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Abstract

This paper contributes to the understanding
of commodity pricing issues by measuring
and modeling two of the most important
concepts in the storable commodity markets:
the convenience yield and risk premium.
An emphasis is placed on the empirical
determination of these factors in the U.S.
natural gas market. We find that the
convenience yield and risk premium are
measurable and economicaly significant.
While we find the determination of the
convenience yield is largely consistent with
economic theories, the evidence regarding
the determination of the risk premium is
mixed.
Keywords: Convenience yield, risk premium,
energy commodity, efficient
market
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been an important aspect of investigation by
academic researchers as well as industry
practitioners. At the center of the rationality
of commodity pricing lays the concept of
convenience yield, which was initially put
forth by Kaldor (1939). Working (1949)
provided some first evidence of the existence
of convenience yield from the U.S. wheat
market — stocks were held even when the
inter-temporal spread within Chicago prices
was “inverted.” It is now conventional
wisdom that the convenience yield drives a
wedge between the commodity futures and
gpot prices (Gibson and Schwartz [1990],
Schwartz [1997], Chambers [1996], to
mention afew). Even though some theories
of storage do not rely on convenience yield
(Khoury and Martel [1989], Brennan,
Williams and Wright [1997]), the
convenience vyield is found to be
economically significant and it explains the
futures and spot price relationships,
especially when commodity prices are in
backwardation (e.g., Considine and Larson
[2001a, 2001b], Milonas and Henker [2001]).

We contribute to the understanding of
the commodity market, in particular, the U.S.
natural gas market, by focusing on two
related issuesin thisstudy. Thefirstissueis
the empirical definition, measurement, and
determination of the convenience vyield.
The second is the definition, measurement,
and determination of the risk premium.
Despite various theoretical discussions of
convenience yield and risk premium, the
empirical evidence regarding the theories is
scant. A study of these topics provides
further and direct empirical evidence
regarding the theory of commodity price

Commodity price determination has long determination (for example, Pindyck (2001),
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Considine and Larson (2001b), Schwartz
(1997) and Pilipovic (1998)). In addition, in
this research we choose to use forward prices
instead of the futures prices since in addition
to a very active natural gas futures market,
there is a very active forward market for
natural gas. To our knowledge, there is no
study of the U.S. natural gas forward market.

The project is organized as follows.
The next section briefly introduces the U.S.
natural gas forward market and explains
various theoretical relationships among the
forward price, spot price, and the marginal
convenience yields. In addition, we review
the relationship between the spot price,
forward price, and risk premium as suggested
by various recent theories. We also explain
the theoretical determination of the
convenience yield and risk premium. The
third section explains data and empirical
methods that are used to estimate the
convenience yield and risk premium and the
determination of the variables. The fourth
section  provides empirical  evidence
regarding the theories. The final section
concludes.

There is a very active forward market for
natural gas in the U.S. The forward market
we  investigate is the  so-caled
First-Of-Month (FOM) market. The FOM
contract specifies the price and quantity of
natural gas for delivery throughout the whole

next month at different delivery points (hubs).

Since there are many gas hubs in the U.S,,
the FOM prices are different depending on
the locations. We choose the most liquid
hub, Henry Hub (HH) in Louisiana, for our
study. HH is the hub on which the New
York Mercantile Exchange (NYMEX)
natural gas futures contracts are based.

The FOM prices are determined
during the bid week — the last five working
days of a month — during which the FOM
contracts are actively negotiated. The FOM
index price remains fixed during the whole
next month. The FOM contracts are a very
active tool by which companies price their

natural gas supplies in the long term,
mid-term, aswell as short term.  In addition,
the FOM contracts are used as a tool by
companies to hedge gas price risks.*

Even though there are many differences
between the forward and futures prices, most
in the financia literature treat the forward
price the same as the futures price. In the
natural gas industry, the FOM price can be
viewed as a form of futures price as well.
Due to the fact that the NYMEX front month
futures contract expires on the third last
working day of the month prior to the
delivery, and the FOM price is a weighted
average of prices prevailing in the last
five-working days of the month, the FOM
price contains similar information to those
contained in the NYMEX futures prices.
Data
The FOM prices are the Gas Daily FOM
price index for delivery at Henry Hub. As
indicated before, these forward prices were
set in the last five working days of the
previous month. To be consistent with the
forward price, spot prices are obtained as the
average spot price from the last five working
days of the month for delivery at Henry Hub
as well. The spot price data are obtained
from the Gas Daily. The risk-free rate of
interest is obtained from the Federal Reserve
Bank of St. Louise FRED database. Since
there is no consistent one-month t-bill rate
available, monthly one-year t-bill rates are
used instead. The monthly storage data are
obtained from the Energy Information
Administration (EIA) of the U.S. Department
of Energy. The EIA collects natural gas
underground storage data and issues a
monthly report on the level of storage. All
data cover the period of 1991:1 to 2003:8.

The results of the convenience yield
variability regression are provided. The
volatility of the convenience yield as

modeled by 1/%|(cvt—cvt,l)/cvt| is

regressed on its own lag, the spot price, the
lagged spot price, and the volatilities of the
spot price and storage variables.  The

! See, for example, Energy Analysis, 2002-02,
American Gas Association, July 1, 2002.



convenience yield volatility can be explained
by mainly three variables. the own lagged
volatility, the lagged spot price, and the price
volatility, especialy for the sample period of
2000 to 2003 during which the spot price
volatility was the highest of al sample
periods. However, most of the volatilities
are not explainable by the above variables as
the adjusted R squares are fairly small.

We use the Kalman filter technique to
estimate the state-space model of the risk
premium. Severa results stand out. First,
the estimate of ¢, (0.861) suggests that the

forward rate is a biased predictor of the
future spot rate. Second, the risk premium
explains future spot price movement
statistically significantly as well.  Third,
even though the risk premium is assumed to
follow an AR(1) process, the estimation
suggests that the AR(1) model fits the data
well. The first order autoregressive
coefficient is estimated to be 0.912 and is
highly statistically significant. This
indicates that the risk premium is highly
persistent.

As we hypothesized before, the risk
premium should be positively related to the
spot price level, the spot price volatility, the
convenience yield, and the variances and
covariance of convenience yield and interest
rate, while negatively correlated to the
interest rate variable. The spot price volatility
seems to be positively correlated with the
risk premium; however, the relationships are
not dtatisticaly significant. We have a
limited evidence of a positive relationship
between the risk premium and convenience
yield since all of the estimated signs of the
coefficients are positive and one of the signs
is dtatistically significant. Spot price level
appears to be statistically positively related to
the risk premium in the whole sample period
and one of the three sub-sample periods.
However, the evidence of the relationship
between risk premium and other explanatory
variables can be at best described as mixed,
with some evidence pointing to the opposite
of what the theories have postul ated.

Depending on the sample period, the
simple empirical model is able to explain a
small portion of the variation in estimated

risk premium. The adjusted R sguares
range from -0.075 to 0.493. This is
consistent with risk premium regressions for
other financial and commodity markets (e.g.,
foreign exchange market (Zhu [2002] and
among others)).

In this project we investigated the
empirical relationships  between a
commodity’s forward price and spot price.
The market we considered is the U.S. natural
gas market. We first defined and measured
the marginal convenience yield and examined
the properties of the convenience yield, and
then modeled the relationship between the
fooward and spot prices based on
conventional theories. To explain the basic
connection between the forward and spot
price, we also modeled and estimated the
time-varying risk premium by using a
state-space model. Finaly, we examined
the determination of the risk premium with
specifications  suggested by  severd
commodity pricing modelsin the literature.

We have carried out this project in an
efficient and smooth way as we had already
planned in the earlier proposal. The project is
also quickly accepted without revision by
Energy Economics (a SSCI Journal), which
will be appearing in January, 2006.

1. American Gas Association (AGA) (July
2002). LDC supply portfolio
management during the 2001-2002
winter heating season.

2. Brennan, Donna, Jeffrey Williams and

Brian D. Wright (July 1997).
Convenience  yield  without the
convenience: A spatial-temporal
interpretation  of  storage  under

backwardation. Economic Journal, 107,
issue 443, pp. 1009-22.



10.

Chambers, M., & Bailey, R. (1996). A
theory of commodity price fluctuations.
Journal of Political Economy, 104,

924-957.

Considine, Timothy J. and Donald F.
Larson (2001a). Uncertainty and the
convenience yield in crude oil price
backwardations. Energy Economics, 23,
issue 5, 533-48.

Considine, Timothy J. and Donald F.
Larson (2001b). Risk premium on
inventory assets. the case of crude oil
and natural gas. Journal of Futures
Markets, Vol 21., # 2, 109-126.

Gibson, R. and E.S. Schwartz 1990.
Stochastic convenience yield and the
pricing of oil contingency claims,
Journal of Finance, 45, 959-976.

Kaldor, N. (1939).
economic  stability.
Economic Sudies, 7,1-27.

Speculation and
Review  of

Khoury, Nabil T. and Jean-Marc Martel
(December 1989). A supply of storage
theory with asymmetric information.
Journal of Futures Markets, 9, issue 6,
pp 573-81.

Milonas, Nikolaos T. and Thomas
Henker (February 2001). Price spread
and convenience yield behavior in the
international  oil market. Applied
Financial Economics, 11, issue 1, pp
23-36.

Pilipovic, Dragana (1998). Energy Risk:
Valung and Managing Energy
Derivatives, McGraw Hill.

11.

12.

13.

14.

15.

Pindyck, Robert (2001). Volatility and
commodity price dynamics, mimeo. A
more recent version appeared in (2004)
Journal of Futures Markets, Vol. 24, No.
11, pp 1029-1047.

Schwartz, Eduardo (1997). The
stochastic behavior of commodity prices:
implications for valuation and hedging,
Journal of Finance, 52:3, 923-973.

Williams, J.C., & Wright, B.D. (1991).
Sorage and commodity markets.
Cambridge, MA: Cambridge
University Press.

Working, H. (1949). The theory of the
price of storage. American Economic
Review 39,1254-1262.

Zhu, Zhen (2002). Time-varying
forward bias and expected excess
returns, Journal of
Financial Markets, Institutions and
Money, vol.12, page 119-137, 2002.

International



oudaoao

[ ] 1
NSC 93 2415 H 343 001
93 8 1 94 7 31

94 9

26



