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We re-evaluate the efficiency of selected commodity markets during the Russia-Ukraine 
crisis using the asymptotic normal variance ratio test. We find that there is a substantial 
difference in the commodity prices before and after the war’s commencement. We also 
show that the markets are weak-form inefficient before and after the invasion except for 
gasoline and oats which became efficient during the war. We highlight the investment 
implications of the findings. 

I. Introduction   

The efficient market hypothesis (EMH), first postulated 
by Fama (1970), explains how asset prices or financial mar
kets obey the random walk theory before they are deemed 
fully efficient. EMH can be in the weak-form efficiency, 
where asset prices adjust to historical information or past 
trends; the semi-strong form efficiency, in which asset 
prices adjust to publicly available information; or the 
strong form efficiency where insider information is already 
reflected in asset prices, making it practically impossible 
to beat the market (Fama, 1970). However, crises such as 
the Global Financial crisis, European sovereign debt crisis, 
Brexit, and Covid-19 pandemic, present trend price devia
tion and unexpected investor behaviour, particularly mar
ket participants with active portfolios engaging in arbitrage 
(Moyo et al., 2023; Olowe, 1996). Expecting a comparable 
pattern during the ongoing Russia-Ukraine war seems ad
missible. Meanwhile, the commodity market has been his
torically used as a hedge during crisis periods, especially 
their futures (Chauhau et al., 2013), due to lesser volatili
ties to critical periods within these markets. Interestingly, 
these markets, notably energy markets, are conventionally 
regarded as efficient markets. Thus, the efficiency of com
modity markets before and after the Russia-Ukraine war 
commencement needs to be assessed. This study examined 
the agricultural, energy, and metal futures markets, select
ing five proxies for each class of commodity market. 

Various methodologies have been adopted to evaluate 
market efficiency. The multifractal detrended fluctuation 
analysis (Aslam et al., 2022) employed 30-minutes intra-
day data; the vector error correction model and Johansen 
co-integration and granger causality tests (Manogna & 
Mishra, 2023) analyze the nine most liquid agricultural 

commodities; and similarly, panel integration was used by 
Khedhiri (2023) to determine the efficiency of the agricul
tural commodity market. However, this study adopted the 
average variance ratio (AVR) test to appraise the efficiency 
of commodity markets due to its adequacy for testing in
dividual markets’ weak-form efficiency (Charles & Darné, 
2009; Smith & Ryoo, 2003) as opposed to testing the over
all market efficiency of a market class. Few studies have in
vestigated the impact of the Russia-Ukraine war on market 
efficiency, and no study has analyzed the selected com
modity markets. Therefore, this study examines how the 
Russia-Ukraine war has affected the commodity markets by 
comparatively assessing the markets’ efficiency before and 
after the war’s start. This study provides detailed informa
tion for portfolio managers, and hedgers to create effec
tive portfolio baskets and informs policymakers about the 
areas needing improved regulations in the financial mar
ket. We observed that the commodity markets considered 
were inefficient both before and after the war commenced 
except gasoline and oats, which became efficient after the 
war commenced. In addition to this introductory section, 
the paper is organized as follows: Section II presents the 
methodology, Section III discusses the findings, and Sec
tion IV concludes the paper. 

II. Methodology and Data     

Variance ratios have been frequently used in testing hy
potheses in time series analyses (returns form) (Charles & 
Darné, 2009). We randomly selected the commodity market 
proxies, wherein the return series,  equals . The apri
ori expectation was for the series to follow a martingale dif
ference sequence. In determining this, the following condi
tions are necessary; 
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The AVR test mainly sets side by side the variance of the 
 period difference  with the f-times variance of 

one period difference ] (see equation (2)). The test 
statistics was thus ordered to check the null hypothesis for 
the market efficiency: 

The scaled variance is , and the 
mean of the return is , which can be defined 
as  . The kernel estimator is de

picted as  ; . The specified 

significant level for the analysis technique is at 1%, 5%, and 
10%. The null hypothesis will therefore be rejected if the 
probability level is lower than the stated significance level. 

The data set for 608 days was obtained from 
https://ng.investing.com/currencies/, and a level of analysis 
was conducted on the returns obtained. The study spanned 
two major periods, with an equal number of days before 
and after the war commenced. Preliminary analyses were 
conducted using exploratory tools on the futures raw prices 
and returns for each commodity price’s data series (Figure 
1). Remarkable differences in the prices and returns were 
observed before and after the start of the war. 

The descriptive data analysis of the variables showed 
that WTI had the highest return, while silver had the lowest 
return before the inception of the war, and rough rice had 
the maximum return while platinum had the minimum re
turn during the war; most importantly, returns have sig
nificantly reduced in the war period. The standard devia
tions for all indices were relatively low portraying the series 
as not volatile. In contrast, during the war period, com
modities have become more volatile excluding corn and 
soybeans, whose volatility has reduced with similar results 
from the coefficient of variation. The observed kurtoses 
were all leptokurtic except wheat before the war, which had 
outliers. However, during the war, only platinum followed 
a normal distribution pattern, while most of the commodi
ties such as Brent, heating oil, natural gas, WTI, corn, soy
bean, gold, platinum, and silver had a decline in kurtosis. 
The rest of the commodities, namely gasoline, oats, rough 
rice, wheat, aluminium, and copper had increased kurtosis. 
The ARCH tests revealed that quite a number of the series 
did not exhibit significant conditional heteroskedasticity 
before the war. However, after the inception of the war, 
all series except platinum and silver showed a significant 
heteroskedasticity effect. The correlation statistics also 
showed no significant change between the pre-war and in-
war periods.1 

III. Results   

Individual and joint variance ratios were applied to each 
series within the data set. The holding periods considered 
were 22, 66, and 132 to represent 1-month, 3-month, and 
6-month holding periods respectively. The results for the 
joint variance ratio tests show that across the three sub-
samples, markets are weak-form inefficient before and after 
the commencement of the war besides gasoline and oats 
whose market became weak-form efficient during the war. 
An in-depth analysis of selected holding periods was con
ducted, and mixed results were obtained. At the 1-month 
holding period, the markets were weak-form inefficient, 
and investors could profit from the market. However, there 
was a disparity in the market efficiency as the holding pe
riod extended. At the 3-month holding period, the market 
efficiency results were mixed: before the war, only corn 
and oats became weak-form efficient, but three months af
ter the war commenced, gasoline, corn, oats, and wheat 
became efficient. Ultimately, at the 6-month holding pe
riod, all markets became efficient, which implies that lower 
profit may be achieved for a portfolio basket with such 
a time lag. Thus, short-term investments would be more 
profitable in these markets irrespective of the existence or 
non-existence of a crisis. 

IV. Conclusion   

This study centres on how the Russia-Ukraine war could 
have influenced the weak-form efficiency of selected com
modity markets. A comparative analysis of before and after 
the war’s inception was conducted using the conventional 
average variance ratio method. It was observed that the 
Russia-Ukraine war has had little or no effect on the weak-
form efficiency of the commodity markets. This may be be
cause the markets were inefficient before the inception of 
the war, which is similar to Aslam et al.'s (2022) findings. 
Aslam et al. observed market inefficiencies for all energy 
commodity markets except natural gas, which became more 
efficient after the commencement of the Russia-Ukraine 
war. Arguably, past information regarding commodity pric
ing has not been fully incorporated into current commodity 
prices, hence the weak-form EMH, opening the markets 
up to potential arbitrage. Investors could exploit the inef
ficiencies to achieve profitable investment strategies that 
deviate from efficiency, providing an arbitrage gain. We 
implore policymakers and regulators to ensure market ef
ficiency by ensuring public disclosure of all relevant in
formation and strict compliance with market regulations. 
The same should implement a communication platform for 
rapid dissemination of information to improve market effi
ciency. 

The correlation table was removed due to limited space and can be provided in a supplementary document upon request. 1 
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Figure 1. Prices and Returns of Selected Commodities       
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Table 1. Summary Statistics and ARCH Test      

Commodity 
Mean 

Standard 
Deviation 

Coefficient of 
Variation 

Skewness Kurtosis Jarque-Bera ARCH Mean 
Standard 
Deviation 

Coefficient of 
Variation 

Skewness Kurtosis Jarque-Bera ARCH 

Pre-War (23rd December, 2020 to 23rd February, 2022) War & Post-War (24th February,2022 to 28th April, 2023) 

Energy 

Brent 0.212 1.967 9.300 -1.185 8.959 520.93*** 5.37 -0.065 2.852 -43.912 -0.613 5.197 79.90*** 24.002*** 

Gasoline 0.192 4.142 21.535 -0.709 19.259 3374.15*** 33.923*** 0.022 5.373 238.850 -0.898 30.785 9786.93*** 77.657*** 

Heat oil 0.214 1.820 8.516 -1.424 9.893 704.49*** 4.952 -0.057 3.917 -68.424 -0.862 9.291 537.16*** 10.958** 

Natural gas 0.176 3.920 22.233 -0.183 4.839 44.54*** 37.157*** -0.215 5.315 -24.724 -0.380 3.216 7.87** 10.268* 

WTI 0.216 2.115 9.784 -1.164 8.110 399.47*** 5.961 -0.060 2.963 -49.341 -0.454 4.288 31.35*** 35.282*** 

Grains 

Corn 0.145 2.173 14.982 -2.287 22.935 5298.70*** 2.213 -0.024 1.795 -75.118 -1.705 15.605 2152.64*** 18.772*** 

Oats 0.230 2.064 8.989 0.003 6.241 133.06*** 78.651*** -0.267 4.270 -15.977 -1.507 23.448 5393.30*** 35.971*** 

Rough rice 0.065 0.996 15.321 0.390 4.241 27.20*** 13.607*** 0.047 1.282 27.050 0.421 4.484 36.76*** 33.793*** 

Soybeans 0.098 1.515 15.455 -0.452 7.161 229.61*** 9.825* -0.055 1.490 -27.243 -0.430 4.437 35.41*** 12.293** 

Wheat 0.118 1.820 15.373 0.262 2.795 4.01 3.93 -0.107 2.993 -28.018 0.816 10.151 679.25*** 116.117*** 

Metals 

Aluminum 0.161 1.416 8.815 -0.406 4.002 21.05*** 14.838*** -0.110 1.834 -16.606 0.206 4.105 17.56*** 9.775* 

Copper 0.075 1.547 20.735 -0.124 3.362 2.44*** 12.426** -0.047 1.641 -34.938 0.199 4.344 24.82*** 12.957** 

Gold 0.005 0.913 190.636 -0.973 6.922 242.76*** 2.741 0.015 1.000 66.746 0.130 3.590 5.24* 13.232** 

Platinum 0.022 1.930 87.705 -0.065 3.793 8.18* 3.222 -0.001 1.973 -2834.927 -0.004 2.895 0.14 5.119 

Silver -0.024 1.898 -80.426 -1.011 10.195 707.59*** 19.628*** 0.009 1.914 214.523 0.588 4.837 60.10*** 0.596 

The coefficient of variation is computed by dividing the standard deviation by the mean. The ***, ** and * indicate statistical significance of the formal tests (Jarque-Bera test for normality and ARCH test for conditional heteroscedasticity) at 1%, 5% and 10% respectively. 
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Table 2. Individual and Joint Variance Ratio Test of the Returns          

Commodity 

Individual 
Joint 

Individual 
Joint 

1-month 3-months 6-months 1-month 3-months 6-months 

Pre-War (23rd December, 2020 to 23rd February, 2022) War & Post-War (24th February,2022 to 28th April, 2023) 

Energy 

Brent -2.486** -1.747* -1.355 2.486** -2.616*** -1.700* -1.302 2.616** 

Gasoline -2.701*** -2.036** -1.516 2.701** -1.639* -1.103 -0.964 1.639 

Heat oil -2.394*** -1.717* -1.343 2.394** -2.321** -1.684* -1.346 2.321* 

Natural gas 2.636*** -1.6* -1.216 2.636** -2.954*** -1.823* -1.347 2.954*** 

WTI -2.449*** -1.721* -1.344 2.449** -2.673*** -1.709* -1.297 2.673** 

Grains 

Corn -2.33** -1.528 -1.166 2.33* -2.15** -1.552 -1.233 2.15* 

Oats -2.252** -1.57 -1.241 2.252* -1.926** -1.453 1.182 1.926 

Rough rice -2.805*** -1.816* -1.35 2.805** 2.583*** -1.632* -1.267 2.583** 

Soybeans -2.6*** -1.703* -1.282 2.6** -2.838*** -1.928** -1.434 2.838*** 

Wheat -3.095*** -1.85* -1.358 3.095*** -2.18** -1.572 -1.259 2.18* 

Metals 

Aluminum -2.939*** -1.792* -1.329 2.939*** -2.798*** -1.762* -1.332 2.798*** 

Copper -3.061*** -1.863* -1.358 3.061*** -2.746*** -1.810* -1.346 2.746*** 

Gold -3.017*** -1.898* -1.407 3.017*** -3.098*** -1.927** -1.43 3.098*** 

Platinum -3.141*** -1.88* -1.4 3.141*** -1.385*** 1.901* -1.386 3.185*** 

Silver -2.538*** -1.653* -1.318 2.538** -3.005*** -1.865* -1.374 3.005*** 

The ***, **, * indicate statistical significance level at 1%, 5% and 10% respectively. 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License (CCBY-SA-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-sa/4.0 and le

gal code at https://creativecommons.org/licenses/by-sa/4.0/legalcode for more information. 
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