

in the short run. 

The evidence for import adjustment is weaker. The total import model provides only marginal 

evidence that more exposed countries increased imports relatively more after 2022. The non-

Ukraine import model does not provide statistically significant evidence that highly exposed 

countries reallocated imports toward alternative suppliers. These results suggest that import 

substitution and trade reallocation were limited in the short run. 

Overall, the thesis finds that higher dependence on Ukrainian wheat did not lead to stronger 

domestic production adjustment or clear import reallocation among exposed EU member 

states. Instead, highly exposed countries appear to have faced greater difficulty improving 

production and self-sufficiency after the shock. This supports the broader argument that 

international specialization can increase efficiency under normal conditions but may create 

short-run vulnerabilities when geopolitical shocks disrupt established supply chains. 
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Furthermore, the continued availability of Ukrainian wheat, despite severe logistical and 

geographically uneven production disruptions, may help explain why EU member states did 

not show stronger domestic production responses or clearer import reallocation after 2022 (Ahn 

et al., 2023; Devadoss & Ridley, 2024; Jia et al., 2024). 

Future research could extend the analysis by including more countries, a longer post-war 

period, and additional measures of supply-chain resilience, storage capacity, infrastructure, and 

policy intervention. Further work could also examine whether similar exposure-related 

adjustment patterns occurred in other agricultural commodities affected by the Russia-Ukraine 

war. 
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VII. Appendix 

7.1. Robustness checks for the models 

Table 7.1.1 Parallel Trends and Placebo Tests for Domestic Wheat Production (Model A) 

Test Specification Key coefficient Coefficient p-value Interpretation 

Parallel 
trends 

Event-study interaction 
between relative year 
dummies and Ukrainian 
wheat exposure; base year 
= 2021 

2018 × Exposure -1.586 0.586 No significant 
differential pre-
trend 

Parallel 
trends 

Same as above 2019 × Exposure -4.592 0.239 No significant 
differential pre-
trend 

Parallel 
trends 

Same as above 2020 × Exposure -1.833 0.540 No significant 
differential pre-
trend 

Placebo 
test 

False treatment assigned 
from 2020 onward 

Placebo × 
Exposure 

-0.853 0.484 No significant 
placebo effect 

Notes: The dependent variable is log domestic wheat production. All specifications include country fixed 

effects, temperature, and rainfall controls. The placebo specification additionally includes year fixed effects. 

Standard errors are clustered at the country level. In the parallel trends model, 2021 is the omitted base year. 
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Table 7.1.2 Parallel Trends and Placebo Tests for Wheat Imports (Model B) 

Test Specification Key coefficient Coefficient p-value Interpretation 

Parallel 
trends 

Event-study interaction 
between relative year 
dummies and Ukrainian 
wheat exposure; base year = 
2021 

2018 × Exposure -1.649 0.799 No significant 
differential pre-
trend 

Parallel 
trends 

Same as above 2019 × Exposure 9.784 0.029 Significant 
differential pre-
trend 

Parallel 
trends 

Same as above 2020 × Exposure -3.852 0.377 No significant 
differential pre-
trend 

Placebo 
test 

False treatment assigned 
from 2020 onward 

Placebo × 
Exposure 

-2.061 0.323 No significant 
placebo effect 

Notes: The dependent variable is log wheat imports. All specifications include country fixed effects, 

temperature, and rainfall controls. The placebo specification additionally includes year fixed effects. Standard 

errors are clustered at the country level. In the parallel trends model, 2021 is the omitted base year. 
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Table 7.1.3 Parallel Trends and Placebo Tests for Wheat Self-Sufficiency (Model C) 

Test Specification Key coefficient Coefficient p-value Interpretation 

Parallel 
trends 

Event-study interaction between 
relative year dummies and 
Ukrainian wheat exposure; base 
year = 2021 

2018 × 
Exposure 

-2.718 0.323 No significant 
differential pre-trend 

Parallel 
trends 

Same as above 2019 × 
Exposure 

-0.537 0.904 No significant 
differential pre-trend 

Parallel 
trends 

Same as above 2020 × 
Exposure 

-1.858 0.569 No significant 
differential pre-trend 

Placebo 
test 

False treatment assigned from 
2020 onward 

Placebo × 
Exposure 

-0.728 0.590 No significant placebo 
effect 

Notes: The dependent variable is log wheat self-sufficiency. All specifications include country fixed effects, 

temperature, and rainfall controls. The placebo specification additionally includes year fixed effects. Standard 

errors are clustered at the country level. In the parallel trends model, 2021 is the omitted base year. 
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Table 7.1.4 Parallel Trends and Placebo Tests for Non-Ukraine Wheat Imports (Model D) 

Test Specification Key coefficient Coefficient p-value Interpretation 

Parallel 
trends 

Event-study interaction between 
relative year dummies and 
Ukrainian wheat exposure; base 
year = 2021 

2018 × Exposure -1.239 0.857 No significant 
differential pre-
trend 

Parallel 
trends 

Same as above 2019 × Exposure 9.715 0.030 Significant 
differential pre-
trend 

Parallel 
trends 

Same as above 2020 × Exposure -3.544 0.449 No significant 
differential pre-
trend 

Placebo 
test 

False treatment assigned from 
2020 onward 

Placebo × 
Exposure 

-2.316 0.273 No significant 
placebo effect 

Notes: The dependent variable is log imports from non-Ukrainian suppliers. All specifications include country 

fixed effects, temperature, and rainfall controls. The placebo specification additionally includes year fixed 

effects. Standard errors are clustered at the country level. In the parallel trends model, 2021 is the omitted base 

year. 
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7.2. Detailed Description of the Used Data and Variables 

Dependent Variable Y: 

Production: 

Domestic Wheat Production for each EU member state separately, without the UK. From 

2018 onwards. 

We obtained data from the Food and Agriculture Organization (FAO, 2026). The dataset 

includes production quantities of wheat in tons in a given year. The obtained data is for the 11 

countries and for the period 2018-2024. 

Imports: 

Data was obtained from FAO (2026), Wheat Imports for the 11 EU member states separately, 

between 2018 and 2024. The unit metric is tons. 

Self Sufficiency: 

Data was obtained from FAO (2026). The variable includes the production and imports data 

plus exports data. Wheat Exports for the 11 EU member states separately in tons, between 

2018 and 2024. 

Independent Variables: 

For models A-D: 

Exposure: 

This variable includes all wheat imports by the 11 EU countries separately. Furthermore, we 

obtained data from the United Nations Comtrade Database (UN Comtrade, 2026a) for 

Ukraine’s wheat exports to individual countries. 

Temperature anomalies: 

Data is obtained from FAO (2026). Temperature changes are included as control variables to 

account for weather-related variation in agricultural production. Temperature anomalies are 
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constructed as deviations from long-term historical averages and aggregated at the country 

level annually. The unit is given in Celsius degrees (°C). 

Rainfall: 

Data is obtained from Our World in Data (2026). Rainfall volumes are included as control 

variables to account for weather-related variation in agricultural production. This variable 

accounts for the annual rainfall data in millimeters. 

For model D: 

Imports from Ukraine: 

Data was obtained from the UN Comtrade Database (2026a) for data on Ukraine’s wheat 

exports to individual countries. The quantities were originally given by kilograms, but we 

turned them into tons to facilitate the calculations. 

Imports outside of Ukraine: 

Data was obtained from FAO (2026) and from the UN Comtrade Database (2026a) for the 11 

EU countries between time periods 2018 and 2024. 

+ Area Harvested 

Our Final Dataset included data on Area Harvested. That data comes from FAO (2026). We 

did not include this data in the final model. 
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7.3. Additional Visualization of the Results 

Figure 7.3.1 Estimated Post-War Exposure Effects Across Models 

 

Note: The figure reports the estimated coefficient on the interaction between the post-2022 indicator and 

exposure to Ukrainian wheat imports from the four baseline fixed-effects models. The horizontal lines show 

95% confidence intervals, and the dashed vertical line marks zero. All models include country fixed effects, year 

fixed effects, temperature, and rainfall controls. Standard errors are clustered at the country level. Coefficients to 

the left of zero indicate that higher exposure is associated with a weaker post-2022 outcome, while coefficients 

to the right of zero indicate a stronger post-2022 outcome. 
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Figure 7.3.2 Pre-War Exposure and Change in Wheat Production 

 

Figure 7.3.3. Pre-War Exposure and Change in Wheat Imports 
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Figure 7.3.4. Pre-War Exposure and Change in Self-Sufficiency 

 

Figure 7.3.5. Pre-War Exposure and Change in Non-Ukraine Imports 
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Notes for figures 7.3.2., 7.3.3., 7.3.4., 7.3.5.: Pre-war exposure is measured as each country’s average exposure 

to Ukrainian wheat imports before 2022. The vertical axis shows the change in the logged outcome between the 

post-war and pre-war periods. These figures are descriptive and do not represent the main fixed-effects 

estimates. 

DiD Visualization of the Results 

Note: The figures below (Figures 7.3.6., 7.3.7., 7.3.8., 7.3.9.) show average logged outcomes 

by year for high- and low-exposure countries. High-exposure countries are defined as 

countries with above-median pre-war exposure to Ukrainian wheat imports. The vertical 

dashed line marks 2022, the year of the Russian invasion of Ukraine. The figure is descriptive 

and illustrates the Difference-in-Differences logic; the main empirical estimates use 

continuous exposure rather than a binary high/low exposure indicator. 

Figure 7.3.6. Domestic Wheat Production Before and After 2022 
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Figure 7.3.7. Total Wheat Imports Before and After 2022 

 

Figure 7.3.8. Wheat Self-Sufficiency Before and After 2022 
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Figure 7.3.9. Non-Ukraine Wheat Imports Before and After 2022 
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7.4. Trade of Wheat and Meslin (1001 HS92) Relative to Total Trade Between the 11 EU 

Countries and Ukraine in 2018 and in 2024. (Source: The Atlas of Economic 

Complexity) 

Ukraine -> Austria in 2018: Share of total trade: 0.26% ($1.68M) 

Ukraine -> Austria in 2024: Share of total trade: 0.05% ($363k) 

Ukraine -> Cyprus in 2018: Share of total trade: 0.82% ($323k) 

Ukraine -> Cyprus in 2024: Share of total trade: 2.42% ($2.89M) 

Ukraine -> Czechia in 2018: Share of total trade: ~0.00% ($16.9k) 

Ukraine -> Czechia in 2024: Share of total trade: 0.09% ($1.10M) 

Ukraine -> France in 2018: Share of total trade: 0.21% ($1.23M) 

Ukraine -> France in 2024: Share of total trade: 0.16% ($1.31M) (Wheat or meslin flour, 

1101 HS92) 

Ukraine -> Germany in 2018: Share of total trade: 0.16% ($3.97M) 

Ukraine -> Germany in 2024: Share of total trade: 0.73% ($23.2M) 

Ukraine -> Greece in 2018: Share of total trade: 2.10% ($4.47M) 

Ukraine -> Greece in 2024: Share of total trade: 9.64% ($35.8M) 

Ukraine -> Italy in 2018: Share of total trade: 1.69% ($42.0M) 

Ukraine -> Italy in 2024: Share of total trade: 6.52% ($131M) 

Ukraine -> Lithuania in 2018: Share of total trade: 0.24% ($736k) 

Ukraine -> Lithuania in 2024: Share of total trade: 0.01% ($33.1k) 

Ukraine -> Netherlands in 2018: Share of total trade: 2.44% ($38.6M) 
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Ukraine -> Netherlands in 2024: Share of total trade: 1.58% ($28.9M) 

Ukraine -> Poland in 2018: Share of total trade: 0.04% ($1.16M) 

Ukraine -> Poland in 2024: Share of total trade: 0.02% ($910k) 

Ukraine -> Spain in 2018: Share of total trade: 9.92% ($128M) 

Ukraine -> Spain in 2024: Share of total trade: 33.85% ($932M) 
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7.5. Additional Diagnostic Checks for the Models 

7.5.1 VIF 

Table 7.5.1 Variance Inflation Factor Diagnostics. 

Variable VIF 1/VIF 

Post 5.37 0.186 

Exposure 30.08 0.033 

Post × Exposure 27.85 0.036 

Temperature 2.70 0.371 

Rain 1.57 0.638 

Year 2019 1.77 0.566 

Year 2020 1.77 0.564 

Year 2021 2.24 0.447 

Year 2022 2.30 0.434 

Year 2023 1.94 0.516 

Mean VIF 7.76 
 

Notes: VIF diagnostics are based on pooled OLS versions of the baseline specifications because estat vif is 

not available after fixed-effects xtreg. The same explanatory variables are used across the four baseline 

models, so the VIF values are identical for production, total imports, self-sufficiency, and non-Ukraine imports. 

The 2024 year dummy is omitted due to collinearity. 

The VIF diagnostics show high values for Exposure and the Post × Exposure interaction, 

which is expected because interaction terms are mechanically correlated with their 

component variables. The remaining controls and year indicators show low to moderate VIF 

values. Therefore, multicollinearity may reduce precision around the exposure-related 

coefficients, but it does not invalidate the model specification. Since the interaction term is 

central to the empirical design, it is retained in all baseline models. 
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7.5.2 Heteroskedasticity 

Table 7.5.2. Heteroskedasticity Diagnostic Check 

Model Dependent variable Chi-square p-value Interpretation 

Model A Log production 1329.51 0.0000 Heteroskedasticity detected 

Model B Log imports 513.96 0.0000 Heteroskedasticity detected 

Model C Log self-sufficiency 92.79 0.0000 Heteroskedasticity detected 

Model D Log non-Ukraine imports 442.39 0.0000 Heteroskedasticity detected 

Notes: The null hypothesis of the modified Wald test is homoskedasticity across panels, meaning equal error 

variance across countries. The test is conducted after fixed-effects estimation. A p-value below 0.05 indicates 

rejection of the null hypothesis and therefore evidence of groupwise heteroskedasticity. 

The modified Wald tests for groupwise heteroskedasticity reject the null hypothesis of equal 

error variance across countries in all four baseline models. The p-values are 0.0000 in every 

specification, indicating strong evidence of heteroskedasticity across panels. To account for 

this issue, all baseline regressions are estimated with country-clustered standard errors. This 

adjustment makes the inference more robust to heteroskedasticity and within-country 

dependence in the error terms. 
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7.5.3 Autocorrelation 

Table 7.5.3. Autocorrelation Diagnostic Checks 

Model Dependent variable F-statistic p-value Interpretation 

Model A Log production 14.538 0.0034 Autocorrelation detected 

Model B Log imports 2.539 0.1421 No significant autocorrelation detected 

Model C Log self-sufficiency 6.889 0.0254 Autocorrelation detected 

Model D Log non-Ukraine imports 3.894 0.0767 Weak evidence of autocorrelation 

Notes: The null hypothesis of the Wooldridge test is no first-order autocorrelation in the panel data. A p-value 

below 0.05 indicates rejection of the null hypothesis. A p-value below 0.10 is interpreted as weak evidence of 

autocorrelation. 

The Wooldridge tests for first-order autocorrelation show mixed evidence across the four 

baseline models. The null hypothesis of no first-order autocorrelation is rejected for the 

production model and the self-sufficiency model, with p-values of 0.0034 and 0.0254 

respectively. For the non-Ukraine import model, the p-value is 0.0767, indicating weak 

evidence of autocorrelation at the 10% level. For the total import model, the null hypothesis 

is not rejected. These results suggest that serial correlation is present in some of the panel 

specifications. Therefore, all baseline regressions are estimated with standard errors clustered 

at the country level, which allows for within-country correlation in the error term over time. 
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