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Abstract: The investigation of the fractal nature of financial data has been growing in the literature.
The purpose of this paper is to investigate the impact of the COVID-19 pandemic on the efficiency of
agricultural futures markets by using multifractal detrended fluctuation analysis (MF-DFA). To better
understand the relative changes in the efficiency of agriculture commodities due to the pandemic, we
split the dataset into two equal periods of seven months, i.e., 1 August 2019 to 10 March 2020 and
11 March 2020 to 25 September 2020. We used the high-frequency data at 15 min intervals of cocoa,
cotton, coffee, orange juice, soybean, and sugar. The findings reveal that the COVID-19 pandemic
has great but varying impacts on the intraday multifractal properties of the selected agricultural
future markets. In particular, the London sugar witnessed the lowest multifractality while orange
juice exhibited the highest multifractality before the pandemic declaration. Cocoa became the most
efficient while the cotton exhibited the minimum efficient pattern after the pandemic. Our findings
show that the highest improvement is found in the market efficiency of orange juice. Furthermore,
the behavior of these agriculture commodities shifted from a persistent to an antipersistent behavior
after the pandemic. The information given by the detection of multifractality can be used to support
investment and policy-making decisions.

Keywords: COVID-19; pandemic; agriculture; commodity; MF-DFA; high frequency; efficiency

1. Introduction

According to the World Health Organization (WHO), COVID-19 has led to more
than 620,000,000 confirmed infections along with more than 6,500,000 confirmed deaths.
Keeping in view the alarming levels of spread and severity, the World Health Organization
(WHO), on 11 March 2020, declared COVID-19 a pandemic. In addition to human loss,
the indirect effects through fear and uncertainty have fostered a sense of emergency and
tendency of pessimism (Barrafrem et al. 2020).

The COVID-19 pandemic has far-reaching economic implications and is becoming
an extremely serious economic event (Laing 2020). It triggered a global lockdown and
significantly impacted global mobility. Sadowski et al. (2021) investigated the connection
between the transmission of COVID-19 and human movement and discovered that “retail
and recreation areas”, “transit stations”, “workplaces”, “grocery stores”, and “pharmacies”
are the hotspots for COVID-19 dissemination. Hence, the transport and energy industries
suffered significant financial losses as a result of restricted movement. All forms of transport
were suspended, with the exception of a few emergency situations. A similar situation
prevailed in all other sectors, leading to a sharp drop in energy demand. The food business
attempted to cope with COVID-19 but supply lines from farmers to retail stores and
consumers were disrupted by the closure of many restaurants. However, grocery businesses
and supermarkets benefited reasonably well in terms of volume of sales and earnings as a
result of panic buying. Due to delays in electronic goods and industry shipments, many
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technological companies ceased operations. However, COVID-19 raised the need for
medical supplies and medication, which increased sales for pharmaceutical and healthcare
organizations. Likewise, the revenue of Internet-based companies soared due to increased
online activities such as remote office working and remote learning (Alam et al. 2021).

Global financial markets, on the other hand, also reacted strongly to this immense
outbreak (Nicola et al. 2020). Fast-growing literature is focusing on different aspects of
financial impacts caused by the COVID-19 pandemic. During the COVID-19 pandemic,
financial markets became risky (Ali et al. 2020; Barro et al. 2020), with a drastic decline
in the stock market indices (Czech et al. 2020; McKibbin and Vines 2020) and causing
enormous losses (Zhang et al. 2020). This pandemic had larger impacts on the US stock
market than other regions (Garcin et al. 2020). In comparison, Topcu and Gulal (2020)
reported a larger impact on Asian stock markets than on European ones. From a global
perspective, Aslam et al. (2020d) documented a structural change and significant changes in
the financial networks due to COVID-19. Furthermore, the market’s reaction to confirmed
cases is larger than the confirmed deaths (Ashraf 2020). Likewise, Ali et al. (2020) reported
the deterioration of financial markets when this outbreak changed from an epidemic to
a pandemic.

Since the beginning of the pandemic, we can attest to a growing number of research
studies focusing on the financial impacts of COVID-19 pandemic. Recently, different topics
had been developed, including financial networks, (Aslam et al. 2020d; Zhang et al. 2020),
stock market reactions (Aslam et al. 2020c; Zhang et al. 2020), exchange-rate fluctuation
during pandemic (Njindan Iyke 2020), oil-market reactions (Apergis and Apergis 2020;
Devpura and Narayan 2020), air-quality performance and multifractality (Ming et al.
2020; Sipra et al. 2021), insurance (Wang et al. 2020b), and gold and cryptocurrencies
(Corbet et al. 2020).

Multifractality is central to the science of complexity and it is possible to find different
applications in several essential areas of scientific activity, including physics (Muzy et al.
2008; Subramaniam et al. 2008), chemistry (Stanley and Meakin 1988; Udovichenko and
Strizhak 2002), biology (Makowiec et al. 2009; Rosas et al. 2002), hydrology (Telesca et al.
2005b), environment (Farjah 2019; Sipra et al. 2021), linguistics (Drożdż et al. 2016), physiol-
ogy (Nagy et al. 2017), psychology (Kelty-Stephen 2017), behavioral sciences (Ihlen and
Vereijken 2013), economics (Drożdż et al. 2010), or even in music (Jafari et al. 2007) and
sin markets (Aslam et al. 2021a). Particularly, multifractal detrended fluctuation analysis
(MFDFA) is a stronger tool capable of detecting long-term correlations in nonstationary time
series (Laib et al. 2018). In the context of finance, it helps to determine the efficiency ranking
of the markets under study despite revealing the extent of the inefficiency (Rizvi et al. 2014).
After the seminal works of (Mandelbrot 1967; Mandelbrot and Wallis 1969; Mandelbrot
1971, 1982, 1997), when the author introduced the concept of fractal geometry, after investi-
gating the behavior of cotton prices and finding that these commodity prices do not exhibit
a random-walk behavior, this particular method was applied to several fields with data
structures, including finance (Kumar and Deo 2009; Oh et al. 2010; Podobnik and Stanley
2008; Wang and Liu 2010).

The COVID-19 pandemic also affected the efficiency of different financial markets.
For instance, the intraday efficiency of European stock markets and exchange-rate markets
declined during the COVID-19 outbreak (Aslam et al. 2020b). Furthermore, Aslam et al.
(2020a) reported that the stock-market efficiency varies with the evolution of COVID-
19 with decreasing efficiency in February–March (2020) and a recovery in April–May
(2020). Particularly with respect to commodity markets, the experimental findings of
(Wang et al. 2020a, 2020b) indicate that the cross-correlations of multifractality between
crude oil and sugar future markets remained stronger during the pandemic. On the
other hand, the efficiency of the cryptocurrency market improved during the COVID-19
pandemic (Aslam et al. 2021b; Mnif et al. 2020).

Historically, a diverse range of techniques had been adopted to analyze the efficiency
of agricultural markets, including the cointegration test (Ali and Gupta 2011), VR test
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(Mishra 2019), and social loss index (Consuegra and Garcia-Verdugo 2017), among others.
However, few studies have investigated the efficiency of agriculture commodities by
applying econophysics techniques such as DFA (Cao and Xu 2016; Kim et al. 2011; Kim
and Venkatachalam 2011) and MF-DFA (Aslam et al. 2022a). Li and Lu (2011) applied
MF-DFA and multifractal spectrum analysis on Chinese agricultural markets and confirmed
the presence of multifractality, with highest levels in the hard winter wheat commodity
market. In a recent study, Stosic et al. (2020) examined the fractal behavior of the Brazilian
agriculture market through MF-DFA and confirmed that coffee futures showed the highest
multifractality among the other commodities.

This paper is unique and different in many ways. Unlike other financial markets, the
agricultural commodity future markets were jolted during COVID-19 through three main
channels: demand, supply, and heightened uncertainty (Sifat et al. 2021). Due to basic
exposure and market emotions, different commodity classes experienced varying degrees
of shocks. For instance, as global demand declined during the pandemic, oil prices fell to
their lowest levels since 1995, falling more steeply than other commodities and financial
markets (Aslam et al. 2022b). The futures of agricultural commodities such as soybean
and rice rose sharply, while corn and coffee remained stable, presumably as a result of
steady real demand, declining currencies, and decreasing production of edible oil. The
futures markets were established to allow economic agents to protect themselves against
price risk. However, these economic and financial shocks brought about by the pandemic
outbreak inflate a long-standing futures-related conundrum. Hence, it is essential to pay
close attention to how commodity markets futures behaved during the COVID-19 outbreak.

We make the following contributions to the recent literature on COVID-19 and its im-
pact on agricultural commodity markets. Firstly, as far as we are aware, this is the first study
to distinguish between the impacts of the COVID-19 pandemic on the efficiency of agricul-
tural futures markets in a multifractal context. To do this, we followed (Aslam et al. 2021b),
and divided the overall data into two equal periods, before the outbreak of the pandemic
(1 August 2018 to 10 March 2020) and afterwards (11 March 2020 to 25 September 2020).
Secondly, unlike other studies, we employed the 15 min high-frequency data of six agricul-
tural futures: cocoa, cotton, coffee, orange juice, soybean, and sugar. This is justified by the
fact that, compared to daily data, high-frequency data allows for a more precise calculation
of the complexity and multifractal properties in a time series (Aslam et al. 2021b, 2021c).
Thirdly, the robust fractal market-theory-based MFDFA of Kantelhardt et al. (2002) is used
in this study. Using this approach, we investigate four key questions: (1) Do agricultural
future markets have multifractal properties? (2) Do agricultural future markets’ multifractal
characteristics change before and after the declaration of the COVID-19 pandemic? (3) Does
the strength of the multifractal characteristics change before and after the declaration of
the COVID-19 pandemic? (4) Do the persistent behavior or autocorrelation characteristics
change before and after the declaration of the COVID-19 pandemic?

The rest of the paper proceeds as follows. Data and methodology are discussed in
Section 2. Section 3 presents the methodology used in this paper, while results are presented
in Section 4. The final section summarizes the key conclusions and recommendations of
the paper.

2. Data Description

Despite the fear of inciting panic or prompting some countries to flag in their efforts,
the World Health Organization (WHO) had to declare the novel coronavirus (COVID-19)
as a global pandemic on 11 March 2020 (Maier and Brockmann 2020). In a few weeks, this
pandemic shaved off nearly a third of the global market capitalization. Numerous studies
have revealed that COVID-19 primarily impacted financial markets in the second and third
quarters of 2020, which is from March 2020 to September 2020 (Aslam et al. 2021b). For
instance, Aslam et al. (2021b) quantified the self-similarity intensity of six stock markets
in Europe and Asia and investigated the quarterly variations in herding behavior using
MFDFA. They discovered that COVID-19 had a variable influence on these markets on a
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quarterly basis, but that the impact peaked in the second quarter and recovered in the third
and fourth quarters of 2020. Hence, following Aslam et al. (2021b), we restrict our period
from 1 August 2019 to 25 September 2020 and split the dataset into two equal periods
of seven months. By using the pandemic declaration date, the intraday prices ranging
from 1 August 2019 to 10 March 2020 refer to the period before the pandemic and prices
from 11 March 2020 to 25 September 2020 form the sample for the period after announcing
the pandemic. To overcome the problem of microstructure noise and duplicate values,
the high-frequency data is aggregated into a 15 min frequency, which is the highest and
best frequency and is in line with (Aslam et al. 2021b; Chen et al. 2022; Zhang and Ma
2021). Due to removal of the duplicate values and different number of trading days in
different months, we have a different number of observations for these time periods. The
list of agriculture commodities, data range, and the number of observations of both time
periods are presented in Table 1. These commodities were chosen solely on the basis of
the availability of intraday data. In Figure 1, the trend shows an instant decline in all
commodity prices after the declaration of the pandemic, except for orange Juice.

Table 1. Data description of agriculture commodities (1 August 2019 to 25 September 2020).

S. No. Commodity
Number Obs. Before
Pandemic (1 August

2019 to 10 March 2020)

Number Obs. After Pandemic
(11 March 2020 to 25

September 2020)

1 US Cocoa 8986 4704
2 US Coffee 5385 4999
3 US Cotton 10,143 9567
4 US Orange Juice 3460 3314
5 US Soybean 9414 8961
6 London Sugar 5421 5014

One of the reasons for this was an increase in the demand of orange juice across the
globe. For the return rates of the agriculture commodity futures, we used the normal
logarithm difference, i.e.,

r(t) = ln p(t)− ln p(t− 1) (1)

where p(t) is the price of a given index at time t. It is clear in Figure 2 that after the pandemic
declaration on 11 March 2020, more volatility returns can be observed in all commodities.
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3. Multifractal Detrended Fluctuation Analysis (MF-DFA)

The procedure of MF-DFA detailed by Kantelhardt et al. (2002) could be briefly
identified as follows.

Considering a time series {Zt, t=1, ..., N} with length N, the first step considers the
construction of the profile X(k), i.e.,

X(k) =
k

∑
t=1

(zt − z) (2)
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where k = 1, 2, 3 . . . , N and z is the observed mean. This profile obtained is divided in
Ns= int N

s nonoverlapping boxes with a length s. According to Kantelhardt et al. (2002),
it is possible to use a final part of the sample, when N is a nonmultiple of s, allowing
to have a total of 2Ns segments, and following the rule proposed by Peng et al. (1994),
i.e., 10 < s < Ns

5 . After this, a local trend is estimated for all 2Ns segments based on the
ordinary least squares, with

F2(s, m) =
1
s

s

∑
j=1
{X[(m− 1)s + j]− xm(j)}2 (3)

for the segments between m = 1 and m = Ns, while for the segments between m = Ns+1 and
m = 2Ns, this is given by

F2(s, m) =
1
s

s

∑
j=1
{X[N − (m− Ns)s + j]− xm(j)}2 (4)

representing xm(j) as the polynomial fit of the segments. Prior functions are averaged,
allowing to obtain the qth-order fluctuation function for any q 6= 0, given by

Fq(s) =

{
1

2Ns

2Ns

∑
ρ=1

[
F2(s, ρ)

]q/2
}1/q

(5)

and for q = 0

F0(s) = exp

{
1

4Ns

2Ns

∑
ρ=1

ln
[

F2(s, ρ)
]}

(6)

Negative values of q represent small fluctuations and positive values represent larger
fluctuations. The value at q = 2 represents the DFA exponent. The value of Fq(s) increases
with s, and performing a log–log regression allows to obtain a power law given by

Fq(s) ∼ Sh(q) (7)

The value of h(q) is the Hurst exponent, which measures the dependence levels of
financial assets (see, for example, (Domino 2011; Pleşoianu et al. 2012)). A value of h(q) = 0.5
implies that the financial market under analysis behaves like a random walk; if h(q) > 0.5
and h(q) < 0.5, that market represents, respectively, persistent and antipersistent patterns.

The Renyi exponent τ(q) can be calculated by using the value of h(q) to measure the
mono- or multifractality behavior of a given series.

τ(q) = qh(q)− 1 (8)

By using the Legendre transformation, the relationship between τ(q) and f (α) can be
written as follows:

f (α) = qα− τ(q) (9)

Through Equations (8) and (9), we can obtain the multifractal spectrum f (α)

α = h(q)− qh′(q) (10)

f (α) = q(α− h(q)) + 1 (11)

with α being the Holder exponent given by

α = hq + q
γhq

γq
− τq (12)
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The degree of multifractality can be quantified by the width of spectrum ∆α and ∆h,
i.e.,

∆h = h(qmin) − h(qmax) (13)

or

∆α = α(max) − α(min) = h(−∞)− h(+∞) =
ln
( a

b
)

ln 2
(14)

A higher width of ∆α or ∆h implies a higher degree of multifractality.

4. Empirical Findings

The estimation of the MF-DFA for each commodity at each period under analysis
provides us the information given in Figure 3, in this case representing the estimations for
the cocoa. The panel (A) (top left) shows the log–log relationship between the fluctuation
function

(
Fq
)

and the time scale s from q = −30 to q = 30, which, in the case under analysis,
exhibits a well-fit straight line. In panel (B), we have the generalized Hurst exponent h(q),
which is a decreasing function of the value of q. Panel (A) has the quickest decline, which
will be consistent with the difference of the maximum and minimum values of h(q). On the
other hand, ∆h indicates the higher multifractality levels and is related with higher degrees
of inefficiency. In panel (A), we have the Renyi exponent, which is nonlinear in the case of
the existence of multifractality, and panel (D) represents the multifractal spectrum, which
identifies multifractality when it is described by a single-humped shape. In conclusion,
Figure 3 shows that there exists evidence of multifractality in cocoa both before and after
the declaration of the pandemic.
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Figure 3. MFDFA results for cocoa. (Panel A) Fluctuation functions for q = [−30,0,+30]; (Panel B)
Generalized Hurst exponent depending on q; (Panel C) Mass exponent t(q); (Panel D) Multifractal
spectrum. On the left is the information for the period before the declaration of the COVID-19
pandemic and on the right is the information for the period after the declaration of the COVID-
19 pandemic.

For the behavior of the remaining commodities, the evidence is rather similar, ex-
cepting the case of the orange juice in the period after the pandemic (see Figures 4 and 5,
showing all the other results). In that case, all the panels show differences when compared
with the other general figures. In panel (A), the log–log relationship shows some instability;
in panel (B), the Hurst exponent decreases sharply from q = −30 to q = 30, then goes up
until q = 5, and decreases again until q = 30; panel (C) is near to a linear relationship, but
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panel (D), representing the multifractal spectrum f (α), also has a single humped-shape,
indicating that the series is multifractal.
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Figure 5. MFDFA results for soybean and sugar. (Panel A) Fluctuation functions for q = [−30,0,+30];
(Panel B) Generalized Hurst exponent depending on q; (Panel C) Mass exponent t(q); (Panel D)
Multifractal spectrum. On the left is the information for the period before the declaration of the
COVID-19 pandemic and on the right is the information for the period after the declaration of the
COVID-19 pandemic.

The generalized Hurst exponents of all commodities future markets over the range
of q ∈ [−30, 30] are shown in Table 2. All the h(q) values for ‘before pandemic’ and ‘after
pandemic’ decrease with the increase of q, confirming that the generalized Hurst exponent
h(q) depends on the value of q, suggesting the presence of multifractality in these markets
for both periods.
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Table 2. Generalized Hurst exponents for the agriculture futures ranging from q = −30 to q = 30.

Q

Before COVID-19 Outbreak After COVID-19 Outbreak

Cocoa Coffee Cotton Orange
Juice Soybean Sugar Cocoa Coffee Cotton Orange

Juice Soybean Sugar

−30 0.7302 0.6568 0.6588 0.7765 0.7007 0.6219 0.6424 0.6658 0.7878 0.7983 0.7559 0.7346
−29 0.7292 0.6556 0.6578 0.7754 0.6996 0.6208 0.6414 0.6648 0.7868 0.7971 0.7547 0.7336
−28 0.7281 0.6544 0.6567 0.7741 0.6985 0.6196 0.6403 0.6636 0.7857 0.7959 0.7535 0.7324
−27 0.7269 0.653 0.6555 0.7728 0.6973 0.6184 0.6391 0.6624 0.7846 0.7945 0.7522 0.7312
−26 0.7256 0.6516 0.6543 0.7714 0.696 0.617 0.6379 0.661 0.7833 0.7931 0.7507 0.7299
−25 0.7243 0.6501 0.6529 0.7698 0.6946 0.6156 0.6366 0.6596 0.782 0.7915 0.7492 0.7285
−24 0.7228 0.6485 0.6515 0.7682 0.6931 0.6141 0.6352 0.6581 0.7805 0.7898 0.7475 0.7269
−23 0.7212 0.6467 0.6499 0.7664 0.6915 0.6124 0.6337 0.6565 0.779 0.788 0.7457 0.7253
−22 0.7195 0.6448 0.6482 0.7644 0.6898 0.6106 0.6321 0.6547 0.7773 0.786 0.7437 0.7235
−21 0.7176 0.6427 0.6464 0.7623 0.688 0.6086 0.6303 0.6528 0.7754 0.7838 0.7416 0.7216
−20 0.7155 0.6404 0.6444 0.76 0.6859 0.6065 0.6284 0.6507 0.7734 0.7814 0.7392 0.7195
−19 0.7133 0.6379 0.6422 0.7574 0.6837 0.6042 0.6264 0.6484 0.7713 0.7787 0.7366 0.7172
−18 0.7108 0.6352 0.6399 0.7546 0.6813 0.6016 0.6241 0.6459 0.7688 0.7758 0.7338 0.7147
−17 0.7081 0.6323 0.6373 0.7515 0.6786 0.5988 0.6217 0.6432 0.7662 0.7725 0.7307 0.7119
−16 0.7051 0.629 0.6344 0.748 0.6757 0.5957 0.6191 0.6401 0.7632 0.7688 0.7272 0.7089
−15 0.7017 0.6254 0.6312 0.7441 0.6724 0.5923 0.6162 0.6368 0.7599 0.7646 0.7233 0.7055
−14 0.6979 0.6214 0.6277 0.7398 0.6688 0.5886 0.613 0.6331 0.7562 0.7599 0.719 0.7017
−13 0.6937 0.6169 0.6237 0.7348 0.6648 0.5843 0.6095 0.629 0.752 0.7545 0.7141 0.6975
−12 0.6889 0.612 0.6193 0.7292 0.6603 0.5796 0.6057 0.6244 0.7472 0.7483 0.7085 0.6927
−11 0.6834 0.6064 0.6142 0.7227 0.6552 0.5743 0.6015 0.6193 0.7417 0.7411 0.7022 0.6873
−10 0.6771 0.6002 0.6085 0.7152 0.6494 0.5682 0.597 0.6135 0.7352 0.7327 0.6949 0.6811
−9 0.6699 0.5933 0.602 0.7066 0.6429 0.5615 0.592 0.607 0.7277 0.7226 0.6865 0.674
−8 0.6617 0.5857 0.5946 0.6964 0.6353 0.5538 0.5867 0.5996 0.7188 0.7107 0.6768 0.6659
−7 0.6521 0.5773 0.586 0.6844 0.6267 0.5453 0.581 0.5914 0.7081 0.6964 0.6655 0.6566
−6 0.6412 0.5682 0.576 0.6702 0.6169 0.5359 0.5753 0.5823 0.6953 0.6792 0.6524 0.6461
−5 0.629 0.5587 0.5646 0.6536 0.6056 0.5262 0.5697 0.5724 0.6797 0.6587 0.6373 0.6343
−4 0.6158 0.549 0.5517 0.6343 0.5929 0.5169 0.5649 0.562 0.661 0.635 0.6203 0.6217
−3 0.6021 0.5393 0.5373 0.6122 0.5785 0.509 0.5611 0.5517 0.6389 0.6098 0.6018 0.609
−2 0.5884 0.5298 0.5215 0.587 0.5624 0.5032 0.5586 0.5425 0.6137 0.5868 0.5826 0.5968
−1 0.5748 0.5203 0.5032 0.5572 0.5443 0.4982 0.5569 0.5346 0.5862 0.5713 0.5633 0.5852
0 0.5612 0.51 0.4807 0.5195 0.5242 0.491 0.5553 0.5275 0.5577 0.5694 0.5446 0.5736
1 0.5474 0.4976 0.4525 0.4695 0.5027 0.4796 0.5531 0.5203 0.5302 0.5842 0.528 0.5611
2 0.5332 0.4816 0.4194 0.4059 0.4804 0.4645 0.55 0.5111 0.5049 0.6079 0.5144 0.5472
3 0.519 0.462 0.3846 0.3398 0.4585 0.4468 0.5461 0.4988 0.4816 0.6268 0.5039 0.5325
4 0.5051 0.4408 0.3525 0.2855 0.438 0.4283 0.5414 0.484 0.4603 0.636 0.4952 0.5177
5 0.4917 0.4203 0.3255 0.2458 0.4198 0.4106 0.5361 0.4686 0.4412 0.6377 0.4874 0.5038
6 0.4793 0.4022 0.3036 0.2173 0.404 0.3949 0.5307 0.4543 0.4246 0.6352 0.4799 0.4913
7 0.4681 0.3867 0.2862 0.1963 0.3907 0.3814 0.5255 0.4417 0.4106 0.6306 0.4728 0.4802
8 0.4582 0.3738 0.2722 0.1804 0.3794 0.3698 0.5205 0.4308 0.3987 0.6253 0.4661 0.4706
9 0.4495 0.363 0.2609 0.1679 0.3698 0.3601 0.5158 0.4215 0.3886 0.6199 0.46 0.4622

10 0.4418 0.354 0.2515 0.1578 0.3616 0.3517 0.5115 0.4135 0.38 0.6147 0.4545 0.455
11 0.4351 0.3463 0.2437 0.1495 0.3546 0.3446 0.5076 0.4066 0.3726 0.6099 0.4495 0.4488
12 0.4293 0.3397 0.2371 0.1426 0.3486 0.3384 0.5041 0.4006 0.3662 0.6055 0.445 0.4433
13 0.4241 0.3341 0.2314 0.1367 0.3433 0.3331 0.5008 0.3954 0.3607 0.6015 0.441 0.4385
14 0.4196 0.3291 0.2265 0.1316 0.3386 0.3284 0.4979 0.3909 0.3558 0.5978 0.4374 0.4343
15 0.4155 0.3248 0.2222 0.1271 0.3345 0.3242 0.4951 0.3868 0.3515 0.5945 0.4341 0.4305
16 0.4119 0.3209 0.2184 0.1232 0.3309 0.3205 0.4926 0.3832 0.3477 0.5914 0.4312 0.4272
17 0.4086 0.3175 0.215 0.1197 0.3276 0.3172 0.4903 0.38 0.3443 0.5887 0.4285 0.4242
18 0.4057 0.3145 0.212 0.1166 0.3246 0.3143 0.4882 0.3771 0.3412 0.5862 0.4261 0.4215
19 0.4031 0.3117 0.2093 0.1138 0.3219 0.3116 0.4863 0.3745 0.3384 0.5839 0.4238 0.419
20 0.4006 0.3092 0.2069 0.1113 0.3195 0.3092 0.4845 0.3721 0.3359 0.5817 0.4218 0.4168
21 0.3984 0.3069 0.2047 0.109 0.3173 0.307 0.4828 0.3699 0.3336 0.5798 0.4199 0.4147
22 0.3964 0.3049 0.2026 0.1069 0.3152 0.305 0.4812 0.3679 0.3315 0.578 0.4181 0.4129
23 0.3945 0.303 0.2008 0.105 0.3134 0.3031 0.4798 0.3661 0.3296 0.5763 0.4165 0.4111
24 0.3928 0.3012 0.1991 0.1032 0.3116 0.3014 0.4784 0.3644 0.3278 0.5748 0.415 0.4096
25 0.3912 0.2996 0.1975 0.1016 0.3101 0.2998 0.4771 0.3629 0.3262 0.5733 0.4137 0.4081
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Table 2. Cont.

Q

Before COVID-19 Outbreak After COVID-19 Outbreak

Cocoa Coffee Cotton Orange
Juice Soybean Sugar Cocoa Coffee Cotton Orange

Juice Soybean Sugar

26 0.3897 0.2981 0.196 0.1001 0.3086 0.2984 0.476 0.3615 0.3247 0.572 0.4124 0.4067
27 0.3884 0.2967 0.1947 0.0987 0.3072 0.297 0.4748 0.3601 0.3233 0.5707 0.4112 0.4054
28 0.3871 0.2954 0.1934 0.0974 0.3059 0.2957 0.4738 0.3589 0.322 0.5696 0.41 0.4043
29 0.3859 0.2942 0.1922 0.0962 0.3047 0.2946 0.4728 0.3577 0.3207 0.5685 0.409 0.4031
30 0.3848 0.2931 0.1911 0.0951 0.3036 0.2935 0.4719 0.3566 0.3196 0.5674 0.408 0.4021

Delta
H 0.3454 0.3637 0.4677 0.6814 0.3971 0.3284 0.1705 0.3092 0.4682 0.2309 0.3479 0.3325

Delta
α

0.4087 0.4324 0.531 0.75 0.4624 0.3942 0.2291 0.3751 0.5341 0.2982 0.4136 0.3977

For instance, before the pandemic, the highest value of h(q) of London sugar, repre-
sented in Table 2, is 0.62 for q = −30, falling to 0.29 at q = 0, and with the lowest value
of 0.38 for q = 30. Likewise, after the pandemic declaration, the highest value of h(q) of
USA cocoa is 0.64 for q = −30, falling to 0.55 at q = 0, and with the lowest value of 0.47 for
q = 30. Comparable declining patterns are found in other markets for both time periods.

The width of the generalized Hurst exponents ∆h is documented in Table 2. The
value of ∆h specifies the degree of the multifractality, with a smaller width meaning lower
multifractality levels (Telesca et al. 2005a).

By comparing ∆h(q) in Table 2 in subperiod 1 of before the pandemic, the orange
juice future market shows the highest multifractality patterns, with ∆h = 0.68, followed by
cotton (∆h = 0.47), while the sugar (∆h = 0.33) and cocoa (∆h = 0.34) markets show the
lowest multifractality, respectively. After the pandemic declaration on 11 March 2020, a
significant change in the multifractality can be observed. After the pandemic declaration,
the cotton future market exhibited the highest multifractality (∆h = 0.47), followed by
soybeans (∆h = 0.35), while the cocoa market showed the lowest degree of multifractality
with multifractality (∆h = 0.17). Overall, an increase in the multifractally ∆h is confirmed
in two out of six (sugar and cotton) markets, while a decline is found in the remaining
four markets. The comparative multiple spectra of all six agriculture future markets are
presented in Figure 6.

The same conclusion can also be obtained by comparing the spectrum width ∆α in
Figure 6 and last row of Table 2. Finally, the COVID-19 pandemic significantly affected the
persistence level of commodity future markets. Before the pandemic, only the USA cocoa
future market (h(q) = 0.53) showed persistent behavior, while the remaining five markets
showed an antipersistence feature. However, all the markets (h(q) > 0.50) exhibit evidently
persistent features with a clear shape and a trace of herd behavior. Somewhat similar pat-
terns are found in the bitcoin market during the COVID-19 pandemic (Aslam et al. 2021b;
Mnif et al. 2020).

The multifractal characteristics reveal the efficiency of financial markets (Anagnostidis
et al. 2016). Consequently, based on the multifractal properties examined, USA cotton
and London sugar showed a decline level while cocoa, coffee, orange juice, and soybean
showed an efficiency improvement after the declaration of the COVID-19 pandemic. The
market efficiency of orange juice improved the most among these six commodities, as it
was the most inefficient market before the pandemic and became relatively more efficient
after the pandemic. Overall, the findings reveal that the COVID-19 pandemic has a great
but varying impact on the multifractal properties and persistence levels of agricultural
future markets.
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5. Conclusions and Discussion

Agricultural commodities are viewed as central resources for the food security and
social stability of any economy. With this background, this paper investigates why it is
critical to monitor their prices, especially during times of increased instability. Additionally,
during times of global uncertainty, commodities are increasingly seen as replacement assets
by investors seeking alternative investments for diversification purposes. Goodell (2020)
describes this pandemic as a worldwide crisis with severe economic harm that has never
been experienced before. This period of economic and social unrest, which is akin to
the GFC of 2007–2008, stands out, and much research has concentrated on analyzing the
effects of the COVID-19 pandemic on various commodity markets (Lu and Zeng 2022;
Sifat et al. 2021; Štreimikienė et al. 2022; Wang et al. 2020a). This, however, does not make
this paper any less valuable. The most significant aspect of this paper is that it splits a
14-month dataset into two equal periods from 1 August 2019 to 10 March 2020 and 11
March 2020 to 25 September 2020. The purpose of doing this is to better understand the
inner dynamics of agricultural commodity markets during an extreme crisis time, i.e.,
March 2020 to September 2020, as found by (Aslam et al. 2021b). They discovered that this
pandemic mostly affected financial markets in the second quarter of 2020, with the third
and subsequent quarters being the period of recovery. In this connection, we investigated
the intraday multifractal behavior of six agricultural futures: USA cocoa, USA cotton, USA
coffee, USA orange juice, USA soybean, and London sugar.
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The findings of this study are as follows: Firstly, all agricultural commodities are found
to have significant multifractal patterns in both periods, i.e., before and after the outbreak
of COVID-19. Secondly, a significant change in the multifractality is observed, where the
multifractality of cotton and sugar increases significantly after the pandemic, while cocoa,
orange juice, and soybean are found to be less multifractal after the pandemic. This indicates
that the market efficiency of cotton and sugar decreases significantly while the market
efficiency of cocoa, orange juice and soybean increase after the pandemic. Interestingly, the
overall results found orange juice to be highly efficient among all commodities. Thirdly,
all the markets have h(q) values greater than 0.5, indicating an increase in the strength of
positive persistence after the COVID-19 pandemic.

Furthermore, our findings are in line with previous studies (Heng et al. 2020; Umar et al.
2021; Wang et al. 2020a). For instance, Wang et al. (2020a) used multifractal detrended cross-
correlation analysis (MF-DCCA) to investigate the effects of the COVID-19 pandemic on the
cross-correlations between the crude oil and agricultural futures markets. They discovered
that, with the exception of the orange juice future market, all agricultural futures’ cross-
correlations rose following the outbreak of the COVID-19 pandemic. Similarly, Akyildirim
et al. (2022) discovered that, during pandemics, orange juice sentiments are the least
correlated with other market sentiments. The possible explanation is that orange juice
was seen as a popular commodity during the pandemic, and many consumers believed
that orange juice would keep them healthy during the worrying times of the COVID-19
pandemic. According to Heng et al. (2020), the dollar sales of orange juice at grocery stores
rose by 50.7% for the four-week period in March-April 2020 in comparison to the dollar
sales of March–April 2019. Similarly, in response to consumers’ altered purchasing patterns,
the futures price for frozen concentrated orange juice increased by 24 percent in mid-March
2020, making orange juice one of the best-performing commodities during the COVID-19
pandemic (Heng et al. (2020).

The existence of multifractality in agricultural commodities suggests that prices have
a pattern and that price volatility has clusters, demonstrating some predictability. This,
however, defies the principles of the Efficient Market Hypothesis (EMH) of Fama (1970)
and presents an exploitable opportunity for investors to outperform the market and attain
abnormal returns. Investors can therefore take this market persistence level into account
when developing their investment strategy. Numerous studies have employed multifrac-
tality and the Hurst exponent to examine the market’s inefficiency to predict changes in
financial market movements (Ali et al. 2021; Alvarez-Ramirez et al. 2008; Aslam et al. 2021a,
2022a). According to our findings, a wider multiple spectrum and a wider range of ∆h are
the signs of greater inefficiency (Cajueiro et al. 2009; Caraiani 2012). These findings also give
authorities better understanding, since multifractality brought about by market complexity
or the lesser development of these markets may cause these inefficiencies (Aslam et al.
2021a; Rizvi et al. 2014).

Hence, our study has different implications for investors, practitioners, managers, and
policymakers. Firstly, the multifractality caused by market complexity or by the lesser
development of these markets may cause these inefficiencies (Aslam et al. 2021a; Rizvi
et al. 2014). This raises the likelihood of herding behavior and irrational speculation,
both of which could skew the expected payoffs from underlying investment evaluation.
Consequently, these findings offer useful information for investors, practitioners, and
managers in obtaining abnormal returns. Secondly, these findings help authorities and
policymakers to implement measures that increase transparency, which will boost the
efficiency of these futures markets, particularly during moments of economic and financial
instability. Thirdly, our findings imply that investors need to be more cautious when
underestimating the risk exposure to agricultural commodities, contrarily to a prevalent
misconception that these commodities provide safe-haven benefits in crisis moments.
Finally, it is essential to use nonlinear approaches to detect and identify all the possible
patterns in the financial markets.
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Despite the findings, it is relevant to identify the possible limitations of this paper,
namely, the fact that it only examines the multifractal properties of agricultural futures
markets before and after the COVID-19 outbreak without the identification of any conclu-
sions about the causes which underlie the physical mechanism or multifractal properties.
Hence, future studies should employ various multifractal approaches to understand the
underlying sources of multifractality in these markets. This study also does not take any
grain-based commodities due to data availability constraints; hence, the inclusion of more
agricultural futures markets should be considered. Moreover, the analysis could also be
extended by examining the impact of geopolitical risk and economic-policy-uncertainty
indicators on the efficiency of these markets. Finally, the application of the rolling window
on the multifractality would also provide more insights regarding the efficiency of these
markets over time.
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