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Abstract

This paper extends the methodology of Milonas and Thomadakis (1997) to estimate raw material convenience yields with futures prices form 1996 to 2005. We define the business cycle of a seasonal commodity with demand/supply shocks and find that the convenience yields for crude oil and agricultural commodity exhibits seasonal behavior. The convenience yield for crude oil is the highest in the winter, while that for agricultural commodities are the highest in the initial stage of harvest period. The empirical result show that WTI crude oil is more sensitive to high winter demand and that Brent crude oil is more sensitive to shortages in winter supply. The theory of storage points out that the marginal convenience yield on inventory falls at a decreasing rate as inventory increase which could be verified through those products affected by seasonality, but could not be observed by products affected by demand/supply. Convenience yields are negatively related to interest rates. The negative relationship implies that the increase in the carry cost of commodity, namely the interest rate, would cause the yield of holding spot to decline. We also show that convenience yields may explain price spread between WTI crude oil and Brent crude oil, and the ratio between soybean and corn as well. Our estimated convenience yields are consistent with Fama and French (1988) in that commodity prices are more volatile than futures prices at low inventory level, verifying the Samuelson (1965) hypothesis that future prices are fewer variables than spot prices at lower inventory levels. 
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1. Introduction

This paper applied the call option model to estimate convenience yields for four storable commodities. The empirical results derived from the analysis of price and stock data covering the period 1996 to 2005
. Our estimated convenience yields extend the Fisher (1978) model, which utilizes a non-traded asset as strike price. We instead set the price of a traded asset to be the strike price of the option in our model.  In addition, our analyses differ from the Milonas and Thomadakis (1997) model in that we not only fit the price of a traded asset, such as commodity futures prices, as the strike price but also add in storage cost when estimating the convenience yield. Our purpose is to examine convenience yields while taking into account inventory level, volatility and interest rates, evaluating the consistency between our empirical study and the theory of storage.
Keynes (1930) points out that in the theory of liquid stocks the risk associated with holding spot goods is much higher than holding forward contracts. When inventory level is lower than planned due to unexpected demand/supply shock, the spot price will be higher than the forward price. This price difference is regarded as a risk premium, and such price behavior is referred to as “backwardation.” Convenience yield plays key role in the theory of storage and serves as an incentive to hold spot commodities. In the theory of storage, Kaldor (1939), Working (1948, 1949), Brennan (1958) and Telser (1958) use convenience yields to explain this inverted market phenomenon, where spot prices are higher than futures price, and convenience yields can be viewed as a benefit of holding storable consumption goods. According to the theory of storage, a high inventory level implies a lower probability of a stock-out in the future. Open futures contracts help lower excess demand in the spot market, hence reducing the benefit of holding the commodity. Consequently, convenience yields are negatively related to inventory levels. Such a relationship is stronger for a commodity that is more sensitive to seasonality or supply/demand effect. Therefore, convenience yield plays a central role in explaining the benefits of holding inventory during periods of unexpected demand/supply shock.
The prices of agricultural commodities are subject to the seasonal effect of crop growth. Crude oil, though unlike crops, also has the seasonal cycle of supply and demand; when crude oil supply/demand is in disequilibrium, market will find equilibrium by adjusting the spot prices. The process of market adjustment from disequilibrium to equilibrium may be treated as a business cycle. In light that crude oil is strategic resources and the fluctuation of its prices and output volume would have significant impact on world economy, crude oil users usually hold crude oil with planning to shield themselves from the volatility of crude oil prices. Thus, our empirical samples are WTI crude oil, Brent crude oil, soybean and corn.
Consistent with the theory of storage, Samuelson (1965) predicts that spot and futures price variations will be similar when a supply/demand shock occurs during higher inventory levels, but spot prices will be more variable than the futures prices at lower inventory levels. Fama and French (1987) provide empirical study on the theory of storage by showing that convenience yields do vary seasonally for most agricultural and animal products but not for metals. They also find that seasonalities are significant in explaining agricultural commodities’ futures basis. Heinkel, Howe, and Hughes (1990) derive a model in which convenience yields behave like options. Their two-period call option model also supports an inverse relationship between inventory levels and convenience yields. Particularly, convenience yields arise from unexpected supply/demand in the cycle of spot markets, which needs to be considered when estimating convenience yield. In their empirical study of metal commodity, Fama and French (1988) suggest that metal inventory and prices are not affected by seasonality but by general business conditions. Their evidence indicates that metal production does not adjust quickly to positive demand shocks during business-cycle peaks.
Previous studies estimate convenience yields using the cost-of-carry model, where the convenience yield is treated as an exogenous variable. Brennan (1986) tests several empirical convenience yield models and finds that convenience yields follow a mean-reverting process. Gibson and Schwartz (1990) model convenience yield as a stochastic mean-reverting variable, which is connected to the time to maturity of a futures contract, but they assume an exogenously specified convenience yields measure. Casassus and Collin-Dufresne (2005) use a three-factor Gaussian model to capture commodity futures prices and integrates all three variables analyzed by Schwartz (1997). Their model allows convenience yields to depend on spot prices and interest rate, which leads to mean-reverting convenience yields as seen in Gibson and Schwartz (1990). Milonas and Thomadakis (1997) find that mean-reverting behavior does not necessarily occur for commodities with seasonal business cycles, so it is inappropriate to assume convenience yields as an exogenous stochastic mean-reverting variable. This is because the business cycle affects supply, inventory and demand in a systematic manner, and this is not necessarily consistent with mean reversion. Most theoretical models of convenience yields assume that storage costs are zero, such as Fama and French (1988). They use interest-adjusted basis as a proxy, which avoids the difficulty of estimating storage cost, and develop a relationship between convenience yield and inventory level without directly estimating the storage costs.
To the extent that studies above are subject to empirical verification, they do not offer explicit measures of the determining variables in the context of an option model. Milonas and Thomadakis (1997) extend the option approach of Heinkel, Howe, and Hughes (1990) with the Black–Scholes model to estimate convenience yield. Although they model convenience yields as call options, the approach is problematic in that convenience yields reenter the call option equations when spot prices are used as underlying variables. That requires estimating an unknown variable. In addition, storage cost is also ignored, which could result in a negative convenience yield in their estimation with a cost of carry model.
When estimating convenience yields in this paper, we consider unexpected demand/supply shock, business cycle, and crop cycle, and we specify the beginning month, the intermediate month, and the final month of these commodities business cycle. To deal with the two issues, we first choose, under an option pricing framework, the price of a futures contract maturing in the intermediate month as the underlying variable, hereafter termed the nearby contract. Second, unlike Fisher (1978) which utilizes a non-traded asset as the strike price, we instead set the price of a traded asset to be the strike price of the option in our model.  For the traded asset, we use a futures contracts maturing in the final month, which will be termed hereafter as the distant contract. This resolves the problem of unknown variable encountered in Milonas and Thomadakis (1997). Convenience yields of crude oils and agricultural commodities are then estimated assuming that the price of the underlying asset and the strike price are both stochastic variables. Storage costs are also incorporated to avoid potential problems in their study. 
Fama and French (1988) use a simple proxy for the level of inventory to test of the theory of storage and is consistent with the Samuelson (1965) proposition that future prices are less variables than spot prices at lower inventory levels. Therefore, we adopt real inventory to examine the theory of storage in our estimation and use the approach of Fama and French to test its implications about the variation of spot and futures prices.
Few studies examine how interest rates affect convenience yields. The theory of storage suggests that holding inventory becomes more costly in periods of high interest rates, so we may expect a negative correlation between interest rates and inventory. However, to the extent that inventory and interest rates are both relative measures, it seems consistent with the theory to find a relationship between interest rates and convenience yields. Casassus and Collin-Dufresne (2005) show that the sensitivity of convenience yields to interest rate is positive for crude oil, copper, gold and silver, which is consistent with the theory of storage. Furthermore, as interest rates are related to economic activity, interest rates in turn affect convenience yields of various commodities. So, we also examine the relationship between convenience yields and interest rate with a cross-sectional regression model.
In the sections that follow, Section 2 discusses the characteristics of the crude oil and agricultural commodities, Section 3 presents the model. Section 4 describes the data. Section 5 explains the empirical analysis.  Finally, section 6 provides the concluding remarks.
2. Characteristics of Study Commodities
2.2 Agricultural Commodities
The harvests of agricultural commodities are mainly affected by the weather during their planting period, and thus no doubt the prices of agricultural commodities adjust seasonally. A period starting from the initial stage of crop harvest to the next sowing is a so-called crop year. From the first day of a crop year, agricultural commodities futures traded in exchanges can be delivered so that the delivery months of agricultural commodities futures usually match the period of harvest of agricultural commodities futures. In U.S.A., soybean and corn are mostly produced in Iowa and Illinois, and are sowed before May and harvested between July to September so that the first day of their crop years are both September 1 and the last day are August 31 per year. Therefore, the first expiration contract month of the crop year for CBOT soybean futures contract is September, which continuous expiration month is November, March, May, July and August altogether six contracts. However, most of the harvest of corn can not catch up with the September contract so the first expiration month of the crop year for CBOT corn futures is December, which continuous expiration month is March, May, July and August altogether five contracts. On November 19, 2007, the turnovers of corn an soybean futures on CBOT are 167,266 and 122,894 lots respectively, which we can observe that corn has relatively high turnover.
During its life cycle, corn has to absorb nitrogen in soil to grow well, but soybean, on the other hand, will release nitrogen gradually into soil during its growing period. Therefore, soybean and corn
 in U.S.A. have been viewed as rotation crops in order to balance the nitrogen in soil and so that a higher harvest can be obtained. Generally, farmers start to prepare soil for sowing both crops of corn and soybean around April to May and thus the price ratio of both before sowing is the basis of rotating crops for farmers. According to the data of USDA, every acre of tillage could produce averagely 31 bushels of soybeans but 108 bushels of corn so that the soybean-corn yield ratio (S/C) is about 3.5, and thus soybean is naturally more expensive than corn, which we can observe from table 1. Therefore, without considering the different demands for both, S/C should be 3.5. Observing historical spot prices of both, the turning value of S/C is 2.5; that is, when S/C is greater than 2.5, the wishes of farmers to plant soybeans is enhanced since soybeans have better expected price and the expected yield of holding them is promoted. On the contrary, they will turn to plant corns. Table 1 displays the means of daily S/C computed from spot prices that have been adjusted by the consumer price index (CPI). From this table, we can see that the highest S/C is the 3.04 of 2004, higher than 2.5, which represents that farmers wish more to plant soybean; the lowest S/C is the 1.99 of 1996, less than 2.5, representing farmers prefer planting corns.
【Table 1】
According to the growing characteristics of agricultural products, in the beginning of crop year, the supply rises gradually because the crops start to be reaped, and the spot prices are expected to go down until the storages start to diminish. Figure 1 displays the monthly averages of spot prices, which have been adjusted by CPI/PPI to the level of January/1996, from 1996 to 2005, and we can discover that the bottom of corn price occurs in September whereas that of soybeans in October. While the storage has been exhausted gradually, the spot prices rise until another harvest period approach, and thus a cycle is shaped up. It is called a crop year. So, the harvest of agricultural products of this term depends on the producing decision of the previous term; and the supply of crops during a crop year depends on the agricultural harvest of that term as well as the storage decision of previous term. Consequently, the convenience yields of agricultural products are also affected by these factors.
【Figure 1】

2.2 Crude Oil
The crude oil market is subject to a seasonal cycle of supply and demand, with prices price adjusting to supply/demand disequilibrium. This process of market adjustment from disequilibrium to equilibrium may be regarded as a business cycle, and, crude oil convenience yields should exist during periods of unexpected demand/supply shocks within a business cycle. Crude oil is traditionally traded by means of futures contracts. Most of the crude oil futures trades take place in the New York Mercantile Exchange (NYMEX) and London’s International Petroleum Exchange
 (IPE). NYMEX trades crude oil futures are based on West Texas Intermediate (WTI) crude oil, while IPE contracts are based on North Sea Brent Blend crude oil. Since contracts traded in these two markets are based on crude oil from different production areas, observing their convenience yields involves issues different from dealing with different commodities within a single market. The asked spot prices of crude oils from the North American and West African oil fields are quoted based on the value of WTI crude oil. On the other hand, the asked prices in the European market and from oil fields in the North Sea, Russia, northern African and the Middle East generally use Brent crude oil as their benchmark. Most of the crude oil spot markets around the world give quotes based either on WTI or Brent crude oil due to their stable supplies.
Table 1 illustrates the annual average spot prices, rates of return and volatilities of WTI and Brent crude oils. We find that the annual average spot price of WTI is always higher than that of Brent. The price advantage of WTI crude oil could be tested on the basis of demand and supply, as its futures price is influenced by economy, weather and consumer behavior. The oil fields and trading markets for WTI and Brent are located in the same climate zone. WTI crude oil supplies the vast North American and global consumer markets, while Brent supplies the relatively smaller European consumer market. Moreover, the delivery point for the WTI spot is closer to the refineries, and there is a standard settlement contract for WTI, while Brent’s delivery point is located far away from the refineries, and there is no standard settlement contract. Tanker shipments of Brent oil to the refineries at times face the port freezing problem. Crude oil is traded mostly in the form of forward or futures contracts. In November 23, 2007, the turnover and total open interest of NYMEX WTI Crude futures respectively were 107,376 lots and 1,404,767 lots, while that of ICE Brent Crude futures respectively reached 103,125 lots and 577,002 lots.
WTI crude oil is produced in North America and shipped by pipelines to the delivery point in Cushing, Oklahoma, and then by trucks to the refineries of US oil companies. Due to the close proximity of its delivery locations to the refineries, the delivery cost of WTI crude oil is relatively low. Brent crude oil is settled and delivered to Sullom Voe in the Shetland Island, and then shipped to refineries by tankers, which faces port freezing problem in the wintertime. Relative to WTI crude oil, the production of Brent crude oil is more susceptible to the influence of climate. To the extent that there are price spreads among crude oils produced in different regions, WTI crude oil apparently possesses certain price advantages. Whether such advantages increase the convenience yield of holding crude oil is a topic that we examine in this study.
3. The Model
The model we adopt to analyze oil convenience yields is a call option pricing model, with a particular focus on the demand/supply shocks of crude oils. Keynes (1930) assumes that an unexpected demand shock would cause the spot prices of commodities to exceed their futures prices and that a convenience yield from holding inventories would arise during a stock-out. The relationship between the convenience yield and the business cycle of a commodity is very close. Figure 1 presents the monthly average spot prices of crude oils and agricultural commodities from 1996 to 2005, adjusted respectively based on the PPI and CPI for January 1996.
The seasonal patterns are indicated by the mean spot prices for the different months in Figure 1. We find that WTI and Brent crude oil prices start to rise before the summer season and start to fall after peaking in September, with the lowest prices occurring in the winter, such as in February. For corn and soybean spot prices, the mean spot prices have a peak in April/May and a bottom in September/October. Therefore, the behaviors of the crude oil and agricultural commodity prices are affected by seasonality and business cycles. The source of shocks result primarily from demand and supply rather than weather or technology for crude oil, and both supply and demand effects influence convenience yields. As for agricultural commodity, the source of shocks is mainly weather and seasonal factors. As spot prices change to restore the equilibrium of the commodity market, a commodity business cycle is then defined as the start of the disequilibrium to the restoration of equilibrium. The crude oil busyness cycle is then from January to December, with the beginning as date 0, set in January, and the end as date T in December. In particular, January, with the lowest average spot price, is also the observation month since it is when the market equilibrium is restored. The month with the highest average spot price is defined as the intermediate month, which is also the event or shock month in which the convenience yield arises from holding the commodity. The intermediate month divides the business cycle into two periods. A nearby futures contract written in March is considered the starting contract for estimating the convenience yield. The convenience yield is computed in the observation month--September, when spot prices peak--and is set as the shock month to estimate convenience yields. Although agricultural commodity has crop years, we could not use long-term contracts spanning years to estimate convenience yield because the crop year cross next year and the maturity of agricultural commodity futures is less than one year. Therefore, considering the consistency of observing period, we set the business cycles of corn and soybean both the same as that of crude oil. 
Based on the nature of the production, we assume that the demand (D) in different periods of time is given. The supply at date 0 is a function of the production (Q0) determined in the previous cycle, while storage (S0) is determined at date 0 in the current cycle. The supply at any date t during the cycle is determined by the variation in the stock level, and the supply available at the end of the cycle is determined by the variation in the stock level. Production (QT) in the current cycle is determined at the beginning of the cycle, and then the spot prices (P) on the following days depend on the demand and supply available. Available supplies are defined in each period after subtracting inventory: 
P0 = f (D0; Q0 - S0),
Pt = f (Dt; S0 - St),
PT = f (DT; St – ST + QT).
In a perfect market, the expectations model shows that the futures price (F) today equals the spot price that traders expect to prevail for the underlying asset on the delivery date of the futures contract:

F0,t ≡ E(Pt).
The storage rises when the demand is low or the supply is high. The futures price that expires at date T observed at date t is a function of three variables (i.e., storage as decided at date t; production at date T as decided at the beginning of the cycle; and demand at date T, as expressed below):
Ft,T ≡ E{f (DT; St + QT)}.                         (1)

Equation (1) shows that the current futures price at date t is determined by the current storage and demand and production levels at date T. When the market faces higher demand or lower supply, storage gradually falls to zero. If the production at date T is known, there is a negative relationship between the futures price and storage, and the futures price will reach the upper bound: 
Ft,TU ≡ E{f (DT; QT)},
Ft,T < Ft,TU.                                 (2)

According to the theory of storage, the net cost of holding a futures contract under an arbitrage-free framework is the spot price plus the storage cost (SC):

Ft,T = Pt + SCt,T.
Thus when supply/demand is in equilibrium, we obtain St > 0, and then
f (Dt; S0) + SCt,T < Ft,TU.                           (3)

When there is excess demand, St = 0, Ft,T = Ft,TU, then
f (Dt; S0) + SCt,T > Ft,T.                          (4)

Given that the futures price cannot completely explain the cost-of-carry model, the spot price will be higher than the futures price when the market faces excess demand, and the convenience yield from holding the commodity over the period from t to T may be expressed as:

CYt,T = Pt + SCt,T - Ft,T.                          (5)

When equation (3) holds, we have CYt,T = 0. When Equation (5) holds, we obtain CYt,T > 0. Therefore, a temporary shock in demand/supply during the cycle will cause the storage to drop and the spot price to rise, which gives rise to a risk premium from holding the commodity and results in a positive convenience yield.
Given that the storage cost in Equation (5) is difficult to estimate, observing the convenience yield becomes infeasible. Fama and French (1988) considers the behavior of the convenience yield on an interest-adjusted basis. Such an approach avoids directly estimating the convenience yield but is unable to give the whole picture of the convenience yield from holding the commodity. Milonas and Thomadakis (1997) treats the convenience yield as a call option. With the assumption of zero storage cost and the spot price as the underlying variable, the payoff function from the convenience yield (OCY) at maturity, or the boundary condition of the option pricing formula, can be written as 
OCYt,T = Max(Pt - Ft,T, 0).                        (6)

Instead of using spot price as an underlying variable, as in equation (6), we set the price of a nearby futures contract as the underlying variable, and the price of a distant contract as the exercise price. Under a cost-of-carry framework with zero storage cost, the convenience yield is the difference between the net cost of carrying a nearby and a distant futures contract observed at time 0,
OCYt,T0 = Max(F0,t – Ft,T, 0).                       (7)

From the above equation the convenience yield from t to T is observed at date 0 in the beginning month of business cycle. However, it ignores storage cost, which might result in a negative convenience yield. The storage cost (SCt,T) is incurred from date t, when the nearby contract matures, to date T, when the commodity is delivered and the distant contract matures. Equation (7) is then revised as:
OCYt,T0 = Max(F0,t* – Ft,T, 0),                      (8)
where

F0,t* = F0,t + SCt,T.
Both the underlying variable and the exercise price in Equation (8) are uncertain variables, which follow standard diffusion processes. We assume that the nearby futures contract price (
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Based on the deduction of Fisher (1978) that utilizes a non-traded asset as strike price, the expected rate of return on the hypothetical security may be solved by the capital asset pricing model (CAPM). Unlike Fisher, where the hedge against the uncertainty of strike price is through a non-traded asset, the strike price in our model is the price of a traded asset such as crude oil futures. The expected rate of return will be zero. Simplifying F0,t* as 
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, referring to equation (8), the boundary condition can be rewritten as:
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where XT=Fn/Fd. Applying Itô’s lemma on the transformed variables, we obtain a closed-form solution to the call option (OCY):     
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where
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σ, ρ and τ are the volatility, correlation coefficient, and the period between the nearby and distant contracts, respectively. We use the variance of daily logarithmic futures price changes from all trading days during the beginning of the first month of the business cycle as an estimate of volatility of the futures contract in the model. The correlation coefficient is estimated using the nearby and distant daily logarithmic futures price changes from all trading days during the beginning month. 

4. Data
We now turn to the estimation of convenience yield, as well as the design of the business cycle for four different raw materials. The applied dataset consists of daily observation of futures prices on WTI crude oil, Brent crude oil, corn and soybean in the period January 1995 to July 2006. The futures for crude oils have 12 expiration months in one year. CBOT corn futures have five expiration months: March, May, July, September, and December. The futures of soybean have seven expiration months: January, March, May, July, August, September, and November. For each commodity in our sample, we first need to estimate the convenience yield and then determine how these values relate to inventory and interest rate by cross-sectional regression. Our analyses test the consistency and validity of the theory of storage. Finally, we also test Samuelson (1965) hypothesis for our estimation of convenience yield with the same approach as that in Fama and French (1988).
The issue of whether commodity prices and convenience yields have seasonal cycles is closely related to whether they are subject to supply/demand shocks. We employ a sample of WTI and Brent crude oil prices that are subject to the effect of supply/demand shocks as well as a sample of corn and soybean prices that are affected by seasonality. The samples contain daily data during the years 1995 and 2006. The commodity price data are from the Commodity Research Bureau database, the Wall Street Journal, the NYMEX, CBOT and ICE. Inventory data are obtained from the U.S. Energy Information Administration (EIA), U.S. Department of Agriculture (USDA), and the Economagic database.
Because the study involves many years of data with varying levels of inflation, crude oil prices are translated using the producer price index (PPI) with the base adjusted to January 1996, and agricultural prices are translated using the consumer price index (CPI). We take the three-month U.S. Treasury bill rate as the risk-free rate, and discount all commodity futures prices at the risk-free rate to the beginning month of the business cycle using the following method:
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where f is the pre-discounted futures price. In this way, all futures prices become free of carrying charges. Brennan (1986) and Milonas and Thomadakis (1997) also adopted the same discounting procedure. 
According to the EIA report,
 the storage cost of crude oil is approximately 30 cents per barrel/month during this period, which accounts for about 1% of the crude oil spot price, and is a fixed cost for holders of storable commodities. Moreover, according to the report of the research center of Consumer and Environmental Sciences, College of Agricultural, University of Illinois, the seven-months commercial storage costs
 of corn during the harvest period of May in spring of each year are between US$0.25 and US$0.45 per bushel, accounting for about 15% to 30% of the spot price; those of soybean are close to this figure. Thus we set the monthly storage cost for crude oil at a fixed percentage of 1% of the spot price, and those for corn and soybean at an average percentage 3.2%
 of spot prices to estimate convenience yields. Finally, to estimate the means and volatilities of these variables, we apply the observed spot and futures prices for all trading days during the beginning month.

The convenience yield is calculated on a daily basis throughout the observation month and then averaged over the observation month. In addition to calculating the monthly convenience yields from March to November, we also use September for crude oil, when spot prices peak, as the shock month in order to estimate of convenience yields. As for corn we observe the convenience yields of May to December, and for soybean we observe those of May to November. 
5. Empirical Results

 Table 2 presents the convenience yields calculated based on the call option and cost-of-carry models. The results show that the values of the convenience yields estimated from the options model are higher than those from the cost-of-carry model, implying the strategic and management flexibility of the options approach. Moreover, the cost-of-carry model could produce results that contradict the options theory and yield negative estimates.
【Table 2】

Figure 2 and 3 draws the term structure of the convenience yield. We find that the behavior of crude oil and agricultural commodity convenience yields exhibits seasonality. The convenience yields of crude oils are the highest during the November-December holding period, and then the yields gradually fall to reach the lowest point in June-July. Based on this seasonal behavior, the convenience yields of Brent are higher than those of WTI in the winter, while the same is the case in the summer, suggesting that greater benefits accrue to the holder of Brent crude in the winter when it is subject to supply shocks. Moreover, the convenience yields for Brent crude are more volatile than those for WTI. The convenience yields of corn are at their highest during the September-December holding period, and then they decline gradually to reach their lowest point in March-May. The convenience yields relating to soybean are at their highest during the September-November holding period, and then they decline gradually to reach their lowest point in July-August, which indicates that in the initial stage of crop years, corn and soybean have highest convenience yields showing that convenience yields are affected by seasonality. 
【Figure 2 and 3】

We find that the inventory of a commodity tends to decrease as the end of the cycle year draws near and the probability of a stock-out increases, which means that the benefit of holding inventory also rises, resulting in higher convenience yields. Thus the term structure of the convenience yields is upward sloping. Figure 4 and 5 support this conclusion. The empirical results above indicate that WTI possesses a price advantage over Brent in the spot market, but its convenience yields are not necessarily higher than those of Brent. According to our estimates for convenience yields, though the price of soybean is naturally higher than that of corn, the convenience yield of soybean is not necessarily greater than but less than that of corn. 
【Figure 4 and 5】

The theory of storage also suggests that holding inventory becomes more costly in periods of high interest rates. Furthermore, the convenience yield can be treated as a call option, in theory it is positively correlated with the covariance (
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where β and ε are the regression coefficient and the error term, respectively. The independent variable log(It-1) is log inventories at term t-1. The relationships between convenience yields and inventories are suggested negative by the regression results in Table 4 to 7. In Table 4 and 5, we find that the sign of the coefficient is consistent with the theory.  β1 is, however, statistically insignificant for crude oils. Table 6 and 7 are regression results for corns and soybeans respectively. β1 are mostly negative and statistically significant, strongly suggesting that the negative relationship between estimated convenience yield and inventory. The theory of storage points out that the convenience yield has a negative relation with inventory which could be verified through those products affected by seasonality, but could not be observed by products affected by demand/supply. Furthermore, β2 are consistently positive and mostly statistically significant, suggesting that the more uncertain the prices, the higher the convenience yields, which represents the management flexibility for the value of holding spot. Following the theory of storage, we may expect a significant non-zero coefficient of β3. In fact, to the extent that holding inventory becomes more costly in period of high interest rates, we may expect negative correlation between interest rates and inventory, and positive correlation between interest rates and convenience yields, and hence a positive β3.  In testing the risk-free rate coefficient, β3 of crude oil and corn are negative statistically insignificant, while that of soybean is negative statistically significant for some holding periods. This negative value implies that the increase in the carrying cost of commodity, namely the interest rate, would cause the yield of holding spot to decline. 
【Table 4, 5, 6, and 7】

To observe the effect of a variable explaining the convenience yield, Lin and Duan (2007) use the spot price spread and futures price spread in the two crude oil markets as explanatory variables and perform regression on the following equation,
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where α and ε are the regression coefficient and the error term, respectively, and SPFn, SPFd, and SPSWTI-Brent are the price spreads of a nearby contract, the price spreads of a distant contract, and the spot price spreads, respectively. However, their testing results for crude oil exhibit inconsistent coefficient signs.
Since Equation (14) could lead to multicollinearity among explanatory variables, which in turn might lead to insignificant coefficient test results or inconsistency in the signs of the coefficients, we then use the convenience yields of WTI, Brent, corn and soybean as explanatory variables and respectively run the following equations: 
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where γ and ε are the regression coefficient and the error term, respectively, and Ratio is the ratio on spot prices of soybean to corn. The results presented in Table 8 show that γ1 is negative statistically significant excluding March-October holding period, while γ2 is significantly positive, indicating that the lower the convenience yield for WTI, the higher the convenience yield for Brent and the greater the spot price spread between WTI and Brent. The results for agricultural commodities illustrated in Table 9 show that γ1 and γ2 are positive statistically significant excluding March-September holding period, indicating that the higher the convenience yields for corn and soybean and the greater the ratio of spot price between soybean and corn.
【Table 8 and 9】

Table 10 illustrates the convenience yields from the shock month till the final month of the cycle, where the shock month is the futures contract month in which the peak of spot prices for underlying occurs during the cycle year, and the final month is the last futures contract month of business cycle. The negative correlation between these commodities’ convenience yield and the inventory level suggests that it is closely linked to business cycle. In the case of agricultural commodities, we find the convenience yield with the inventory level has strong negative correlation in the regression analysis, which is identical to the previous results of this article.
【Table 10】
Samuelson (1965) argues that futures prices are less variable than spot prices. The theory of storage also predicts that, at a low inventory level, futures prices vary less than spot prices; at a high inventory level, spot prices and futures prices have similar variability. Fama and French (1988) supported Samuelson’s hypothesis by examining the interest-adjusted basis of industrial metals. Thus it is believed that the convenience yield declines at higher inventory levels, and that spot and futures prices have roughly the same variability. Conversely, the convenience yield rises at a low inventory level, and spot prices are more variable than futures prices. To test the Samuelson (1965) hypothesis, we adopt the same approach as Fama and French (1988) and perform the following regression:
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We apply the regression analysis in the event months, and divide the estimated values of the coefficients η1 into high convenience yields and low convenience yields based on the means of the convenience yields. We find that high convenience yields have smaller average values for coefficients, while low convenience yields have average coefficient values close to one. This implies that at a low inventory level, the spot prices of crude oil vary more than the futures prices and that the convenience yields derived from the options model are higher; at a high inventory level, the spot and futures prices of these commodities have similar variability, while the convenience yields are lower. These results are consistent with the hypothesis of Samuelson (1965) and the findings of Fama and French (1988).

【Table 11 and 12】
5. Conclusion

The commodity convenience yield calculated by the methodology of Milonas and Thomadakis (1997) exhibits seasonality in the presence of the business cycle. The paper has provided a framework for estimating convenience yields by option approach. The empirical results show that the values of the convenience yields estimated from the options model are higher than those from the cost-of-carry model, implying the strategic and management flexibility of the options approach. Our results show that the negative correlation between the convenience yields for crude oil and the inventory level is weak, yet those for agricultural commodities are strong. This demonstrates that when using our option model the choice of the timing of the business cycle is critical to the calculation of the commodity convenience yield. 
We find that the convenience yields of crude oil can explain the spot price spreads between WTI and Brent. It is thus implied that, the higher the convenience yield in relation to WTI crude oil, the lower the convenience yield in terms of Brent crude oil, and the greater/lower the spot price spread between WTI and Brent crude oils. In the evidence for agricultural commodities, convenience yields could explain the ratio between soybean and corn. 
Samuelson (1965) proposed that spot and futures price variations will be similar when a supply/demand shock occurs during higher inventory levels but that spot prices will be more variable than the futures prices at lower inventory levels.  Using a regression analysis method for both futures prices against spot prices and their volatilities as in Fama and French (1988), to verify the Samuelson hypothesis, we find that at a low inventory level, spot prices vary more than futures prices. Thus our estimated convenience yields are shown to be higher at a lower inventory level than at a higher inventory level. At a high inventory level, spot and futures prices share roughly the same variability, which leads to a lower convenience yield at a higher inventory level, verifying the Samuelson hypothesis.    
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Table 1

Summary Statistics
	year
	
	WTI Spot Price

(US$/barrel)
	
	Brent Spot Price

(US$/barrel)
	
	Corn Spot Price

(US cents/ bushel)
	
	Soybean

/Corn
	
	Soybean Spot price

(US cents/ bushel)

	
	
	N
	
	Mean
	
	σ
	
	N
	
	Mean
	
	σ
	
	N
	
	Mean
	
	σ
	
	Sp/Cp
	
	N
	
	Mean
	
	σ

	1996
	
	255
	
	21.95 
	
	2.24 
	
	257
	
	20.56 
	
	2.23 
	
	254
	
	396.59 
	
	81.55 
	
	1.99
	
	254
	
	745.08 
	
	44.70 

	1997
	
	257
	
	20.61 
	
	1.82 
	
	254
	
	19.16 
	
	1.86 
	
	253
	
	282.04 
	
	14.86 
	
	2.63
	
	253
	
	753.32 
	
	66.50 

	1998
	
	259
	
	14.44 
	
	1.57 
	
	257
	
	12.79 
	
	1.56 
	
	252
	
	237.38 
	
	28.87 
	
	2.42
	
	252
	
	597.13 
	
	56.61 

	1999
	
	256
	
	19.33 
	
	4.56 
	
	254
	
	17.24 
	
	4.49 
	
	251
	
	206.48 
	
	14.25 
	
	2.35
	
	251
	
	456.75 
	
	26.95 

	2000
	
	260
	
	30.16 
	
	2.98 
	
	253
	
	26.30 
	
	3.03 
	
	252
	
	204.05 
	
	22.08 
	
	2.25
	
	252
	
	480.39 
	
	25.80 

	2001
	
	254
	
	25.90 
	
	3.56 
	
	254
	
	23.21 
	
	2.68 
	
	250
	
	206.66 
	
	9.06 
	
	2.18
	
	250
	
	447.49 
	
	27.72 

	2002
	
	252
	
	26.15 
	
	3.22 
	
	254
	
	25.00 
	
	2.93 
	
	252
	
	231.13 
	
	25.41 
	
	2.04
	
	252
	
	505.29 
	
	54.46 

	2003
	
	251
	
	31.10 
	
	2.62 
	
	254
	
	28.78 
	
	2.51 
	
	251
	
	241.85 
	
	10.37 
	
	2.30
	
	252
	
	626.76 
	
	72.82 

	2004
	
	249
	
	41.49 
	
	5.75 
	
	256
	
	38.31 
	
	5.82 
	
	251
	
	257.10 
	
	43.19 
	
	3.04
	
	251
	
	744.74 
	
	189.08 

	2005
	
	251
	
	56.61 
	
	6.27 
	
	254
	
	55.10 
	
	6.24 
	
	252
	
	208.21 
	
	13.45 
	
	2.58
	
	251
	
	593.62 
	
	56.55 

	Total
	
	2544
	
	28.67
	
	12.25
	
	2547
	
	26.63
	
	12.14
	
	2518
	
	247.33
	
	64.95
	
	2.38
	
	2518
	
	595.35
	
	138.52

	Skewness
	
	1.2273
	
	1.3441
	
	2.1765
	
	
	
	0.7725

	Kurtosis
	
	1.1242
	
	1.4247
	
	5.3134
	
	
	
	-0.0925


Table 2
Estimated sample means for crude oil convenience yields
	Period
	
	WTI Crude Oil (US$/Spot Price)
	
	Brent Crude Oil (US$/Spot Price)

	
	
	OCY1
	
	CCY1
	
	(1)-(2)
	
	OCY1
	
	CCY1
	
	(1)-(2)

	Mar

-Apr
	
	0.0707
	
	
	0.0242
	
	
	0.0464
	
	
	0.0715
	
	
	0.0236
	
	
	0.0479
	

	
	
	(12.98)
	***
	
	(4.42)
	***
	
	(5.98)
	***
	
	(12.17)
	***
	
	(4.50)
	***
	
	(6.38)
	***

	Mar

-May
	
	0.1062
	
	
	0.0476
	
	
	0.0586
	
	
	0.1071
	
	
	0.0455
	
	
	0.0615
	

	
	
	(13.45)
	***
	
	(4.68)
	***
	
	(5.08)
	***
	
	(12.67)
	***
	
	(4.60)
	***
	
	(4.60)
	***

	Mar

-Jun
	
	0.1350
	
	
	0.0698
	
	
	0.0652
	
	
	0.1355
	
	
	0.0663
	
	
	0.0692
	

	
	
	(13.47)
	***
	
	(4.81)
	***
	
	(4.56)
	***
	
	(12.61)
	***
	
	(4.69)
	***
	
	(4.96)
	***

	Mar

-Jul
	
	0.1619
	
	
	0.0918
	
	
	0.0700
	
	
	0.1624
	
	
	0.0866
	
	
	0.0757
	

	
	
	(13.33)
	***
	
	(5.00)
	***
	
	(4.27)
	***
	
	(12.73)
	***
	
	(4.80)
	***
	
	(4.69)
	***

	Mar

-Aug
	
	0.1970
	
	
	0.1126
	
	
	0.0844
	
	
	0.1948
	
	
	0.1055
	
	
	0.0892
	

	
	
	(13.31)
	***
	
	(5.19)
	***
	
	(4.59)
	***
	
	(12.21)
	***
	
	(4.91)
	***
	
	(4.88)
	***

	Mar

-Sep
	
	0.2242
	
	
	0.1316
	
	
	0.0926
	
	
	0.2226
	
	
	0.1234
	
	
	0.0991
	

	
	
	(13.26)
	***
	
	(5.37)
	***
	
	(4.82)  
	***
	
	(11.98)
	***
	
	(5.00)
	***
	
	(4.86)
	***

	Mar

-Oct
	
	0.2529
	
	
	0.1502
	
	
	0.1027
	
	
	0.2539
	
	
	0.1408
	
	
	0.1130
	

	
	
	(12.82)
	***
	
	(5.56)
	***
	
	(5.23)
	***
	
	(11.69)
	***
	
	(5.13)
	***
	
	(5.42)
	***

	Mar

-Nov
	
	0.2783
	
	
	0.1675
	
	
	0.1108
	
	
	0.2772
	
	
	0.1573
	
	
	0.1198
	

	
	
	(13.79)
	***
	
	(5.71)
	***
	
	(4.86)
	***
	
	(12.91)
	***
	
	(5.24)
	***
	
	(5.26)
	***

	Mar

-Dec
	
	0.3088
	
	
	0.1844
	
	
	0.1244
	
	
	0.3007
	
	
	0.1740
	
	
	0.1267
	

	
	
	(13.73)
	***
	
	(5.86)
	***
	
	(4.85)
	***
	
	(11.80)
	***
	
	(5.35)
	***
	
	(5.26)
	***

	Apr

-May
	
	0.0677
	
	
	0.0232
	
	
	0.0445
	
	
	0.0684
	
	
	0.0217
	
	
	0.0466
	

	
	
	(12.08)
	***
	
	(4.93)
	***
	
	(6.08)
	***
	
	(11.93)
	***
	
	(4.60)
	***
	
	(6.36)
	***

	May

-Jun
	
	0.0633
	
	
	0.0219
	
	
	0.0414
	
	
	0.0644
	
	
	0.0205
	
	
	0.0438
	

	
	
	(11.67)
	***
	
	(5.09)
	***
	
	(6.03)
	***
	
	(11.26)
	***
	
	(4.84)
	***
	
	(6.34)
	***

	Jun

-Jul
	
	0.0616
	
	
	0.0216
	
	
	0.0400
	
	
	0.0630
	
	
	0.0199
	
	
	0.0430
	

	
	
	(11.31)
	***
	
	(5.64)
	***
	
	(6.08)
	***
	
	(11.08)
	***
	
	(5.16)
	***
	
	(6.37)
	***

	Jul

-Aug
	
	0.0637
	
	
	0.0202
	
	
	0.0435
	
	
	0.0644
	
	
	0.0184
	
	
	0.0459
	

	
	
	(11.43)
	***
	
	(6.32)
	***
	
	(6.72)
	***
	
	(10.58)
	***
	
	(5.49)
	***
	
	(6.74)
	***

	Aug

-Sep
	
	0.0671
	
	
	0.0183
	
	
	0.0487
	
	
	0.0671
	
	
	0.0173
	
	
	0.0498
	

	
	
	(11.93)
	***
	
	(6.77)
	***
	
	(7.83)
	***
	
	(9.98)
	***
	
	(5.72)
	***
	
	(6.98)
	***

	Sep

-Oct
	
	0.0697
	
	
	0.0178
	
	
	0.0518
	
	
	0.0720
	
	
	0.0167
	
	
	0.0552
	

	
	
	(12.66)
	***
	
	(7.58)
	***
	
	(8.94)
	***
	
	(10.49)
	***
	
	(6.36)
	***
	
	(7.79)
	***

	Oct

-Nov
	
	0.0699
	
	
	0.0165
	
	
	0.0533
	
	
	0.0728
	
	
	0.0157
	
	
	0.0570
	

	
	
	(12.42)
	***
	
	(7.55)
	***
	
	(8.79)
	***
	
	(11.04)
	***
	
	(6.55)
	***
	
	(8.40)
	***

	Nov

-Dec
	
	0.0740
	
	
	0.0159
	
	
	0.0581
	
	
	0.0744
	
	
	0.0158
	
	
	0.0585
	

	
	
	(11.35)
	***
	
	(8.22)
	***
	
	(8.14)
	***
	
	(10.86)
	***
	
	(6.84)
	***
	
	(8.35)
	***


Notes: 1”OCY” indicates estimation of convenience yield by option model, and “CCY” is by the cost-of-carry model. 
*** Significant at the 0.01 levels. T-statistic is in parentheses.
Table 3
Estimated Means for Agricultural Commodity Convenience Yields
	Period2
	
	Corn (US Cents/Spot Price)
	
	Soybean (US Cents/Spot Price)

	
	
	OCY1
	
	CCY1
	
	(1)-(2)
	
	OCY1
	
	CCY1
	
	(1)-(2)

	Mar

-May
	
	0.0909
	
	
	0.0483
	
	
	0.0426
	
	
	0.1047
	
	
	0.0672
	
	
	0.0375
	

	
	
	(22.91)
	***
	
	(11.63)
	***
	
	(10.40)
	***
	
	(27.54)
	***
	
	(36.36)
	***
	
	(8.33)
	***

	Mar

-Jul
	
	0.1621
	
	
	0.0999
	
	
	0.0621
	
	
	0.1830
	
	
	0.1343
	
	
	0.0487
	

	
	
	(19.40)
	***
	
	(11.34)
	***
	
	(8.56)
	***
	
	(22.84)
	***
	
	(33.25)
	***
	
	(5.57)
	***

	Mar

-Aug
	
	
	
	
	
	
	
	
	
	
	0.2217
	
	
	0.1772
	
	
	0.0445
	

	
	
	
	
	
	
	
	
	
	
	
	(31.47)
	***
	
	(26.06)
	***
	
	(5.42)
	***

	Mar

-Sep
	
	0.2409
	
	
	0.1735
	
	
	0.0673
	
	
	0.2727
	
	
	0.2309
	
	
	0.0417
	

	
	
	(17.63)
	***
	
	(7.17)
	***
	
	(5.95)
	***
	
	(26.12)
	***
	
	(16.84)
	***
	
	(4.34)
	***

	Mar

-Nov
	
	
	
	
	
	
	
	
	
	
	0.3642
	
	
	0.3136
	
	
	0.0505
	

	
	
	
	
	
	
	
	
	
	
	
	(19.80)
	***
	
	(14.05)
	***
	
	(4.73)
	***

	Mar

-Dec
	
	0.3483
	
	
	0.2654
	
	
	0.0829
	
	
	
	
	
	
	
	
	
	

	
	
	(15.87)
	***
	
	(8.08)
	***
	
	(6.44)
	***
	
	
	
	
	
	
	
	
	

	May

-Jul
	
	0.1003
	
	
	0.0527
	
	
	0.0475
	
	
	0.1075
	
	
	0.0671
	
	
	0.0404
	

	
	
	(19.90)
	***
	
	(11.57)
	***
	
	(8.75)
	***
	
	(18.50)
	***
	
	(28.64)
	***
	
	(6.46)
	***

	Jul

-Aug
	
	
	
	
	
	
	
	
	
	
	0.0749
	
	
	0.0427
	
	
	0.0321
	

	
	
	
	
	
	
	
	
	
	
	
	(16.02)
	***
	
	(11.92)
	***
	
	(5.99)
	***

	Jul

-Sep
	
	0.1218
	
	
	0.0755
	
	
	0.0463
	
	
	
	
	
	
	
	
	
	

	
	
	(18.08)
	***
	
	(4.69)  
	***
	
	(4.30)
	***
	
	
	
	
	
	
	
	
	

	Aug

-Sep
	
	
	
	
	
	
	
	
	
	
	0.0778
	
	
	0.0534
	
	
	0.0244
	

	
	
	
	
	
	
	
	
	
	
	
	(19.23)
	***
	
	(7.84)
	***
	
	(4.38)
	***

	Sep

-Nov
	
	
	
	
	
	
	
	
	
	
	0.1181
	
	
	0.0806
	
	
	0.0375
	

	
	
	
	
	
	
	
	
	
	
	
	(19.31)
	***
	
	(10.30)
	***
	
	(5.51)
	***

	Sep

-Dec
	
	0.1551
	
	
	0.0938
	
	
	0.0612
	
	
	
	
	
	
	
	
	
	

	
	
	(36.39)
	***
	
	(14.43)
	***
	
	(6.58)
	***
	
	
	
	
	
	
	
	
	


Notes: 1”OCY” indicates estimation of convenience yield by option model, and “CCY” is by the cost-of-carry model. 2The five expiration months for CBOT corn futures contracts are March, May, July, September, and December. CBOT soybean has seven expiration months: January, March, May, July, August, September, and November. 
*** Significant at the 0.01 levels. T-statistic is in parentheses.
Table 4
WTI crude oil convenience yields regressed
on inventory, volatility and risk-free rate1, 2
	Period
	
	β0
	
	β1
	
	β2
	
	β3
	
	R2
	
	F

	 Mar

-Apr
	
	0.6206
	
	
	-0.0841
	
	
	20.7896
	
	
	-0.1092
	
	
	0.78
	
	7.43
	***

	
	
	(1.04)
	
	
	(-0.96)
	
	
	(4.09)
	***
	
	(-0.51)
	
	
	
	
	
	

	Mar

-May
	
	1.1620
	
	
	-0.1589
	
	
	27.4722
	
	
	-0.2476
	
	
	0.66
	
	4.00
	*

	
	
	(1.07)
	
	
	(-1.00)
	
	
	(2.87)
	**
	
	(-0.64)
	
	
	
	
	
	

	Mar

-Jun
	
	1.6936
	
	
	-0.2327
	
	
	31.4704
	
	
	-0.4033
	
	
	0.56
	
	2.60
	

	
	
	(1.08)
	
	
	(-1.01)
	
	
	(2.18)
	*
	
	(-0.72)  
	
	
	
	
	
	

	Mar

-Jul
	
	2.2397
	
	
	-0.3088
	
	
	34.6799
	
	
	-0.5691
	
	
	0.49
	
	1.96
	

	
	
	(1.10)
	
	
	(-1.03)
	
	
	(1.79)
	
	
	(-0.78)
	
	
	
	
	
	

	Mar

-Aug
	
	2.6897
	
	
	-0.3714
	
	
	40.9165
	
	
	-0.6518
	
	
	0.49
	
	1.99
	

	
	
	(1.08)  
	
	
	(-1.02)
	
	
	(1.87)
	
	
	(-0.75)  
	
	
	
	
	
	

	Mar

-Sep
	
	3.0435
	
	
	-0.4204
	
	
	45.8778
	
	
	-0.7170
	
	
	0.47
	
	1.81
	

	
	
	(1.04)
	
	
	(-0.98)
	
	
	(1.73)
	
	
	(-0.69)
	
	
	
	
	
	

	Mar

-Oct
	
	3.1141
	
	
	-0.4292
	
	
	55.3662
	
	
	-0.6886
	
	
	0.51
	
	2.15
	

	
	
	(0.92)
	
	
	(-0.87)
	
	
	(1.95)
	*
	
	(-0.61)
	
	
	
	
	
	

	Mar

-Nov
	
	3.7660
	
	
	-0.5196
	
	
	48.4808
	
	
	-0.8587
	
	
	0.46
	
	1.74
	

	
	
	(1.06)
	
	
	(-1.00)
	
	
	(1.65)
	
	
	(-0.70)
	
	
	
	
	
	

	Mar

-Dec
	
	4.1770
	
	
	-0.5758
	
	
	46.3762
	
	
	-0.954
	
	
	0.51
	
	2.17
	

	
	
	(1.08)
	
	
	(-1.02)
	
	
	(1.76)
	
	
	(-0.72)
	
	
	
	
	
	

	Apr

-May
	
	0.5072
	
	
	-0.0678
	
	
	24.3732
	
	
	-0.1449
	
	
	0.86
	
	12.56
	***

	
	
	(1.03)
	
	
	(-0.94)
	
	
	(5.35)
	***
	
	(-0.82)  
	
	
	
	
	
	

	May

-Jun
	
	0.4237
	
	
	-0.0561
	
	
	26.2683
	
	
	-0.1463
	
	
	0.89
	
	17.51
	***

	
	
	(1.03)
	
	
	(-0.93)
	
	
	(6.40)
	***
	
	(-1.00)
	
	
	
	
	
	

	Jun

-Jul
	
	0.3708
	
	
	-0.0488
	
	
	29.2983
	
	
	-0.1350
	
	
	0.93
	
	30.46
	***

	
	
	(1.16)
	
	
	(-1.04)
	
	
	(8.60)
	***
	
	(-1.20)
	
	
	
	
	
	

	Jul

-Aug
	
	0.2323
	
	
	-0.0288
	
	
	30.0085
	
	
	-0.1186
	
	
	0.96
	
	63.85
	***

	
	
	(1.01)
	
	
	(-0.86)
	
	
	(12.98)
	***
	
	(-1.50)
	
	
	
	
	
	

	Aug

-Sep
	
	0.0701
	
	
	-0.0052
	
	
	27.9118
	
	
	-0.0931
	
	
	0.98
	
	131.24
	***

	
	
	(0.43)
	
	
	(-0.22)
	
	
	(18.80)
	***
	
	(-1.66)
	
	
	
	
	
	

	Sep

-Oct
	
	-0.1632
	
	
	0.0292
	
	
	26.7628
	
	
	-0.0626
	
	
	0.97
	
	84.76
	***

	
	
	(-0.79)
	
	
	(0.97)
	
	
	(15.12)
	***
	
	(-0.92)
	
	
	
	
	
	

	Oct

-Nov
	
	-0.2759
	
	
	0.0458
	
	
	24.8389
	
	
	-0.0638
	
	
	0.95
	
	46.80
	***

	
	
	(-0.96)
	
	
	(1.10)
	
	
	(11.30)
	***
	
	(-0.70)
	
	
	
	
	
	

	Nov

-Dec
	
	-0.4398
	
	
	0.0696
	
	
	24.9073
	
	
	-0.0110
	
	
	0.95
	
	47.82
	***

	
	
	(-1.33)
	
	
	(1.44)
	
	
	(11.32)
	***
	
	(-0.10)
	
	
	
	
	
	


Notes: 1 Model: 
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2 Standard errors are analyzed with the correction of heteroscedasticity and results differ only marginally.
***, **, * Significant at the 0.01, 0.05, and 0.1 levels, respectively. T-statistic is in parentheses.
Table 5 
Brent crude oil convenience yields regressed

on inventory, volatility and risk-free rate1, 2
	Period
	
	β0
	
	β1
	
	β2
	
	β3
	
	R2
	
	F

	Mar

-Apr
	
	0.9170
	
	
	-0.1292
	
	
	24.6410
	
	
	0.0559
	
	
	0.79
	
	7.70
	**

	
	
	(1.45)
	
	
	(-1.39)
	
	
	(4.37)
	***
	
	(0.25)
	
	
	
	
	
	

	Mar

-May
	
	1.5182
	
	
	-0.2137
	
	
	32.4569
	
	
	0.0306
	
	
	0.67
	
	4.21
	*

	
	
	(1.34)
	
	
	(-1.28)
	
	
	(3.12)  
	**
	
	(0.08)
	
	
	
	
	
	

	Mar

-Jun
	
	2.0842
	
	
	-0.2934
	
	
	38.2187
	
	
	-0.0167
	
	
	0.58
	
	2.87
	

	
	
	(1.28)
	
	
	(-1.23)
	
	
	(2.49)
	**
	
	(-0.03)
	
	
	
	
	
	

	Mar

-Jul
	
	2.6232
	
	
	-0.3692
	
	
	41.8079
	
	
	-0.0601
	
	
	0.51
	
	2.12
	

	
	
	(1.25)
	
	
	(-1.20)
	
	
	(2.06)
	*
	
	(-0.08)
	
	
	
	
	
	

	Mar

-Aug
	
	3.1276
	
	
	-0.4406
	
	
	48.5656
	
	
	-0.0853
	
	
	0.54
	
	2.35
	

	
	
	(1.21)
	
	
	(-1.16)
	
	
	(2.13)
	*
	
	(-0.10)
	
	
	
	
	
	

	Mar

-Sep
	
	3.5752
	
	
	-0.5034
	
	
	52.5074
	
	
	-0.1289
	
	
	0.52
	
	2.25
	

	
	
	(1.16)
	
	
	(-1.12)
	
	
	(2.06)
	*
	
	(-0.12)
	
	
	
	
	
	

	Mar

-Oct
	
	3.6817
	
	
	-0.5177
	
	
	63.0646
	
	
	-0.1441
	
	
	0.57
	
	2.68
	

	
	
	(1.08)
	
	
	(-1.04)
	
	
	(2.40)
	**
	
	(-0.13)
	
	
	
	
	
	

	Mar

-Nov
	
	4.3115
	
	
	-0.6056
	
	
	57.1504
	
	
	-0.1910
	
	
	0.47
	
	1.79
	

	
	
	(1.15)
	
	
	(-1.10)
	
	
	(1.75)
	
	
	(-0.15)
	
	
	
	
	
	

	Mar

-Dec
	
	4.3029
	
	
	-0.6038
	
	
	67.8829
	
	
	-0.0730
	
	
	0.56
	
	2.57
	

	
	
	(1.02)
	
	
	(-0.98)
	
	
	(2.12)
	*
	
	(2.12)
	
	
	
	
	
	

	Apr

-May
	
	0.7084
	
	
	-0.0985
	
	
	26.6232
	
	
	-0.0050
	
	
	0.82
	
	9.15
	***

	
	
	(1.23)
	
	
	(-1.17)
	
	
	(4.85)
	***
	
	(-0.03)
	
	
	
	
	
	

	May

-Jun
	
	0.6273
	
	
	-0.0871
	
	
	28.7516
	
	
	28.7516
	
	
	0.86
	
	13.35
	***

	
	
	(1.29)
	
	
	(-1.22)
	
	
	(5.91)
	***
	
	(-0.13)
	
	
	
	
	
	

	Jun

-Jul
	
	0.5241
	
	
	-0.0723
	
	
	31.0707
	
	
	-0.0070
	
	
	0.90
	
	18.14
	***

	
	
	(1.24)
	
	
	(-1.17)
	
	
	(7.00)
	***
	
	(-0.05)
	
	
	
	
	
	

	Jul

-Aug
	
	0.3817
	
	
	-0.0515
	
	
	31.6910
	
	
	-0.0264
	
	
	0.94
	
	31.80
	***

	
	
	(1.08)
	
	
	(-1.00)
	
	
	(9.31)
	***
	
	(-0.22)
	
	
	
	
	
	

	Aug

-Sep
	
	0.2134
	
	
	-0.0269
	
	
	30.2982
	
	
	-0.0416
	
	
	0.96
	
	64.15
	***

	
	
	(0.75)
	
	
	(-0.64)
	
	
	(13.19)
	***
	
	(-0.44)
	
	
	
	
	
	

	Sep

-Oct
	
	0.1551
	
	
	-0.0177
	
	
	27.4162
	
	
	-0.0722
	
	
	0.93
	
	28.74
	***

	
	
	(0.36)
	
	
	(-0.29)
	
	
	(8.92)
	***
	
	(-0.52)
	
	
	
	
	
	

	Oct

-Nov
	
	0.1495
	
	
	-0.0165
	
	
	23.8895
	
	
	-0.0635
	
	
	0.88
	
	16.07
	***

	
	
	(0.28)
	
	
	(-0.21)
	
	
	(6.72)
	***
	
	(-0.36)
	
	
	
	
	
	

	Nov

-Dec
	
	-0.1926
	
	
	0.0324
	
	
	28.3505
	
	
	0.0519
	
	
	0.95
	
	47.38
	***

	
	
	(-0.55)
	
	
	(-0.55)
	
	
	(11.20)
	***
	
	(0.46)
	
	
	
	
	
	


Notes: 1 Model: 
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2 Standard errors are analyzed with the correction of heteroscedasticity and results differ only marginally.
***, **, * Significant at the 0.01, 0.05, and 0.1 levels, respectively. T-statistic is in parentheses.
Table 6
Corn convenience yields regressed

on inventory, volatility and risk-free rate1,2
	Period3
	
	β0
	
	β1
	
	β2
	
	β3
	
	R2
	
	F

	Mar

-May
	
	0.7675
	
	
	-0.0445
	
	
	51.5441
	
	
	-0.0443
	
	
	0.92
	
	23.28
	***

	
	
	(3.73)
	***
	
	(-3.46)
	***
	
	(7.31)
	***
	
	(-0.51)
	
	
	
	
	
	

	Mar

-Jul
	
	1.7897
	
	
	-0.1058
	
	
	69.2155
	
	
	-0.0968
	
	
	0.97
	
	89.63
	***

	
	
	(7.89)
	***
	
	(-7.45)
	***
	
	(13.87)
	***
	
	(-1.04)
	
	
	
	
	
	

	Mar

-Sep
	
	5.1443
	
	
	-0.3073
	
	
	-34.5940
	
	
	-0.0037
	
	
	0.91
	
	22.04
	***

	
	
	(6.09)
	***
	
	(-5.73)
	***
	
	(-1.27)
	
	
	(-0.01)
	
	
	
	
	
	

	Mar

-Dec
	
	9.2369
	
	
	-0.5602
	
	
	18.8752
	
	
	-0.4290
	
	
	0.85
	
	11.40
	***

	
	
	(5.69)
	***
	
	(-5.46)
	***
	
	(0.35)
	
	
	(-0.67)
	
	
	
	
	
	

	May

-Jul
	
	0.6959
	
	
	-0.0396
	
	
	45.9741
	
	
	-0.0381
	
	
	0.98
	
	98.01
	***

	
	
	(5.32)
	***
	
	(-4.84)
	***
	
	(15.83)
	***
	
	(-0.70)
	
	
	
	
	
	

	Jul

-Sep
	
	2.2816
	
	
	-0.1364
	
	
	-5.2640
	
	
	0.2676
	
	
	0.80
	
	8.41
	***

	
	
	(3.94)
	***
	
	(-3.74)
	***
	
	(-0.44)
	
	
	(1.09)
	
	
	
	
	
	

	Sep

-Nov
	
	0.5170
	
	
	-0.0259
	
	
	52.9910
	
	
	-0.0451
	
	
	0.93
	
	27.43
	***

	
	
	(1.83)
	
	
	(-1.44)
	
	
	(7.17)
	***
	
	(-0.46)  
	
	
	
	
	
	


Notes: 1 Model:
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2 Standard errors are analyzed with the correction of heteroscedasticity and results differ only marginally.
3The five expiration months for CBOT corn futures contracts are March, May, July, September, and December.
***, **, * Significant at the 0.01, 0.05, and 0.1 levels, respectively. T-statistic is in parentheses.
Table 7
Soybean convenience yields regressed

on inventory, volatility and risk-free rate1,2
	Period3
	
	β0
	
	β1
	
	β2
	
	β3
	
	R2
	
	F

	Mar

-May
	
	0.2828
	
	
	-0.0141
	
	
	43.6339
	
	
	-0.0600
	
	
	0.97
	
	68.11
	***

	
	
	(2.48)
	**
	
	(-1.80)
	
	
	(14.06)
	***
	
	(-1.34)
	
	
	
	
	
	

	Mar

-Jul
	
	0.9490
	
	
	-0.0556
	
	
	58.1059
	
	
	-0.1203
	
	
	0.96
	
	49.21
	***

	
	
	(3.38)
	***
	
	(-2.87)
	**
	
	(11.93)
	***
	
	(-1.08)
	
	
	
	
	
	

	Mar

-Aug
	
	1.6586
	
	
	-0.1016
	
	
	67.5908
	
	
	-0.2589
	
	
	0.92
	
	26.18
	***

	
	
	(4.87)
	***
	
	(-4.31)
	***
	
	(8.36)
	***
	
	(-1.98)
	*
	
	
	
	
	

	Mar

-Sep
	
	3.6699
	
	
	-0.2359
	
	
	67.5973
	
	
	-0.5214
	
	
	0.93
	
	28.63
	***

	
	
	(7.82)
	***
	
	(-7.28)
	***
	
	(6.09)
	***
	
	(-2.80)
	**
	
	
	
	
	

	Mar

-Nov
	
	6.0820
	
	
	-0.3961
	
	
	76.4794
	
	
	-0.6861
	
	
	0.94
	
	35.50
	***

	
	
	(8.25)
	***
	
	(-7.82)
	***
	
	(4.65)  
	***
	
	(-2.12)
	*
	
	
	
	
	

	May

-Jul
	
	0.5410
	
	
	-0.0319
	
	
	44.0575
	
	
	-0.0629
	
	
	0.96
	
	50.83
	***

	
	
	(2.70)
	**
	
	(-2.31)
	*
	
	(12.20)
	***
	
	(-0.80)
	
	
	
	
	
	

	Jul

-Aug
	
	0.5664
	
	
	-0.0352
	
	
	28.0626
	
	
	-0.0818
	
	
	0.86
	
	12.74
	***

	
	
	(1.83)
	
	
	(-1.65)
	
	
	(6.07)
	***
	
	(-0.68)
	
	
	
	
	
	

	Aug

-Sep
	
	1.3306
	
	
	-0.0873
	
	
	29.3109
	
	
	-0.1890
	
	
	0.95
	
	47.89
	***

	
	
	(9.19)
	***
	
	(-8.72)
	***
	
	(9.41)
	***
	
	(-3.34)
	***
	
	
	
	
	

	Sep

-Nov
	
	1.0458
	
	
	-0.0663
	
	
	43.6297
	
	
	-0.0752
	
	
	0.96
	
	55.06
	***

	
	
	(5.26)
	***
	
	(-4.85)
	***
	
	(10.60)
	***
	
	(-0.89)
	
	
	
	
	
	


Notes: 1 Model: 
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2 Standard errors are analyzed with the correction of heteroscedasticity and results differ only marginally.
3The seven expiration months for CBOT soybean futures contracts are January, March, May, July, August, September, and November.
***, **, * Significant at the 0.01, 0.05, and 0.1 levels, respectively. T-statistic is in parentheses.
Table 8

Regression of spot price spread on WTI and Brent convenience yields1
	Period
	
	γ0
	
	γ1
	
	γ2
	
	R2
	
	F

	Mar

-Apr
	
	0.3330 
	       
	
	-126.0478
	        
	
	150.1493
	         
	
	0.39
	             
	64.16
	***

	
	
	(0.91)
	
	
	(-7.52)
	***
	
	(9.72)
	***
	
	
	             
	
	

	Mar

-May
	
	-0.0929
	
	
	-70.5103
	
	
	90.9732
	
	
	0.34
	
	53.34
	***

	
	
	(-0.24)
	
	
	(-5.95)
	***
	
	(8.23)
	***
	
	
	
	
	

	Mar

-Jun
	
	-0.2381
	
	
	-43.4686
	
	
	60.9317
	
	
	0.30
	
	44.46
	***

	
	
	(0.59)
	
	
	(-4.65)
	***
	
	(0.99)
	***
	
	
	
	
	

	Mar

-Jul
	
	-0.4485
	
	
	-30.4990
	
	
	46.4001
	
	
	0.29
	
	42.01
	***

	
	
	(-1.10)
	
	
	(-4.12)
	***
	
	(6.59)
	***
	
	
	
	
	

	Mar

-Aug
	
	-0.6147
	
	
	-19.7444
	
	
	34.1160
	
	
	0.32
	
	48.00
	***

	
	
	(-1.55)
	
	
	(-3.31)
	***
	
	(6.15)
	***
	
	
	
	
	

	Mar

-Sep
	
	-0.0876
	
	
	-32.4723
	
	
	42.7813
	
	
	0.49
	
	95.71
	***

	
	
	(-0.25)
	
	
	(-8.11)
	***
	
	(11.70)
	***
	
	
	
	
	

	Mar

-Oct
	
	-0.9046
	
	
	13.4769
	
	
	-1.4364
	
	
	0.22
	
	28.66
	***

	
	
	(-2.18)
	**
	
	(3.04)
	***
	
	(-0.36)
	
	
	
	
	
	

	Mar

-Nov
	
	-0.2234
	
	
	-44.1757
	
	
	52.9324
	
	
	0.48
	
	94.11
	***

	
	
	(-0.62)
	
	
	(-8.75)
	***
	
	(11.11)
	***
	
	
	
	
	

	Mar

-Dec
	
	0.1707
	
	
	-27.2599
	
	
	34.5456
	
	
	0.50
	
	102.52
	***

	
	
	(0.47)
	
	
	(-7.96)
	***
	
	(11.38)
	***
	
	
	
	
	

	Apr

-May
	
	0.6735
	
	-187.2975
	
	207.2445
	
	
	0.38
	
	62.78
	***

	
	
	(1.95)
	**
	
	(-9.31)
	***
	
	(10.56)  
	***
	
	
	
	
	

	May

-Jun
	
	1.3067
	
	-195.4551
	
	205.5767
	
	
	0.35
	
	53.89
	***

	
	
	(3.80)
	***
	
	(-8.98)
	***
	
	(9.97)
	***
	
	
	
	
	

	Jun

-Jul
	
	1.2211
	
	-191.1563
	
	201.8633
	
	
	0.40
	
	69.12
	***

	
	
	(3.83)
	***
	
	(-10.39)
	***
	
	(11.49)
	***
	
	
	
	
	

	Jul

-Aug
	
	1.4472
	
	-178.1770
	
	187.0148
	
	
	0.42
	
	73.69
	***

	
	
	(4.51)
	***
	
	(-9.98)
	***
	
	(11.47)
	***
	
	
	
	
	

	Aug

-Sep
	
	2.5587
	
	-187.1712
	
	180.7370
	
	
	0.69
	
	225.08
	***

	
	
	(10.07)
	***
	
	(-17.72)
	***
	
	(20.58)
	***
	
	
	
	
	

	Sep

-Oct
	
	1.8793
	
	-105.3250
	
	105.8573
	
	
	0.27
	
	37.78
	***

	
	
	(4.52)  
	***
	
	(-6.34)
	***
	
	(7.94)
	***
	
	
	
	
	

	Oct

-Nov
	
	0.8636
	
	-20.4706
	
	37.3382
	
	
	0.08
	
	9.20
	***

	
	
	(1.98)
	**
	
	(-1.23)
	
	
	(2.62)
	***
	
	
	
	
	

	Nov

-Dec
	
	1.1570
	
	-171.8386
	
	184.1415
	
	
	0.79
	
	395.87
	***

	
	
	(6.21)
	***
	
	(-24.62)
	***
	
	(27.82)
	***
	
	
	
	
	


Note: 1. Model: 
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***, **, * Significant at the 0.01, 0.05, and 0.1 levels, respectively. T-statistic is in parentheses
Table 9

Regression of spot price ratio between soybean and corn 
on corn and soybean convenience yields1
	Period2
	
	γ0
	
	γ1
	
	γ2
	
	R2
	
	F

	Mar

-May
	
	0.9449
	
	
	8.1467
	
	
	6.5683
	
	
	0.23
	
	31.69
	***

	
	
	(5.10)
	***
	
	(4.97)
	***
	
	(3.79)
	***
	
	
	             
	
	

	Mar

-Jul
	
	0.7951
	
	
	3.1352
	
	
	5.8483
	
	
	0.30
	
	45.15
	***

	
	
	(4.70)
	***
	
	(4.62)
	***
	
	(8.08)
	***
	
	
	
	
	

	Mar

-Sep
	
	0.8665
	
	
	-2.5103
	
	
	7.7554
	
	
	0.66
	
	199.35
	***

	
	
	(7.45)
	***
	
	(-8.53)
	***
	
	(19.50)
	***
	
	
	
	
	

	May

-Jul
	
	1.1356
	
	
	4.8641
	
	
	6.9854
	
	
	0.25
	
	34.72
	***

	
	
	(7.38)
	***
	
	(4.13)
	***
	
	(6.70)
	***
	
	
	
	
	


Note: 1. Model: 
[image: image24.wmf]/
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2.The five expiration months for CBOT corn futures contracts are March, May, July, September, and December. CBOT soybean has seven expiration months: January, March, May, July, August, September, and November.
***, **, * Significant at the 0.01, 0.05, and 0.1 levels, respectively. T-statistic is in parentheses
Table 10
Convenience yields regression results: Holding period from the shock month to the final month of business cycle
	Commodity
	
	β0
	
	β1
	
	β2
	
	β3
	
	R2
	
	F

	WTI
	
	-0.1965 
	    
	
	0.0394 
	     
	
	44.09 
	      
	
	-0.0586 
	
	
	0.99
	
	143.55
	***

	Sep-Dec
	
	(-0.64) 
	    
	
	(0.87) 
	     
	
	(19.33) 
	***  
	
	(-0.57) 
	
	
	
	
	
	

	Brent
	
	0.0802 
	    
	
	-0.0027 
	     
	
	51.12 
	      
	
	-0.0041 
	
	
	0.98
	
	84.30
	***

	Sep-Dec
	
	(0.17)
	    
	
	(-0.04)
	     
	
	(14.82)
	***  
	
	(-0.03) 
	
	
	
	
	
	

	Corn
	
	7.6373 
	    
	
	-0.4638 
	     
	
	29.03 
	      
	
	-0.3410 
	
	
	0.77
	
	6.77
	**

	May-Dec
	
	(4.42)
	*** 
	
	(-4.24)
	*** 
	
	(0.49)
	      
	
	(-0.50) 
	
	
	
	
	
	

	Soybean
	
	5.3587 
	    
	
	-0.3518 
	     
	
	76.64 
	      
	
	-0.5760 
	
	
	0.95
	
	34.54
	***

	May-Nov
	
	(8.04)
	*** 
	
	(-7.67)
	*** 
	
	(4.89)
	***  
	
	(-1.99) 
	*
	
	
	
	
	


Notes: 1 Model: 
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2 Standard errors are analyzed with the correction of heteroscedasticity and results differ only marginally.
***, **, * Significant at the 0.01, 0.05, and 0.1 levels, respectively. T-statistic is in parentheses.
Table 11
Testing the Hypothesis of Samuelson for Crude Oil1
	Sample
	
	OCY Level
	
	WTI
	
	Brent

	
	
	
	
	No
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	No
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	Full
	
	High
	
	67
	
	0.2559
	
	
	0.3043
	
	
	60
	
	0.2397
	
	
	0.1709
	

	
	
	
	
	
	
	(30.37) 
	***
	
	(10.49) 
	***
	
	
	
	(26.38)
	***
	
	(4.58)
	***

	
	
	Low
	
	103
	
	0.0772
	
	
	0.6262
	
	
	110
	
	0.0758
	
	
	0.2390
	

	
	
	
	
	
	
	(29.11) 
	***
	
	(13.40) 
	***
	
	
	
	(32.02)
	***
	
	(6.03)
	***

	March as Shock
	
	High
	
	43
	
	0.2972
	
	
	0.3027
	
	
	40
	
	0.2763
	
	
	0.1526
	

	
	
	
	
	
	
	(39.89)
	***
	
	(9.22)
	***
	
	
	
	(30.65)
	***
	
	(3.30)
	***

	
	
	Low
	
	47
	
	0.1479
	
	
	0.3619
	
	
	50
	
	0.1241
	
	
	0.1974
	

	
	
	
	
	
	
	(24.48)
	***
	
	(8.29)
	***
	
	
	
	(20.96)
	***
	
	(4.80)
	***

	March to December as Shock
	
	High
	
	13
	
	0.2606
	
	
	0.3912
	
	
	50
	
	0.0830
	
	
	0.1340
	

	
	
	
	
	
	
	(8.50)
	***
	
	(4.66)
	***
	
	
	
	(67.92)
	***
	
	(2.64)
	***

	
	
	Low
	
	77
	
	0.0659
	
	
	0.6818
	
	
	40
	
	0.0508
	
	
	0.3858
	

	
	
	
	
	
	
	(34.81)
	***
	
	(11.83)
	***
	
	
	
	(24.95)
	***
	
	(4.95)
	***

	Total Sample 

	WTI and Brent
	
	High
	
	130
	
	0.2459
	
	
	0.2420
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	(39.60)
	***
	
	(10.22)
	***
	
	
	
	
	
	
	
	

	
	
	Low
	
	210
	
	0.0755
	
	
	0.4293
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	(44.33)
	***
	
	(12.77)
	***
	
	
	
	
	
	
	
	


Notes: The estimated model is 
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*** Significant at the 0.01 level. T-statistic is in parentheses.
Table 12
Testing the hypothesis of Samuelson for agricultural commodities1
	Sample
	
	OCY Level
	
	Corn
	
	Soybean

	
	
	
	
	No
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	No
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	Full
	
	High
	
	24
	
	0.2773
	
	
	0.7292
	
	
	36
	
	0.2717
	
	
	0.8087
	

	
	
	
	
	
	
	(16.57)
	***
	
	(16.89)
	***
	
	
	
	(22.23)
	***
	
	(28.32)
	***

	
	
	Low
	
	46
	
	0.1204
	
	
	0.7829
	
	
	54
	
	0.1012
	
	
	0.8855
	

	
	
	
	
	
	
	(28.45)
	***
	
	(24.37)
	***
	
	
	
	(27.01)
	***
	
	(42.16)
	***

	March as Shock
	
	High
	
	18
	
	0.3058
	
	
	0.7150
	
	
	25
	
	0.3029
	
	
	0.7664
	

	
	
	
	
	
	
	(17.33)
	***
	
	(14.31)
	***
	
	
	
	(22.72)
	***
	
	(21.57)
	***

	
	
	Low
	
	22
	
	0.1326
	
	
	0.7853
	
	
	25
	
	0.1556
	
	
	0.9092
	

	
	
	
	
	
	
	(14.08)
	***
	
	(20.81)
	***
	
	
	
	(16.74)
	***
	
	(44.64)
	***

	March to December as Shock
	
	High
	
	17
	
	0.1457
	
	
	0.6775
	
	
	24
	
	0.1153
	
	
	0.8680
	

	
	
	
	
	
	
	(31.16)
	***
	
	(10.46)
	***
	
	
	
	(36.45)
	***
	
	(24.44)
	***

	
	
	Low
	
	23
	
	0.0958
	
	
	0.8714
	
	
	26
	
	0.0793
	
	
	0.8971
	

	
	
	
	
	
	
	(36.29)
	***
	
	(29.27)
	***
	
	
	
	(31.43)
	***
	
	(31.55)
	***

	Total Sample 

	Corn and Soybean
	
	High
	
	61
	
	0.2723
	
	
	0.7770
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	(27.71)
	***
	
	(32.08)
	***
	
	
	
	
	
	
	
	

	
	
	Low
	
	99
	
	0.1094
	
	
	0.8388
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	(37.53)
	***
	
	(43.21)
	***
	
	
	
	
	
	
	
	


Notes: The estimated model is 
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*** Significant at the 0.01 level. T-statistic is in parentheses.
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Figure 1. Plot of Means of Commodity Spot Prices
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Figure 2. Term Structure of Convenience Yields for Crude Oil
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Figure 3. Term Structure of Convenience Yields for Agricultural Commodities
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Figure 4. Plot Convenience Yields by March as Shock Month for Crude Oil
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Figure 5. Plot Convenience Yields by March as Shock month for Agricultural Commodities







*Please address all correspondence to Chang-Wen Duan, Department of Banking and Finance, Tamkang University, 151 Ying-Chuan Road, Tamsui, Taipei County 25137, Taiwan, R.O.C. Email: 107800@mail.tku.edu.tw, Tel: +886-939-117211; Fax: +886-2-2621-4755.


� The sample period for futures is from 1995 to 2006.


� The biggest producing nations for corn and soybean are both U.S.A. 


� IPE has changed its name to IntercontinentalExchange (ICE) Futures. In June of 2001, ICE expanded its business into futures trading by acquiring the IPE.


� Energy Information Administration, Petroleum Supply Monthly. DOE/EIA-0109, Washington DC, March 1996.


� Drying and shrinking costs are included.


� 3.2%=[(15%+30%)/2]÷7=3.2% (one-month).
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