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Abstract

We study which risk factors explain the cross-section of commodity returns and decom-
pose commodity returns into capital gains and net convenience yields. The findings reveal
that a commodity-specific three-factor model performs best in explaining the cross-section
of commodity returns. As to individual commodity returns, the ability of risk factors
to explain the cross-sectional variation mainly results from the yields. For commodity
portfolios returns, the ability of risk factors derives from both capital gains and yields.
Commodity-specific factors perform better in explaining the cross-section of portfolio cap-
ital gains, whereas asset pricing factors perform better in explaining the cross-section of
portfolio yields.
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1. Introduction

Commodities have gained increased attention from investors who seek to diversify
their risks with more conventional assets like stocks and bonds (e.g., Basak and Pavlova,

2016; Brunetti and Reiffen, 2014; Hollstein et al., 2021b; van Huellen, 2019). However, it is
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important to realize that the returns of individual commodities vary a lot (e.g., Daskalaki
et al., 2014; Shang et al., 2016). Understanding the cross-sectional variation in commod-
ity returns is crucial for practitioners to make better use of the diversification properties
of commodities. For academics, it is relevant to find out what drives the variation. The
cross-section of returns of traditional assets is well understood: The asset pricing litera-
ture explains the cross-sectional variation in stock returns with a relatively small number
of factors such as consumption growth, market excess return, size, value, momentum,
profitability, and investment strategy (e.g., Breeden, 1979; Campbell and Cochrane, 2000;
Carhart, 1997; Fama and French, 1993, 2015). Risk factors that successfully explain one
asset class’s returns also help explain other classes” returns in integrated markets (e.g.,
Campbell, 2000; Cochrane, 2009; Daskalaki et al., 2014). Our study fits in this tradition
and focuses on commodities. Commodities relate to stocks in different ways. First, they
are both substitutes and complements from the perspective of investors, as the inclusion
of commodities in an equity portfolio will affect the risk-return profile. Further, commodi-
ties affect the inflation level and thus households’ purchasing and investment power. At
the same time, commodities are value drivers for the firm. This is because they not only
are capital assets, but also consumable (transformable) assets. This motivates us to inves-
tigate whether well-documented risk factors explaining the cross-section of stock returns
also have the ability to help explain the cross-section of commodity returns.

Surprisingly, there are only few studies regarding the cross-sectional variation in com-
modity returns with asset pricing risk factors that prove successful in stock markets as
well. Among such studies, there is no consensus whether there are any common risk
factors. Next to the standard asset pricing factors, some studies provide evidence that
commodity-specific factors, in particular commodity momentum and basis risk (the dif-
ference between contemporaneous commodity futures and spot prices), play a role in ex-
plaining the cross-section of commodity returns. However, the source of this ability is not

clear. We pick up this challenge by accounting for the role of net convenience yield. We



argue that the commodity return need to be defined in the same way as a stock return,
and hence should include both the relevant payoff (dividend) and the stock price change
(e.g., Cochrane, 2008). We motivate this because of the analogy with the dividend on stock
and regard the net convenience yield as the (latent) future payoff to commodities. The net
convenience yield implicitly represents the economic benefits of holding a commodity net
of storage costs (e.g., Pindyck, 1993; Szymanowska et al., 2014). For instance, the owner
of a commodity has the ability to meet unexpected production rearrangements. As such,
the owner is actually (implicitly) compensated with this net convenience yield because
she can obtain the latent economic benefits by holding the commodity. The commodity
owner is willing to pay a monetary sum that she values the net convenience yield to her
counterpart on futures markets. Therefore, this latent payoff is the real money that can be
collected by the counterpart on the futures markets and is already included in futures re-
turns. ! Accordingly, the commodity spot return should also include the net convenience
yield to make economic sense (e.g., Pindyck, 1993; Tsvetanov et al., 2016).

We argue that the spot return that includes the net convenience yield is theoretically
similar to the futures return within the same period. We decompose commodity (spot or
futures) returns into capital gains (relative spot price changes) and (percentage) yields.
With such decomposition, we revisit the question which risk factors explain the cross-
sectional variation in commodity returns and study whether such explanatory ability of
risk factors, if any, comes from capital gains or yields, or from both. We start by applying
the widely used asset pricing models, such as Consumption-based Capital Asset Pricing
model (CCAPM), Capital Asset Pricing model (CAPM), Fama and French (1993) three-
factor model, Carhart (1997) four-factor model, and Fama and French (2015) five-factor
model. In case the commodity and stock markets are segmented, asset pricing risk factors

are unlikely to play a role in explaining the cross-sectional variation in expected commod-

IFutures contracts on backwardation markets where the spot price are higher than futures prices (posi-
tive net convenience yield) have positive expected returns.



ity returns. Therefore, we also consider the ability of commodity-specific factors to explain
the cross-sectional variation in commodity returns, namely the commodity market excess
returns, the commodity momentum factor, and the commodity yield factor. We argue that
these factors closely relate to the net convenience yield. Accounting for them adds value
for the understanding and analysis of their financial performance.

With our test assets, we focus on the return variation across individual commodities,
which allows us to test the heterogeneity among individual commodities (e.g., Daskalaki
et al., 2014; Liibbers and Posch, 2016), 2 and the return variation of commodity portfo-
lios (e.g., Dhume, 2010; Adrian et al., 2014; Petkova, 2006). We rely on a sample of 23
commodities for the period from September 1963 to September 2020 to study the cross-
sectional variation in commodity returns.

We find that both asset pricing and commodity-specific factors explain the cross-section
of commodity returns. In particular, we establish that a commodity-specific three-factor
model with commodity market excess return, commodity yield factor and commodity
momentum factor is highly informative regarding the returns’” determinants. However,
the more conventional asset pricing models, like Fama and French (1993), also perform
satisfactory in explaining the cross-section of commodity returns. For individual com-
modities, there is no one risk factor which is significantly priced in the cross-section of
capital gains. Asset pricing factors, e.g., the value factor, and commodity-specific factors
are significantly priced in the cross-section of percentage yields. The ability of asset pric-
ing and commodity-specific factors to explain the cross-section of individual returns stems
from the return accrued to the percentage yield. For commodity portfolios, asset pricing
and commodity-specific factors are significantly priced in the cross-section of capital gains

and percentage yields. The ability of these risk factors to explain the cross-sectional port-

2Commodities are fully heterogenous if there is no risk factor to explain the cross-section of individual
commodity returns (Daskalaki et al., 2014). When there are risk factors that help explain the cross-section
of individual commodity returns, the commodities are said to be increasingly homogenous (Liibbers and
Posch, 2016).



folio returns results from both capital gains and percentage yields. Commodity-specific
models, e.g., a one-factor model with commodity momentum factor, perform better in
explaining the cross-section of portfolios capital gains, while asset pricing models, e.g.,
Fama and French (1993) three-factor model, perform better in explaining the cross-section
of portfolios percentage yields. As such, we provide a novel perspective regarding the
understanding of commodity returns. Furthermore, we show that commodity and stock
markets are somewhat integrated because asset pricing factors help explain the cross-
section of commodity returns. This result provides further evidence for the literature that
tries to link these markets (e.g., Alves and Szymanowska, 2019; Boons et al., 2014; Brooks
et al., 2016; Hou and Szymanowska, 2013; Lutzenberger, 2014; Salisu et al., 2019).

As such, the main contribution of this paper is twofold. First, we provide a novel
perspective on the cross-section of commodity returns by decomposing the return into
capital gains and yields. With this decomposition, we not only study whether the well-
documented asset pricing factors and the commodity-specific factors explain the cross-
section of commodity returns, but also explore where such explanatory ability of risk fac-
tors comes from. By doing so, we extend the literature and arrive at a more detailed un-
derstanding of the risk factors investors are compensated for on commodity markets and
of the heterogeneity among the various commodity assets. Second, we complement the
literature regarding the use of asset pricing models for commodity markets by accounting
for the key properties of commodities as an asset class.

The rest of this paper is organized as follows. Section 2 elaborates on the commodity
return definition, the practical implication of return and the asset pricing and commodity-
specific models used to explain the cross-section of commodity returns. Section 3 de-
scribes the data used in this study. Section 4 presents and discusses the results about the
cross-section of individual commodities and commodity portfolios, study the source of
explanatory ability of risk factors, and reports the sensitivity and robustness check. Sec-

tion 5 concludes.



2. Methodology

2.1. Defining commodity returns

As in Pindyck (1993), we define commodity (spot) returns as a combination of the net
convenience yields and relative spot price changes. The net convenience yield is the (la-
tent) payoff of commodities similar to the dividends of stocks. It is the benefit associated
with holding the underlying commodity, rather than the associated derivative security or
contract. Although it is a latent payoff for the owner of a commodity, it can be collected
by engaging in a long position in corresponding futures contract and it is the real mon-
etary cash flow of the holder of a futures contract. This cash flow is already included in
futures return (see details in section 2.2). It therefore makes economic sense to include the
convenience yield in the definition of a spot return, just as dividends are included in the
definition of a stock return. To show this, we argue as follows: Suppose that at time ¢,
an investor owns a commodity with a price S;. Then, we suggest the following common
trading strategy. The investor sells this commodity at price S; and immediately invests
this amount S; in a bank account at a one-period risk-free interest rate rf;_,;11. At the
same time, the investor engages in a futures contract that will deliver this commodity at
price F; ;11 at time t + 1. Then, this investor receives a (riskless) net cash flow that equals
St (14 rfi—t41) — Frp41 at time t 4+ 1,which is commonly labeled as the net convenience
yield and can be both positive or negative. Note that the net convenience yield is the mon-
etary amount that the counterparty of this investor either requires or is willing to pay in
order to hold this commodity from time ¢ to t 4- 1 because of the (latent) convenience yield
net of storage costs, which the investor values at S; (1 +7f;¢+1) — Ft 141

If the net convenience yield is negative, it implies that the investor is paying the coun-
terparty on spot markets mainly for storing the commodity during the period. If it is pos-
itive, the counterparty is paying the investor for enjoying the convenience yield benefits
of holding the commodity. We therefore define the net convenience yield of this commod-

ity from time ¢ to t + 1 that is obtained by the owner of this commodity at time ¢ 4-1 as



t+1 3
D%}, thus

DIt =S (1 +rfises1) — Frpn (1)

Continuing, at time f 4 1, the investor now also has repurchased the commodity at a
price F; ;+1, which now has values S;1 1. So the total value of the investor’s assets is equal
to Spy1+ St (1 +rfit41) — Frpqq at time £+ 1, where Dfiltﬂ =St (1 +rfit41) — Frpeae
Therefore, the net return on the commodity that this investor can obtain during ¢ to  + 1
by engaging in this strategy is:

Stt1+ DI
Ry = s, il g (2)

Note that this strategy might not necessarily be attractive to investors. We merely aim
to explain how the latent net convenience yield can be collected with this strategy. * The
latent payoff can also be collected in other ways, e.g., leasing out the commodity, using the
commodity in urgent production, other than engaging in futures contract as explained in

the above strategy. We can also assume without loss of generality that the net convenience

t

yield from t to t + 1 is collected at time ¢. In this case, D;_,,

1 is defined as:

t+1
D, = Difern . Friv1 3)
T T rfisin T+ 7rfisi

where Fi; 1/ (14 rfi_441) refers to the present value of the futures price F;;.1 at the

beginning of the period. This investor sells the commodity at time ¢ at price S¢, but she

3Df:1t 41 = St (1 +7fis11) — Fr 441 defines the market value of the net convenience yield. The net con-

venience yield is likely heterogeneous across investors. We do not consider this heterogeneity. To make it
clearly, the net convenience yield Df:lt 1 is different from the ”basis” that is commonly used in the com-
modity literature. Basis is defined as F; ;1 — S;. So a high net convenience yield suggests a low basis.
“This commodity return is explained from owning a commodity and then engaging in a short position in
this paper to show how the net convenience yield is collected. The return can also be obtained by engaging
in a long position in a commodity. Assume an investor has an asset that equals to 5;. He buys a commodity
at time t at price S; and holds this commodity until time ¢ + 1. At time ¢ + 1, this investor is compensated by

the latent payoff, net convenience yield Df:lt 41 and sells this commodity at price S;11. Therefore, at time

t + 1, this investor receives the return Ry = (St+1 + Dfiltﬂ) /Sy —1.



also loses the net convenience yield accrued to holding the commodity D;_,, ;. So the net

asset value at time t is S; — D!

i_st+1- This investor invests this amount of money into bank

account with rf; ;1 and engages a long position of futures contracts promising to buy the
commodity at time t 4 1 at price F; ;1. Therefore, the net cash flow of this investor at time

t+1is (St — D;_er) (14 rft—t41) — Fr 441, which equals to zero according to equation

(3). At time t 4 1, this investor owns the commodity, which values S;;1. Therefore, an

alternative definition of commodity return by engaging in the above strategy is: °

St i1 1 St

t+1
_ Str1+ Dt—>t+1 1
; =
St - Df—>t+1 Pt,t+1

St

Ry = (I +rfipr) — 1= (4)

where the approximation is justified since both S;;1/S; and F; ;1 1/S; are generally close to
one and 7f;_,;11 is general quite small. Therefore, these two definitions of the commodity
return both make economic sense and are quantitively similar, especially with low interest

rates.

2.2. Practical implications and measurement

Although the trading strategy discussed in section 2.1 is not necessarily attractive
to financial investors, it does have practical implications for investors on futures mar-

kets. Define the percentage net convenience yield (the net convenience yield-price ratio,
t+1

t—t41
—t .

hereafter the percentage yield) as y; ;11 = SO Tfist+1 — Yist41 = Tfrstt1 —

St(I+rfisti)—Fp1 _ Fon
Sy -5

— 1, which is close to zero. Therefore, Fy ;11 = S¢ (1 4+ 7fip41) —
Dfilt =St (M7 —Yist1) = Siefiot+1 Yot Consider a common trading strat-
egy in futures contracts: An investor holds a futures contract maturing at time ¢ 4 n from

time t to time f + 1. The excess futures return on a fully collateralized basis that can be

SFor a derivation of equation (4), see equation (A.3) in Appendix A.2.



obtained is: ©
Pt+1,t+n

3 —1=cgir1 — rfimst1 T Vit )
itn

Reyttst41 =

where F; i1, and F; 1t refer to the prices at time t and ¢ + 1 of futures contract maturing
at time t 4 n. Therefore, we calculate the futures return with prices of the same contract.
Equation (5) suggests that the return by holding a commodity from time ¢ to time t + 1
can be replicated by holding a futures contract of this commodity within the same period.
Thus the net convenience yield is already included in futures returns. The commodity fu-
tures or spot excess return can be decomposed into excess capital gain cg;+1 — 7fi—i11 =
St+1/St —1 —rfi_441 and percentage vield y;11 = yi41 = DfiltH/St. In the remain-
der of the paper, we do not specifically classify spot and futures returns and we refer to
”commodity returns” which includes the net convenience yield. The other two common
trading strategies of futures contracts can also be replicated with the strategy holding a
commodity within that period. The relevant details are presented in Appendix A.1
Although the net convenience yield is a latent payoff to the owner of a commodity, it
does not only matter to investors on spot markets. As discussed in section 2.1, this latent
payoff is actually collected by investors engaging in a long position of futures contracts.
The net convenience yield can however also be inferred from futures prices. Recall that
the net convenience yield D! ., is defined as D! S PR 5 Similarly, the net

t—t+ t—>t+1 1+rft*>t+l

convenience yield in the period from time f to t 4 2 obtained at time is ¢ defined as:

Fitio ©)

D! =St —
2 T O e ) (U + rfirisie2)

Therefore, the net convenience yield from time ¢ 41 to t + 2 and discounted to time ¢

®Fully collateral futures return means that the investor invests a cash amount equivalent to the current
value of futures contract in a ”safe” asset as collateral. See equation (A.4) in Appendix A.2 for a detailed
derivation of equation (5).



is:
i1 — Fiiyo
t _ t _ b 1+7rfii1 42
Dt+l~>t+2 - Dt—>t+2 - Df%tJrl - 1 + rft 1 (7)
—

Equation (7) also implies that at time ¢ the investor expects a net convenience yield
from time t + 1 to t + 2, which discounted to time ¢ + 1 is:

Dt-‘rl

Fiiio
b1t = Frpe1 — (8)

T+rfir1stt2

So we can extract the net convenience yield from futures prices alone. According to

equation (8), we have that: 8

Riiq = St 1~ Frivpra + Forrn (L +7fiset1) — Forvo 1
St—Di 1 Fir1 o)
1
~ Si+1+ Dl - St41+ St (L +7rfrse41) — Fopn 1
St St

Spot prices, however, are not subject unique markets and are less liquid (e.g., Szy-
manowska et al., 2014). Similar to the term structure of interest rates, there is a term struc-
ture of futures prices. In this analogy, it is as if we use the closest forward rate to proxy the
short rate of interest. As suggested by equation (9), we proxy spot contracts with futures
contracts that expire one period later and proxy the nearest futures contract with the one
that expires one period after the spot contract matures, which is a common practice in the
commodity literature (e.g., Fama and French, 1987; He et al., 2019; Szymanowska et al.,
2014). By doing so, we can also make sure the spot price and futures price are on the same
commodity with the same detailed specifications. In practice, the futures contract might
not expire at the end of a month. Using the proxies of spot and futures prices ensures
us to calculate the commodity return and net convenience yield from the end of month

t to the end of month t + 1, which aligns the return measurement period of risk factors.

“For a derivation of equation (7), see equation (A.5) in Appendix A.2.
8For a derivation of equation (9), see equation (A.6) in Appendix A.2.
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As such, we proxy the spot price S; by F; ;1 and we proxy F;;y1 by F¢12. Accordingly,
t+1
the percentage yield y;+1 = yi1+1 = Dtg—:“ =14+7rfi 1 — tht“ is proxied by y;+1 =

F . . 5 . : F
1+rfisei1 — 7, the capital gain cgry1 = 2§+ — 1is proxied by cgr41 = 7% — 1 and

t1
St41+D, 004

the return Ry = — e - 1 is proxied by R;y1 =

FrovrpatFRoi (Irfisi) —Fvn 1
Friv1 :

To check accuracy, we compare the returns, capital gains and percentage yields using
real spot and futures prices of regularly traded commodities, such as crude oil, gold and
soybean. The two series with and without price proxies for returns, capital gains and
percentage yields are quite similar (See Figure B.1 in Appendix B).

In sum, we decompose commodity returns (spot returns or futures returns) into capital
gains and percentage yields according to equation (5). This decomposition enables us to
study why the risk factors, if at all, explain the cross-section of commodity returns - it
might because the risk factors explain the cross-section of capital gains, or percentage

yields, or both.

2.3. Asset pricing tests

To test the various asset pricing models as being used in previous studies, we apply the
Fama and MacBeth (1973) two-step procedure. ° This provides us both with time-series
asset pricing tests in the first stage, and gives an estimate of the risk premium of the risk
factors in the second-stage cross-sectional regressions. This approach also is commonly
used in the related literature (e.g., Brooks et al., 2016; Daskalaki et al., 2014; De Roon and
Szymanowska, 2010; Hollstein et al., 2021a; Liibbers and Posch, 2016).

In the first step, we estimate the factor loadings or exposure to the risk factors for each

9The Fama and MacBeth (1973) two-step procedure includes two steps. The first step is simple time-
series regression of individual assets. The second step is cross-sectional regression. We can do only the
time-series regressions if the factors are excess returns on traded assets. By doing so, we restrict the risk
premium to be the average of the factors. However, the factors might not be the excess returns on traded
assets (i.e., consumption growth), and it might have sampling error if we simply measure the risk premium
as the average of the traded assets. In these cases, we need to explicitly run the cross-sectional regressions to
estimate the risk premiums with all assets, where the factor loadings are firstly estimated from the first-step
time-series regressions. Therefore, we choose the Fama and MacBeth (1973) two-step procedure to estimate
the various asset pricing models.

11



asset separately by running N time-series regressions:
Ri,=ai+ fiBif+eir,  t=1,.--,T, i=1--- N (10)

where R}, refers to the excess return, excess capital gain or percentage yield of commodity
(or portfolio) i at time t. f; is a vector of the risk factors and B; f is a vector of loadings on
each factor in f;, and 4; and €;; represent the constant and error term. When the factors
are excess returns on traded assets, the implication from asset pricing theory is that the
intercepts a4; should be (jointly) zero.

In the second step, we estimate the risk premium of each factor, by running a cross-

sectional regression at time f:
RS, = Ao+ Bl phps + € t=1,---,T, i=1,---,N (11)

As such, we regress the excess return, excess capital gain or percentage yield of commod-
ity or portfolio i on a constant Ag; and B; f estimated from the time-series regressions in
the first step; see equation (10). Here, Af; is a vector of risk premiums, and ¢;; is the
error term. By running T cross-sectional regressions at second-stage, we get time-series
estimates of Ag and A. The final estimates of Ag and Ay are the average values of the
time-series estimates, i.e., )Axo = M and A = %

Asset pricing theory suggests that a risk factor should be significantly priced if it is
to explain the variation in expected commodity returns. Furthermore, the intercept Ag
should be zero if a model captures all the risk that the investor needs to be compensated
for because A( represents a zero-beta return. 1 Therefore, we study the performance of

the models discussed above by testing whether Ag and A 7 are significantly different from

zero. The t-statistics are calculated using Newey and West (1987) procedure with 1 lag

19This is only an implication if the factors are traded assets as well; for e.g. the CCAPM the intercept can
be non-zero.
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to correct autocorrelation, in line with Bakshi et al. (2019), Prokopczuk et al. (2021), and
Szymanowska et al. (2014). To check the robustness of our findings, we also test the model
using rolling-window betas based on estimations of equation (10) for estimation windows

of various length.

3. Data

3.1. Commodity prices and commodity-specific factors

We collect commodity end-of-month close futures price data from the Commodity Re-
search Bureau (CRB). Since financial investors on futures markets do not want to deliver
physical commodities, they start to close the position of a futures contract from 4 to 6
weeks before the contract expires and roll over to the next futures contract (e.g., Brunetti
and Reiffen, 2014; Szymanowska et al., 2014). Therefore, there might exist “erratic” prices
for the futures contracts during the delivery month and the prior month. In order to avoid
using those “erratic” prices, we close the position of a futures contract at the end of the
month prior to the month previous the delivery date and roll over to the next nearest fu-
tures contract in the meantime, following e.g., Boons and Prado (2019), He et al. (2019),
Hollstein et al. (2021a), Prokopczuk et al. (2021), and Szymanowska et al. (2014). There-
fore, we use the futures contract maturing two months later as the spot contract, and use
the futures contract maturing two months after the spot contract expires as the nearest-to-
maturity contract, in line with He et al. (2019) and Szymanowska et al. (2014). For instance,
the spot contract and nearest-to-maturity contract in March are proxied with the futures
contracts expiring in May and July respectively. Moreover, some commodities do not have
maturing futures contracts for each month. For example, copper only has six different fu-
tures contracts a year. In order to minimize the problem arising from irregular delivery

dates, we select 23 commodities, most of them have maturing futures contracts every two
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months, and construct bimonthly futures price data. !! In addition to the 21 commodities
studied by Szymanowska et al. (2014), natural gas and gas oil are included in our dataset.
Some studies use commodity prices after 1980 (e.g., Daskalaki et al., 2014; He et al., 2019;
Prokopczuk et al., 2021; Shang et al., 2016; Szymanowska et al., 2014), while some studies
use a longer time series at least as early as 1970 (e.g., Bakshi et al., 2019; Boons and Prado,
2019; De Roon and Szymanowska, 2010; Hollstein et al., 2021a; Yang, 2013). In this pa-
per, we use unbalanced panel data for these commodities to use all available information,
consistent with Szymanowska et al. (2014). Our sample starts in September 1960 to make
sure that there are at least 2 commodities in each of the portfolios sorted on commodity
momentum and percentage yield, as in Hollstein et al. (2021a), and our sample ends in
September 2020. Detailed information about the 23 commodities is shown in Table C.1 in
Appendix C.

As to the commodity-specific factors, we consider a commodity market factor (CMKT)
and two factors related to the theory of storage, including a yield factor (YIELD) and a
commodity momentum factor (CMOM). CMKT refers to the excess return of an equally-
weighted commodity portfolio with all the available commodities (e.g., Bakshi et al., 2019;
Prokopczuk et al., 2021). In order to construct the YIELD and CMOM factors, we apply
univariate sorts on yield or commodity prior returns. At the end of every second month,
the 23 commodities are sorted into four portfolios according to the quartiles of percentage
yield in the prior two months (one period) and four portfolios according to the quartiles of

commodity cumulative return in the prior twelve months. 2 We then calculate the portfo-

HFor the commodities that do not have the futures contracts maturing in two or four months, we use the
futures contracts with the nearest maturity after two or four months. For instance, copper has the futures
contracts that expire on January, March, May, July, September and December. On September, we use the
futures contract expiring in December instead of November as the spot contract. For few commodities that
have the futures contracts that expire evenly on February, April, June, August, October and December, e.g.,
gold, live cattle and lean hogs, we roll over their position three months before their expiration.

. . . Dl F
L2The percentage net convenience yield defined as: y;+1 = Y141 = ?7:“ =14+7rfiyi — ’gjl , where

leilt 1 refers to the net convenience yield from time ¢ to time t 4 1 achieved at time f + 1. S; and F; ;41 refers
to commodity spot and futures prices at time ¢. It might happen that Ftst—t“ is the same for some commodities

so that most commodities are sorted into one portfolio. In this case, we use the percentage yield from time

14



lio return in the following two months as the equally-weighted return of the commodities
in that portfolio. The YIELD factor is the average return of commodities in the two port-
folios with high percentage yield minus the average return of commodities in the two
portfolios with low percentage yield. Similarly, the CMOM factor is the average return
of commodities in the two portfolios with high returns during the prior twelve months
minus the average return of commodities in the two portfolios with low returns in the
prior twelve months. The portfolios are rebalanced every two months. Finally, we test the
ability of these commodity-specific factors to explain the cross-sectional variation of com-
modity returns with four models, including three one-factor models with CMKT, YIELD,
and CMOM separately (hereafter CF1¢cpyxt, CFlyirrp, and CFlcponm) and a three factor

model with all the three factors (hereafter CF3).

3.2. Common asset pricing factors

We also study the ability of asset pricing factors that are commonly used to price the
cross-section of stock returns to explain the cross-section of commodity returns instead.
As to the asset pricing factors, we consider the Consumption-based Capital Asset Pric-
ing Model (CCAPM) by adopting a consumption growth factor (CG), the Capital Asset
Pricing Model (CAPM) by adopting an equity market excess return factor (MKT) and
the Fama and French (1993) three-factor model (hereafter FF3) consisting of a size factor
(SMB), a value factor (HML) and again the MKT factor. We also test the Carhart (1997)
four-factor model (hereafter FF4) comprising a momentum factor (MOM) in addition to
the MKT, SMB and HML factors, and the Fama and French (2015) five-factor model (here-
after FF5) including a profitability factor (RMW) and an investment factor (CMA) next to
the MKT, SMB and HML factors.

We calculate the consumption growth per capita for the CCAPM model as follows. The

monthly population data and seasonally adjusted personal consumption expenditures on

t — 1 to t to sort commodities at time £ + 1.
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nondurable goods and services are available from the FRED website and are transformed

to bimonthly frequency by taking the average over two months. 3

The consumption
growth factor is then defined as the log growth of consumption per capita every two
months. In addition, the monthly data of other asset pricing factors and the risk-free
interest rate are from the Kenneth French’s website. ! The risk-free interest rate and stock
market return are compounded to bimonthly frequency. The size, value, profitability,
and investment factors are constructed with six portfolios formed on size and book-to-
market, the six portfolios formed on size and operating profitability, and the six portfolios
formed on size and investment. For details about these portfolios to construct risk factors,
see Kenneth French’s website. The monthly returns of these portfolios are compounded
to bimonthly returns as well. MKT is the stock market return in excess of the interest
rate. SMB is the return by taking a long position in the nine small portfolios and short
position in the nine large stock portfolios. Similarly, HML is the average return of the
two high book-to-market portfolios minus the average return of the two low book-to-
market portfolios. RMW represents the difference between the average returns of the
two portfolios with robust profitability and the average returns of the two portfolios with
weak profitability. CM A refers to the average return of the two portfolios of conservative
investment minus the average return of the two portfolios of aggressive investment. The
momentum factor is constructed with the six portfolios sorted on size and returns in the
prior twelve months skipping the most recent month, available from Kenneth French’s
website. Similarly, the monthly portfolio returns are compounded to bimonthly returns
and MOM is the return by taking a long position in the two portfolios with high prior
returns and a short position in the two portfolios with low prior returns.

The data for the asset pricing factors are available from September 1963. Therefore,

for the regressions of equation (10) and (11), we use the sample from September 1963

13The FRED website is https:/ /fred.stlouisfed.org/.
14The Kenneth French?s website is http:/ /mba.tuck.dartmouth.edu/pages/faculty /ken.french/data_library.html.
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to September 2020. As discussed in section 2.3, if these widely used asset pricing and
commodity-specific factors have significant risk premiums (the coefficients in equation
(11) are significant), these factors are significantly priced and can help explain the cross-

sectional variations of commodity returns.

3.3. Data description

In order to show that the commodity spot returns with the net convenience yield can
be replicated with futures returns within that period, we display the summary statistics of
the two returns of individual commodities and commodity portfolios in Table 1. The spot
returns with net convenience yields are quantitively similar to the corresponding futures
returns and the standard deviations are quite similar as well, which is consistent with the
suggestion of equation (5). These findings hold for individual commodities as well as
commodity portfolios. The spot returns have the same practical implications once they
explicitly include the latent payoff. These findings provide evidence that we do not have
to make a distinction between the spot return with yield and the futures return. In the
following analysis, we just refer to “commodity return”.

The commodity capital gains and percentage yields are shown in Table 1 as well. As
shown in Panel A, we observe that the commodity returns do vary a lot across individ-
ual commodities, similar to the findings of Daskalaki et al. (2014), Hollstein et al. (2021a),
Liibbers and Posch (2016), and Yan and Garcia (2017). The individual commodity returns
range from -6.29% for natural gas to 17.14% for gasoline on an annual basis, while those
capital gains range from 4.04% for feeder cattle to 13.38% for natural gas. Notably, the
annualized average return of natural gas decreases substantially after including the net
convenience yield (from 13.38% to -6.29% annually), implying that the net convenience
yield for natural gas is negative on average (-19.66% on annual basis), likely because of
large associated storage costs. The average commodity returns for most commodities
are significantly different from zero and larger than the associated capital gains, which

implies that the net convenience yields for most commodities are positive on average (ex-
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ceptions are corn, wheat, oats, rough rice, coffee, lumber, silver, gold, and natural gas),
as shown in Table 1. The positive net convenience yields (the real convenience yield net
of the storage cost) on average imply that the compensation for the latent payoff related
to “convenience” seems to outweigh storage costs or other holding costs. Interestingly,
the percentage yields of individual commodities are less volatile than commodity returns
and capital gains. The most volatile percentage yield is of natural gas with an annu-
alized standard deviation of 23.70%, while the least volatile percentage yield is of gold
with an annualized standard deviation of 0.55%. The absolute percentage yields of most
commodities are smaller than their capital gains, while the variation among individual
percentage yields is larger than the variation among capital gains.

Furthermore, almost all commodities underperform the equity market portfolio (Port foliops)
in terms of the Sharpe ratio and/or Sortino ratio. Therefore, individual commodities are
not attractive as stand-alone investments, in line with the findings of Sakkas and Tes-
saromatis (2020). Yet, the equally-weighted portfolio consisting of the commodity and
stock market portfolio, Portfolioc p;, performs better than the equity portfolio. Although
Portfolioc;p has a lower average return than the stock market portfolio, it also has
lower volatility. Simply put, investors can obtain diversification benefits of commodi-
ties because of decreasing risk, not by increasing return (see also Bessler and Wolff, 2015).
Furthermore, there is consistence with the performance of capital gains. The equally-
weighted commodity portfolio return (Port folioc) performs better than the capital gains
of Portfolioc and performs comparable to the equity market portfolio Port foliopy.

Table 1 also describes the commodity portfolios sorted along the percentage (net con-
venience) yield and commodity momentum separately in Panel B and C. There exist
monotonic patterns in the portfolios sorted on the percentage yield and commodity mo-
mentum. The portfolios with higher percentage yield or higher prior return achieve
higher returns, which is consistent with the results of Hollstein et al. (2021a) and Szy-

manowska et al. (2014). These patterns support storage theory because low inventory
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tends to lead to high commodity prices as well as high convenience yields. However, the
increasing pattern disappears for the capital gains. In this case, the portfolios with higher
percentage yield or prior returns now have lower capital gains. The variation across port-
folio percentage yields are larger than the variation across portfolio capital gains. There
are large return spreads among these portfolios, which supports the usefulness of these
portfolios as test assets in addition to individual commodities.

The correlations among commodity spot return, capital gain and futures return series
consisting of average individual commodity returns (column 2, 6 and 10 in Panel A) are
shown in Panel D in Table 1. The correlation among these three return series is of interest
to our paper because our aim is to explain the cross-section of commodity returns. The
spot return and futures return are highly correlated and the correlation is about to one,
which is in line with equation (5). Therefore, our results with the spot return have the
same implication for futures return. The correlation between spot return or futures return
and capital gain is quite low (-0.02), which suggests that the cross-sectional property of
capital gains is, to a great degree, different from that of commodity returns because of the
percentage yields. These findings indicate that the percentage yield is quite important to
study the cross-sectional variation among commodity returns.

The summary statistics of the risk factors used in this paper are shown in Table 2. The
YIELD and CMOM factors have positive return (7.79% for YIELD factor and 5.99% for
CMOM factor annually), as shown in Panel B. Therefore, investors can achieve positive
returns by engaging a long position in the two portfolios with the highest percentage yield
(or momentum) and a short position in the two portfolios with the lowest percentage yield

(or momentum). This finding suggests that these two factors are informative about the

15We also calculate the correlations among time-series spot return with yield, capital gain and futures
return for each commodity. The correlation between time-series spot return with yield and futures return is
close to 1 for all commodities. The correlation between time-series spot return or futures return and capital
gain is larger than 0.9 for most commodities. Therefore, percentage yield does not change the time-series
properties of return series, which might be because the percentage yield is smaller than capital gain for most
commodities.
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Table 1: Description of the commodities in the dataset.

Mean  Std. Shp  Sotn Mean  Std. Shp  Sotn Mean Std. Mean  Std.
(Ann.)  (Ann.) (Ann.)  (Ann.) (Ann.) (Ann.) (Ann.)  (Ann.)
Spot Return with yield (R) Capital gains (cg) Yield(y) Futures(R )
Panel A: Individual commodities (%)
Corn 1.92 2392 426 -6.57 5.08 2487 110 1.67 -3.16%* 741 1.96 23.97
Soybean 10.02*** 2638 8.66 16.57 6.18* 27.77 259 424 3.85%*  7.28 9.92***  26.82
Soybean oil 9.07** 2727 7.00 11.78 5.66 2678 191 294 3.41%*  6.89 9.43* 2774
Soybean meal 13.89*** 31.65 12.18 25.35 7.87% 3296 427 7.67 6.02*** 759 13.81*** 31.99
Wheat 2.17 2499  -3.66 -5.66 4.98 2581 091 144 -2.81** 8.27 2.29 24.67
Oats 3.58 26.61 -127 -197 5.98* 27.33 235 3.79 -2.40 9.29 3.86 26.34
Rough rice -2.95 25.63 -9.06 -13.34 5.02 28.10 331 5.17 -7.97%* 895 -3.15 25.13
Coffee 7.07 3564 298 5.12 7.18 35.62 3.09 523 -0.11 8.58 7.35 35.62
Cocoa 7.61%* 31.07 421 7.18 7.02* 3092 344 559 0.59 6.96 7.88%* 31.25
Orange juice  8.64* 31.69 528 899 6.95 3207 3.06 5.04 1.69 8.05 8.80**  31.54
Live cattle 9.79***  16.63 1292 20.28 4.58** 1878 011 0.15 521 784 9.71**  16.69
Feeder cattle  7.66*** 14.67 9.33 14.06 4.04* 1522 -0.74 -1.06 3.63*** 507 7.69%**  14.63
Lean hogs 10.13*** 2621 872 13.84 7.50% 3249 372 572 2.63 19.85 10.20***  26.11
Lumber 2.86 3040 -219 -3.15 8.93** 3154 571 894 -6.07***  11.49 3.22 29.86
Cotton 6.66** 23.61 390 6.15 4.74 2594 052 073 1.92 10.13 6.53* 23.72
Silver 8.34* 3295 4.68 797 9.74** 3283 644 11.12 -1.40%*  1.66 8.40%* 32.61
Copper 14.53** 2724 1514 26.23 7.52%% 2690 470 7.25 7.027%%* 6.04 14.87*** 27.52
Gold 6.51** 20.14 435 717 7.08** 20.17 549 922 -0.57**  0.55 6.53** 19.85
Gas oil 11.66*  33.76 1049 1721 9.36 3480 746 1197 2.30 7.43 11.50*  33.50
Natural gas -6.29 4469 811 -11.91 13.38 50.14 8.81 14.90 -19.66***  23.70 -5.95 43.18
Crude oil 11.40* 36.63 8.88 13.43 8.27 38.74 5.07 790 3.13 9.96 11.14*  36.10
Gasoline 17.14*** 35.83 1593 24.80 9.50 40.04 644 999 7.63***  14.55 16.77***  35.29
Heating oil 10.64** 3385 776 1251 7.72 34.67 412 644 2.92 9.11 10.71**  33.69

Port folioc 8.50***  13.59 12.32  20.27 7.06*** 1355 792 1246
Portfoliop 11.29*** 16.27 16.94 2445 11.29*** 16.27 1694 24.45
Portfoliocip  10.06* 11.31 19.93 28.81 9.28***  11.38 1691 24.38
Panel B: Commodity portfolios sorted on the percentage convenience yield (%)

P1 (Low) 2.79 1777  -3.73 -5.62 12.47%* 1849 17.66 33.71 -9.68*** 543 291 17.29
P2 596** 1732 3.66 5.80 6.62*** 1760 512 8.00 -0.66 4.26 598  17.24
P3 10.26*** 1572 15.08 25.57 542 1598 252 3.78 4.84** 485 10.31*** 15.83
P4 (High) 16.45*** 20.62  23.93 42.32 2.81 21.19  -3.09 -4.40 13.64***  6.74 16.68*** 21.05
Panel C: Commodity portfolios sorted on commodity momentum (%)

P1 (Low) 4.24* 18.40 -046 -0.75 13.30** 18.92 1892 3736  -9.06"™* 5.30 4.34* 18.04
P2 746"* 1574 780 1242 8.04* 1592 915 1489  -0.58 4.09 7.57*  15.63
P3 857+ 15.02 1124 17.89 3.84% 1520 -1.61 -2.25 4.73** 493 8.60** 15.11
P4 (High) 15.02*** 23.17 18.68 34.74 1.65 2340 -487 -7.19 13.37**  6.61 15.20*** 23.60

Panel D: Correlation among different returns series consisting of average individual returns

R cg Ryut

R 1.00
cg -0.02 1.00
Ryt 1.00 -0.02 1.00

Note: This table reports the annualized average return and standard deviations of individual commodities and portfolios. The

Sharpe ratio is Shp = E (R¢) /o (R¢). The Sortino ratio is Sotn = E (R¢) /\/Zthl (Min (0, Rf))z /T. Portfolioc is the equally-
weighted commodity portfolios. Portfolioy is the stock market portfolio. Portfoliocy s is an equally-weighted commodity and

stock market portfolio. Spot return R is defined as Ryy; = (5t+1 + Dfilt +1> /St — 1. Capital gain cg is defined as cg;11 =

St41/St — 1. Futures return Rpyt is defined as Rputpsir1 = Fiiit42/Frppo — 14 1fiypq1. Yield is defined as y¢y1 = Dy—ys11/5¢
The significance of returns are corrected with Newey and West (1987) procedure with 1 lag. *, **, *** denote the significance at the
10%, 5% and 1% levels respectively. The sample of individual commodities starts from different time. The portfolios sorted by
percentage yield starts from January 1961 and the portfolios sorted by momentum starts from November 1961.

risks of commodity markets. Additionally, the commodity momentum factor has a lower
average return and a lower volatility compared to the momentum factor based on the

stock market, which is consistent with the finding of Hollstein et al. (2021a).
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Table 2: Summary statistics of risk factors (%).

Factors Mean (Ann.) Std. Dev (Ann.) Min (Ann.) Max (Ann.) Obs.
Panel A: Asset pricing factors

CG 2.71 1.11 -23.55 21.47 343
MKT 6.79 16.36 -175.99 119.96 343
SMB 2.70 10.42 -57.84 86.58 343
HML 291 10.58 -95.07 108.90 343
MOM  7.82 15.58 -315.92 141.18 343
RMW  3.02 7.80 -85.11 126.66 343
CMA 3.04 7.31 -64.57 75.18 343
Panel B: Commodity-specific factors
CMKT 4.32 13.80 -145.91 185.77 343
YIELD 7.79 13.33 -101.26 195.20 343
CMOM 5.99 14.61 -106.91 167.22 343

Note: This table shows the summary statistics of the annualized risk factors from September 1963 to September
2020. CG refers to the consumption growth factor. MKT refers to the equity market excess return factor. SMB
refers to the size factor. HML refers to the value factor. MOM refers to the equity market momentum factor.
RMMW refers to the profitability factor. CMA refers to the investment factor. CMKT refers to the commodity
market factor. YIELD refers to factor related to the percentage net convenience yield. CMOM refers to the
commodity momentum factor.

4. Results

4.1. The cross-section of expected returns of individual commodities

We assess the ability of the asset pricing factors and commodity-specific factors to ex-
plain the cross-section of individual commodity returns with the methods introduced in
section 2.3. Although we use the commodity spot return with the net convenience yield
in analysis, the results have the same implication for futures returns and are comparable
to the studies with futures returns because the two return series are quantitively similar.
We find that both the asset pricing models and the commodity-specific models play a role
in explaining the cross-section of individual commodity returns and illustrate this below.

The results of the Fama and MacBeth (1973) two-step procedure estimations of the
cross-section of expected return of the different commodities are reported in Table 3. In
addition to the risk premium (As) and intercept (Ao), we also report the R? in the cross-
sectional regressions as an informal and intuitive measure of fit. The R? represents the
fraction of the cross-sectional variation of the commodity returns that the model can ex-

plain. Among the asset pricing models, the Fama and French (1993) three-factor model,
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Carhart (1997) four-factor model and Fama and French (2015) five-factor model are able
to explain the individual commodity returns. The intercepts are insignificantly different
from zero for these three asset pricing models, suggesting that the common average return
among individual commodities that cannot be captured by the three models are insignifi-
cantly different from zero. For the Fama and French (1993) three-factor model and Carhart
(1997) four-factor model, the value factor (HML) has a positive and significant risk pre-
mium, 2.20% and 1.95% respectively on a bimonthly basis (roughly implying 13.2% and
11.7% per year). These two models explain on average 32% and 39% of the cross-sectional
variation of expected individual commodity returns. For the Fama and French (2015)
five-factor model, both the value factor and investment factor (CMA) have positive and
significant risk premiums, (2.66% for HML and 1.95% for CMA). This model explains on
average 46% of the cross-sectional variation of individual commodity returns. Therefore,
it appears that the value and investment factors are significantly priced. The positive risk
premium suggests that investors are compensated for the exposure to the risk related to
the equity value and investment effect. The good performance of Fama and French (1993)
three-factor model, Carhart (1997) four-factor model and Fama and French (2015) five-
factor model are consistent with Hollstein et al. (2021a). However, Daskalaki et al. (2014)
reject the Fama and French (1993) three-factor model and Carhart (1997) four-factor model.
This might be because we omit the erratic futures price behavior in the delivery month
and the previous month, in line with Hollstein et al. (2021a), while Daskalaki et al. (2014)
only exclude the prices in the delivery month. Other asset pricing models considered in
Table 3, the CCAPM and CAPM models, are rejected because they have either insignifi-
cant risk premiums (coefficients of the risk factors” loadings in equation (11)) or significant
intercepts, as in Bodie and Rosansky (1980) and Daskalaki et al. (2014). The unsatisfactory
performance of the CCAPM and CAPM models in explaining the cross-section of indi-
vidual commodity returns is perhaps not that surprising because they perform poorly

for common stock returns as well (e.g., Campbell and Cochrane, 2000; Cochrane, 1996;
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Jagannathan and Wang, 1996; Kang et al., 2011).

For the commodity-specific models, the one-factor model with the commodity market
excess return factor (CMKT), CFlcyxr model, does not do a very good job in explain-
ing the cross-section of individual commodity returns because of the insignificant risk
premium, i.e. the CMKT factor is insignificantly priced. This might be because commodi-
ties only comprise a small portion of the overall financial market compared to common
stocks or bonds (e.g., Shang et al., 2016). The one-factor model with yield factor (YIELD),
CF1lyp.p model, also performs poorly because of the significant intercept. But the YIELD
factor has a significant risk premium in CF1lyg;p model. So the YIELD factor does help
explain the cross-section of individual commodities to some extent, although there exists
a common average return that cannot be captured by the YIELD factor. Another one-
factor model using the commodity momentum factor (CMOM), CF1cpiopm model, has an
insignificant intercept and a significant risk premium for the CMOM factor at 3.40% on a
bimonthly basis (20.4% annually) and is significant at the 1% level. This model explains
on average 13% of the cross-sectional variation in expected individual commodity returns.
These findings are different from those of Daskalaki et al. (2014), which suggests that the
basis (related to the YIELD factor) and commodity momentum factor do not explain the
variation across individual commodities at all. The three-factor model, CF3, including
CMKT, YIELD and CMOM factors, performs satisfactory and explains on average 30%
of the cross-sectional variation in individual commodity returns. In the CF3 model, both
the intercept and the risk premium of CMKT are statistically insignificant. The bimonthly
risk premium of the YIELD factor is 2.34% (14.04% annually), and is significant at the
1% level. The bimonthly risk premium of the CMOM factor is 3.44% (20.64% annually)
and significant at the 5% level and similar to the estimate in the CF1cp0p model as well
(20.4% annually). All the significant risk premiums of the asset pricing and commodity-
specific factors are different from the mean values of the corresponding risk factors as

shown in Table 2 in section 3.3. This difference supports our choice to estimate the risk
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premium with the Fama and MacBeth (1973) two-step procedure because it allows us to
estimate the risk premiums with all available individual commodities rather than only

looking at the sample mean of the risk factors.

Table 3: Fama-MacBeth cross-sectional regressions for individual commodities (%).

Model Acc AMkr  AsmB Aamr Amom  Armw  Acma  Acmkr Avietp Acmom Ao Avg R?

CCAPM 0.13 0.23 14
(1.39) (0.51)

CAPM 0.13 0.72* 10
(0.12) (1.96)

FF3 0.11 1.15 2.20** 0.35 32
0.11) (1.24) (2.21) (0.92)

FF4 0.79 1.46 1.95* 222 0.38 39
0.63) (149) (1.96) (1.33) (0.95)

FF5 -0.84 1.35 2.66* -1.70 1.95* 0.21 46
(-0.66) (1.30) (1.96) (-138) (1.65) (0.45)

CFlemkr 0.70 001 12
(1.15) (-0.02)

CFlyierp 2.70%% 0.73% 7
(3.30) (2.27)

CFlemom 340 043 13
2.67)  (1.39)

CF3 0.27 2.34%**  3.44%* 0.52 30

(045) (2.78) (2.33)  (1.06)
Note: This table reports the cross-sectional regression results of the Fama and MacBeth (1973) two-step procedure
for individual commodities: Rf; = Aoy + ﬁ; f)‘f,t + €, where Rf, is the excess return of commodity i at time

t. ,B: f is the estimated beta with the time-series regressions (the first step) of Fama and MacBeth (1973). A 18
the risk premia of risk factor f. Ag; and €;; are the intercept and error term of the cross-sectional regressions.
The final estimates of Ay and Ag are average value of their time-series estimates. The t-statistics are corrected
with Newey and West (1987) procedure with 1 lag. *, **, *** denote the significance at the 10%, 5% and 1%
levels respectively. The R? is the average value of the R? of the T cross-sectional regressions. The sample is from
September 1963 to September 2020. CCAPM represents the Consumption-based Capital Asset Pricing model
including a consumption growth factor (CG). CAPM represents the Capital Asset Pricing model including a
marker excess return factor (MKT). FF3 refers to the Fama and French (1993) three-factor model consisting of
MKT, a size factor (SMB), and a value factor (HML). FF4 refers to Carhart (1997) four-factor model comprising
MKT, SMB, HML and a momentum factor (MOM). FF5 is Fama and French (2015) five-factor model including
a profitability factor (RMW) and an investment factor (CMA) except the MKT, SMB and HML factors. CFlcpkr
is the model only including commodity excess return factor (CMKT). CFlyg; p is the model only including yield
factor (YIELD). CFlcpiom is the model only including commodity momentum factor (CMOM). CF3 is the model
including CMKT, YIELD, and CMOM.

Even though Table 3 suggests that the FF3, FF4, FF5, CFlcpopm and CF3 models can
explain the cross-section of returns of individual commodities, because they have insignif-
icant intercepts and significant risk premiums for risk factors, it is not possible to point at
one single model (or factor) which performs best. In line with Bakshi et al. (2019), Brooks
et al. (2016), and Jagannathan and Wang (1996), we visualize the performance of the stud-

ied models in explaining the cross-sectional variation in expected individual commodity
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Figure 1: Predicted and Realized expected returns for individual commodities. Note: The predicted expected
returns of the Fama and MacBeth (1973) two-step procedure are calculated with: E (R¢) = Bf FAfb where Bﬁ s is the estimated beta
with the time-series regressions (the first step) of Fama and MacBeth (1973). Ay is the estimated risk premia of risk factors with the
cross-sectional regressions (the second step) of Fama and MacBeth (1973). The realized expected returns are the average return in the
sample from September 1963 to September 2020. The R? is the average value of the R? of the T cross-sectional regressions. CCAPM
represents the Consumption-based Capital Asset Pricing model including a consumption growth factor (CG). CAPM represents the
Capital Asset Pricing model including a marker excess return factor (MKT). FF3 refers to the Fama and French (1993) three-factor
model consisting of MKT, a size factor (SMB), and a value factor (HML). FF4 refers to Carhart (1997) four-factor model comprising
MKT, SMB, HML and a momentum factor (MOM). FF5 is Fama and French (2015) five-factor model including a profitability factor
(RMW) and an investment factor (CMA) except the MKT, SMB and HML factors. CFlcpkr is the model only including commodity
excess return factor (CMKT). CFlygrp is the model only including yield factor (YIELD). CFlcpowm is the model only including
commodity momentum factor (CMOM). CF3 is the model including CMKT, YIELD, and CMOM.
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returns by plotting the predicted expected excess return versus the realized expected ex-
cess return of individual commodities in Figure 1. The predicted expected excess return is
calculated as the sum of the products of risk premiums and corresponding risk loadings.
The realized expected excess return is proxied by the average excess return of individual
commodities. The distance of the scatters to the 45-degree line reflects the pricing errors
of the corresponding models (a scatter represents a commodity). The closer the scatters of
a model to the line, the smaller the pricing error and thus the better the performance of
the particular model.

Figure 1 suggests that the CF3 model performs best among all the studied asset pricing
models and commodity-specific models since the scatters are closest to the 45-degree line.
The three asset pricing models FF3, FF4 and FF5 perform well in capturing the variation
among commodity returns except natural gas, the scatter most distant from the 45-degree
line. Generally, FF3, FF4 and FF5 models perform poorer than but competitively to the
CF3 model even though the FF3, FF4 and FF5 models explains 32%, 39% and 46% of the
cross-section of individual commodities, while the CF3 model only explains 30% (see the
average R? in Figure 1, which is also reported in Table 3 ). Intuitively one may think that
because the FF5 model consists of more factors, it mechanically increases the proportion
of the cross-section explained by the FF5 model. While this may be true for time-series
regressions, in the two-step procedure it does not necessarily mean that FF5 model has a
lower pricing error in the cross-section (recall that shorter distance to the 45-degree line
implies lower pricing error). Asset pricing factors and commodity-specific factors have
explanatory power for the cross-section of individual commodity returns, in line with
Bakshi et al. (2019) and Hollstein et al. (2021a). For example, investors on commodity
markets require compensation because of the exposure on risks related to the value factor
(HML), investment factor (CMA), the yield factor (YIELD), or the commodity momen-
tum factor (CMOM).

In all, we establish that there are common risk factors that help explain the individ-
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ual commodity returns, albeit far from perfect. As such, the commodities we investigate
cannot be qualified as fully heterogeneous (see also Liibbers and Posch, 2016). We find
that the value factor (HML) and investment factor (CMA) are able to explain part of the
cross-section of returns of individual commodities. This is consistent with the studies that
suggest that commodity risks are somehow priced in relation to stock markets (e.g., Boons
et al., 2014; Brooks et al., 2016), suggesting an increasing integration between commodity

and stock markets.

4.2. The cross-section of expected returns of commodity portfolios

In order to compare with the studies using commodity portfolios, we use commodity
portfolios as our test assets in this section, which is also common practice in asset pricing
tests using common stock returns. One advantage to use these portfolios is that they can
eliminate idiosyncratic risk among individual commodities, providing better estimates for
factor betas. The idiosyncratic risk should not be priced if investors can diversify away
this risk by trading commodity portfolios (e.g., Fernandez-Perez et al., 2016). Construct-
ing dynamic portfolios also has the benefit that it potentially gives larger differences in
expected returns for the model to explain. Therefore, we carefully study the cross-section
of commodity portfolios in addition to individual commodities, which provides an alter-
native way to test which factors drive commodity returns.

Although a common practice to construct stock portfolios is to use double sorts, e.g.,
size and value, we construct commodity portfolios with single sort, as in Bakshi et al.
(2019), Dhume (2010) and Sakkas and Tessaromatis (2020), because the number of com-
modity futures is very limited and is much less than the number of available common
stocks. We use eight commodity portfolios as test assets consisting of four portfolios
sorted on percentage yield and four portfolios sorted on commodity momentum. Al-
though the small number of portfolios causes some concerns for the results, these con-
cerns are alleviated by the results for individual commodities as discussed in section 4.1

and subject to robustness checks (see details in section 4.4).
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Table 4: Fama-MacBeth cross-sectional regressions for commodity portfolios (%).

Model Acc AMKT AsmB AuML  Amom  Armw  Acma  Acmkr Avierp Acvom Ao Avg R?

CCAPM  0.52*** -1.39*%** 27
(4.53) (2.73)

CAPM -0.74*** 1.83*** 23
(-4.51) (4.15)

FF3 -1.12 2.34 5.22%** -0.21 54
(029)  (0.61)  (2.64) (-0.24)

FF4 -22.10%**  8.32** -6.72*  17.00%** 3.99%** 71
(323)  (197)  (-1.82) (3.00) (2.73)

FF5 8.98 21.00***  7.28%* -3.11 -3.95** -3.60* 85
(140)  (3.19)  (2.46) (-1.39) (-2.31) (-1.97)

CFlenkr 3.41%% 267 22
(2.98) (-2.41)

CFlyieip 1.87%%% 0717 25
(5.41) (2.16)

CFlemom 1474 059* 27
416)  (1.83)

CF3 1.03 1.63***  1.06*** -0.32 59

(094) (5.17) (320)  (-0.29)
Note: This table reports the cross-sectional regression results of the Fama and MacBeth (1973) two-step procedure for com-
modity portfolios sorted on the percentage yield and commodity momentum: Rf, = Ao + 8 #Aft + €ir, where Rf, is the

excess return of portfolio 7 at time ¢. B; is the estimated beta with the time-series regressions (the first step) of Fama and
MacBeth (1973). Ay, is the risk premia of risk factor f. A and €;; are the intercept and error term of the cross-sectional
regressions. The final estimates of A; and Ao are average value of their time-series estimates. The t-statistics are corrected
with Newey and West (1987) procedure with 1 lag. *, **, *** denote the significance at the 10%, 5% and 1% levels respectively.
The R? is the average value of the R? of the T cross-sectional regressions. The sample is from September 1963 to Septem-
ber 2020. CCAPM represents the Consumption-based Capital Asset Pricing model including a consumption growth factor
(CG). CAPM represents the Capital Asset Pricing model including a marker excess return factor (MKT). FF3 refers to the
Fama and French (1993) three-factor model consisting of MKT, a size factor (SMB), and a value factor (HML). FF4 refers to
Carhart (1997) four-factor model comprising MKT, SMB, HML and a momentum factor (MOM). FF5 is Fama and French
(2015) five-factor model including a profitability factor (RMW) and an investment factor (CMA) except the MKT, SMB and
HML factors. CFlcpr is the model only including commodity excess return factor (CMKT). CFlyjgrp is the model only
including yield factor (YIELD). CFlcpoum is the model only including commodity momentum factor (CMOM). CF3 is the
model including CMKT, YIELD, and CMOM.

The regression results for these portfolios with the Fama and MacBeth (1973) two-step
procedure are displayed in Table 4. The table shows that all risk factors except the prof-
itability factor (RMW) are significantly priced. However, only FF3 and CF3 models have
insignificant intercepts. In the FF3 model, the value factor HML is positively and sig-
nificantly priced. The risk premium of HML factors is 5.22% on bimonthly basis and is
significantly at the 1% level. The FF3 model explains 54% of the variation in the cross-
section of commodity portfolio returns. With regards to the commodity-specific models,
the three one-factor models with CMKT, YIELD, and CMOM factors as a single factor
perform poorly when judged by the intercepts but have significant risk premiums for
risk factors. The performance of CFlyjr;p is comparable to Szymanowska et al. (2014).

Szymanowska et al. (2014) explain (short roll) returns of nearest-to-maturity futures port-
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Figure 2: Predicted and Realized expected returns for commodity portfolios. Note: The predicted expected returns
of the Fama and MacBeth (1973) two-step procedure are calculated with: E (R¢) = B; FAf 1 Where Bi/ is the estimated beta with the
time-series regressions (the first step) of Fama and MacBeth (1973). A; is the estimated risk premia of risk factors with the cross-
sectional regressions (the second step) of Fama and MacBeth (1973). The realized expected returns are the average return in the sample
from September 1963 to September 2020. The R? is the average value of the R? of the T cross-sectional regressions. CCAPM represents
the Consumption-based Capital Asset Pricing model including a consumption growth factor (CG). CAPM represents the Capital
Asset Pricing model including a marker excess return factor (MKT). FF3 refers to the Fama and French (1993) three-factor model
consisting of MKT, a size factor (SMB), and a value factor (HML). FF4 refers to Carhart (1997) four-factor model comprising MKT,
SMB, HML and a momentum factor (MOM). FF5 is Fama and French (2015) five-factor model including a profitability factor (RMW)
and an investment factor (CMA) except the MKT, SMB and HML factors. CFlcpxr is the model only including commodity excess
return factor (CMKT). CFlygrp is the model only including yield factor (YIELD). CFlcpom is the model only including commodity
momentum factor (CMOM). CF3 is the model including CMKT, YIELD, and CMOM.
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folios with time-series regressions and suggest that basis factor has a good fit to the four
portfolio sorted either with basis or with commodity momentum. The difference might
be because that we stack the portfolios and estimate the risk premium with Fama and
MacBeth (1973) two-step procedure. In the CF3 model, the risk premium of YIELD factor
is 1.63% bimonthly (9.78% annually) and significant at the 1% level. The risk premium of
CMOM is 1.06% bimonthly (6.36% annually) and significant at the 1% level, which is quite
close to the historical average return of CMOM (5.99% annually). The CF3 model explains
59% of the variation across commodity portfolio returns. The decent performance of the
CF3 model is in line with Bakshi et al. (2019).

To visually illustrate which model (factor) performs better in explaining the cross-
section of commodity portfolios, Figure 2 compares the performance of the various mod-
els by plotting the predicted against the realized expected excess returns of the commodity
portfolios. It shows that the CF3 model seems to perform best because the scatters for CF3
model are closest to the 45-degree line, followed by the FF3 model.

To sum up, it shows there are common risk factors that help explain the excess return
in the cross-section of the commodity portfolios, such as the value factor, yield factor and
commodity momentum factor, which also perform well for individual commodity returns
as discussed in section 4.1. The value factor is significantly priced across individual com-
modities and portfolios, perhaps because the value effect exists across asset classes such
as stocks, bonds and commodities and the corresponding value returns are strongly cor-
related (e.g., Asness et al., 2013). The results for commodity portfolios also suggest that
commodity and stock markets are somewhat integrated because the common asset pricing

factors are priced across commodity portfolios.

4.3. Studying the source of the explanatory ability of risk factors

As an extension of the related studies, we investigate why the risk factors can explain
the cross-section of individual commodities and portfolios in this section. We decompose

commodity returns into capital gains and percentage yield and replicate the analysis in
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section 4.1 and 4.2 with capital gains and percentage yields. By doing so, we can check
whether the ability of risk factors in explaining the cross-section of commodity returns
comes from capital gains, or percentage yields or both. As such, we assess the effect of the
net convenience yield in the assessment of the performance of the various asset pricing
models.

Table 5 reports the results of regression estimations of Fama and MacBeth (1973) two-
step procedure with excess capital gains. Panel A shows the results for individual com-
modities. Here, the asset pricing models and commodity-specific models do not explain
the cross-section of individual commodity capital gains at all because no factors are sig-
nificantly priced. The regression results for the commodity portfolios are shown in Panel
B. Mostly, the significantly priced risk factors across portfolio returns shown in Table
4 are also significantly priced across portfolio capital gains such as CG, MKT, HML,
YIELD and CMOM. Surprisingly, the CAPM model performs well in explaining the
cross-sectional portfolio capital gains. The MKT factor is significantly priced and the risk
premium is 5.00% on a bimonthly basis (30% annually). Other commonly used asset pric-
ing models perform poorly in explaining the cross-section of portfolio capital gains be-
cause the intercepts (Ag) are significant. Nevertheless, the asset pricing factors, e.g., MKT
and HML are significantly priced, suggesting that these asset pricing factors do have some
ability to explain the cross-section of portfolio capital gains. Specifically, the FF3 model
that performs satisfactorily for portfolio returns cannot capture all capital gains.

Among the commodity-specific models, only the CFlygrp and CF3 models have sig-
nificant risk premiums and insignificant intercepts. CFlyrrp explains 24% of the cross-
sectional portfolio capital gains. The YIELD factor is significantly priced (-1.33% bi-
monthly or -7.98% annually). The CF3 model explains 58% of the cross-sectional portfolio
capital gains. The risk premium of the YIELD factor is -0.91% bimonthly (-5.46% per an-
nually) and the risk premium of CMOM factor is -1.47% bimonthly (-8.82% per annually).

Notably, the CF3 model also performs well for portfolio returns.
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Table 5: Fama-MacBeth cross-sectional regressions for commodity capital gains (%).

Model Acc AMKT AsmB  AumrL  Amom  Armw  Acma  Acmkr Aviep Acmom Ao Avg R?
Panel A: Individual commodities
CCAPM  0.08 0.22 13
(0.87) (0.57)
CAPM 0.24 0.43 9
(0.25) 1.17)
FF3 0.12 0.30 0.82 0.30 30
012)  (034) (0.74) (0.80)
FF4 0.45 0.45 0.71 1.10 0.33 38
037)  (050) (0.64)  (0.68) (0.85)
FF5 -0.46 0.39 1.17 -0.23 0.90 0.30 44
(037)  (039) (0.79) (0.21) (0.76) 0.71)
CFlenkr 0.28 017 12
(0.48) (0.38)
CFlyieip 0.06 044 7
(0.08) (1.37)
CFlemom 138 039 11
(110)  (1.25)
CF3 0.26 0.05 0.94 0.22 28

(0.45) (0.06) (0.67)  (0.46)
Panel B: Commodity portfolios

CCAPM  -0.46"* 2.02°% 26
(-3.28) (3.74)

CAPM 5.00%* 025 23
(2.30) (-0.55)

FF3 12,304 430 -8.87** 3.58** 56
(315)  (-1.54) (-4.61) (4.28)

FF4 -1130  -455 -838* 473 3.39% 74
(-1.60)  (-1.44) (-249)  (0.90) (2.25)

FF5 -10.00% 357 -7.26%** 064  -1.20 295% 83
(206)  (-1.11) (-2.72) (0.30)  (-0.90) (2.48)

CFlcmir -1.72 209% 20
(-1.45) (1.85)

CFlyiep 1334 042 24
(:3.71) (1.29)

CFlcmom 146" 055* 26
(-4.01)  (1.71)

CF3 173 -091%* -147%* -128 58

(146) (-2.73) (-4.24) (-1.13)
Note: This table reports the cross-sectional regression results of the Fama and MacBeth (1973) two-step procedure for com-
modity capital gains: R¢, = Ag; + fB; #Af 1+ €ir, where R, is the excess capital gains of commodity or portfolio i at time £.

B; f is the estimated beta with the time-series regressions (the first step) of Fama and MacBeth (1973). A, is the risk premia
of risk factor f. Ag; and €;; are the intercept and error term of the cross-sectional regressions. The final estimates of Af and
Ag are average value of their time-series estimates. The t-statistics are corrected with Newey and West (1987) procedure with
1lag. *, **, *** denote the significance at the 10%, 5% and 1% levels respectively. The R? is the average value of the R? of the
T cross-sectional regressions. The sample is from September 1963 to September 2020. CCAPM represents the Consumption-
based Capital Asset Pricing model including a consumption growth factor (CG). CAPM represents the Capital Asset Pricing
model including a marker excess return factor (MKT). FF3 refers to the Fama and French (1993) three-factor model consist-
ing of MKT, a size factor (SMB), and a value factor (HML). FF4 refers to Carhart (1997) four-factor model comprising MKT,
SMB, HML and a momentum factor (MOM). FF5 is Fama and French (2015) five-factor model including a profitability
factor (RMW) and an investment factor (CMA) except the MKT, SMB and HML factors. CF1¢cpkr is the model only includ-
ing commodity excess return factor (CMKT). CFlygrp is the model only including yield factor (YIELD). CFlcpom is the
model only including commodity momentum factor (CMOM). CF3 is the model including CMKT, YIELD, and CMOM.

Table 6 reports the results of the regression estimates of the Fama and MacBeth (1973)
two-step procedure with percentage yields. Panel A shows the results for individual com-

modities. All the significantly priced risk factors, HML, YIELD and CMOM, across in-
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Table 6: Fama-MacBeth cross-sectional regressions for percentage yield (%).

Model Acc AMKT AsmB  AHML AvoMm  Armw  Acma  Acmkr  AvieeD Acmom Ao Avg R?
Panel A: Individual commodities
CCAPM -0.04 0.24** 10
(-0.37) 2.17)
CAPM 3.75 0.32%** 7
(1.48) (3.42)
FF3 3.93* -0.14 -3.95* 0.45*** 28
(174)  (-0.09) (-1.66) (4.33)
FF4 1.59 -0.67 0.14 -4.18 0.42*** 34
0.63)  (-039) (005  (-1.22) (4.26)
FF5 4.56 1.67 -3.12 0.57 -2.64 0.42** 46
155  (097)  (-1.04) 034)  (-1.28) (3.70)
CFlemir 6.10** 010 10
(2.06) (0.81)
CFlyirip 6.96%4+ 015 20
(3.34) (1.43)
CFlemom 951 013 20
@02)  (1.23)
CF3 5.56** 5.18*** 9.79**  -0.01 37

(2.07) (2.71) (399)  (-0.07)
Panel B: Commodity portfolios

CCAPM 3407 1717 30
(18.49) (-13.74)

CAPM -28.40%* 0.28% 15
(-11.33) (-2.26)

FF3 77604 34.60%%  -39.80%* 006 48
(-19.79) (17.14)  (-14.54) (0.42)

FF4 8L70%*  35.70%%* -49.00*** 50.00*** 002 58
(-19.98) (17.29) (-14.26) (11.52) (0.11)

FF5 27.80% 12504 -40.30** 16.00%*  16.30%** 4.42%% 90
(-529)  (622)  (-7.37) @4.13)  (643) (12.83)

CFlemkr 84.60%* 2.39%% 38
(22.11) (-17.97)

CFlyieLp -18.50%* 071%* 9
(-4.57) (5.14)

CFlcmom 70204 -1.09%** 20
(1821)  (-9.69)

CF3 117.80% 3540%  -1120* -3.61** 57

(21.92)  (7.89) (-251)  (-19.24)

Note: This table reports the cross-sectional regression results of the Fama and MacBeth (1973) two-step procedure for commodity
percentage yields: y;; = Aot + ﬁ: f)\ £t + €1, where y;; is the percentage yield of commodity or portfolio i at time ¢. ‘BZ f is the
estimated beta with the time-series regressions (the first step) of Fama and MacBeth (1973). A, is the risk premia of risk factor f. Ag
and €;; are the intercept and error term of the cross-sectional regressions. The final estimates of A and A are average value of their
time-series estimates. The t-statistics are corrected with Newey and West (1987) procedure with 1 lag. *, **, *** denote the significance
at the 10%, 5% and 1% levels respectively. The R is the average value of the R? of the T cross-sectional regressions. The sample
is from September 1963 to September 2020. CCAPM represents the Consumption-based Capital Asset Pricing model including a
consumption growth factor (CG). CAPM represents the Capital Asset Pricing model including a marker excess return factor (MKT).
FF3 refers to the Fama and French (1993) three-factor model consisting of MKT, a size factor (SMB), and a value factor (HML). FF4
refers to Carhart (1997) four-factor model comprising MKT, SMB, HML and a momentum factor (MOM). FF5 is Fama and French
(2015) five-factor model including a profitability factor (RMW) and an investment factor (CMA) except the MKT, SMB and HML
factors. CF1cpkr is the model only including commodity excess return factor (CMKT). CFlyjgrp is the model only including yield
factor (YIELD). CFlcpowm is the model only including commodity momentum factor (CMOM). CF3 is the model including CMKT,
YIELD, and CMOM.

dividual returns are significantly priced across individual percentage yields as well. Al-
though all the commonly used asset pricing models have intercepts that are significantly
different from zero, the MKT factor and HML factor are significantly priced in FF3. The
risk premiums of MKT and HML are 3.93% and -3.95% separately on bimonthly basis. All
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Figure 3: Predicted and realized expected capital gains and percentage yield. Note: The predicted expected excess
capital gains and percentage yield of the Fama and MacBeth (1973) two-step procedure are calculated with: ‘B; FAf b where Bff is
the estimated beta with the time-series regressions (the first step) of Fama and MacBeth (1973). Ay is the estimated risk premia of
risk factors with the cross-sectional regressions (the second step) of Fama and MacBeth (1973). The realized expected returns are the
average return in the sample from September 1963 to September 2020. The R is the average value of the R? of the T cross-sectional
regressions. CCAPM represents the Consumption-based Capital Asset Pricing model including a consumption growth factor (CG).
CAPM represents the Capital Asset Pricing model including a marker excess return factor (MKT). FF3 refers to the Fama and French
(1993) three-factor model consisting of MKT, a size factor (SMB), and a value factor (HML). FF4 refers to Carhart (1997) four-factor
model comprising MKT, SMB, HML and a momentum factor (MOM). FF5 is Fama and French (2015) five-factor model including
a profitability factor (RMW) and an investment factor (CMA) except the MKT, SMB and HML factors. CFlcpkr is the model only
including commodity excess return factor (CMKT). CFlyjgrp is the model only including yield factor (YIELD). CFlcponm is the
model only including commodity momentum factor (CMOM). CF3 is the model including CMKT, YIELD, and CMOM.
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the commodity-specific models perform well in explaining the cross-section of percentage
yields. In CF1lcpkt, the CMKT factor is significantly priced (6.10% bimonthly) and this
model explains 10% of the variation of cross-sectional percentage yields. In CFlyjrrp
model, the YIELD factor is significantly priced and the risk premium is 6.96% bimonthly.
CFlyjp.p model explains 20% of the cross-sectional percentage yields. The CFlcpom
model has a significant risk premium of 9.51% bimonthly for the CMOM factor and ex-
plains 20% of the variation of cross-sectional percentage yields. The CF3 model explains
37% of the cross-section of individual percentage yields. The risk premiums are 5.56%
for the CMKT factor, 5.18% for the YIELD factor and 9.79% for the CMOM factor on
bimonthly basis.

Panel B in Table 6 displays the regressions results with percentage yields of portfolios.
The risk factors that are significantly priced across portfolio returns are also significantly
priced across portfolio percentage yields. Particularly, all the studied risk factors have
significant risk premiums, suggesting that they have some ability to explain the cross-
section of portfolio percentage yields. Among all the studied asset pricing models and
commodity-specific models, FF3 and FF4 models perform well in explaining the cross
section of portfolio percentage yields. In FF3 model, the MKT, SMB and HML are signif-
icantly priced, the risk premiums are -77.60%, 34.60%, and -39.80% on a bimonthly basis.
The FF3 model explains 48% of the variation of cross-sectional portfolio percentage yields.
In the FF4 model, the MKT, SMB, HML and MOM are significantly priced as well. The
risk premiums are -81.70%, 35.70%, -49.00%, and 50%, respectively. The FF4 model ex-
plains 58% of the total variation. Note that the FF3 model performs well in explaining the
cross-section of portfolio returns, too.

We plot the predicted and realized expected excess capital gains and percentage yields
for those models that perform relatively well in Figure 3. Panel A shows the performance
of CAPM, CFlyrrp and CF3 in explaining the cross-section of portfolio capital gains.

Among these three models, CFly;rrp performs best, suggested by the distance of the
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scatters to the 45-degree line. The performance of the models in explaining the cross-
section of yields is shown in Panel B. For individual percentage yields, CF1cpop and
CF3 perform competitively. For portfolios percentage yields, FF3 and FF4 have similar
performance in explaining the variation of percentage yields.

In sum, risk factors cannot explain the variation in the cross-section of individual cap-
ital gains at all. The risk factors that help explain the cross-section of individual returns
also have the ability to explain the variation of percentage yields across individual com-
modities. As such, the ability of risk factors or models in explaining the cross-section
of commodity returns discussed in section 4.1 mainly comes from the returns accrued
to percentage yields. This might be because the variation across individual percentage
yields are larger than the variation across individual capital gains, although the absolute
percentage yields are smaller than capital gains, as shown in Table 1. As to commodity
portfolios, the risk factors that are significantly priced across portfolio returns are also
priced across portfolio capital gains and portfolio percentage yields. Recall that the FF3
and CF3 models perform well in explaining the cross-section of portfolio returns. The FF3
model performs well for portfolio percentage yields and the CF3 model performs well for
portfolio capital gains. As such, the ability of risk factors or models in explaining the
cross-section of portfolio returns discussed in section 4.2 comes from both capital gains

and percentage yields.

4.4. Sensitivity and robustness checks

In this section, we perform sensitivity and robustness checks regarding the results re-
ported in sections 4.1, 4.2 and 4.3. In particular, we investigate the role of the sample
period, the estimation strategy employed, the seasonality in prices and the reinvestment
of convenience yields. The results are shown in Appendix C.

First, it could be that our results are driven by inclusion of the period after the financial-
ization of commodities when large investment inflows occurred into commodity futures

markets. We therefore test whether the results for commodity returns, capital gains and
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percentage yields are sensitive to the selected sample period. We divide the full sample
with one breakpoint, January 2004. Basak and Pavlova (2016) argue that this is the time
when the financialization started. We repeat the analysis with two subsamples. The first
sample runs from March 1987 to November 2003. The second runs from January 2004 to
September 2020, in order to ensure that these two subsamples have the same length.

The results for individual commodities are shown in Table C.2 in Appendix C. It ap-
pears that the CCAPM, FF4 and CFlcponm models are able to explain the cross-section
of individual commodity returns in the subsample before financialization and that the
FF3, FF5, CFlyrip, CFlcpmom and CEF3 models explain the cross-section of individual
commodity returns in the subsample after financialization. In addition, Table C.3 in Ap-
pendix C shows the results for commodity portfolios for these subsamples. The CCAPM,
CAPM, FF3, FF4, FF5, CFlcpkr, and CFlcpom explain the cross-section of portfolio
returns in the subsample before financialization, while the FF3, FF4, CFly g p and CF3
models have explanatory power in the subsample after financialization. Therefore, we
conclude that the explanatory ability of risk factors to the cross-section of commodity
returns are not highly sensitive to the subsample selection at both the individual com-
modity and commodity portfolio level. These results suggest that financialization does
not improve the performance of the studied models. Prokopczuk et al. (2021) suggest this
might result from the fact that the effect of financialization on commodity returns is not
persistent. The results for capital gains are shown in Table C.4 and C.5. No risk factors are
priced at all in the two subsamples across individual capital gains, while there exist mod-
els, e.g., CFlyrgrp and CF3 perform well for portfolio capital gains in both subsamples.
Table C.6 and C.7 in Appendix C display that there exist risk factors e.g., SMB, HML,
CMKT, YIELD and CMOM, priced in the two subsamples across individual and portfo-
lio percentage yields. Therefore, the bottom line is that the ability of risk factors to explain
the cross-section of individual returns comes from percentage yields, while the ability of

risk factors to explain the cross-section of portfolios returns comes from both capital gains
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and percentage yields, and these results are not sensitive to the selection of subsamples.
Second, the risk factor loadings might vary over time. Therefore, we test whether the
results for the commodity returns, capital gains and percentage yields are robust to the
estimation method. More specifically, we estimate the risk loadings in the first step of
Fama and MacBeth (1973) procedure with rolling windows. In order to ensure that we
have enough observations to accurately estimate the time-varying risk loadings (betas)
and risk premiums - a short estimation window allows for more variation in the betas, but
due to the lower number of observations also adds noise (recall that we have bimonthly
data), we use rolling windows of six and ten years. The results are shown in Tables C.8
to C.13 in Appendix C. With a rolling window of six years, FF5 performs well in ex-
plaining the cross-section of individual commodities, while With a rolling window of six
years, FF5 performs well in explaining the cross-section of individual commodities, while
CAPM, FF3, FF4 and CFlcyopm models have significant intercepts but with significant
risk premium for MKT and CMOM. For the cross-section of portfolio returns, CAPM
and CF3 perform well. FF4, CFlyg;p, CFlcpmonm also have significant risk premiums for
MKT, YIELD and CMOM but with significant intercepts. As to capital gains, only the
CFlcpmom model has both a significant risk premium and insignificant intercept for in-
dividual capital gains, while FF5, CFlyg;p, and CF3 performs satisfactory for portfolio
capital gains. As to percentage yields, FF4, CF1cpom, and CF3 have good performance
for individual percentage yields. FF3 and CF1lcpxt have a good fit for portfolio percent-
age yields. Similar results are found with rolling window of ten years. As such, the ability
of risk factors or models to explain the cross-section of commodity returns, capital gains
and percentage yields appears to be robust to estimations using rolling-window betas.
Finally, we also test the effect of seasonality in commodity prices and convenience
yields with annual return and annual convenience yields at bimonthly frequency. The
related asset pricing factors are transformed to annual consumption growth or annual

returns in the same way as discussed in section 3.2. There is an issue about how the con-
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venience yield is then reinvested within a year. van Binsbergen and Koijen (2010) argue
that different reinvestments of dividend matter to the time-series characteristics. There-
fore, we assume that the convenience yield is reinvested either in the equity market or at
the risk-free interest rate. At the end of every second month, we sort the 23 commodities
into four portfolios either with the percentage yield in the last year or the return in the last
year and calculate the returns by holding the portfolios in the following twelve months.
16 The commodity-specific factors are constructed in the same way as discussed in sec-
tion 3.1. The results with convenience yield reinvested at the equity market return for
commodity returns, capital gains, and percentage yields are shown in Tables C.14-C.16.
Regarding commodity returns, FF4, FF5 and CF3 perform well for individual commodity
returns, while FF3, FF4 and CF3 perform well for portfolio returns. As to capital gains,
no risk factors are significantly priced at all across individual capital gains, while CAPM,
FF3, FF4, CFlyigrp and CFlcpopm perform satisfactory. As to percentage yields, SMB,
CMKT, YIELD and CMOM are significantly priced across individual percentage yields
and CFlcpkr and CF3 perform well. All risk factors except CMA are significantly priced
across portfolio percentage yields and FF3 and FF4 have good fit. Again, similar results
are found with convenience yield reinvested at the risk-free rate, as shown in Table C.17-
C.19 in Appendix C. Therefore, the two ways of reinvestment of convenience yields only
have little influence on the explanatory ability of risk factors. This findings does not nec-
essarily contradict van Binsbergen and Koijen (2010), because it might be possible that the
cross-sectional variation does not change much if the time-series of return or percentage
yields vary to a similar degree for all commodities.

In sum, there exist asset pricing and commodity-specific factors that help explain the
cross-section of returns. The ability of risk factors to explain the cross-section of individ-

ual returns comes from percentage yields, while the ability of risk factors to explain the

D . . D8 . .
16The percentage yield in a year is defined as: ;146 = % The annual return is defined as: Ri14 =

6
St+6 D115 16 ]
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cross-section of portfolios returns comes from both capital gains and percentage yields.
These baseline results are not sensitive to the selection of subsamples, estimation meth-

ods, seasonality and the reinvestment of convenience yields.

5. Conclusion

We study which factors explain the cross-section of commodity returns for both indi-
vidual commodities and portfolios as well as where this explanatory ability results from.
Commodities have become a popular investment next to stocks and bonds and their re-
turns are imperfectly correlated. We posit that the commodities are not orthogonal, imply-
ing that there will be some risk factors that can help explain the cross-section of individual
commodities. Furthermore, this implies that commodities are integrated with stocks to at
least some extent. This suggests that the widely used asset pricing factors can have ex-
planatory power for the cross-section of commodity returns at both the individual and
the portfolio level. However, there is no consensus about which factors explain the cross-
section of commodity returns. We address this issue by accounting for the role of the net
convenience yield. This is the net benefit associated with holding the underlying com-
modity, rather than the associated derivative or contract. We argue that commodity spot
returns should include the net convenience yield too. This contrast with only accounting
for the relative price changes of commodity spot prices (i.e., capital gains).

We decompose the commodity (spot or futures) returns into capital gains and per-
centage yields. We show this decomposition adds value to our understanding of excess
returns in commodity markets, especially the source of the ability of risk factors to explain
the cross-section of commodity returns. We apply widely used asset pricing factors (con-
sumption growth, market excess return, size, value, momentum, profitability, and invest-
ment strategy) and commodity-specific factors (commodity market excess returns, com-
modity momentum factor, and the commodity yield factor) to explain the cross-section of

commodity returns. Based on a sample of 23 commodities and a period of more than fifty
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years of observations, we establish several asset pricing and commodity-specific factors
that explain the cross-section of commodity returns (value factor, commodity momen-
tum factor, yield factor). As to individual commodities, the commodity-specific three-
factor model performs best with significant risk premiums for commodity momentum
and yield factors, while Fama and French (1993) three-factor model and Carhart (1997)
four-factor model perform competitively with significant risk premium for value factor.
As to commodity portfolios sorted on the percentage yield and commodity momentum,
the commodity-specific three-factor model still performs best with significant risk pre-
mium for commodity momentum and yield factors, followed by Fama and French (1993)
three-factor model, with significant risk premiums for value factor. Therefore, it appears
that risk factors that stem either from the asset pricing factors or from the commodity-
specific factors provide explanatory power for the cross-section of individual commodi-
ties and portfolios, suggesting that commodities have become somewhat integrated with
stocks (i.e., financialization).

In order to explain why the risk factors help explain the cross-section of commod-
ity returns, we investigate their ability to explain the cross-section of capital gains and
percentage yields. For individual capital gains, it shows no risk factors are priced at
all. For portfolio capital gains, most of the risk factors are significantly priced though.
The Capital Asset Pricing model, commodity-specific one-factor model with yield factor
and commodity-specific three-factor model perform well in explaining the cross-section
of portfolios capital gains because of the significant risk premium for equity market ex-
cess return, commodity yield and momentum factors and insignificant intercepts. The
commodity-specific one-factor model with yield factor performs best among these three
models. For individual percentage yields, some asset pricing and commodity-specific
factors are significantly priced. The four commodity-specific models perform well in ex-
plaining the cross-section of individual percentage yields, while equity market excess re-

turn and value factors are also significantly priced in Fama and French (1993) three-factor
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model. As to portfolio percentage yield, all the risk factors are significantly priced. Fama
and French (1993) three-factor model and Carhart (1997) four-factor model perform well
with insignificant intercepts. As such, the ability of risk factors to explain the cross-section
of individual returns mainly is rooted in the percentage yield. The ability of risk factors to
explain the cross-section of portfolio returns results from both capital gains and percent-
age yields. The commodity-specific models perform better in explaining the cross-section
of portfolio capital gains, whereas the asset pricing models perform better in explaining
the cross-section of portfolio percentage yields. We tested the sensitivity of our results
in relation to sample selection, the use of estimation methods with a rolling window, to
seasonality, and to the reinvestment of convenience yields. It turns out that the results

remain qualitatively the same.

Appendix A. Practical implications, measurement and derivations

Appendix A.1. Practical implications and measurement
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holds a futures contract until maturity. The excess futures return on fully collateral basis
obtained by the investor is:
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where F; ;. refers to the price at time t of futures contract maturing at time ¢ 4+ n. Con-
sider another trading strategy: At time t, an investor engages a long position of a futures

contract maturing at time t 4 n at price F; 1, and ends this contract at time t +#n — 1 at
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price Fy;,_14n,that is one period before the delivery date. The net futures excess return

on a fully collateralized basis is:
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Appendix A.2. Derivations
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Derivation of equation (7) in the main text:
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Derivation of equation (9) ) in the main text:
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Return of Crude Oil Capital Gain of Crude Oil Percentage Yield of Crude Oil
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Figure B.1: Comparisons of return, capital gain and percentage yield. Note: For the real spot prices, we use crude oil
WTImidland US FOB price from January 1986 to September 2020, gold spot multi-contributor price from March 1986 to September 2020
and No.1 Yellow soybean spot price from January 1979 to September 2020. The data is from Thomson Reuters Eikon. The currencies
of spot prices are the same with those of corresponding futures prices.
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Table C.1: Detailed information about the 23 commodities in the dataset.

Delivery Month
Commodities Exchange Available Used Initial Date
Soybean oil CBOT 1357891012 1357912 1960 09
Soybean meal CBOT 1357891012 1357912 196009
Soybean CBOT 13578911 1357911 1960 09
Copper COMEX 1357912 1357912 1960 09
Cocoa ICEUS 357912 357912 1960 09
Cotton ICEUS 3571012 3571012 1960 09
Live cattle CME 24681012 24681012 196501
Silver COMEX 357912 357912 1967 07
Orange juice ICEUS 1357911 1357911 1967 09
Lean hogs CME 2456781012 24681012 196811
Lumber CME 1357911 1357911 197001
Oats CBOT 357912 357912 1960 09
Corn CBOT 357912 357912 1960 09
Wheat CBOT 357912 357912 1960 09
Coffee ICEUS 357912 357912 1972 11
Gold COMEX 24681012 24681012 197501
Feeder cattle CME 1345891011 1358911 197701
Heating oil NYMEX ALL 1357911 197901
Crude oil NYMEX ALL 1357911 198305
Gasoline NYMEX ALL 1357911 198501
Gas oil ICE ALL 1357911 1986 07
Rough rice CBOT 1357911 1357911 198905
Natural gas NYMEX ALL 1357911 199005

Note: This table describes the detailed information about the 23 commodities, including the name, root symbol
(RS), the exchange on which they are traded, the available delivery month, the used delivery month to construct
the price data, and the initial date of the price series. NYMEX is the New York Mercantile Exchange. COMEX is
the Commodity Exchange. CBOT is the Chicago Board of Trade. ICE is the Intercontinental Exchange. ICEUS is
the ICE Futures U.S. CME is the Chicago Mercantile Exchange.
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Table C.2: Fama-MacBeth cross-sectional regressions for individual commodity returns in subsamples (%).

Model Acc AMmkr  Asm  AumL  Amom  ArRmw  Acma  Acmkr Avierp Acmom Ao Avg R?
Panel A: Individual commodity returns in subsample 03/1987-11/2003
CCAPM 0.11* 0.17 12
(1.90) (0.45)
CAPM -2.15 0.31 15
(-1.26) (0.87)
FF3 -1.77 -2.61 2.15 0.49 33
(111) (-1.58) (1.42) (1.26)
FF4 -1.06 -3.03*  2.90** 1.18 0.68 42
(0.73) (-1.86) (1.99) (0.51) (1.60)
FF5 -0.97 -0.73 1.53 -1.59 1.34 -0.05 45
(0.62) (-0.53) (0.97) (091) (1.00) (-0.13)
CFleykr 1.05 056 17
(1.56) (-0.90)
CFlyieip -0.49 0.43 9
(-038) (1.25)
CFlemom 399* 038 18
(1.89)  (1.04)
CF3 0.78 1.70 2.94 -0.27 32

(123)  (1.60) (151) (-0.47)

Panel B: Individual commodity returns in subsample 01,/2004-09 /2020

CCAPM  0.08 018 14
(0.69) (-0.31)

CAPM 1.07 048 14
(1.12) (-0.89)

FF3 080  1.25* -1.00 003 31
0.92) (1.92) (-0.86) (0.07)

FF4 068 107 031 -437% 017 39
0.77)  (1.60) (0.27) (-1.91) (-0.34)

FF5 046  1.11* -151 0.05  -0.92* 006 44
(0.49) (1.72) (-1.34) (-0.11) (-1.78) 0.12)

CFlemkr 0.50 036 11
(0.60) (-0.66)

CFlyirip 2.59%* 004 12
(2.58) (0.06)

CFlemom 2574 017 15
2.10)  (-0.27)

CF3 014 211 192 001 28

(0.18) (247) (146)  (0.01)

Note: This table reports the cross-sectional regression results of the Fama and MacBeth (1973) two-step procedure for
for individual commodities in subsamples: R;:’,t = Ao+ B; f)\ 1+t E€it where Rf,t is the excess return commodity i at
time ¢. /3: f is the estimated beta with the time-series regressions (the first step) of Fama and MacBeth (1973). Ay is
the risk premia of risk factor f. Ag; and €;; are the intercept and error term of the cross-sectional regressions. The
final estimates of A and A are average value of their time-series estimates. The t-statistics are corrected with Newey
and West (1987) procedure with 1 lag. *, **, *** denote the significance at the 10%, 5% and 1% levels respectively. The
R? is the average value of the R? of the T cross-sectional regressions. CCAPM represents the Consumption-based
Capital Asset Pricing model including a consumption growth factor (CG). CAPM represents the Capital Asset
Pricing model including a marker excess return factor (MKT). FF3 refers to the Fama and French (1993) three-factor
model consisting of MKT, a size factor (SMB), and a value factor (HML). FF4 refers to Carhart (1997) four-factor
model comprising MKT, SMB, HML and a momentum factor (MOM). FF5 is Fama and French (2015) five-factor
model including a profitability factor (RMW) and an investment factor (CMA) except the MKT, SMB and HML
factors. CF1lcpir is the model only including commodity excess return factor (CMKT). CFlygrp is the model only
including yield factor (YIELD). CFlcpopm is the model only including commodity momentum factor (CMOM). CF3
is the model including CMKT, YIELD, and CMOM.
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Table C.3: Fama-MacBeth cross-sectional regressions for commodity portfolios in subsamples (%).

Model Acc AMKT  AsmB  Aumr Amom ARmMw  Acma Acmkr  Avierp Acmom Ao Avg R?
Panel A: Portfolio returns in subsample 03/1987-11/2003

CCAPM  0.25*** -0.26 28
(3.75) (-0.62)

CAPM -9.43*** -0.31 23
(-3.24) (-0.74)

FF3 -6.57** 243 7.19%** 0.02 57
(224)  (0.71) (2.99) (0.04)

FF4 -6.58**  -2.39 6.85**  0.80 0.03 71
(223)  (0.71) (205 (0.13) (0.07)

FF5 1.34 14.20 12.10** -1.47 10.30** -1.70 83
014)  (1.02) (213) (-0.26) (2.10) (-1.42)

CFlemkr 1.49* 092 17
(1.68) (-1.05)

CFlyerp 1.67%** 0.76* 26
(3.06) (1.97)

CFlenom 194 049 29
298)  (1.28)

CF3 2.00*%*  1.49*%* 1.38** -1.47% 62

(2.19) (2.83) (2.18)  (-1.67)

Panel B: Portfolio returns in subsample 01,/2004-09 /2020

CCAPM 026 093 19
(1.40) (-1.05)

CAPM 3.46 189 22
(1.62) (-1.50)

FF3 072 342%% 0.96 094 57
(-024) (3.76) (0.57) (0.52)

FF4 023 3297 111  -141 033 70
0.04) (2.98) (0.57) (-0.20) (0.10)

FF5 041 165  -052 091 112 182 86
(-0.11)  (1.00)  (-0.15) 0.61)  (0.58) (0.82)

CFlemkr 0.88 073 20
(0.37) (-0.32)

CFlyieip 1.36% 007 21
(2.51) (0.11)

CFlcmom 0.40 009 22
0.77)  (0.15)

Cr3 002  1.79%* 0.02 012 54

0.01) (358 (0.03)  (0.05)

Note: This table reports the cross-sectional regression results of the Fama and MacBeth (1973) two-step procedure for
commodity portfolios in subsamples: Rf, = Ao + ﬁi ARt €i where R{, is the excess return of portfolio i at time
t. ,3; f is the estimated beta with the time-series regressions (the first step) of Fama and MacBeth (1973). A, is the
risk premia of risk factor f. Ag; and €;; are the intercept and error term of the cross-sectional regressions. The final
estimates of A and Ag are average value of their time-series estimates. The t-statistics are corrected with Newey and
West (1987) procedure with 1 lag. *, **, *** denote the significance at the 10%, 5% and 1% levels respectively. The
R? is the average value of the R? of the T cross-sectional regressions. CCAPM represents the Consumption-based
Capital Asset Pricing model including a consumption growth factor (CG). CAPM represents the Capital Asset
Pricing model including a marker excess return factor (MKT). FF3 refers to the Fama and French (1993) three-factor
model consisting of MKT, a size factor (SMB), and a value factor (HML). FF4 refers to Carhart (1997) four-factor
model comprising MKT, SMB, HML and a momentum factor (MOM). FF5 is Fama and French (2015) five-factor
model including a profitability factor (RMW) and an investment factor (CMA) except the MKT, SMB and HML
factors. CF1cpkr is the model only including commodity excess return factor (CMKT). CFly g p is the model only
including yield factor (YIELD). CFlcpoum is the model only including commodity momentum factor (CMOM). CF3
is the model including CMKT, YIELD, and CMOM.
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Table C.4: Fama-MacBeth cross-sectional regressions for individual capital gains in subsamples (%).

Model Acc AMmkr  Asm  AumL  Amom  Armw  Acma  AcmkT  AvieLD  Acmom Ao Avg R?
Panel A: Individual capital gains in subsample 03/1987-11/2003
CCAPM 0.06 -0.06 11
(0.99) (-0.17)
CAPM -0.75 0.03 14
(-0.46) (0.09)
FF3 -056 -1.07 164 0.09 31
(-0.38) (-0.77) (0.96) (0.25)
FF4 -1.00 -1.30 224 -0.87 0.07 40
(-0.65) (-0.96) (1.35) (-0.45) (0.18)
FF5 -0.70  -095 193 1.02 1.30 0.03 42
(-0.44) (-0.76) (0.95) (0.54) (0.85) (0.09)
CFlcpmkr 0.58 -047 16
(0.86) (-0.78)
CFlyieLp -0.56 0.04 8
(-0.42) (0.12)
CFlcypom 1.54 0.05 15
(0.77) (0.14)
CF3 0.74 0.71 0.29 -059 30
(1.17)  (0.65)  (0.16) (-1.12)
Panel B: Individual capital gains in subsample 01/2004-09/2020
CCAPM  0.05 0.80 14
(0.50) (1.39)
CAPM 0.52 0.72 14
(0.54) (1.23)
FF3 0.43 0.28 -0.22 0.82 29
(0.46) (0.39) (-0.19) (1.63)
FF4 0.42 0.27 -0.16 -0.29 0.81* 36
(0.45) (0.37) (-0.14) (-0.13) (1.67)
FF5 0.40 0.28 -0.15 0.02 -0.07 0.84* 42
(041) (0.39) (-0.13) (0.03) (-0.13) (1.78)
CFlcpmkr 0.47 0.55 12
(0.55) (0.96)
CFlyieLp 0.49 1.01 10
(0.52) (1.56)
CFlcymom 0.58 0.98 13
(0.46) (1.53)
CF3 0.44 0.42 0.21 0.59 26
(0.53) (0.53) (0.16) (1.16)

Note: This table reports the cross-sectional regression results of the Fama and MacBeth (1973) two-step procedure for
individual capital gains in subsamples: R}, = Ao + 3; FAft + €, where RY, is the excess capital gain of commodity
i at time f. B; f is the estimated beta with the time-series regressions (the first step) of Fama and MacBeth (1973). A
is the risk premia of risk factor f. Ag; and €;; are the intercept and error term of the cross-sectional regressions. The
final estimates of Ay and A are average value of their time-series estimates. The t-statistics are corrected with Newey
and West (1987) procedure with 1 lag. *, **, *** denote the significance at the 10%, 5% and 1% levels respectively. The
R? is the average value of the R? of the T cross-sectional regressions. CCAPM represents the Consumption-based
Capital Asset Pricing model including a consumption growth factor (CG). CAPM represents the Capital Asset
Pricing model including a marker excess return factor (MKT). FF3 refers to the Fama and French (1993) three-factor
model consisting of MKT, a size factor (SMB), and a value factor (HML). FF4 refers to Carhart (1997) four-factor
model comprising MKT, SMB, HML and a momentum factor (MOM). FF5 is Fama and French (2015) five-factor
model including a profitability factor (RMW) and an investment factor (CMA) except the MKT, SMB and HML
factors. CF1cpir is the model only including commodity excess return factor (CMKT). CFlygrp is the model only
including yield factor (YIELD). CFlcpopm is the model only including commodity momentum factor (CMOM). CF3
is the model including CMKT, YIELD, and CMOM.
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Table C.5: Fama-MacBeth cross-sectional regressions for portfolio capital gains in subsamples (%).

Model Acc AMKT AsmB  AHML Amvom ARMw Acma  AcmkT AviELD  Acmom Ao Avg R?
Panel A: Portfolio capital gains in subsample 03/1987-11/2003

CCAPM  -0.13* 0.48 27
(-2.31) (1.23)

CAPM -0.54 0.04 18
(-0.17) (0.08)

FF3 -1.63 -1.61  -5.82%* -0.14 52
(-051)  (-0.71) (-2.56) (-0.30)

FF4 -2.55 -1.28  -3.23 -3.34 -0.40 70
(-0.85)  (-0.55) (-1.15) (-0.68) (-0.79)

FF5 1.46 -225 -3.99 -2.65  -3.43 0.35 87
027)  (-047) (-1.05) (-0.83) (-1.24) (0.52)

CFlepmkr 0.74 -0.63 18
(0.76) (-0.70)

CFlyigrp -1.53%** -0.08 23
(-2.77) (-0.21)

CFlepmom -1.11* 015 26
(-1.68)  (0.39)

CF3 1.35 -1.37* -1.35%  -1.19 61

(1.29)  (-249) (-2.07) (-1.27)

Panel B: Portfolio capital gains in subsample 01,/2004-09/2020

CCAPM -027 210% 20
(-1.35) (2.11)

CAPM -6.54% 4874 20
(-2.45) (3.02)

FF3 AI170%% 024 -6.06%* 857 57
(2.65)  (-0.24) (-3.17) (3.21)

FF4 3.86 146 -158 -11.70 ‘172 73
(054)  (-1.32) (-0.62)  (-1.59) (-0.38)

FF5 219207 -128  -10.40%* 281  -5.06* 11.60** 86
(2.95)  (-0.77) (-4.06) (2.74)  (-1.86) (3.63)

CFlemkr -4.66* 568 19
(-1.85) (2.30)

CFlyirip 151 1.02 21
(-2.65) (1.56)

CFlcmom 2054+ 1.18* 24
(371)  (1.81)

Cr3 187  -056  -2.19** -098 54

(0.79)  (-1.06) (-4.05) (-0.42)

Note: This table reports the cross-sectional regression results of the Fama and MacBeth (1973) two-step procedure for for
portfolio capital gains in subsamples: RY, = Ao+ + E; FAft + €ir, where Rf, is the excess capital gain of portfolio i at time ¢.
,Bi £ is the estimated beta with the time-series regressions (the first step) of Fama and MacBeth (1973). A ; is the risk premia
of risk factor f. Ao and €;; are the intercept and error term of the cross-sectional regressions. The final estimates of A and
Ag are average value of their time-series estimates. The t-statistics are corrected with Newey and West (1987) procedure
with 1 lag. *, **, *** denote the significance at the 10%, 5% and 1% levels respectively. The R? is the average value of the
R? of the T cross-sectional regressions.CCAPM represents the Consumption-based Capital Asset Pricing model including
a consumption growth factor (CG). CAPM represents the Capital Asset Pricing model including a marker excess return
factor (MKT). FF3 refers to the Fama and French (1993) three-factor model consisting of MKT, a size factor (SMB), and a
value factor (HML). FF4 refers to Carhart (1997) four-factor model comprising MKT, SMB, HML and a momentum factor
(MOM). FF5 is Fama and French (2015) five-factor model including a profitability factor (RMW) and an investment factor
(CMA) except the MKT, SMB and HML factors. CFlcpkr is the model only including commodity excess return factor
(CMKT). CFly gL p is the model only including yield factor (YIELD). CFlcpom is the model only including commodity
momentum factor (CMOM). CF3 is the model including CMKT, YIELD, and CMOM.
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Table C.6: Fama-MacBeth cross-sectional regressions for individual percentage yield in subsamples (%).

Model Acc Amxr  AsmB  AHML  Amom  ArRmw  Acma  Acmkr Avierp Acmom Ao Avg R?
Panel A: Individual percentage yield in subsample 03/1987-11/2003
CCAPM  -0.06 042 11
(-0.62) (2.61)
CAPM -2.32 042 18
(-0.70) (2.61)
FF3 1.59 3.21%*  -3.89% 0.33** 39
(059)  (2.60) (-1.91) (2.06)
FF4 0.21 2.58* 245 -1.17 0.37** 46
(0.08)  (204) (-1.13) (-0.37) (2.52)
FF5 1.24 177  -3.35 151 0.76 0.37*** 53
(0.50)  (1.47) (-1.62) (0.75)  (0.64) (2.76)
CFlcymkr 0.68 037+ 10
(0.54) (2.11)
CFlyieLp 6.69** 0.36* 21
(2.21) (2.25)
CFlcmom 4.44% 0.40** 20
(1.76)  (2.49)
CF3 1.33 6.43**  3.50 0.29* 35
(1.05) (2.36) (1.53)  (1.70)
Panel B: Individual percentage yield in subsample 01/2004-09/2020
CCAPM 026 -0.87*+* 13
(1.36) (-6.08)
CAPM 5.43 -0.83 9
(2.75) (-5.95)
FF3 7.04** 0.20 2.69 -1.00*** 43
(246)  (021) (1.10) (-7.16)
FF4 7.14**  -1.67  449*  -14.80** -0.85*** 49
(250)  (-1.51) (1.94) (-5.14) (-6.38)
FF5 11.40%* 2.90**  9.49*** -3.13%*  5.75% -0.80*** 57
(396)  (254) (3.60) (-2.69) (4.96) (-7.15)
CFlcmkr 9.71%** -0.82* 7
(3.14) (-6.31)
CFlyigrp -0.17 -0.88*** 25
(-0.10) (-6.69)
CFlcpmom -1.15 -0.83** 22
(-0.44) (-6.98)
CF3 9.78*** 0.29 0.88 -0.82%** 37
(3.45) (0.18) (0.43) (-7.81)

Note: This table reports the cross-sectional regression results of the Fama and MacBeth (1973) two-step procedure for
individual percentage yields in subsamples: y;; = Ao + [3; FARE T €ip where y; ; is the percentage yield of commodity
i at time f. ,Bf is the estimated beta with the time-series regressions (the first step) of Fama and MacBeth (1973). A £t ls
the risk premia of risk factor f. Ag; and €;; are the intercept and error term of the cross-sectional regressions. The final
estimates of A¢ and A are average value of their time-series estimates. The t-statistics are corrected with Newey and West
(1987) procedure with 1 lag. *, **, *** denote the significance at the 10%, 5% and 1% levels respectively. The R? is the
average value of the R? of the T cross-sectional regressions. CCAPM represents the Consumption-based Capital Asset
Pricing model including a consumption growth factor (CG). CAPM represents the Capital Asset Pricing model including
a marker excess return factor (MKT). FF3 refers to the Fama and French (1993) three-factor model consisting of MKT,
a size factor (SMB), and a value factor (HML). FF4 refers to Carhart (1997) four-factor model comprising MKT, SMB,
HML and a momentum factor (MOM). FF5 is Fama and French (2015) five-factor model including a profitability factor
(RMW) and an investment factor (CMA) except the MKT, SMB and HML factors. CF1cpk is the model only including
commodity excess return factor (CMKT). CFlygrp is the model only including yield factor (YIELD). CFlcpiom is the
model only including commodity momentum factor (CMOM). CF3 is the model including CMKT, YIELD, and CMOM.
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Table C.7: Fama-MacBeth cross-sectional regressions for portfolio percentage yield in subsamples .

Model Acc AMKT AsmB Aumr  Avom  Armw  Acma  Acmkr  Mvietp Acmom Ao Avg R?
Panel A: Portfolio percentage yield in subsample 03/1987-11/2003
CCAPM  -1.15** 0.90*** 48
(-14.06) (5.44)
CAPM -41.00%** 0.94** 38
(-12.64) (5.80)
FF3 -45.70***  -1.69 20.60%** 0.71%+* 57
(-12.80) (-131)  (5.85) (4.68)
FF4 -81.40%** -11.70**  60.00*** -39.10*** 1.26%** 74
(13.67)  (-673)  (9.71)  (-8.74) (7.33)
FF5 -29.00%**  8.53**  8.07** -26.80*** 10.50 1.56** 91
(-6.03) (649  (2.05) (-814)  (1.23) (5.70)
CFlemir 30,704+ 1.49%+ 28
(-12.75) (8.85)
CFlyierp 17.40%* 0.39%* 10
(3.69) @.21)
CFlemom 43107 045" 47
(1451)  (2.74)
CF3 -22.20%*  14.60**  36.40**  1.21%* 76
(-1024) (257)  (958)  (5.95)
Panel B: Portfolio percentage yield in subsample 01/2004-09 /2020
CCAPM 255 -0.74%** 32
(10.53) (-5.23)
CAPM 35.30%** -0.57*** 47
(11.74) (-4.05)
FF3 34.70%*  28.60***  13.20*** 0.17 68
(10.50)  (8.60)  (5.24) (1.20)
FF4 34.50%**  37.30%**  22.70** -51.50%** 116** 77
3450%  (10.78)  (9.61)  (-9.86) (5.66)
FF5 37.00%**  35.40**  31.90** -5.90%* 17.20%** 1.43* 90
(11.11) (894  (9.13) (2.56)  (10.35) (7.81)
CFlcmkr 60.80*** -0.48** 53
(12.44) (-3.50)
CFlyierp 7.96%% 096" 6
(3.98) (-6.60)
CFlepmom -10.70%**  -0.34** 11
(337)  (-2.47)
CF3 69.90***  -10.30** 6.35 -0.49%* 74
(1250)  (-620)  (1.62)  (-3.20)

Note: This table reports the cross-sectional regression results of the Fama and MacBeth (1973) two-step procedure for portfolio

percentage yields in subsamples: y;; = Ao + ,B; f/\ 1+ + €ir, where y;; is the percentage yield of portfolio 7 at time ¢. ‘B; 5 is the
estimated beta with the time-series regressions (the first step) of Fama and MacBeth (1973). A, is the risk premia of risk factor f.
Ao and €;; are the intercept and error term of the cross-sectional regressions. The final estimates of A and A are average value
of their time-series estimates. The t-statistics are corrected with Newey and West (1987) procedure with 1 lag. *, **, *** denote the
significance at the 10%, 5% and 1% levels respectively. The R? is the average value of the R? of the T cross-sectional regressions.
CCAPM represents the Consumption-based Capital Asset Pricing model including a consumption growth factor (CG). CAPM
represents the Capital Asset Pricing model including a marker excess return factor (MKT). FF3 refers to the Fama and French
(1993) three-factor model consisting of MKT, a size factor (SMB), and a value factor (HML). FF4 refers to Carhart (1997) four-factor
model comprising MKT, SMB, HML and a momentum factor (MOM). FF5 is Fama and French (2015) five-factor model including
a profitability factor (RMW) and an investment factor (CMA) except the MKT, SMB and HML factors. CFlcpkr is the model only
including commodity excess return factor (CMKT). CFlyjgrp is the model only including yield factor (YIELD). CFlcpom is the
model only including commodity momentum factor (CMOM). CF3 is the model including CMKT, YIELD, and CMOM.
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Table C.8: Fama-MacBeth cross-sectional regressions for commodity returns with betas estimated using a
rolling window of 6 years (%).

Model Acc AMmkr  Asm  Aumr Amom  Armw  Acma  Acmrr  Avierp Acmom Ao Avg R?
Panel A: Individual commodities

CCAPM 0.00 0.82** 13
(-0.08) 2.10)

CAPM -1.43** 0.81** 12
(-2.39) (2.10)

FF3 -1.24*  -0.62 -0.12 0.72** 31
(-1.89) (0.92) (-0.21) (2.10)

FF4 -1.79**  -0.95 0.75 0.59 0.95** 39
(2.52) (-126) (1.16) (0.78) (2.59)

FF5 -1.21 -0.43 0.24 0.40 0.90* 0.66 45
(-145) (0.52) (0.41) (0.89) (1.93) (1.49)

CFlenr 0.07 063 12
(0.18) (1.59)

CFlyiep 0.50 0.75* 10
(1.08) (1.93)

CFlemom 099t 077 13
177)  (1.93)

CF3 0.03 0.72 -0.81 0.71* 30

(0.06) (1.63) (-1.22) (1.65)
Panel B: Commodity portfolios

CCAPM  0.04 054 21
(0.96) (1.12)

CAPM -1.93* 052 20
(-1.83) (1.12)

FF3 208 -084 1.0 150+ 52
(-1.24) (-0.71) (0.93) (1.92)

FF4 3.64* 044 139 298 2.18% 70
(-1.72) (0.29) (0.81) (1.25) (2.53)

FF5 238 200 229 068 141 2534 82
(-0.95) (0.95) (0.93) (-049) (0.83) (2.15)

CFlcmkr -0.39 112 18
(-0.48) (1.16)

CFlyieip 1.35%+ 071* 23
(4.31) (1.89)

CFlcmom 118+  0.73* 25
(3.60)  (1.94)

CF3 131 135%* 1.03*** -057 57

(1.29) (4.16) (2.88) (-0.51)
Note: This table reports the cross-sectional regression results of the Fama and MacBeth (1973) two-step procedure
rolling window of six years: R, = A + f; FAfE T €, where R{, is the excess return of commodity or portfolio i at

time . B: s the estimated beta with the time-series regressions (the first step) of Fama and MacBeth (1973). Ay is
the risk premia of risk factor f. Ag; and €;; are the intercept and error term of the cross-sectional regressions. The
final estimates of A and A¢ are average value of their time-series estimates. The t-statistics are corrected with Newey
and West (1987) procedure with 1 lag. *, **, ** denote the significance at the 10%, 5% and 1% levels respectively. The
R? is the average value of the R? of the T cross-sectional regressions. CCAPM represents the Consumption-based
Capital Asset Pricing model including a consumption growth factor (CG). CAPM represents the Capital Asset
Pricing model including a marker excess return factor (MKT). FF3 refers to the Fama and French (1993) three-factor
model consisting of MKT, a size factor (SMB), and a value factor (HML). FF4 refers to Carhart (1997) four-factor
model comprising MKT, SMB, HML and a momentum factor (MOM). FF5 is Fama and French (2015) five-factor
model including a profitability factor (RMW) and an investment factor (CMA) except the MKT, SMB and HML
factors. CF1lcpxr is the model only including commodity excess return factor (CMKT). CFlyjg;p is the model only
including yield factor (YIELD). CFlcpiom is the model only including commodity momentum factor (CMOM). CF3
is the model including CMKT, YIELD, and CMOM.

53



Table C.9: Fama-MacBeth cross-sectional regressions for capital gains with betas estimated using a rolling
window of 6 years (%).

Model Acc AMmkr  Asm  AumrL Amom  ArRmMw  Acma  Acmrr  AvieLp Acmom Ao Avg R?
Panel A: Capital gains of individual commodities

CCAPM  0.00 0.64* 12
(-0.02) (1.69)

CAPM -0.34 0.65* 11
(-0.57) (1.76)

FF3 -042 -054 007 0.61* 30
(-0.66) (-0.82) (0.12) (1.79)

FF4 -0.56 -085 025 -0.03 0.68* 39
(-0.85) (-1.15) (0.42) (-0.05) (1.86)

FF5 -0.62  -097 019 057  0.86 0.91** 45
(-0.88) (-1.04) (0.30) (1.35)  (1.53) (2.07)

CFlemkr -0.09 062 11
(-0.24) (1.46)

CFlyieLp -0.03 056 10
(-0.06) (1.48)

CFlcmom -1.14% 057 12
(2.11)  (1.46)

CF3 -0.15  0.06 -1.12* 0.69* 29
(-0.33) (0.12) (-1.77) (1.71)

Panel B:Capital gains of portfolios

CCAPM  -0.08* 1.08** 20
(-1.97) (2.44)

CAPM -0.37 0.95** 19
(-0.37) (2.00)

FF3 0.29 -0.31  1.01 076 50
(0.20) (-0.33) (0.93) (1.27)

FF4 1.48 -0.06 1.73 -3.83 0.73 68
0.77)  (-0.05) (0.85) (-1.07) (1.06)

FF5 -5.20 -1.37  4.07 1.02 5.54* 137 83
(-0.94) (-0.60) (1.58) (0.42)  (1.90) (1.07)

CFlemkr 049 097 18
(-0.57) (1.03)

CFlyieLp 1147 042 22
(-3.53) (1.12)

CFlcmom -1.28** 059 23
(-3.83) (1.63)

CF3 -0.27  -1.14** -140"** 082 57
(-0.23) (-3.34) (-3.88) (0.67)

Note: This table reports the cross-sectional regression results of the Fama and MacBeth (1973) two-step procedure
with rolling window of six years: Rit = Ao + ,B; f)‘ f+ T €t where Rf,t is the excess capital gain of commodity or
portfolio 7 at time ¢. ,B; f is the estimated beta with the time-series regressions (the first step) of Fama and MacBeth
(1973). Ay, is the risk premia of risk factor f. Ag; and €;; are the intercept and error term of the cross-sectional
regressions. The final estimates of Ay and Ag are average value of their time-series estimates. The t-statistics are
corrected with Newey and West (1987) procedure with 1 lag. *, **, *** denote the significance at the 10%, 5% and 1%
levels respectively. The R? is the average value of the R? of the T cross-sectional regressions. CCAPM represents the
Consumption-based Capital Asset Pricing model including a consumption growth factor (CG). CAPM represents
the Capital Asset Pricing model including a marker excess return factor (MKT). FF3 refers to the Fama and French
(1993) three-factor model consisting of MKT, a size factor (SMB), and a value factor (HML). FF4 refers to Carhart
(1997) four-factor model comprising MKT, SMB, HML and a momentum factor (MOM). FF5 is Fama and French
(2015) five-factor model including a profitability factor (RMW) and an investment factor (CMA) except the MKT,
SMB and HML factors. CFlcpkr is the model only including commodity excess return factor (CMKT). CFlygrp
is the model only including yield factor (YIELD). CFlcpoum is the model only including commodity momentum
factor (CMOM). CF3 is the model including CMKT, YIELD, and CMOM.
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Table C.10: Fama-MacBeth cross-sectional regressions for percentage yield with betas estimated using a
rolling window of 6 years (%).

Model Acc Amkr AsmB  AHML  Amom  Armw  Acma  Acmkr  Avierp Acmom Ao Avg R?
Panel A:Percentage yield of individual commodities

CCAPM  -0.01 0.22** 13
(-0.34) 2.01)

CAPM 0.25 0.15 15
(0.22) (1.32)

FF3 1.65 0.20 -0.15 0.15 38
(143) (027) (-0.20) (1.51)

FF4 0.96 -0.01 1.56%  -4.12%* 0.13 45
0.80) (-0.01) (1.82) (-3.79) (1.48)

FF5 1.50 -0.18 -0.55 -0.52 0.26 0.25** 54
(121) (-024) (-0.69) (-0.80) (0.39) (2.58)

CFlemir 1.37 026 14
(1.43) (2.35)

CFlyieLp -0.94 023 15
(-0.88) (2.15)

CFlemonm 362 016 14
(-3.38)  (1.46)

CF3 1.54 -1.72* 3767 0.14 36

(147) (-1.75) (-3.32) (1.36)
Panel B:Percentage yield of Portfolios

CCAPM -0.07 006 22
(-0.76) (0.40)

CAPM -1.56 017 22
(-0.80) (1.29)

FF3 439*  -194 -1.01 010 62
(1.89) (-1.23) (-0.58) (0.68)

FF4 055 373 -097 270 011 76
(0.18) (-1.58) (-0.45) (1.10) (0.62)

FF5 102 -4.60* 1.01 5074+ 1.36 0.56* 89
(029) (-2.01) (0.44) (3.50)  (0.67) (2.43)

CFlcmkr 6.96** 016 17
(2.24) (1.10)

CFlyieip 317 0.48*+* 20
(-1.61) (3.81)

CFlemom 2.81 004 25
(1.22)  (0.35)

CF3 10.10% 2.05  5.12%*  -0.34** 54

(2.56) (0.86) (2.24)  (-2.10)
Note: This table reports the cross-sectional regression results of the Fama and MacBeth (1973) two-step procedure
with rolling window of six years: y;; = Aot + B} ARt € where y;; is the percentage yield of commodity or

portfolio 7 at time . B; f is the estimated beta with the time-series regressions (the first step) of Fama and MacBeth
(1973). Ay, is the risk premia of risk factor f- Aot and €;; are the intercept and error term of the cross-sectional
regressions. The final estimates of A; and A are average value of their time-series estimates. The t-statistics are
corrected with Newey and West (1987) procedure with 1 lag. *, **, *** denote the significance at the 10%, 5% and 1%
levels respectively. The R? is the average value of the R? of the T cross-sectional regressions. CCAPM represents the
Consumption-based Capital Asset Pricing model including a consumption growth factor (CG). CAPM represents
the Capital Asset Pricing model including a marker excess return factor (MKT). FF3 refers to the Fama and French
(1993) three-factor model consisting of MKT, a size factor (SMB), and a value factor (HML). FF4 refers to Carhart
(1997) four-factor model comprising MKT, SMB, HML and a momentum factor (MOM). FF5 is Fama and French
(2015) five-factor model including a profitability factor (RMW) and an investment factor (CMA) except the MKT,
SMB and HML factors. CFlcpkr is the model only including commodity excess return factor (CMKT). CFlyrrp
is the model only including yield factor (YIELD). CFlcpopm is the model only including commodity momentum
factor (CMOM). CF3 is the model including CMKT, YIELD, and CMOM.
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Table C.11: Fama-MacBeth cross-sectional regressions for commodity returns with betas estimated using a
rolling window of 10 years (%).

Model Acg AMkr  AsmB AumML  Amom Armw  Acma  Acmkr Avierp Acmom Ao Avg R?
Panel A: Individual commodities
CCAPM 0.02 0.25 12
(0.44) (0.61)
CAPM -0.45 0.32 13
(-0.64) (0.92)
FF3 0.06 0.76 0.21 0.18 31
0.08) (125 (0.21) (0.48)
FF4 0.98 1.99** 0.71 091 0.10 40
(1.06) (224) (0.79) (0.97) (0.29)
FF5 0.73 1.65% 0.67 -0.62 0.52 -0.20 44
081) (1.82) (0.75) (-1.03) (0.95) (-0.39)
CFlemkr -0.19 047 12
(-0.46) (1.15)
CFlyeLp 0.48 0.30 9
(0.97) (0.85)
CFlemom 009 028 12
0.13)  (0.80)
CF3 0.08 1.13** 0.23 0.19 31

0.16) (211) (0.24)  (041)
Panel B: Commodity portfolios

CCAPM 0.4 058 21
(0.79) (0.99)

CAPM 4,844 0.92* 20
(-4.17) (1.76)

FF3 597 078 157 1.71%* 52
(-4.34) (-0.61) (1.26) (2.76)

FF4 577 243 180 426 153* 67
(273)  (-1.19) (1.08) (1.47) (1.71)

FF5 350 071  -0.28 022  -1.70 336" 84
(-1.17)  (0.30) (-0.08) (0.13)  (-0.66) (2.54)

CFlcmkr -0.54 095 18
(-0.61) (1.01)

CFlyierp 14244+ 047 23
(4.34) (1.34)

CFlcmom 112%* 034 25
(3.26)  (1.00)

CF3 014 150" 093* 024 56

(0.14) (468) (2.53)  (0.24)
Note: This table reports the cross-sectional regression results of the Fama and MacBeth (1973) two-step procedure
with rolling window of ten years: Rf, = Ao + f5; FAft+€ir, where R, is the excess return of commodity or portfolio

i at time t. B; f is the estimated beta with the time-series regressions (the first step) of Fama and MacBeth (1973). A
is the risk premia of risk factor f. Ag; and €;; are the intercept and error term of the cross-sectional regressions. The
final estimates of A and Ao are average value of their time-series estimates. The t-statistics are corrected with Newey
and West (1987) procedure with 1 lag. *, **, *** denote the significance at the 10%, 5% and 1% levels respectively. The
R? is the average value of the R? of the T cross-sectional regressions. CCAPM represents the Consumption-based
Capital Asset Pricing model including a consumption growth factor (CG). CAPM represents the Capital Asset
Pricing model including a marker excess return factor (MKT). FF3 refers to the Fama and French (1993) three-factor
model consisting of MKT, a size factor (SMB), and a value factor (HML). FF4 refers to Carhart (1997) four-factor
model comprising MKT, SMB, HML and a momentum factor (MOM). FF5 is Fama and French (2015) five-factor
model including a profitability factor (RMW) and an investment factor (CMA) except the MKT, SMB and HML
factors. CF1cpkr is the model only including commodity excess return factor (CMKT). CFlyg;p is the model only
including yield factor (YIELD). CFlcpom is the model only including commodity momentum factor (CMOM). CF3
is the model including CMKT, YIELD, and CMOM.
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Table C.12: Fama-MacBeth cross-sectional regressions for capital gain with betas estimated using a rolling
window of 10 years (%).

Model Ace AMKT  AsmB  AHML  Amom  ArRMw  Acma  Acmkr  Avierp  Acmom Ao Avg R?
Panel A: Capital gains of individual commodities
CCAPM 0.01 0.21 11
0.37) (0.54)
CAPM 0.22 0.33 12
(0.32) (0.93)
FF3 0.28 0.06 0.56 0.24 31
0.40) (0.11) (0.65) (0.63)
FF4 0.85 0.86 0.72 0.63 0.17 40
0.96) (1.01) (0.90) (0.75) (0.47)
FF5 0.51 0.74 1.17 0.18 0.72 0.09 44
(059 (0.83) (1.47) 033) (1.16) (0.17)
CFlemkr -0.09 028 11
(-0.20) (0.65)
CFlyrep -0.39 0.11 9
(-0.81) (0.33)
CFlemom 024 017 11
(-0.36)  (0.48)
CF3 0.17 -0.11 -0.01 0.01 30

(0.34) (-0.19) (-0.02) (0.03)
Panel B: Capital gains of portfolios

CCAPM -0.12% 1475 22
(-2.42) (2.59)

CAPM 0.42 1.08* 19
(0.30) (1.85)

FF3 028 -153 230 133 49
(0.15)  (-1.28) (-1.60) (2.02)

FF4 096 -163 -1.15 -465 107 67
(-0.33) (-1.15) (-0.52) (-1.25) (1.39)

FF5 080 476 485 596  1.01 312 83
(-0.13) (0.85) (1.10) (-1.36) (0.18) (-0.72)

CFlemkr 117 141 17
(-1.31) (1.50)

CFlyieip 1.3 024 23
(-3.83) (0.67)

CFlemom 146" 039 24
(-4.18)  (1.11)

CF3 088  -1.03*** -1.58%** -0.60 55

(0.83) (-3.08) (-4.19) (-0.55)
Note: This table reports the cross-sectional regression results of the Fama and MacBeth (1973) two-step procedure
with rolling window of ten years: Rf; = Aot + B fAf+ €ir, where R;, is the excess capital gain of commodity or

portfolio i at time ¢. B; 5 is the estimated beta with the time-series regressions (the first step) of Fama and MacBeth
(1973). Ag is the risk premia of risk factor f. Ao and €;; are the intercept and error term of the cross-sectional
regressions. The final estimates of Ay and Ay are average value of their time-series estimates. The t-statistics are
corrected with Newey and West (1987) procedure with 1 lag. *, **, *** denote the significance at the 10%, 5% and 1%
levels respectively. The R? is the average value of the R? of the T cross-sectional regressions. CCAPM represents the
Consumption-based Capital Asset Pricing model including a consumption growth factor (CG). CAPM represents
the Capital Asset Pricing model including a marker excess return factor (MKT). FF3 refers to the Fama and French
(1993) three-factor model consisting of MKT, a size factor (SMB), and a value factor (HML). FF4 refers to Carhart
(1997) four-factor model comprising MKT, SMB, HML and a momentum factor (MOM). FF5 is Fama and French
(2015) five-factor model including a profitability factor (RMW) and an investment factor (CMA) except the MKT,
SMB and HML factors. CFlcpr is the model only including commodity excess return factor (CMKT). CFlygrp
is the model only including yield factor (YIELD). CFlcpom is the model only including commodity momentum
factor (CMOM). CF3 is the model including CMKT, YIELD, and CMOM.
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Table C.13: Fama-MacBeth cross-sectional regressions for percentage yield with betas estimated using a
rolling window of 10 years (%).

Model Acc MMkt AsmB AaML  Amom  Armw  Acma  Acmkr  Aviep  Acmom Ao Avg R?
Panel A:Percentage yield of individual commodities

CCAPM  -0.02 0.03 12
(-0.30) (0.24)

CAPM 3.88*** 0.05 15
(2.64) (0.42)

FF3 4.11** 113  -2.45* -0.01 35
2.78) (1.48) (-2.54) (-0.13)

FF4 3.32** 030 -1.45 -6.947%** -0.05 43
222)  (0.36) (-142) (-4.21) (-0.50)

FF5 3.38**  0.95 -1.87*% -1.38%  0.26 0.06 51
213) (1.15) (-1.81) (-191) (0.31) (0.56)

CFlepmkr -0.16 0.22* 13
(-0.12) 1.72)

CFlyeLp .57+ 020* 15
(-1.98) (1.66)

CFlemom 534 004 12
(-4.05)  (0.37)

CF3 0.50 -2.81** -5.79***  0.14 32

(0.37) (-2.05) (-3.78) (1.16)
Panel B:Percentage yield of Portfolios

CCAPM 0.0 003 21
(-0.00) (-0.21)

CAPM -4.93* 0.22% 23
(-1.74) (1.81)

FF3 082 120 -0.01 -0.32% 58
(0.22)  (0.55) (-0.00) (-2.04)

FF4 049 338 031 -4.64 045 71
(0.12) (1.31) (0.11) (-1.31) (-2.49)

FF5 2770 1260 -9.12 -10.50* -5.26 074 86
0.72)  (0.64) (-0.86) (-1.75) (-1.03) (1.09)

CFlcmkr 4.79* 018 18
(1.81) (1.38)

CFlyieip -6.28* 0.56** 21
(-2.46) (5.00)

CFlcmom 241 004 26
0.86)  (-0.36)

CF3 877  -12.60*** -150  -0.15 61

(2.13) (-3.06)  (-0.44) (-0.75)
Note: This table reports the cross-sectional regression results of the Fama and MacBeth (1973) two-step procedure
rolling window of ten years: y;+ = Aot + B} A€t where y; ; is the percentage yield of commodity or portfolio i

at time ¢. ﬁi f is the estimated beta with the time-series regressions (the first step) of Fama and MacBeth (1973). A,
is the risk premia of risk factor f. Ao and €;; are the intercept and error term of the cross-sectional regressions. The
final estimates of A ¢ and A are average value of their time-series estimates. The t-statistics are corrected with Newey
and West (1987) procedure with 11lag. *, **, *** denote the significance at the 10%, 5% and 1% levels respectively. The
R? is the average value of the R? of the T cross-sectional regressions. CCAPM represents the Consumption-based
Capital Asset Pricing model including a consumption growth factor (CG). CAPM represents the Capital Asset
Pricing model including a marker excess return factor (MKT). FF3 refers to the Fama and French (1993) three-factor
model consisting of MKT, a size factor (SMB), and a value factor (HML). FF4 refers to Carhart (1997) four-factor
model comprising MKT, SMB, HML and a momentum factor (MOM). FF5 is Fama and French (2015) five-factor
model including a profitability factor (RMW) and an investment factor (CMA) except the MKT, SMB and HML
factors. CFlcpikr is the model only including commodity excess return factor (CMKT). CFly g p is the model only
including yield factor (YIELD). CFlcpom is the model only including commodity momentum factor (CMOM). CF3
is the model including CMKT, YIELD, and CMOM.
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Table C.14: Fama-MacBeth cross-sectional regressions for annual return with convenience yield reinvested
with equity market return (%).

Model Acc Amrr  AsmB  AamL  Amom  Armw  Acma  Acmkr  Avierp  Acmom Ao Avg R?
Panel A: Individual commodities

CCAPM 0.02 3.76 7
(0.34) (1.23)

CAPM -0.19 4.42* 10
(-0.05) (1.93)

FF3 1.53 6.87 4.54 3.27 32
032) (1.63) (0.82) (1.24)

FF4 1.02 5.02 4.99 -11.30** 3.20 41
022) (126) (0.96) (2.11) 1.22)

FF5 2.63 8.90** 0.53 -7.51*  -049 0.88 46
(057) (2.04) (0.09) (-2.20) (-0.14) (0.38)

CFlemir 5.82 144 12
(1.58) (-0.53)

CFlyieip 11.30% 6317 14
(2.42) (2.82)

CFlcmom 20504 470% 11
2.87)  (1.98)

CF3 5.63 14.60*** 7.44 -0.81 31

(143)  (3.03) (1.03)  (-0.27)
Panel B: Commodity portfolios

CCAPM -027 11.40% 19
(-1.58) (2.24)

CAPM 621 470% 18
(-0.95) (2.02)

FF3 594  -12.60 14.50* 143 56
0.64) (-1.47) (1.91) (0.45)

FF4 125 566 1030 -6.96* 304 70
(-0.07) (-031) (0.80) (-1.67) (0.64)

FF5 1620 2450 10.40 485  -13.70 068 87
(1.33)  (-1.40) (0.77) (0.60)  (-1.10) (-0.09)

CFlcmkr -3.91 880 16
(-0.73) (1.74)

CFlyieip 3.55% 547 26
(1.82) (2.36)

CFlcmom 2.85 476" 26
(1.65)  (2.03)

CF3 490 351 164 017 57

(0.87) (1.82) (1.12)  (-0.03)
Note: This table reports the cross-sectional regression results of the Fama and MacBeth (1973) two-step procedure for
cfor annual returns: Rf, = Ao + B} At €in, where Rf, is the excess annual return of commodity or portfolio i at

time t. [A%; f is the estimated beta with the time-series regressions (the first step) of Fama and MacBeth (1973). A ; is the
risk premia of risk factor f. Ag; and €;; are the intercept and error term of the cross-sectional regressions. The final
estimates of A and Ag are average value of their time-series estimates. The t-statistics are corrected with Newey and
West (1987) procedure with 1 lag. *, **, *** denote the significance at the 10%, 5% and 1% levels respectively. The R?
is the average value of the R? of the T cross-sectional regressions. The sample ranges from May 1965 to September
2020. CCAPM represents the Consumption-based Capital Asset Pricing model including a consumption growth factor
(CG). CAPM represents the Capital Asset Pricing model including a marker excess return factor (MKT). FF3 refers
to the Fama and French (1993) three-factor model consisting of MKT, a size factor (SMB), and a value factor (HML).
FF4 refers to Carhart (1997) four-factor model comprising MKT, SMB, HML and a momentum factor (MOM). FF5 is
Fama and French (2015) five-factor model including a profitability factor (RMW) and an investment factor (CMA) ex-
cept the MKT, SMB and HML factors. CFlcpkr is the model only including commodity excess return factor (CMKT).
CFlygLp is the model only including yield factor (YIELD). CFlcpopm is the model only including commodity mo-
mentum factor (CMOM). CF3 is the model including CMKT, YIELD, and CMOM.
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Table C.15: Fama-MacBeth cross-sectional regressions for annual capital gains with convenience yield rein-
vested with equity market return (%).

Model Acc AMKT  AsmB  AHML Avom ArRmMw  Acma  Acmkr  Avietp  Acmom Ao Avg R?
Panel A: Panel A: Individual capital gains
CCAPM 0.09 1.31 9
(1.07) (0.64)
CAPM 0.61 1.68 11
(0.16) (0.84)
FF3 -0.49 5.15 1.57 0.98 29
(013)  (137) (0.38) (0.47)
FF4 -0.15 5.16 1.66 1.36 1.02 39
(-0.04) (139) (039  (0.30) (0.48)
FF5 -0.95 4.63 0.26 -3.15 -0.06 0.16 44
(-026)  (1.16) (0.06) (095)  (-0.02) (0.09)
CFlemkr 291 058 13
(0.89) (-0.28)
CFlyrerp 0.41 1.96 13
(0.08) (1.04)
CFlenmom 488 1.95 10
068  (0.97)
CF3 1.63 -0.99 4.12 0.44 31

(0.46) (-0.20) (0.54) (0.18)
Panel B: Portfolios capital gains

CCAPM 118 6627 30
(7.92) (-2.96)

CAPM 46.00%* 0.92 26
(8.00) (-0.46)

FF3 49.80** 338  -18.40%* -0.63 54
657)  (0.63) (-2.77) (-0.30)

FF4 55.70%* 224 -1350 092 -0.52 66
(.07)  (-027) (-139)  (0.17) (-0.25)

FF5 39.70¢* -16.70 12.10 28.80%**  18.40%* -10.10* 87
(3.04)  (-1.11) (L.65) (2.64)  (447) (-1.84)

CFlemkr 24.20%% -17.70%%% 17
(3.33) (-3.24)

CFlyieip -11.40% 0.03 28
(-5.63) (0.02)

CFlcmom -13.71%* 176 31
(-7.90)  (0.90)

CF3 -17.60%  -9.16**  -13.30** 15.80** 60

(2.28) (-449) (-7.92) (2.66)

Note: This table reports the cross-sectional regression results of the Fama and MacBeth (1973) two-step procedure for annual capital
gains: RY, = Ao + Bf f/\ 1t +€ir, where R, is the annual capital gains of commodity or portfolio i at time ¢. B; is the estimated beta
with the time-series regressions (the first step) of Fama and MacBeth (1973). Ay is the risk premia of risk factor f. Ao and €;; are
the intercept and error term of the cross-sectional regressions. The final estimates of Ay and A are average value of their time-series
estimates. The t-statistics are corrected with Newey and West (1987) procedure with 1 lag. *, **, *** denote the significance at the 10%,
5% and 1% levels respectively. The R? is the average value of the R? of the T cross-sectional regressions. The sample ranges from May
1965 to September 2020. CCAPM represents the Consumption-based Capital Asset Pricing model including a consumption growth
factor (CG). CAPM represents the Capital Asset Pricing model including a marker excess return factor (MKT). FF3 refers to the
Fama and French (1993) three-factor model consisting of MKT, a size factor (SMB), and a value factor (HML). FF4 refers to Carhart
(1997) four-factor model comprising MKT, SMB, HML and a momentum factor (MOM). FF5 is Fama and French (2015) five-factor
model including a profitability factor (RMW) and an investment factor (CMA) except the MKT, SMB and HML factors. CFlcpkr
is the model only including commodity excess return factor (CMKT). CFlygyp is the model only including yield factor (YIELD).
CFlcpmom is the model only including commodity momentum factor (CMOM). CF3 is the model including CMKT, YIELD, and
CMOM.
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Table C.16: Fama-MacBeth cross-sectional regressions for annual percentage yields with convenience yield
reinvested with equity market return (%).

Model Acc AMKT AsmB AHML AmoM ArRmw  Acma  Acmkr Avieep Acmom Ao Avg R?
Panel A: Panel A: Individual percentage yields
CCAPM 0.03 2.15* 8
(0.54) (1.82)
CAPM 0.68 2.66** 6
(0.13) (2.69)
FF3 3.55 15.50***  0.01 4.12*** 29
062  (329)  (0.00) (5.44)
FF4 4.72 14.40%**  -4.17 -8.40 5.57** 39
(085  (280) (082  (-137) (5.53)
FF5 6.28 21.90***  2.89 -1.14 -5.40 3.89*** 46
(1.00)  (480)  (0.85) (021)  (-1.32) (4.14)
CFlcmkr 10.40%** 0.83 8
2.61) (0.83)
CFlyirip 22.80%% 328 14
4.01) (3.18)
CFlemom 27.60%* 2.61% 11
443)  (2.36)
CF3 19.10%*  36.20*** 11.20* -0.67 32

(4.90) (5.86) (1.73) (-0.72)
Panel B: Portfolios percentage yields

CCAPM 072 936" 14
(7.17) (-5.57)

CAPM 240.20%** 21.60** 51
(15.56) (13.22)

FF3 160.40%* -12.60%*  26.40%** 3.00 69
(8.35) (2.03)  (2.95) (1.41)

FF4 61.60%* 2640 101.10%** 78.30%* 877 83
(272)  (447)  (11.02) (-13.11) (-4.26)

FF5 191.10%%  -42.40%* 25.80*** 20.40%*  5.60 7.61%% 91
(9.15) (-657)  (2.94) (4.80)  (0.86) (3.16)

CFlemkr 52,704+ 8.14%* 14
(9.81) (-5.99)

CFlyieLp 51.30%* 534*% 43
(15.26) (4.85)

CFlcmom 66.10* 2.14* 48
(15.93)  (1.94)

Cr3 53.10%* 38.20** 42.80** -856** 70

(10.02) (12.47) (11.01) (-6.15)

Note: This table reports the cross-sectional regression results of the Fama and MacBeth (1973) two-step procedure for annual per-
centage yield : y;; = Ao + 31 f/\ £t T €it, where y; ; is the annual percentage yield of commodity or portfolio i at time t. ﬁ; 7 is the
estimated beta with the time-series regressions (the first step) of Fama and MacBeth (1973). A, is the risk premia of risk factor f. Aq,
and €; ; are the intercept and error term of the cross-sectional regressions. The final estimates of A and A are average value of their
time-series estimates. The t-statistics are corrected with Newey and West (1987) procedure with 1 lag. *, **, *** denote the significance
at the 10%, 5% and 1% levels respectively. The R is the average value of the R? of the T cross-sectional regressions. The sample
ranges from May 1965 to September 2020. CCAPM represents the Consumption-based Capital Asset Pricing model including a
consumption growth factor (CG). CAPM represents the Capital Asset Pricing model including a marker excess return factor (MKT).
FF3 refers to the Fama and French (1993) three-factor model consisting of MKT, a size factor (SMB), and a value factor (HML). FF4
refers to Carhart (1997) four-factor model comprising MKT, SMB, HML and a momentum factor (MOM). FF5 is Fama and French
(2015) five-factor model including a profitability factor (RMW) and an investment factor (CMA) except the MKT, SMB and HML
factors. CFlcpkr is the model only including commodity excess return factor (CMKT). CFly g p is the model only including yield
factor (YIELD). CFlcpmom is the model only including commodity momentum factor (CMOM). CF3 is the model including CMKT,
YIELD, and CMOM.
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Table C.17: Fama-MacBeth cross-sectional regressions for annual return with convenience yield reinvested
with risk-free interest rate (%).

Model Acc AMKT  AsmB  AaML  Amom  ArRmw  Acma  Acmkr  Avierp  Acmom Ao Avg R?
Panel A: Individual commodities

CCAPM  0.02 3.93 7
(0.23) (1.28)

CAPM -1.22 4.50* 10
(-0.31) (1.95)

FF3 0.33 7.03 4.29 3.46 32
0.07) (1.64) (0.78) (1.30)

FF4 -0.11 4.63 5.16 -10.50* 3.18 41
(-0.03) (1.15) (1.00) (-1.91) 1.21)

FF5 1.29 8.89** 041 -6.68* -0.69 1.16 46
029) (2.03) (0.07) (-1.97) (-0.20) (0.51)

CFlemir 5.85 144 12
(1.57) (-0.52)

CFlyieLp 10.80** 627+ 14
(2.34) (2.76)

CFlemom 19.00%* 497 10
272)  (2.05)

CF3 5.01 13.00***  8.60 -0.29 30

(1.22) (2.84) (1.23) (-0.09)
Panel B: Commodity portfolios

CCAPM -0.15 855¢ 19
(-1.10) (1.97)

CAPM 791 456* 22
(-1.21) (1.91)

FF3 129 864 12.00 214 58
(0.16) (-1.02) (1.55) (0.64)

FF4 21220 749 022  -559 608 71
(-078) (043) (-0.02) (-1.36) (1.20)

FF5 1070 -23.80 18.60 056 023 284 87
(0.80) (-0.91) (0.89) 0.06)  (0.02) (-0.24)

CFlcmkr -3.69 8.60* 15
(-0.77) (1.91)

CFlyirip 3.13 543* 26
(1.63) (2.29)

CFlcmom 2.33 4814 27
(1.34)  (2.01)

CF3 320 318 119 158 57

(0.65) (1.67) (0.80) (0.33)
Note: This table reports the cross-sectional regression results of the Fama and MacBeth (1973) two-step procedure for
annual returns: R, = A + f} f/\ £t + €ir, where R? is the excess annual return of commodity or portfolio 7 at time

t. B: f is the estimated beta with the time-series regressions (the first step) of Fama and MacBeth (1973). Ay, is the
risk premia of risk factor f. Ao and €;; are the intercept and error term of the cross-sectional regressions. The final
estimates of A and Ag are average value of their time-series estimates. The t-statistics are corrected with Newey and
West (1987) procedure with 1 lag. *, **, *** denote the significance at the 10%, 5% and 1% levels respectively. The R?
is the average value of the R? of the T cross-sectional regressions. The sample ranges from May 1965 to September
2020. CCAPM represents the Consumption-based Capital Asset Pricing model including a consumption growth
factor (CG). CAPM represents the Capital Asset Pricing model including a marker excess return factor (MKT).
FF3 refers to the Fama and French (1993) three-factor model consisting of MKT, a size factor (SMB), and a value
factor (HML). FF4 refers to Carhart (1997) four-factor model comprising MKT, SMB, HML and a momentum factor
(MOM). FF5 is Fama and French (2015) five-factor model including a profitability factor (RMW) and an investment
factor (CMA) except the MKT, SMB and HML factors. CFlcpr is the model only including commodity excess
return factor (CMKT). CFlyprp is the model only including yield factor (YIELD). CFlcponm is the model only
including commodity momentum factor (CMOM). CF3 is the model including CMKT, YIELD, and CMOM.

62



Table C.18: Fama-MacBeth cross-sectional regressions for annual capital gains with convenience yield rein-
vested with risk-free interest rate (%).

Model Acc AMKT  AsmB  ApML Avom ArmMw  Acma Acmkr  Avietp . Acmom Ao Avg R?
Panel A: Individual capital gains
CCAPM  0.09 1.31 9
(1.07) (0.64)
CAPM 0.61 1.68 11
(0.16) (0.84)
FF3 -0.49 5.15 1.57 0.98 29
(013)  (137)  (0.38) (0.47)
FF4 -0.15 5.16 1.66 1.36 1.02 39
(0.04)  (139) (0.39)  (0.30) (0.48)
FF5 -0.95 4.63 0.26 -3.15 -0.06 0.16 44
(-026) (1.16)  (0.06) (095)  (-0.02) (0.09)
CFlemir 293 058 13
(0.89) (:0.28)
CFlyirip -0.05 1.88 12
(0.01) (0.99)
CFlemom 3.10 1.92 9
047)  (0.96)
CF3 1.38 -1.72 3.61 0.52 31

(0.39) (-0.36) (0.51) (0.21)
Panel B: Portfolios capital gains

CCAPM 095 B0 27
(7.70) (-2.33)

CAPM 49.5%% -1.09 26
(8.08) (-0.55)

FF3 4640 11.30% -17.80%* -0.85 54
(6.63)  (228) (-2.69) (-0.42)

FF4 39.2%%%  19.6%* 2674 679 -1.08 65
(542)  (3.68) (332 (-152) (-0.53)

FF5 33.70%% -4.83 743 21.70%%  16.30%** -6.82 87
(3.62)  (-0.34) (0.94) (2.08)  (3.59) (-1.32)

CFlemkr 26.60%** -19.40%* 16
(3.95) (-3.89)

CFlyieLp 11,504+ 0.06 29
(-5.75) (0.03)

CFlemom 1360+ 1.71 32
(7.68)  (0.87)

CF3 13.80% 8647 13.10%% 12707 60

(211)  (432)  (7.70)  (2.58)
Note: This table reports the cross-sectional regression results of the Fama and MacBeth (1973) two-step procedure for annual capital
gains : RY, = Ag; + ‘Bi f)\ £t T €it, where RY, is the excess annual capital gains of commodity or portfolio i at time ¢. [3: is the

e
it
estimated beta with the time-series regressions (the first step) of Fama and MacBeth (1973). A, is the risk premia of risk factor f. Aq,
and €; ; are the intercept and error term of the cross-sectional regressions. The final estimates of A and A are average value of their
time-series estimates. The t-statistics are corrected with Newey and West (1987) procedure with 1 lag. *, **, *** denote the significance
at the 10%, 5% and 1% levels respectively. The R is the average value of the R? of the T cross-sectional regressions. The sample
ranges from May 1965 to September 2020. CCAPM represents the Consumption-based Capital Asset Pricing model including a
consumption growth factor (CG). CAPM represents the Capital Asset Pricing model including a marker excess return factor (MKT).
FF3 refers to the Fama and French (1993) three-factor model consisting of MKT, a size factor (SMB), and a value factor (HML). FF4
refers to Carhart (1997) four-factor model comprising MKT, SMB, HML and a momentum factor (MOM). FF5 is Fama and French
(2015) five-factor model including a profitability factor (RMW) and an investment factor (CMA) except the MKT, SMB and HML
factors. CFlcpkr is the model only including commodity excess return factor (CMKT). CFly g p is the model only including yield
factor (YIELD). CFlcpmom is the model only including commodity momentum factor (CMOM). CF3 is the model including CMKT,
YIELD, and CMOM.
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Table C.19: Fama-MacBeth cross-sectional regressions for annual percentage yields with convenience yield
reinvested with risk-free interest rate (%).

Model Acg AMKT AsmB AgmML  Amom Armw  Acma Acmkr  Aviep Acmom Ao Avg R?
Panel A: Individual percentage yields

CCAPM 0.01 2.42** 8
(0.19) (2.12)

CAPM -7.47 2.24** 6
(-1.45) (2.28)

FF3 -2.92 13.70%*  1.69 3.62%** 29
(-0.51) (2.71) (0.45) (5.02)

FF4 -1.99 12.10**  -4.00 -8.92 5.25** 39
(-0.36) (2.13) (-0.69) (-1.22) 4.71)

FF5 -3.44 18.90**  3.83 2.45 -4.69 3.63*** 45
(-0.55) (3.94) (1.10) 047)  (-1.12) (3.94)

CFlemkr 9.50** 0.97 8
(2.38) (0.98)

CFlyieLp 20.80*** 336" 14
(3.71) (3.30)

CFlcpmom 274 2.84% 11
(4.35)  (2.55)

CF3 18.00** 35.90*** 11.90*  -0.54 32
(4.40) (5.97) (1.80)  (-0.58)

Panel B: Portfolios percentage yields

CCAPM  0.62*** -7.79** 13
(6.38) (-4.80)

CAPM -217.00%** -16.70%* 29
(-16.33) (-10.76)

FF3 -78.90°*  -12.10%*  71.50*** -13.70%* 67
(-7.16) (-1.97) (12.34) (-8.64)

FF4 -30.50%*  -29.80** 84.20*** -71.70*** -7.32%* 83
(-3.00) (-4.97) (14.62)  (-10.67) (-4.60)

FF5 -70.20%%  -21.10%*  69.20%** 16.10%*  39.40%** -12.40** 83
(-6.80) (-2.78) (12.79) (3.74)  (7.60) (-7.10)

CFlemkr 50.90%** -8.27%* 15
(10.16) (-6.43)

CFlyieLp 50.10%** 5.647* 41
(15.32) (5.05)

CFlcpmom 63.20**  2.68** 50
(16.09)  (2.40)

CF3 43.80*** 35.10** 45.60*** -6.80*** 70
(9.18) (11.63) (11.30) (-5.24)

Note: This table reports the cross-sectional regression results of the Fama and MacBeth (1973) two-step procedure for annual per-
centage yield : y;; = Ao + B;,f/\f/f + €;+, where y;, is the annual percentage yield of commodity or portfolio 7 at time ¢. ﬁi is the
estimated beta with the time-series regressions (the first step) of Fama and MacBeth (1973). A is the risk premia of risk factor f. A
and €;; are the intercept and error term of the cross-sectional regressions. The final estimates of A and Ag are average value of their
time-series estimates. The t-statistics are corrected with Newey and West (1987) procedure with 1 lag. *, **, *** denote the significance
at the 10%, 5% and 1% levels respectively. The R? is the average value of the R? of the T cross-sectional regressions. The sample
ranges from May 1965 to September 2020. CCAPM represents the Consumption-based Capital Asset Pricing model including a
consumption growth factor (CG). CAPM represents the Capital Asset Pricing model including a marker excess return factor (MKT).
FF3 refers to the Fama and French (1993) three-factor model consisting of MKT, a size factor (SMB), and a value factor (HML). FF4
refers to Carhart (1997) four-factor model comprising MKT, SMB, HML and a momentum factor (MOM). FF5 is Fama and French
(2015) five-factor model including a profitability factor (RMW) and an investment factor (CMA) except the MKT, SMB and HML
factors. CF1cpmkr is the model only including commodity excess return factor (CMKT). CFlygrp is the model only including yield
factor (YIELD). CFlcpom is the model only including commodity momentum factor (CMOM). CF3 is the model including CMKT,
YIELD, and CMOM.
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