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Chapter 1. INTRODUCTION 

1.1 Background 

The war in Ukraine had an impact not only on the Ukrainian economy, but 

also on global markets. Commodity markets reacted strongly to the beginning of the 

war. Prices in the metal markets also showed sharp dynamics. There is no doubt 

among economists that oil and gas prices have changed significantly due to 

geopolitical factors, but there is no consensus on the dynamics of metal prices. 

Therefore, there is a problem of determining the statistical significance of the impact 

of war on metal prices. 

1.2 Purpose 

The purpose of this thesis is to identify the statistical impact of the fact of the 

beginning of the war between Russia and Ukraine on the prices of three metals: 

aluminum, iron ore and copper. For this purpose, global metal prices, as well as 

Ukrainian export and import prices and their ratio (terms of trade) should be 

analyzed. 

The thesis proposes the following four hypotheses: 

Hypothesis 1. The start of the Russian-Ukrainian war on February 24, 2022 

had a statistically significant impact on world metal prices (aluminum, iron ore, 

copper). 

Hypothesis 2. The start of the Russian-Ukrainian war on February 24, 2022 

had a statistically significant impact on Ukrainian export prices of metals (aluminum 

and its products, ferrous metals, copper and its products - groups 76, 72 and 74 of 

the Classifier of Foreign Trade of Ukraine, respectively). 

Hypothesis 3. The start of the Russian-Ukrainian war on February 24, 2022 

had a statistically significant impact on Ukrainian export prices of metals (aluminum 
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and its products, ferrous metals, copper and its products - groups 76, 72 and 74 of 

the Classifier of Foreign Trade of Ukraine, respectively). 

Hypothesis 4. The start of the Russian-Ukrainian war on February 24, 2022 

had a statistically significant impact on the tirms of Ukraine's trade in metals 

(aluminum and its products, ferrous metals, copper and its products - groups 76, 72 

and 74 of the Classifier of Foreign Trade of Ukraine, respectively). 

1.3 Methodology 

Time series research methods are used to test the stated hypotheses. Using 

time series decomposition in the dynamics of metal prices, an outlier corresponding 

in time to the beginning of the war is identified. After removing the trend component 

and the cyclical component from the time series, the irregular component and the 

war beginning outlier remain in the time series. Identification of the trend component 

and cyclic component is performed using moving average smoothing. The 

stationarity of the irregular component is checked using the augmented Dickey-Fuller 

test. A linear regression containing a dummy variable is used to test the statistical 

significance of the effect of the war starting. If the effect of the beginning of the war 

dominates price dynamics, then the corresponding coefficient in the regression 

equation should be statistically significant. 

1.4 Scope and Limitations 

The paper focuses on the price dynamics of only three metals (aluminum, 

copper, iron) and the results cannot be extended to all other metals. The methodology 

used in this paper makes sense under the assumption that in the first months of the 

war the effect of the war was the dominant factor in the dynamics of metal prices. 

The identification of the period of influence of the war effect on metal prices in the 

work is justified in general terms, so it is possible that in some particular cases some 

individual factors were not taken into account. The historical data for the study 

includes metal prices from 2012 to 2023 and monthly indices from 2012 to 2023; the 
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author does not exclude that expanding or narrowing the length of the time series 

may slightly change the results of the work. 

1.5 Outline 

The thesis is divided into six chapters. Chapter 2 describes the recent trends 

of the metal prices on the global market and in foreign trade of Ukraine. The ways in 

which the war affects the price of metals are presented here. The phases in the price 

dynamics of each metal are analysed. In chapter 3 the main components of the time 

series are analysed. The algorithm for isolating the war effect component is also 

described. This chapter also contains the justification for the period of influence of 

the war effect on metal prices. Chapter 4 describes the data used in the study. In 

chapter 5 the empirical results are presented and analysed. Chapter 6 presents and 

discusses the final conclusions and recommendations. 
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Chapter 2. INDUSTRY OVERVIEW AND RELATED STUDIES 

2.1 Mechanisms of influence of the full-scale phase of the Russian-Ukrainian 

war (from 2022) on the prices of aluminum, copper and iron ore. 

The war in Ukraine since the end of February 2022 have had uneven impacts 

on commodity markets. The effects were most pronounced in the oil, natural gas, 

fertilizer and grain markets.  Metals markets have been under less pressure. The 

heterogeneity of the impact of the war on different commodities is due to a 

combination of the following factors: 

 - the possibility of redirecting sanctioned Russian exports through other 

countries; 

 - the amount of raw material stocks that can be used for the period of supply 

disruptions; 

 - the potential for an urgent increase in commodity production in other 

countries; 

 - market sensitivity to the war-induced decline in demand.  

At the beginning of 2022, Russia's share in global aluminum exports was 

estimated at 4.2% (according to JPMorgan). In this regard, the sanctions imposed on 

Russian aluminum exports had an impact on global aluminum prices. Alumina 

imports were also restricted due to the refusal of supplies from Australia, the largest 

importer of alumina to Russia. In February, Rusal suspended production at its 

alumina refinery in Ukraine. Combined, these led to the loss of 2/3 of Russian 

imports Alumina. 

Russian copper exports accounted for about 3.3% of global exports. 

Although the EU has not imposed sanctions on Russian copper, Russian producers 

have been subject to blocking sanctions by the United States. And the largest importer 

of  copper in Europe, Aurubis, refused to extend contracts with Russian producers, 



8 
 

as a result of which Russian copper exports to Europe fell from 27.9 thousand tons 

in January 2022 to 7.7 thousand tons by May 2023. However, the main decline in 

imports occurred in 2023,   and in 2022, according to Eurostat,  there was even a 

slight  increase in imports (301.6 thousand tons in 2022 compared to 294.5 thousand 

tons in 2021). Thus, the shock in the medical market from the war and sanctions 

restrictions for 2022 was moderate or even weak. 

According to the World Bank, in 2021, Ukraine ranked 4th in the world ($3.9 

billion) in terms of the value of iron ore exports, second only to Australia ($115.2 

billion), Brazil ($40.7 billion) and Canada ($5.4 billion). In 2022, Ukraine's exports 

decreased to $2.9 billion, behind South Africa, Sweden and China in addition to the 

three leaders. After the start Russia's armed invasion due to the blockade of seaports, 

exports have been restricted. Ukraine redirected part of its iron ore exports to 

European countries, however, due to increased logistics costs by rail and lower prices 

on the world market, production was reduced. On the other hand, the war caused a 

significant increase in energy costs for metal producers. Steel producers who import 

iron ore, in an effort to reduce increased costs, reduced production, or tried to find 

cheaper suppliers of ore, which pushed world iron ore prices down. 

2.2 Literature review 

Numerous studies have explored the economic consequences of armed 

conflicts on domestic markets, sector incomes, and world market prices in various 

contexts. These studies provide valuable insights and serve as a foundation for 

understanding the potential effects of the war on the metallurgy sector in Ukraine. 

The following are three relevant studies that shed light on similar themes:  

"The Economic Impact of Armed Conflict and the Price of Violence" by Paul 

Collier and Anke Hoeffler (2004): 

This study examines the economic consequences of armed conflicts, focusing 

on the impact on economic growth, domestic investment, and capital accumulation. 

It highlights the negative effects of conflict on various sectors, including 
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manufacturing, agriculture, and trade. The study emphasizes the importance of 

restoring economic stability and rebuilding infrastructure in post-conflict situations 

to foster sustainable development. 

"The Effects of Conflict on Local Taxation: Evidence from the War in Iraq" 

by Ryan S. Jablonski (2015): 

This research investigates the effects of the war in Iraq on local tax revenues, 

a crucial source of income for local governments. The study finds that armed conflict 

disrupts tax collection mechanisms, leading to significant declines in revenue. It 

emphasizes the importance of understanding the fiscal implications of conflict and 

developing strategies to mitigate the adverse effects on local economies. 

"The Impact of Political Conflict on Trade: Evidence from the Ukraine 

Crisis" by Sergey Kiselev and Philip Ushchev (2017): 

This study analyzes the impact of the Ukraine crisis on international trade, 

focusing on the trade relationship between Ukraine and its major trading partners. 

The research finds substantial negative effects of the conflict on bilateral trade flows, 

highlighting the disruption of supply chains, increased trade costs, and reduced 

market access. The study emphasizes the importance of diversifying trade partners 

and developing resilient trade strategies in conflict-affected regions. 

These studies offer insightful information about the financial effects of armed 

conflicts and market disruptions on both domestic and international markets. 

Although they might not particularly address the Ukrainian metallurgical industry, 

they do provide pertinent approaches, frameworks, and factors to take into account 

when analyzing how the war has affected domestic prices, sector earnings, and global 

market prices. 

By concentrating on the influence of the conflict on domestic pricing and 

sector incomes in Ukraine's metallurgy industry, as well as its implications for world 

market prices, the current thesis seeks to close the knowledge gap by building on the 

findings and techniques of these research. This study aims to offer a thorough analysis 
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of the economic effects of the war in the industry by taking into account the special 

context of Ukraine and its importance in the global metallurgical market. 
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Charper 3. METHODOLOGY 

3.1 Hypotheses tested in this paper: 

Hypothesis 1. The start of the Russian-Ukrainian war on February 24, 2022 

had a statistically significant impact on world metal prices (aluminum, iron ore, 

copper). 

Hypothesis 2. The start of the Russian-Ukrainian war on February 24, 2022 

had a statistically significant impact on Ukrainian export prices of metals (aluminum 

and its products, ferrous metals, copper and its products - groups 76, 72 and 74 of 

the Classifier of Foreign Trade of Ukraine, respectively). 

Hypothesis 3. The start of the Russian-Ukrainian war on February 24, 2022 

had a statistically significant impact on Ukrainian export prices of metals (aluminum 

and its products, ferrous metals, copper and its products - groups 76, 72 and 74 of 

the Classifier of Foreign Trade of Ukraine, respectively). 

Hypothesis 4. The start of the Russian-Ukrainian war on February 24, 2022 had 

a statistically significant impact on the tirms of Ukraine's trade in metals (aluminum 

and its products, ferrous metals, copper and its products - groups 76, 72 and 74 of 

the Classifier of Foreign Trade of Ukraine, respectively). 

3.2 The main components of the time series of metal prices. 

Cyclic component 𝐶𝑡. As the graphical analysis of the dynamics of prices for 

aluminum, copper and iron ore in 2013-2023 in the world market and in Ukraine's 

foreign trade showed, the cyclical component is the leading component of the time 

series. Particularly striking cycles stand out in the dynamics of world prices and the 

dynamics of export prices in Ukraine, where 3-4 major cycles are noted. According 

to the time series charts of the terms of trading in metals in Ukraine, cyclicality is not 

traced. 

Seasonal component 𝑆𝑡. The study of autocorrelation functions for the initial 

world prices of aluminum, copper, and iron ore does not reveal monthly seasonality 

(lag = 12), since the corresponding ACF  coefficients are not statistically significant 
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at the significance level of 0.05 (Figure 1). Similar conclusions are made on the basis 

of the analysis of Ukraine's export prices according to the Paasche price index   by 

the base year 2012. In import price indices, an autocorrelation with a lag of 12 is 

observed for iron, since in January 2015 there was an abnormal value of the import 

price index for this metal.  At the same time, the nature of the anomaly of this value 

remains unclear. 

 

Figure 1. Autocorrelation functions for nominal metal prices with Bartlett 95% 
standard errors 

Trend component 𝑇𝑡. It is not possible to identify a stable trend component 

that plays a leading role in the time series of metal prices (at least in the time interval 

2013-2020). It is possible to consider short-term trends within a particular cycle, 

however, in this case, the trend component plays a secondary role, not the leading 
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one. In the event that the trend component played a leading role and cyclical 

components are secondary, visually on the chart, cycles would follow  the trend, and 

not vice versa.  

Irregular component 𝐸𝑡. This component is counted as a residual component 

after excluding the cyclical, seasonal and trend components. Since seasonality and 

visible trend are not clearly observed in the time series, the main task is to filter the 

cyclic component.   

3.3 The algorithm for identifying the shock component – the impact of 

the beginning of the large-scale phase of the Russian-Ukrainian war.   

Along with the main components, metal prices can include shock components 

of individual geopolitical or other events that have a short-term but very significant 

impact on the price. Among such events in recent years, the COVID-19 pandemic 

(or, more precisely, the reaction of society to the pandemic in the form of restrictive 

measures, in particular, lockdowns, which have direct economic consequences), as 

well  as Russia's armed invasion of Ukraine in February 2022, stand out. Both events 

are shocks to the economy, as they are unpredictable both in terms of the duration 

of the impact and the expected consequences. The reaction of markets to such shocks 

is most evident in commodity prices, in particular, metals, since market participants 

often factor in all possible risks of consequences, thereby multiplying the effect of 

the shock factor. 

To assess the impact of the shock component, the following sequence of 

analysis seems appropriate: 

Stage 1. Isolation of the cyclic component. It can be carried out in different 

ways. In this paper, a centered moving average with a smoothing period of t=12 

months is used for filtering. 

Stage 2. Testing of the residual component for stationarity. Since only the 

random and shock components should remain after the cyclic component is 

excluded, the part of the time series where the shock component should    not occur 

chronologically is checked using the single root test (the Augmented Dickey-Fuller 

test). In the case  of nonstationarity, the  most appropriate filtering method is selected. 
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Stage 3. Estimation of the duration of the shock component. Typically, this is 

a relatively short period of time during which the shock factor is dominant in the 

markets. 

Stage 4. Estimating the significance of the shock component using the 

following year's regression: 

�̂�𝑡 = 𝑎0 + 𝑎1 ∙ 𝑊 + 𝑎2 ∙ 𝑊 ∙ 𝑡 + 𝜀𝑡, 

where �̂�𝑡 is the time series of basic metal price indices with cyclical, trend and 

seasonal components excluded (i.e. stationary series + shock components); 

𝑊 – fictitious variable of the war (equal to 0 in the period before and after the 

impact of the shock of the beginning of the war, 1 during the period of the market 

shock); 

𝑡 – period number (month number in order, January 2013 t=1); 

𝜀𝑡 – irregular component, regression residuals; 

𝑎0, 𝑎1, 𝑎2 - Least squares regression parameters. 

The inclusion of the factor in the regression along with the 𝑊 factor (𝑊 ∙ 𝑡) is 

caused by the need to assess the impact of the shock for several periods (months) in 

case of uneven distribution of the impact within the estimated critical period. 

Along with the extended form, abbreviated regressions �̂�𝑡 = 𝑎0 + 𝑎2 ∙ 𝑊 ∙ 𝑡 +

𝜀𝑡 and �̂�𝑡 = 𝑎0 + 𝑎1 ∙ 𝑊 + 𝜀𝑡. 

The statistical significance of at least one of the coefficients 𝑎1, 𝑎2 will be 

equivalent to the statistical significance of the impact of the war shock on the price 

of the corresponding metal. 

3.4 Estimation of the duration of the shock component.  

In order to assess the duration of the shock effect of the beginning of the war, 

it is necessary to select such a critical point (bifurcation point) at which the effect of 

other important factors  in the dynamics of metal prices begins to outweigh the shock 

effect. These are, first of all, the following factors:  

a) Inflationary consequences of excessive money printing as part of aid 

programs during  the period of pandemic restrictions. 

b) The second wave of lockdowns in China (the closure of Shanghai and some 

other cities), which sharply reduced economic activity in China, the largest consumer 
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of metals in the world. China's industrial production  index decreased by -2.9% in 

April 2022 (compared to April 2021). In March-April, the Shanghai Composite stock 

index  lost about 12% of its capitalization.  

c) Economic consequences of high energy prices for the industry of European 

developed countries. In particular, in Germany, industrial production in March 2022 

decreased by -3.5% (compared to the previous year), in April it decreased by -2.2%, 

in May it decreased by -1.5%. 

d) Decisive measures taken by central banks to combat high inflation. On 

March 16, the Fed began a cycle of rate hikes (to 0.5% on March 16, to 1% on May 

4, to 1.75% on June 15 and beyond during the second half of 2022 and in 2023 to a 

high of 5.5% on July 26, 2023). 

It is also necessary to take into account the methodological difference in the 

world prices used and the prices of Ukraine's foreign trade. World metal prices are 

exchange quotations of world commodity exchanges (in fact, momentary levels of 

the time series), so the shock effect of the beginning of the war began to be laid down 

at the end of February (that is, it was taken into account in the price index for 

February 2022). Ukraine's export and import prices are taken into account in the 

weighted average aggregate indices, and since only 5 out of 28 days in February fall 

on hostilities, the shock effect of February is reflected in the prices of Ukraine's 

foreign trade very insignificantly.  

Taking into account the above factors, the interval from February to April 2022 

(W1) was taken as  the time range for taking into account the shock component of 

the war for world prices, and the interval from March to May 2022 (W2) was taken 

for foreign trade prices in Ukraine. 
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Chapter 4. DATA 

4.1 Dynamics of world prices for aluminum, copper and iron ore in 

2013-2023 and since the beginning of the war in 2022. 

In 2013-2020, world aluminium prices showed relatively restrained volatility, 

deviating to +20% from 2012 prices when growing and up to -30% from 2012  prices 

when decreasing. Several price cycles in aluminium can be distinguished: a short cycle 

in 2013-2014 (up to 110% at the peak of 2014), a downward wave in 2015-2017 (to -

30% at a low in 2016),  The  most significant volatility in  aluminum prices was 

observed in  the 2021-2023 cycle, when  the price reached up to +60% at the 2022 

high from 2012 levels, which can be considered the result  of the influence of the   

global inflationary processes in conjunction with the Russian-Ukrainian war (Figure 

2). 

 

Figure 2. Global prices of the metals in the years 2013-2023, % to 2012 (the yellow 
area shows the first 4 months of the war) 

The dynamics of global copper prices compared to aluminium have been 

more resilient to declines over the past decade. After a prolonged decline in 2013-

2016, global copper prices fell below 60% of 2012 levels, then recovered to 90% of 

2012 levels by 2018, and then fell significantly again to 60% levels at the beginning of 

the pandemic in 2020. Since 2021, copper prices have grown dynamically, reaching 

130% of 2012 levels in mid-2021. In the second half of 2021, copper prices stabilized 
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at around 120% before retreating to 100% in the second half of 2022. The beginning 

of the military conflict did not have a visible noticeable impact on world copper prices 

(or temporarily restrained them from falling). 

Iron ore showed the most significant fluctuations in the dynamics of its world 

prices  among the three metals under consideration (up to 30% at the lows and up to 

160% at the highs from the 2012 levels). In 2013-2016, there was a phase of decline 

in world prices, in 2016-2021 - a phase of growth in world prices for iron ore, and 

from the second half of 2021 -  a  sharp decline in world prices. 

In the first months of the war, world iron ore prices showed only a slight 

decline, while during 2022 as a whole, the price of copper stabilized at 80-90% of the 

base year of 2012. In general, the dynamics charts show a more significant impact of 

the war on world aluminum prices than on the prices of copper and iron ore.   

4.2 Dynamics of export and import prices of  Ukraine, as  well as terms 

of  trade of  aluminum, copperand iron ores in 2013-2023 and since the 

beginning of the war in 2022. 

In 2013-2020, export prices of all three metals showed a similar cyclicality: a 

decline by 2016, then an increase by 2018 and a decrease by 2020. Since 2021, 

aluminum export prices have shown an increase of up to 160% from 2012 levels, then 

decline by the beginning of 2022 and, with the beginning of the war, show a 

noticeable increase in the first half of 2022. Copper and iron ore in 2021 showed only 

moderate growth from 80% to 120% of  2012 levels, while in the first months of the 

war they moved with multidirectional monthly dynamics with a general downward 

trend. Thus, graphically, there is a noticeable impact of the war on the export prices 

of aluminum  and, to some extent, iron ore, in the dynamics of copper export prices, 

the impact of the war is not discernible (Figure 3). 
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Figure 3. Export prices of the metals in Ukraine in the years 2013-2023, % to 2012 
(the yellow area shows the first 4 months of the war) 

Compared to exports, Ukraine's imports of metals show a much more 

significant price fluctuation with an upward trend in recent years. In general, the 

phases of growth and decline repeated the phases in export prices. However, the most 

noticeable dynamics since 2021 showed import prices not only for aluminum, but 

also for iron ore (up to 200% compared to the level of 2012). In the price dynamics, 

there is a noticeable impact of the war on import prices of aluminum, and to a lesser 

extent - in import prices of copper (Figure 4). 

 

Figure 4. Import prices of the metals in Ukraine in the years 2013-2023, % to 2012 
(the yellow area shows the first 4 months of the war) 

The ratio of export prices of the metals under consideration to imports in 

Ukraine showed extremely high intra-year fluctuations between months, while since 
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2015 there has been a noticeable downward trend in the terms of trade for copper 

and ferrous metals. The effect of war on the terms of trade is difficult to determine 

graphically, and it is necessary to test the relevant statistical hypotheses (Figure 5). 

 

Figure 5. Terms of trade of the metals in Ukraine in the years 2013-2023, % to 2012 
(the yellow area shows the first 4 months of the war) 
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Chapter 5. RESULTS 

The market shock from the beginning of the large-scale phase of the Russian-

Ukrainian war was statistically significant (at the 0.95 confidence level) for global 

aluminum prices (the impact is high because the P-level is very low). In the model 

y(W) for coefficient a1 P-level is 7.6·10-5, in the model y(Wt) for coefficient a2 P-level 

is 7.2·10-5, and in the model y(W,Wt) both coefficients a1 and a2 are statistically 

insignificant at the level of 0.05 (P-level 0.105 and 0.099 for parameters a1 and a2 

respectively). Thus, one parameter was sufficient to identify the impact of the 

beginning of the war on world aluminum prices. The extremely low P-level value for 

the first two models indicates that world aluminum prices were very sensitive to the 

shock from the beginning of the war. 

The contribution of the shock component of the beginning of the war to the 

dynamics of global iron ore prices cannot be recognized as statistically significant in 

any of the considered modifications of the models: in the model y(W) for the 

coefficient a1 P-level is 0.511, in the model y(Wt) for the coefficient a2 P-level is 0.510, 

and in the model y(W,Wt) both coefficients a1 and a2 turned out to be statistically 

insignificant at the level of 0.05 (P-level 0.735 and 0.731 for parameters a1 and a2 

respectively). Thus, no significant effect of the war in the dynamics of global iron ore 

prices was found. 

The contribution of the shock component of the beginning of the war to the 

dynamics of global copper prices also cannot be recognized as statistically significant 

in any of the considered modifications of the models: in the model y(W) for the 

coefficient a1 P-level is 0.214, in the model y(Wt) for the coefficient a2 P-level is 0.211, 

and in the model y(W,Wt) both coefficients a1 and a2 turned out to be statistically 

insignificant at the level of 0.05 (P-level 0.268 and 0.264 for parameters a1 and a2, 

respectively). Thus, no significant effect of the war in the dynamics of world copper 

prices was also found (Table 1). 
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Table 1. Levels of Significance of Metal Price Regression Coefficients (Global 
Market and Exports of Ukraine) 

Regression Options 

Global Market Export 

Aluminum 
Iron 
ore 

Copper Aluminum 
Iron 
ore 

Copper 

y=a0+a1*W P(a1) 7,6*10-5 0,511 0,214 0,08 0,788 0,106 

y=a0+a2*Wt P(a2) 7,2*10-5 0,510 0,211 0,077 0,766 0,108 

y=a0+a1*W+a2*Wt 
P(a1) 0,105 0,735 0,268 0,012 0,034 0,276 

P(a2) 0,099 0,731 0,264 0,011 0,034 0,281 

Aluminum export prices in Ukraine were significantly affected by the effect of 

the beginning of the war. This is not reflected in the y(W) model, where the P-level 

of coefficient a1 is 0.08 > 0.05, nor is it reflected in the y(Wt) model, where the P-

level of coefficient a2 was 0.077 > 0.05. However, in the y(W,Wt) model, both 

coefficients a1 and a2 are statistically significant (P1 = 0.012 < 0.05 and P2 = 0.011 < 

0.05). Moreover, since a2 = 14.44 > 0, the war caused an upward effect in the export 

prices of aluminum in Ukraine. 

Export prices of iron in Ukraine were significantly affected by the effect of the 

beginning of the war. This is not reflected in the y(W) model, where the P-level of 

the coefficient a1 is 0.788 > 0.05, nor is it reflected in the y(Wt) model, where the P-

level of the coefficient a2 is 0.766 > 0.05. However, in the y(W,Wt) model, both 

coefficients a1 and a2 are statistically significant (P1 = 0.034 < 0.05 and P2 = 0.034 < 

0.05). In this case, since a2 = 10.47 > 0, the war caused an increase in iron export 

prices in Ukraine. 

Export prices of copper in Ukraine did not react significantly to the beginning 

of the war: in the model y(W) p-level for coefficient a1 is 0.106 > 0.05, in the model 

y(Wt) p-level for coefficient a2 is 0.108 > 0.05, in the model y(W,Wt) both coefficients 

are not statistically significant, as P1 = 0.276 > 0.05, P2 = 0.281 > 0.05.  

Import prices of aluminum in Ukraine changed significantly under the effect of 

the beginning of the war. This is not reflected in the model y(W), where the P-level 

of coefficient a1 is 0.267 > 0.05, nor is it reflected in the model y(Wt), where the P-

level of coefficient a2 is 0.275 > 0.05. However, in the y(W,Wt) model, both 

coefficients a1 and a2 were statistically significant (P1 = 0.016 < 0.05 and P2 = 0.016 
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< 0.05). At the same time, since a2 = 18.54 > 0, the war caused a growth effect in 

import prices of aluminum in Ukraine (Table 2). 

Table 2. Levels of Significance of Metal Price Regression Coefficients (Ukraine's 
Imports and Terms of Trade) 

Regression Options 

Import Trading Condition 

Aluminum 
Iron 
ore 

Copper Aluminum 
Iron 
ore 

Copper 

y=a0+a1*W P(a1) 0,267 0,306 0,0088 0,200 0,350 0,028 

y=a0+a2*Wt P(a2) 0,275 0,305 0,0092 0,201 0,346 0,029 

y=a0+a1*W+a2*Wt 
P(a1) 0,016 0,877 0,039 0,726 0,299 0,144 

P(a2) 0,016 0,871 0,041 0,733 0,296 0,149 

Import prices of iron in Ukraine did not react significantly to the beginning of 

the war: in the model y(W) p-level for coefficient a1 is 0.306 > 0.05, in the model 

y(Wt) p-level for coefficient a2 is 0.305 > 0.05, in the model y(W,Wt) both coefficients 

are not statistically significant as P1 = 0.877 > 0.05, P2 = 0.871 > 0.05.  

Import prices of copper in Ukraine were found to be sensitive to the shock 

from the beginning of the war. In the model y(W) P-level for coefficient a1 is 0.0088 

< 0.05, in the model y(Wt) P-level for coefficient a2 is 0.0092 < 0.05, and in the model 

y(W,Wt) the significance levels for the coefficients are P1 = 0.039 < 0.05 and P2 = 

0.041 < 0.05. In this case, since the value of coefficient a2 = -7.11 < 0, the war led to 

a decrease in import prices for copper in Ukraine. 

The terms of trade shows the relationship between export and import prices. 

If export prices change unidirectionally together with import prices, then even if the 

war effect is statistically significant separately for export prices and separately for 

import prices, it is likely that these dynamics will cancel each other out for the value 

of the terms of trade. In case of differently directed significant changes in export and 

import prices, on the contrary, there will be an amplification of the effect for the 

terms of trade. If there is a significant change for one of the components (export 

prices or import prices), the effect for the terms of trade can be either statistically 

significant or statistically insignificant, it can be revealed only by testing the statistical 

hypothesis. 

Ukraine's terms of trade for aluminum turned out to be insensitive to the shock 

from the beginning of the war, for the model y(W) P-level for coefficient a1 is 0.200 



23 
 

> 0.05, for the model y(Wt) P-level for coefficient a2 is 0.201 > 0.05, for the model 

y(W,Wt) both coefficients turned out to be statistically insignificant as P1 = 0.726 > 

0.05 and P2 = 0.733 > 0.05. Thus, the significant change (increase) in aluminum 

export prices and the significant change (increase) in aluminum import prices 

mutually offset the effect of war on the terms of trade for aluminum. 

Ukraine's terms of trade for iron turned out to be insensitive to the shock from 

the beginning of the war, for the model y(W) P-level for coefficient a1 is 0.350 > 0.05, 

for the model y(Wt) P-level for coefficient a2 is 0.346 > 0.05, for the model y(W,Wt) 

both coefficients turned out to be statistically insignificant as P1 = 0.299 > 0.05 and 

P2 = 0.296 > 0.05. Thus, a significant change (increase) in iron export prices in the 

absence of a significant change in import prices did not result in a statistically 

significant change in the terms of trade for iron. 

Under the influence of a significant increase in import prices for copper, at 

which export prices showed no significant dynamics in the first months of the war, 

the terms of trade for copper showed a significant decline. This is evidenced by a 

negative significant regression coefficient a1 = -9.86 < 0 (p = 0.028 < 0.05) for the 

y(W) model and a negative significant regression coefficient a2 = -0.088 < 0 (p = 

0.029 < 0.05) for the y(Wt) model. 
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Chapter 6. CONCLUSIONS AND RECOMMENDATIONS 

6.1 Main conclusions of the study. 

The hypothesis testing has shown that the war had a strong impact on global 

aluminum prices. This is consistent with the mechanisms of influence transmission 

described above (expectations of a sharp reduction in supplies due to sanctions and 

others). World iron ore and copper prices in February-April 2022 showed the 

expected dynamics within their cycle and did not show sharp changes associated with 

the Russian-Ukrainian war. 

For Ukraine's foreign trade, the beginning of the war had a more dramatic 

impact on metal prices. A moderate impact is noted in export prices of aluminum and 

ferrous metals. The war also had a noticeable and statistically significant impact on 

the growth of import prices of copper. In this regard, the already long declining terms 

of trade for copper have been markedly reduced by the beginning of the war. 

Comparison of sensitivity of world prices and prices of Ukraine's foreign trade 

to the shock of the beginning of the war allows us to draw the following conclusions: 

1) Aluminum prices both on the world market and in Ukraine's foreign trade 

(exports and imports) were characterized by a significant sensitivity to the war shock, 

while the effect in world aluminum prices was noticeably higher. The direction of 

movement of aluminum prices in all markets is growth. The terms of trade for 

aluminum in Ukraine did not change significantly, as the growth in export and import 

prices was statistically comparable.  

2) World prices for iron ore did not show noticeable dynamics, also import 

prices for iron in Ukraine did not show noticeable dynamics. However, export prices 

for iron showed significant growth. Such results show, on the one hand, the 

decreasing influence of Ukrainian iron ore exports on the world market, on the other 

hand, they demonstrate the severity of the problems that led to an increase in the 

price of iron exports directly due to the hostilities on the territory of the country. 

3) The copper price has not been significantly affected by the beginning of the 

military conflict on the world market, nor has it affected Ukrainian copper export 
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prices. However, Ukraine's copper import prices reacted significantly to the war 

shock, which also affected Ukraine's copper terms of trade.  

6.2 Significance of the Russian-Ukrainian military conflict against the 

background of other factors shaping metal prices on the world market. 

Among the three metals under consideration, only aluminum reacted with a 

significant price increase on the world market as a result of the shock from the 

beginning of the Russian-Ukrainian war, no statistically significant changes in iron ore 

and copper prices were found. In addition, within the cyclical dynamics of world 

prices, the duration of the shock from the impact of the war is limited to 

approximately three months. In general, the dynamics of all three metals show the 

following phase patterns:  (1) price declines or extremely weak dynamics in the first 

months of the coronavirus pandemic (February-April 2020; (2) significant price 

increases in 2021, driven by the global economic recovery and the injection of money 

by the Federal Reserve and the European Central Bank; (3) some acceleration of 

growth or delayed price declines in the first months of the war; and (4) declines in 

metal prices in the second half of 2022 to the first half of 2023, influenced by the 

slowdown in China's economy and the global economy. The graphs of dynamics 

(Appendix 1) show that the most significant change in metal prices occurs in phases 

(2) and (4), and the impact of the war in phase (3), firstly, short-term in time, and 

secondly, not sustainable in impact. Thus, the impact of global factors (changes in 

global demand, monetary factors in major economies and others) looks like a much 

more significant driver of metal prices than the Russian-Ukrainian war. 

6.3 Ways of using the results obtained in the work. 

The obtained results of the study can be applied in a number of directions, 

among which the following can be noted: 

1) War risks insurance. Despite the fact that in property insurance of many 

countries military-political events are regarded as an extreme force majeure 

circumstance and serve as an exception for the payment of insurance compensation 

for loss or damage to property, the demand for war risk insurance is increasingly 

growing and stimulates the expansion of the list of insurance types by adding war risk 

insurance. An example of one of the largest organizations insuring direct investments 
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against military risks is the Multilateral Investment Guarantee Agency (MIGA), a 

member of the World Bank Group. During 2022, the agency provided guarantees for 

54 projects worth $4.9 billion. The American International Development Finance 

Corporation (DFC) is also engaged in war risk insurance. It specializes in supporting 

investors who are willing to invest in high-risk countries. DFC was established in 

December 2019, since then it has provided guarantees for 4 thousand projects, the 

total amount of investments in which amounted to $200 billion. Such companies are 

usually professionally engaged in calculating the degree of military risk both for 

individual countries and for individual industries and groups of goods. 

When assessing the risk of war, the coefficients with the dummy variable W 

can serve as a basis for taking into account the relative dynamics of metal prices. In 

this case, the coefficients are comparable for comparing the dynamics of metal prices 

among themselves, since all regression models are calculated by percentage changes 

to a single base period. For example, from Appendix 3, the obtained values of 

coefficients a1: 16.0 for aluminum, 4.7 for iron ore and 3.8 for copper show that the 

risk of war for world aluminum prices is about 3.4 times higher than for iron ore and 

4.2 times higher than for copper. 

2) Accounting for military risks in international contracts. Military risks are 

being incorporated into international export-import contracts more and more often, 

especially in the foreign trade practice of Ukraine, where a legislative basis is being 

created for this purpose. Ukrainian draft law No. 9015 amends the law "On Financial 

Mechanisms to Stimulate Export Activity" No. 1792-VIII and authorizes the Export 

Credit Agency (ECA) to insure and reinsure direct investments in Ukraine against 

risks that may be caused by armed aggression, hostilities and/or terrorism. ECA acts 

as a guarantor of fulfillment of foreign economic contracts, factoring agreements, 

letters of credit, etc. If, for example, a company wants to take out a loan to finance 

an export contract, the bank will not grant the loan without insurance, which ECA 

can provide. In order to assess risks and calculate insurance premiums, organizations 

such as ECAs may need industry-specific risk ratios, which can be derived from the 

results of this paper. 
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3) Accounting for military risks in metal exchange trading. In order to diversify 

investments in commodities and metals in particular, it may be necessary to calculate 

the mean square deviation of metal price quotations. The dynamics of metal prices, 

except for the trend and cyclical component, includes the variation caused by military 

and political factors. The coefficients calculated in this paper can be used to calculate 

the overall risk in exchange trading of metals and financial derivatives linked to metal 

prices. 
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ANNEX 1 

Smoothing Time Series with a 12-Month Centered Simple Moving Average 

G_Alum, G_Iron, G_Co for basic indices of world prices; 

Exp_Alum, Exp _Iron, Exp _Co – for basic indices of export prices of Ukraine; 

Imp_Alum, Imp _Iron, Imp _Co – for basic indices of import prices of Ukraine; 

TT_Alum, TT _Iron, TT  _Co – for basic indices of the terms of trade of Ukraine. 
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ANNEX 2 

Checking the Stationarity of Smoothed Series Using the Dickey-Fuller Test 
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ANNEX 3 

Regression �̂�𝑡 = 𝑎0 + 𝑎1 ∙ 𝑊 + 𝜀𝑡 
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ANNEX 4 

Regression �̂�𝑡 = 𝑎0 + 𝑎2 ∙ 𝑊𝑡 + 𝜀𝑡 
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ANNEX 5 

Regression �̂�𝑡 = 𝑎0 + 𝑎1 ∙ 𝑊 + 𝑎2 ∙ 𝑊𝑡 + 𝜀𝑡 
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