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Abstract This study reviews the literature on market efficiency and calendar anomalies in agricultural
commodity futures markets in India and abroad. The study finds that most studies used ordinary least
squares regression analysis to test for the weak form of market efficiency and only a few markets are
found to be weakly efficient. Many studies that depict market inefficiency report the presence of calendar
anomalies in metals and agricultural commodity futures. The most frequently observed calendar anomalies
are the day-of-the-week effect and the month-of-the-year effect. Knowing about these market inefficiencies
may help commodity market players formulate their purchase, sale, and trading strategies.
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Market efficiency serves as the central paradigm in
explaining the behaviour of prices in financial securities
and reflects the ability of markets to process
information with respect to time, accuracy, speed, and
quality. The efficient market hypothesis (Fama 1965),
which holds that a market is efficient if asset prices
reflect all the available information, implies that in
efficient markets asset prices are appropriate in terms
of current market knowledge and information and
market participants find it difficult to earn abnormal
risk-adjusted returns based on historical or current
prices or on market information. Successive price
changes are independent of each other, and they do
not follow any pattern or trend, that is, they do not
follow random walk behaviour (Malkiel 2003).

Market efficiency may be weak, semi-strong, or strong
(Fama 1970). The weak form of market efficiency
implies that current market prices reflect all the
information contained in historical prices. This is
contrary to the concept of technical analysis, which is
based on historical price and volume data. Markets that
are inefficient in their weak form are predictable, and

investors or traders can use the tools and indicators of
technical analysis to earn supernormal profits (Ahmad
et al. 2006; Arora and Singh 2017). In the semi-strong
form of market efficiency current market prices reflect
not only the past prices but also all publicly available
information; fundamental analysis becomes futile, and
market participants cannot use past prices or publicly
available information to make above-average returns.
The strong form of market efficiency includes not only
all published and known information but also all
significant information not published yet, including
insider information, if any, and even insiders cannot
derive above-average returns (Aktan et al. 2017).

Numerous research studies into the efficiency of
financial markets have found that calendar anomalies
in asset prices—or variations in asset returns that follow
certain time-dimensional patterns and that are contrary
to the concept of market efficiency—occur with
surprising regularity (Buguk and Brorsen 2003; Nath
and Dalvi 2004; Tolikas 2018). Calendar anomalies
may take various effects: day-of-the-week, weekend,
week-of-the-month, month-of-the-year, turn-of-the-
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month, turn-of-the-year, and Halloween.

When the average daily returns of traded assets differ
significantly on the trading days of the week, the
anomaly is referred to as the day-of-the-week effect.
Many studies have found the day-of-the-week effect
in assets worldwide (Brown et al. 1983; Gao and Kling
2005). When the average trading returns on Monday
are significantly different from those on the preceding
Friday, the anomaly is known as the weekend effect.
Numerous studies have found a negative return on
Monday, significantly different from the positive return
on the preceding Friday (Cross 1973; Gibbons and Hess
1981).

The month-of-the-year effect is that the returns
expected on traded assets differ statistically by the
month of the year. Many researchers have found this
anomaly in various financial markets (Gupta and Basu
2007; Chia and Liew 2012). Many empirical studies
have documented that the average returns on traded
assets are significantly different in the month of January
than in the other months of the year (Keim 1983;
Agrawal and Tandon 1994); this effect is commonly
known as the January effect.

Most researchers have also documented the turn-of-
the-month effect, or the phenomenon when the average
daily returns of traded assets at the turn of the month
differ from the average daily returns during the rest of
the month. The returns averaged during the first half
of the month are generally higher than those during
the second half (Ariel 1987). When the returns at the
start of a year differ significantly from the returns at
the end of the previous year the phenomenon is termed
the turn-of-the year effect (Rozeft and Kinney 1976;
Ritter 1988). Sometimes the average returns are found
to differ by season. Researchers have found that in most
developed economies the returns during the winter
exceed those during the summer; this effect is termed
the Halloween effect (Jacobsen and Zhang 2013;
Burakov et al. 2018).

Many studies have been conducted in developed and
developing countries to test the efficiency of the stock
market (Poshakwale 1996; Buguk and Brorsen 2003;
Nath and Dalvi 2004) and of the bond market (Conroy
and Rendleman 1987; Tolikas 2018). The stock market
is found to be more informationally efficient than the
bond market (Tolikas 2018). The empirical studies have
detected the presence of various seasonal effects in the

stock markets of developed economies—such as
Australia (Brown et al. 1983; Liu and Li 2011); Italy
(Barone 1990); UK (Choudhry 2001); US (Davidsson
2006; Gu 2015); and Japan (Chia and Liew 2012)—
and in developing economies such as Bangladesh
(Rahman and Amin 2011; Abedin et al. 2015); China
(Gao and Kling 2005); Colombia (Wickremasinghe
2007); and India (Ahmad et al. 2006; Gupta and Basu
2007; Srinivasan 2010; Arora and Singh 2017). These
findings indicate widespread inefficiency in these
markets.

The Indian bond market is inefficient—it does not
follow random walk behaviour (Babu 2017)—and
traders can speculate and gain abnormal returns; the
presence of seasonality also implies inefficiency
(Schneeweis and Woolridge 1979; Jordan and Jordan
1991; Athanassakos and Tian 1998). Bespalko (2009)
employed dummy regression and the bootstrap
approach to detect the presence of calendar effects in
the daily bond returns of some emerging economies.
The results show the day-of-the-week effect in bond
returns, with significantly different returns on Tuesday
and significantly higher returns at the end of the month
as compared to the rest of the month, indicating
inefficiency in the bond market.

The commodity market, one of the important segments
of the financial market, acts as an alternative source of
investment. The rates of returns on assets in commodity
markets have a low correlation with those of stock or
bond markets because commodity assets are more
heterogeneous than stock or bond market assets. The
heterogeneity of commodities allows market
participants to construct a more diversified investment
portfolio—consisting of stocks, bonds, and
commodities—and also facilitates in protecting their
portfolio from the negative effects of inflation.

In commodity futures markets buyers and sellers enter
into a contract to buy or sell a commodity at a
predetermined price at a future date. Futures contracts
allow market traders, farmers, and producers to manage
their price risk; facilitate price discovery for the
commodity; and enable the current futures prices to
indicate the expected spot price on the date of the
maturity of the futures contract. In an efficient futures
market the current futures price reflects all the market
information available for predicting the futures spot
price and it eliminates the possibility for market
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participants to use past prices and the information
available to beat the market and earn abnormal risk-
adjusted returns.

Few researchers have empirically studied market
efficiency in emerging economies like India (Naik and
Jain 2001; Ranganathan and Ananthakumar 2014), and
most of them have focused on testing the weak form
of efficiency of commodity futures (Naik and Jain
2001; Lokare 2007; Inoue and Hamori 2012; Patel and
Patel 2014), but some have examined both the weak
and semi-strong forms of efficiency in commodity
markets (Ranganathan and Ananthakumar 2014). The
literature on the efficiency of commodity futures
markets and calendar anomalies is limited, and this
study aims to group and analyse the efforts, but the
paucity of evidence is a limitation. Commodity markets
are evolving, and future studies may use better research
evidence to fine-tune research outcomes.

After describing the methodology performed for this
literature review, the paper highlights the empirical
studies on the efficiency of commodity futures markets
and the empirical studies on the types of calendar
anomalies in commodity markets.

Methodology

This study uses descriptive research. We explain market
efficiency and attempt to identify it in commodity
futures markets, especially of agricultural produce,
metals, and energy. We apply a structured search on
research databases—such as EBSCO (https://
search.ebscohost.com), Google Scholar (https://
scholar.google.com), and Elsevier (https://
www.sciencedirect.com)—using phrases such as
‘market efficiency’ and ‘commodity markets’ to
identify and collect research papers published in peer-
reviewed journals and conference proceedings. We also
include agricultural, metals, and energy commodity
markets. The literature on commodity markets is
divided into efficiency and the presence of calendar
anomalies.

Market efficiency

In efficient commodity futures markets the information
that current futures prices provide on spot prices in the
future (maturity) is efficient, making it difficult to gain
above-average returns using effective trading or
hedging strategies. Efficiency in commodity futures

markets is one of the most widely studied topics in the
financial literature, especially in developed countries.
Tests of the efficiency of commodity futures markets
have been conducted in developed countries like the
US, UK, and Japan and to some extent in emerging
countries like India, China, Korea, and South Africa.

Most empirical studies have focused on studying the
weak form of market efficiency of futures market based
on historical prices and volume data; few empirical
studies have tested for other forms of market efficiency.
Tests for the weak form of market efficiency are mostly
based on ordinary least squares (OLS) regression
analysis. Some researchers have employed econometric
techniques like cointegration tests and ARIMA
(autoregressive integrated moving average) or GARCH
(generalized autoregressive conditional
heteroscedasticity) models. Few studies have tested for
the semi-strong form of market efficiency based on
past data and publicly available information, and most
of them are based on ARIMA models. Most studies
have examined the pricing efficiency in agricultural
commodities, metals, and energy futures.

The efficiency of commodity futures markets is tested
by 30 studies (Table 1); 26 (86.67%) test the efficiency
of agricultural futures, 5 (16.67%) test the efficiency
of metal futures, and only 3 studies (10%) test the
efficiency of energy futures (the percentages total more
than 100 as 4 studies assess more than 1 kind of
market). The market efficiency of agricultural
commodities, metals, and energy futures have been
tested. Agricultural commodities include black lentil,
cashew, castor seed, chickpea, cocoa, coffee, corn, oats,
rye, potatoes, soybeans, frozen pork bellies, live beef
cattle, soybean, sugar, live hogs, orange juice, red lentil,
rice, wheat, etc. Metals include aluminium, copper,
lead, nickel, tin, zinc, etc. Energy futures include Brent
crude, crude oil, heating oil, natural gas, etc.

To investigate efficiency the studies applied OLS
regression analysis (13 studies, or 43.33%),
cointegration tests (7 studies, or 13.33%), serial
correlation and run tests (4 studies, or 13.33%),
GARCH models (3 studies or 10%), and Granger
causality tests (3 studies or 10%). Of the 30 studies,
23 (76.67%) tested for the weak form of market
efficiency and the remaining 7 studies (23.33%) tested
for the semi-strong form. Some studies (8, or 26.67%)
documented efficiency in the market but others found
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inefficiency (Stevenson and Bear 1970; Bigman et al.
1983; Bigman and Goldfarb 1985; Zelda 2013). Out
of those that depicted efficiency, 5 studies (16.67%)
found the markets to be weakly efficient and the
remaining 3 (10%) found semi-strong efficiency.

Many studies (17, or 56.67%) documented the mixed
nature of efficiency of the different types of commodity
markets (Smidt 1965; Cargill and Rausser 1972; Wang
and Ke 2005; Lean and Smyth 2015). Most studies
used OLS regression analysis to test for the weak form
of efficiency of agricultural commodity futures markets
and few found markets to be weakly efficient.

Calendar anomalies

Calendar anomalies are significant variations in asset
returns that follow certain patterns or trends over time.
Investors and traders can gain above-average or
abnormal returns if they exploit these anomalies. Most
of the empirical evidence cites their existence in stock
returns (Brown et al. 1983; Barone 1990; Gupta and
Basu 2007; Arora and Singh 2017), but few studies
discuss calendar anomalies in commodities. Calendar
anomalies are found not only in agricultural commodity
futures but also in non-agricultural commodity futures
like precious metals (gold, silver, platinum), rubber,
crude oil, heating oil, etc. The empirical evidence
reports the presence of calendar anomalies—Ilike the
day-of-the-week effect, weekend effect, month-of-the-
year effect, day-of-the month effect, intra-month effect,
and Halloween effect—in commodity futures in
markets in developed and emerging countries (Table
2). Researchers have found the presence of calendar
anomalies in agricultural futures (7 studies, or 35%)),
metal futures (11 studies, or 55%), and energy futures
(3 studies, or 15%) (the percentages total more than
100 as some studies assess more than 1 kind of futures).

The empirical studies report the existence of calendar
anomalies in agricultural commodities like wheat (Lee
et al. 2013), cocoa and coffee (Burakov and Freidin
2018), soybean meal (Borowski 2015 ¢), rice (Arendas
2017), coarse wool (Burakov and Freidin 2018), cotton
(Arendas 2017), frozen concentrated orange juice
(Borowski 2015 a), barley, tea (Burakov and Freidin
2018), etc. Most studies report the day-of-the-week
effect in metals (like gold, silver, platinum, palladium,
aluminium, and copper) and in energy futures (like
crude oil). Further, 13 studies (65%) report the day-

of-the-week effect and 9 studies (45%) report the
month-of-the-year effect. Of the 13 studies that report
the day-of-the-week effect, 9 studies (45%) report it in
metal futures and only 3 (15%) report it in agricultural
commodity futures. The month-of-the-year effect is
reported by 4 studies (20%) in agricultural commodities
and 3 studies (15%) in metal futures. Among the rest
of'the anomalies, 3 studies (15%) report the Halloween
effect, 3 (15%) report the day-of-the month effect, 2
(10%) report the weekend effect, and 2 (10%) report
the semi-month or fortnight effect (the returns of the
first fortnight are significantly different from second
fortnight) effect in commodity futures. The day-of-the-
week effect was found not only in returns of gold and
silver futures (Kohli 2012) but also in the volatility of
gold futures (Aksoy 2013).

The average returns for agricultural commodities were
found to be significant for different days of the week,
like Monday effect (feeder cattle, live cattle, lean hogs)
Tuesday effect (canola oil), Wednesday effect (heating
oil, natural gas, lumber, live cattle, and lean hogs),
Thursday effect (rice, feeder cattle, live cattle), and
Friday effect (Brent oil). Evidence has been found of
the presence of the weekend effect in gold and copper
market with significantly positive and higher returns
on Friday and negative and lower on Monday.

Different monthly effects have been found: January
effect (heating oil, natural gas, lumber), April effect
(soybean futures), August effect (heating oil, soybean
meal, wheat), September effect (soybean, heating oil,
canola oil, soybean oil), October effect (corn, natural
gas), November effect (Brent oil, lumber), and
December effect (natural gas, feeder cattle, live cattle).
Monthly seasonality was also observed in rubber
futures and frozen concentrated orange juice futures,
but not in metal futures.

The average returns during the winter were found to
be higher than those during the summer in agricultural
commodity markets (Arendas 2017; Burakov and
Freidin 2018) and energy markets (Burakov et al.
2018), indicating the presence of the Halloween effect
(higher average winter period returns). However, the
‘reverse Halloween effect’ (higher average summer
period returns was found only in poultry futures
(Arendas 2017; Burakov and Freidin 2018) and tea
futures (Burakov and Freidin 2018). The returns were
also found to be significantly different on different days
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of the month in some commodity futures like frozen
concentrated orange juice futures, rubber futures,
barley, canola, rough rice, soybeans, soybean oil, and
soybean meal. Many studies report calendar anomalies
in metals and agricultural commodity futures, mostly
the day-of-the-week effect and month-of-the-year
effect.

Conclusions

Market efficiency is the ability of commodity prices
to reflect all the available information, whether public
or private, quickly and fully. An efficient futures market
performs the functions of price risk management and
price discovery. If markets are efficient the current
futures price acts as an unbiased predictor of the spot
price at maturity and market participants cannot
formulate effective trading strategies to earn abnormal
risk-adjusted returns. Since agricultural commodities
are natural products, and they display seasonality,
commodity futures markets may be inefficient due to
natural processes—Ilike seasonal cycles based on
monsoons, harvests, and depressions—and other
weather-related events that can impact price discovery
efficiency (Samal et al. 2015). In addition, government
regulations and market manipulation by large traders
like hoardings and price manipulations may also lead
to inefficiency in pricing (Wang and Ke 2005).

Numerous studies have been conducted to test various
forms of efficiency for commodity markets. The results
of these studies vary by the period of study,
commodities involved in the study, etc. This paper
reviews 30 research studies that test the efficiency of
various agricultural commodity futures markets, most
of which test for the weak form of market efficiency
using OLS regression analysis. A few studies find
markets to be weakly efficient, or futures prices act as
unbiased predictors of spot prices at maturity, and
market participants can use past prices or current
futures prices to forecast future spot prices. That future
commodity spot prices can be forecast enables market
participants to make informed decisions, depending on
the commodities, on the best time and point of sale or
purchase (Zelda 2013).

A few studies report inefficient markets and the
presence of calendar anomalies. This paper reviews
20 studies that find a variety of calendar anomalies in
metals and agricultural futures markets, especially the

day-of-the-week and month-of-the year effects in
agricultural commodities and precious metals. The
monthly effects—Ilike January effect, April effect,
August effect, September effect, October effect,
November effect, and December effect—are found only
in agricultural commodity futures and not in metals
futures. The Halloween effect is found in various
agricultural commodities; the returns during the winter
are significantly higher than during the summer.

Participants in agricultural commodity markets—
traders, farmers/ producers, commission agents,
commodity exchange participants, regulators, and
policymakers—will find the results of this study useful
in formulating their purchase, sale, and trading
strategies. Investors, too, can use these results to make
investment decisions, design trading strategies,
discover price, manage risk, and evaluate portfolio
performance. Policymakers can make markets,
especially agricultural commodities futures markets,
more efficient by designing the market microstructure
so that trading volume increases and price discovery
becomes finer.
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