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Abstract: The Turn of the month (ToM) effect is a calendar anomaly when the majority of returns of an asset are con-
centrated into several days around the end of the old month and the start of the new one. Until now, the investigation
of the ToM effect has mainly been focused on the stock markets. However, this paper investigates the presence of the
ToM effect in eight key agricultural commodity markets (cocoa, coffee, corn, cotton, rice, soybean, sugar, wheat), us-
ing three different alternatives of the ToM window, during the 2001-2021 time period. The results show a statistically
significant ToM effect in the rice, coffee, and sugar markets. Further results show that the ToM pattern changed during
the COVID-19 pandemic, and that, in the case of commodities with a statistically significant ToM effect, the ToM effect

can be efficiently used to beat the buy & hold investment strategy convincingly.
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Numerous studies have confirmed that financial
markets are impacted by various calendar anomalies
such as the Halloween effect (Bouman and Jacob-
sen 2002; Andrade et al. 2013), the Day of the week
effect (Philpot and Peterson 2011), the Holiday ef-
fect (Lakonishok and Smidt 1988; Ariel 1990), or the
Turn of the month (ToM) effect (Ariel 1987; Arendas
and Kotlebova 2019). The existence of these anomalies
is in contradiction to the Efficient Markets Hypoth-
esis (Fama 1965), as they can be used for generating
abnormal returns.

One of the most famous calendar anomalies is the
ToM effect. The ToM effect is a calendar anomaly
when an asset tends to record the majority of returns
during the ToM period that covers only several trad-

ing days before the end of the old month and after
the start of the new one. One of the first studies that
investigated the ToM effect was conducted by Ariel
(1987). Ariel found out that between 1963 and 1981,
on the US stock markets, on average, positive returns
were recorded only during the ToM periods. During
the Rest of the month (RoM) periods, the returns were
close to zero. Only a year later, Lakonishok and Smidt
(1988) investigated the returns of the Dow Jones In-
dustrial Average and found that between 1897 and
1986, on average, the cumulative returns recorded
during the last trading day of the old month and first
three trading days of the new one equalled 0.473%,
compared to 0.061% recorded over a common average
4-day period.
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The findings of Ariel, Lakonishok and Smidt were
also confirmed by McConnell and Xu (2008), who
concluded that between 1897 and 2005, technically, all
the positive returns could be booked during a period
covering the last four trading days and the first three
trading days of a month. Liu (2013) focused on the
S & P 500 (stock index) between 2001 and 2011 and
confirmed the presence of the ToM effect too.

Studies by Cadsby and Ratner (1992), Agrawal and
Tandon (1994), Kunkel et al. (2003), Kayacetin and Le-
kpek (2016), Aziz and Ansari (2017), Chen et al. (2018),
Arendas and Kotlebova (2019), Singh et al. (2021), Va-
sileiou (2021), Lee and Ryumi (2022), Kumar (2022) and
numerous others discovered the ToM effect on other
markets than the US stock markets.

Although numerous studies have confirmed the ex-
istence of the ToM effect, the reasons for its existence
are not completely clear. There are several theories ex-
plaining it. According to Ogden (1990), the calendar
anomaly is related to the increased liquidity around
the end of the month induced by the standardisation
of payments. Burnett (2017) added that this effect
is more robust during periods of higher investors' con-
fidence. Maher and Parikh (2013) supposed that the
ToM effect is caused by institutional investors whose
activity grows towards the end of each month. Also,
Nilsson (2015) concluded that asset price behaviour
is impacted by the window-dressing activities of in-
stitutional investors that occur during the ToM pe-
riod. Moreover, according to Nikkinen et al. (2009),
the ToM effect is related to the increased volume
of US macroeconomic news usually released during
the ToM period.

The ToM effect is not a new phenomenon; however,
we are unaware of any study investigating the presence
of the ToM effect on agricultural commodity markets,
despite some other calendar anomalies that have al-
ready been confirmed by Arendas (2017) or Burakov

Table 1. Descriptive statistics
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and Feidin (2018). This paper aims to fill this gap, in-
vestigate the presence of the ToM effect in key agri-
cultural commodity markets, and determine whether
the ToM effect is strong enough to be successfully
exploited by a simple investment strategy. Investigat-
ing this aspect of the agricultural commodity markets
could be useful for the market participants, whether
the producers of the affected commodities or the trad-
ers and investors.

MATERIAL AND METHODS

We investigated the presence of the ToM effect
in eight key agricultural commodity markets (cocoa,
coffee, corn, cotton, rice, soybean, sugar, and wheat).
The investigated period covers two decades between
January 2001 and December 2021. The price data
were retrieved from Yahoo Finance databases which
capture the long-term future prices from the Chicago
Board of Trade (CBOT) (corn, rice, soybean, wheat)
and Intercontinental Exchange (ICE) (cocoa, coffee,
cotton, sugar) commodity exchanges. The descrip-
tive statistics are presented in Table 1. The prices
are quoted for tonnes (t), pounds (Ib), bushels (bu),
and hundredweights (CWT) in US dollars (USD) and
US cents (USc).

Suppose the ToM effect affects a particular market.
In that case, the average daily returns recorded dur-
ing days around the ToM period (the last trading days
of an old month and the first trading days of a new
month) must be higher than the average daily re-
turns recorded over the RoM period. However, there
is no consensus regarding the length of the ToM pe-
riod. For example, Lakonishok and Smidt (1988)
used a 4-day period consisting of the last trading day
of an old month and the first three trading days of a new
month. McConnell and Xu (2008) used a 7-day period
consisting of the last 4 trading days of an old month

Commodity Minimum Maximum Average Median SD

Cocoa (USD/t) 753.00 3774.00 2271.51 2 340.00 609.81
Coffee (USc/lb) 41.50 304.90 128.52 121.42 50.87
Corn (USc/bu) 186.25 831.25 397.54 368.00 155.00
Cotton (USc/Ib) 28.52 215.15 71.38 66.91 26.01
Rice (USD/2 000 CWT) 343.00 2 446.00 1128.80 1170.00 370.26
Soybean (USc/bu) 418.50 1771.00 971.93 954.00 319.35
Sugar (USc/Ib) 4.99 35.31 14.48 13.71 5.74
Wheat (USc/Ib) 244.75 1425.25 525.96 503.50 176.32

Source: Authors' own calculations
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and the first 3 trading days of a new month. Liu (2013)
concluded that the ToM effect is the strongest dur-
ing a period covering the last 4 trading days of an old
month and the first 2 trading days of a new month.
Kayacetin and Lekpek (2016) focused on the last trad-
ing day of an old month and the first two trading days
of the new one. Arendas and Kotlebova (2021) investi-
gated three alternatives of the ToM window, consisting
of 1, 2, and 3 trading days before and after the begin-
ning of a new month.

However, all of the abovementioned studies focused
on the stock markets. It is possible to assume that the
agricultural commodity markets may behave different-
ly. Therefore, this paper investigated three alternatives
to the ToM window. The first one is inspired by the
pioneers of the ToM effect investigation, Lakonishok
and Smidt (1988), and it covers the last trading day
of the old month and the first three trading days of the
new one (1 + 3). The remaining two windows were set
empirically based on the available data. The first cov-
ers only the first three trading days of the new month
(0 + 3), and the second covers the last and the first
trading day (1 + 1).

The investigation of the presence of the ToM ef-
fect and its attributes is focused on the following
hypotheses:

H,: There is a ToM effect present on the agricultural
commodity markets over the investigated period.

H,: The observed ToM effect is statistically significant.

H,: With the agricultural commodities with a statistical-
ly significant ToM effect, the observed patterns were
not disrupted during the COVID-19 pandemic.

H,: With agricultural commodities with a statistically
significant ToM effect, a simple ToM-based invest-
ment strategy can generate abnormal returns (beat
the buy & hold investment strategy).

To confirm or reject the abovementioned hypoth-
eses, the following steps were used:

i) Based on the daily closing prices, the daily returns
for the 8 investigated agricultural commodities are cal-
culated [Equation (1)]:

(-2
szp—l

x—-1

(1)

where: R, — return generated on day x; P, — closing price
on day x; P,_, — closing price on the previous day.

ii) The daily returns are divided into two groups.
The first one includes returns recorded during the trad-
ing days included in the ToM window, and the second

one includes returns recorded during the trading days
not included in the ToM window (the RoM window).

iii) To evaluate whether the ToM effect is statisti-
cally significant, i.e. whether there is a statistically
significant difference between the average ToM and
the average RoM returns, the Welch test is used.
As the RoM periods include notably more trading
days than the ToM periods, the Welch test is more ap-
propriate than a simple ¢-test, as it is better suited for
testing data samples of different sizes. Based on the
central limit theorem, given the large data samples,
it is not necessary to test for the normality of distribu-
tion. The Welch test is based on the following formula
[Equation (2)]:

A~ Ay

f= ——— 2)
Vi—-V,

where: A, A, — average values of the compared datasets;
V,, V, — variances of the two datasets.

iv) For the cases where the Welch test confirmed
statistical significance, an ordinary least squares
(OLS) regression was performed to verify the re-
sults. In the regression model, the daily returns are
the dependent variable, and the independent variable
is a dummy variable that shows whether the particu-
lar day belongs to the ToM window, which is as follows
[Equation (3)]:

R =a + BToM + ¢, (3)

where: R, — return on day £ a — intercept representing
the average return recorded during the RoM period;
B — regression coefficient; ToM — binary dummy vari-
able for the ToM period; g, — error term.

v) For the investigated agricultural commodities with
a statistically significant ToM effect, a closer analysis
of the ToM effect during the two-year pre-pandemic
period (2018, 2019) and the two-year pandemic period
(2020, 2021) is performed, to evaluate whether there
are any apparent differences in the ToM pattern during
the two investigated periods.

vi) In the cases of a statistically significant ToM ef-
fect, several simple investment strategies were in-
vestigated. The first one is based on investing only
during the ToM windows and staying out of the mar-
ket during the RoM windows, the second one assumes
investing during the RoM windows and staying out
of the market during the ToM windows, and the third
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Table 2. The Turn of the month effect — alternative 1 (=1; 3)
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ToM (-1; 3) RoM (-1; 3) Difference between ToM and RoM Welch test
Commodity (%) (two-tailed P-value)
Cocoa -0.037 0.060 -0.097 0.14722
Coffee 0.151 0.020 0.131 0.07396*
Corn 0.088 0.023 0.065 0.32439
Cotton 0.059 0.021 0.038 0.54246
Rice 0.207 -0.009 0.216 0.00029%**
Soybean 0.072 0.022 0.049 0.37307
Sugar 0.104 0.017 0.087 0.30484
Wheat 0.075 0.031 0.043 0.55896

*, #*% *** statistical significance at a = 0.1, 0.05, and 0.01, respectively; bold — statistically significant

Source: Authors' own calculations

one is the simple buy & hold strategy of buying in Janu-
ary 2001 and selling in December 2021.

RESULTS AND DISCUSSION

The data show that for the vast majority of investi-
gated agricultural commodities and ToM windows, the
average ToM period returns are higher than the aver-
age RoM period returns. However, the differences are
not statistically significant in all the cases.

Table 2 shows the results of the ToM effect investiga-
tion for the ToM window consisting of the last trading
day of the old month and the first three trading days
of the new month. During the investigated period, in the
case of all eight agricultural commodities, except for co-
coa, the average daily ToM period returns are positive
and higher than the average daily RoM period returns.
The most significant difference can be seen in the case
of rice (0.216 percentage points). In the case of cocoa, the

Table 3. The Turn of the month effect — alternative 2 (1; 3)

average daily ToM returns are 0.097 percentage points
lower than the average daily RoM returns. Based on the
results of the Welch test, the differences are statistically
significant in the case of rice, at o = 0.01, and in the case
of coffee, at o = 0.1.

The differences are slightly different for the second al-
ternative of the ToM window, which includes only the
new month's first three trading days (Table 3). In this case,
once again, the most significant difference between the
average daily ToM and RoM returns can be observed
with rice, however, there are as many as three commod-
ities (soybean, cocoa, cotton) with the ToM returns
lower than the RoM returns. Rice is the only commod-
ity with statistically significant differences between the
ToM and RoM returns. During the investigated period,
the differences were statistically significant at a = 0.05.

The most interesting aspect is the results for the third
alternative of the ToM window, which includes only
the last trading day of the old month and the first trad-

ToM (1; 3) RoM (1; 3) Difference between ToM and RoM Welch test
Commodity (%) (two-tailed P-value)
Cocoa -0.060 0.058 -0.118 0.12673
Coffee 0.124 0.032 0.092 0.27403
Corn 0.055 0.032 0.023 0.74481
Cotton 0.020 0.030 -0.011 0.87675
Rice 0.149 0.013 0.136 0.03303**
Soybean 0.031 0.032 -0.001 0.98145
Sugar 0.056 0.030 0.026 0.79038
Wheat 0.095 0.031 0.064 0.42575

** statistical significance at a = 0.05; bold — statistically significant

Source: Authors' own calculations
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Table 4. The Turn of the month effect — alternative 3 (-1; 1)

ToM (-1; 1) RoM (-1; 1) Difference between ToM and RoM Welch test
Commodity (%) (two-tailed P-value)
Cocoa -0.096 0.056 -0.152 0.09362*
Coffee 0.178 0.031 0.147 0.13560
Corn 0.156 0.022 0.133 0.17853
Cotton 0.081 0.023 0.058 0.51641
Rice 0.264 0.008 0.257 0.00336***
Soybean 0.111 0.023 0.088 0.26362
Sugar 0.241 0.012 0.230 0.08675*
Wheat 0.074 0.036 0.038 0.72900

*, *** statistical significance at a = 0.1 and 0.01; bold — statistically significant

Source: Authors' own calculations

ing day of the new month (Table 4). The results show
that, in all the cases, except for cocoa, the average daily
ToM returns are higher than the average daily RoM re-
turns. Moreover, in all the cases except for wheat, the
differences are higher than the first two alternatives
of the ToM window. They are statistically significant
in the case of rice at a = 0.01 and sugar at a = 0.1. What
is also interesting, in the case of cocoa, the RoM re-
turns are statistically significantly higher than the
ToM returns at a = 0.1.

Based on the results presented above, it is possible
to accept hypothesis H,: "There is a Turn of the month
effect present on the agricultural commodity markets
over the investigated period.' Except for the cocoa mar-
ket in all three alternatives of the ToM window and the
soybean and cotton market at the (1; 3) ToM window,
in all the cases, the ToM period returns were higher
than the RoM period returns during the 2001-2021 pe-
riod. However, hypothesis H,: "The observed Turn
of the month effect is statistically significant’, is valid
only for rice (all three ToM window alternatives), cof-
fee (-1; 3), and sugar (-1; 1).

Table 5 shows the differences in the ToM pattern
during the two-year pre-COVID-19 and the two-year
COVID-19 period. Although the calendar anoma-
lies show dynamic patterns and their strength tends
to change over time, hypothesis H, assumes that
a major change in the ToM pattern in the cases of the
analysed agricultural commodities did not accompany
COVID-19. However, as the results in Table 5 show,
hypothesis H,: "With agricultural commodities with
a statistically significant ToM effect, the observed pat-
terns were not disrupted during the COVID-19 pan-
demics' cannot be accepted. The pre-COVID-19 and
post-COVID-19 results differ substantially in all of the
investigated cases. In the case of rice (-1; 3), rice (1; 3),
and coffee (-1; 3), the differences between the average
ToM and RoM period returns increased, which indi-
cates the strengthening of the ToM effect. However,
in the case of rice (-1; 1), coffee (-1; 3), sugar (-1; 1),
and cocoa (-1; 1), the differences decreased, which
indicates the weakening of the ToM effect. However,
it is too early to conclude whether we are discussing
a long-term or temporary trend.

Table 5. The Turn of the month effect (%) — comparison of the pre-COVID and COVID period

pre-COVID-19 (2018-2019)

COVID-19 (2020-2021)

Ao b gy gy b
Rice (-1; 3) 0.137 0.006 0.131 0.238 0.001 0.237
Rice (1; 3) 0.053 0.028 0.025 0.261 0.010 0.251
Rice (-1; 1) 0.366 —0.004 0.371 0.175 0.032 0.143
Coffee (-1; 3) 0.070 0.012 0.058 -0.126 0.197 -0.323
Sugar (-1; 1) 0.715 -0.086 0.801 0.358 0.057 0.301
Cocoa (-1; 1) -0.038 0.088 -0.125 -0.331 0.052 -0.383

Source: Authors' own calculations
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Commodity o B B (P-value) F R? SD

Rice (-1; 3) —-0.00009 0.00216 0.00032*** 12.95161 0.00246 0.01716
Coftee (-1; 3) 0.00020 0.00131 0.07434* 3.18570 0.00061 0.02094
Rice (1; 3) 0.00013 0.00136 0.04317** 4.09059 0.00078 0.01717
Rice (-1; 1) 0.00008 0.00257 0.00143*** 10.18396 0.00193 0.01716
Sugar (-1; 1) 0.00012 0.00230 0.01943*** 5.46614 0.00104 0.02094
Cocoa (-1; 1) 0.00056 -0.00152 0.09322* 2.81889 0.00054 0.01926

a — intercept representing the average return recorded during the RoM period; f - regression coefficient

Source: Authors' own calculations

To verify the results of the Welch test, a regression
analysis was performed for cases where the Welch test
indicated a statistically significant ToM effect, similar
to the study of Maher and Parikh (2013). As shown
in Table 6, which contains the primary outcomes of the
regression analyses, although the P-values differ slight-
ly, the regression analyses confirm the results of the
Welch test. The dummy variable that shows whether
a particular return was recorded during the ToM or the
RoM window is statistically significant in all six cases.
Although R? is very low in all cases, it is not a problem,
as we do not use regression analyses to make any pre-
dictions. We only use them to determine whether the
dummy variable is statistically significant.

Figure 1 shows the potential of the ToM effect
tobe utilised asa part of an investment strategy. It shows
the cumulative results of investing only during the

rice ToM (-1;
rice RoM (-1; —64.54
rice ToM (1;
rice RoM (1;
rice ToM (-1;1)
rice RoM (-1;1)
rice B&H
coffee ToM (-1;1)
coffee RoM (-1;1)
coffee B&H
sugar ToM (-1;1)
sugar RoM (-1;1)
sugar B&H

3)
3)
3)
3) -11.59
-28.65

57.19

-31.77

Returns (%)

[ s5.10

ToM periods, the cumulative results of investing only
during the RoM periods, and the overall returns re-
corded by buying at the beginning of 2001 and selling
at the end of 2021. As can be seen, in the case of rice,
in all three ToM windows, a simple strategy of invest-
ing during the ToM periods and staying out of the mar-
ket during the RoM periods would be more efficient
than the buy & hold investment strategy. The same
can be said about sugar and the (-1; 1) ToM window.
The reason is simple, during the ToM windows, sig-
nificant positive returns were recorded, during the
RoM windows, negative returns were recorded. This
finding is similar to the findings of Ariel (1987), Lakon-
ishok and Smidt (1988), or McConnell and Xu (2008),
who observed similar behaviour in the stock markets.
In the case of coffee (—1; 1), investing only during the
ToM windows would not suffice to beat the buy & hold

597.00
179.52

246.34

— 14713

119.43

244.93
171.28

Figure 1. Comparison of the ToM (Turn of the month), RoM (Rest of the month), and B&H (buy & hold) returns

(Jan 2001 — Dec 2021)

Source: Authors' own calculations
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strategy, as positive returns (although smaller) were
also recorded during the RoM windows. However,
the cumulative RoM return of 57.19% recorded over
21 years is not too impressive. It equals an average
annual return of only 2.177%. Under normal market
conditions, this return can be beaten relatively eas-
ily by investing in money or bond markets. It means
that the investment strategy proposed by Kunkel and
Compton (1998) was based on switching between the
stock market (in this case, the coffee market) during
the ToM windows and money markets during the
RoM windows, which would be efficient.

Therefore, except for coffee, it is possible to accept hy-
pothesis H,: "With agricultural commodities with a sta-
tistically significant ToM effect, a simple ToM-based
investment strategy can generate abnormal returns (beat
the buy & hold investment strategy).' If we apply the
abovementioned strategy of switching between different
markets during the ToM and RoM windows, the ToM ef-
fect can also be efficiently exploited in the coffee market.

It is also important to note that the results for co-
coa are very interesting. Regardless of the investigated
ToM window, the cocoa prices performed consistently
better during the RoM periods than during the ToM pe-
riods. Moreover, cocoa recorded negative returns for all
the investigated ToM window alternatives. This finding
may be quite valuable, too, as cocoa's RoM returns are
much higher than the RoM returns of the other inves-
tigated agricultural commodities. In the case of the
(=1; 1) window, where the differences were statistically
significant, investing only during the ToM windows
would generate a 43.75% loss, while investing only dur-
ing the RoM windows would generate a 491.06% gain.
The 491% gain compares favourably to the 237.6%
gain recorded by the buy & hold strategy. Moreover,
switching between the rice, coffee, or sugar market dur-
ing the ToM windows and the cocoa market during the
RoM windows should lead to huge abnormal returns.

Unfortunately, we can only speculate why cocoa be-
haves so differently. It may be given by the very spe-
cific fundamentals of the commodity provided only
in a relatively tiny region of the planet. Year after year,
the Ivory Coast, Ghana, Cameroon and Nigeria, four
African countries from the Guinea Bay, are responsible
for around 75% of the global cocoa production. This
may mean that the investors tend to overreact to in-
formation regarding the weather conditions and politi-
cal situations in these countries, which may cause the
different behaviour of the cocoa market in comparison
to the other investigated agricultural commodities
whose production is diversified geographically better.

Our results regarding the practical implications
of the ToM effect on the agricultural commodity mar-
kets align with the findings of authors who focused
on the ToM effect on the stock markets. For example,
Kunkel and Compton (1998) successfully tested the
strategy of switching between the stock market dur-
ing the ToM windows and the money market during
the RoM windows. Vasileiou (2018) proved the strat-
egy of switching between stocks during the ToM win-
dows and a bank account during the RoM windows
to be also efficient. However, we see space for further
research in this area.

CONCLUSION

Our results show that there is a ToM effect pre-
sent in the agricultural commodity markets. More-
over, in the case of some commodities and some
alternatives of the ToM window, the ToM effect
is statistically significant [rice (-1; 3), rice (1; 3), rice
(=1; 1), coffee (-1; 3), sugar (—1; 1)]. When comparing
the two-year period during the COVID-19 pandemic
(2020-2021) and the two-year period directly before
the pandemic (2018-2019), notable changes in the
ToM pattern occurred. However, it is too soon to con-
clude whether these changes are long-lasting or only
short-term fluctuations in the ToM effect pattern.
From the practical viewpoint, there are strong indica-
tions that the ToM effect can be used to generate ab-
normal returns. This finding may be useful, especially
for investors.

As mentioned above, our results are very encourag-
ing and indicate that the ToM effect present in the agri-
cultural commodity markets could be used to generate
abnormal returns. However, further research is need-
ed to confirm this assumption. The logical next step
is to test the strategies on commonly available financial
instruments such as Contract for Differences (CFDs)
or Exchange-traded funds (ETFs), also considering the
transaction costs. Moreover, there is space for further
fine-tuning' of the investment strategy by using dif-
ferent ToM windows for individual commodities and
finding a proper investment asset for the RoM periods.
This is where cocoa looks highly promising.

We also suspect that foreign exchange movements
can explain at least a part of the ToM effect, as numer-
ous fundamental news reports usually affect the cur-
rency markets around the end of a month. Therefore,
another potential direction of the research is to inves-
tigate the presence of the ToM effect using daily returns
adjusted for foreign exchange movements.
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