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How Big Is the Risk Premium in
an Electricity Forward Price?
Evidence from the Pacific
Northwest

The numerous benefits of electricity forward trading come
at a cost to consumers when a forward price contains a risk
premium. An analysis based on the theory of cross hedging
suggests that there is a risk premium of about 5 percent in
the forward price for delivery at the Mid-Columbia hub of
the Pacific Northwest. The existence of a relatively large
risk premium suggests that forward contract buyers are
more risk-averse than sellers.

Andrew DeBenedictis, David Miller, Jack Moore, Arne Olson and

C.K. Woo

I. Introduction

Wholesale spot market prices
for electricity generation are
inherently volatile, chiefly due to
daily fuel cost variations,
fluctuating weather-sensitive
demands that must be met in
real time by capacity already in
place, and planned and
unexpected facility outages.'
Unmitigated spot price volatility

can be very costly to electricity
consumers, as dramatically
demonstrated by the California
energy crisis a decade ago.”
To mitigate the spot price
volatility, an electricity
consumer may buy a forward
contract which sets a fixed price
for future delivery.’
lectricity forward trading
offers several benefits to
electricity consumers, including
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price discovery, hedge against
spot price risk, and market power
mitigation.* However, these
benefits come at a cost to
consumers when the forward
price contains a risk premium,
measured by the percentage
above an unbiased spot price
forecast. This raises a substantive
question: how big is this
premium?

sing the theory of cross

hedging,’ this article
estimates the risk premium in a
forward price based on a sample
of daily data for the seven-year
period of 2003-09. It shows
that there is a risk premium of
about 5 percent in the forward
price for delivery at the Mid-
Columbia (Mid-C) hub of the
Pacific Northwest that is rich in
hydro generation.®
Corroborating the empirical
evidence for a wholesale market
dominated by thermal
generation (e.g., PJM), the
existence of a relatively large risk
premium suggests that forward
contract buyers are more risk
averse than sellers.”

II. Model

A. Cross hedging

Consider P, the daily Mid-C
price for delivery on day ¢
during the high-load-hours of
06:00-22:00, Monday-Saturday.
We assume the data
generating process (DGP)
for Py is the following
regression:

Pt =+ ﬂGt + & (1)

where G; = daily spot natural gas
price for Henry Hub delivery;
& = random error; and (o,
B) = coefficients to be estimated.
Our DGP assumption is
based on: (1) natural gas is the
likely fuel for marginal
generation; (2) the Mid-C market
price tends to track the short-run
marginal cost of generation; and
(3) NYMEX natural gas futures
are actively traded which
enables cross hedging. Eq. (1)

Using the theory of
cross hedging, this
article estimates the
risk premium in a
forward price based on
a sample of daily data
for a seven-year period.

does not have weather or hydro
conditions as drivers for the
Mid-C price because such
conditions cannot be accurately
forecasted months ahead when
making a Mid-C price forecast,
say, in early 2010 for the 12-
month delivery in 2011.

Given suitable data, one can
apply ordinary least squares
(OLS) to estimate Eq. (1), yielding
its estimated version:

Pi=a+bGi + e

The slope estimate b is the optimal
hedge ratio for procuring the
MMBTU of natural gas that
minimizes the spot price
variance.”

B. Spot price forecast

Suppose an electricity buyer
(e.g., a load-serving entity
transacting in the wholesale
market) buys b MMBTU of natural
gas futures at $H,/MMBTU for
future delivery on day n. Further
suppose the buyer takes natural
gas delivery and resells the samein
the natural gas spot market,
realizing a cash flow of b(G,, — H,,).
Thus, the buyer’s net spot
electricity price for day # is:

Pn =a+ bGn - b(Gn - Hn) + én,
=a+bH, +ey )

Based on Eq. (2), an unbiased

forecast of P, is

Hn = a—+ an,

whose variance is
o2 = var(a) + 2 cov(a, b)Hy
+var(b)H? 4 var(e,).  (3)

Since i, and o, can be generated
by a standard statistical package
(e.g., PROC REG in SAS), their
computation is fast and

straightforward.
f the buyer’s forecast period

has N days (e.g., N ~ 26 for
January), the period’s average
forecast price is

/'Ln
n = n N
whose variance is
2
2oy %
n N2 ’

C. Forward pricing and risk
premium

Based on the Central Limit
Theorem, 4 is normally
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distributed.” Hence, a 90 percent
confidence interval for the
average forecast price has an
upper bound of U = p + 1.650,
and a lower bound of
L = i — 1.650. Consistent with the
notion of value-at-risk, L (1) is the
price floor (ceiling) under normal
circumstances for the actual
average price in the forecast
period.*

hen a forward price F is

at or below L, the
contract is profitable, with a 95
percent probability, from a
contract buyer’s perspective
when compared to the spot
market purchase alternative. If F
is at or above U, the contract is
profitable, with a 95 percent
probability, from a contract
seller’s perspective when
compared to the spot market sale
alternative. If F = u, the forward
price does not advantage the
buyer or seller.
S uppose an observed Fis close

to U. This suggests that the

contract buyer is more risk-averse
than the seller, willing to pay a
risk premium of

F—u
p:

I

Table 1: Descriptive Statistics for the 2003-2009 Sample of 2,256 Daily Observations

above the average forecast price
to eliminate the spot price
volatility in the forecast period.

II1. Results

A. Monthly spot price
regressions

Table 1 presents the descriptive
statistics for the daily data used in
our regression analysis, showing
that Mid-C and Henry Hub prices
can be high and volatile. The
Phillips-Perron unit-root test
statistics indicate that the Mid-C
series is stationary at the 1 percent
level (« = 0.01), and that the
Henry Hub price series is
stationary at « = 0.05."" Thus, the
regression results reported below
are not “‘spurious.’”"

Recognizing that the hedge
ratio may vary substantially
across months, we estimate Eq. (1)
for each month in our seven-year
data sample. That is, the January
regression is based on the daily
data for January in the seven-year
period.

Table 2 shows the regression
results by month, yielding the
following findings:

¢ The Mid-C monthly mean
prices are relatively low at
around $40/MWHh in the
spring months of March-June
and relatively high at above
$55/MWh in the summer
months of July and August
and the winter month of
December.

e The mean squared error,
which is var(ey) in Eq. (3),
indicates large unexplained
price variances for the months
of April-July. This is because
spring runoff in these months,
instead of natural gas price,
is the main driver of Mid-C
prices.

¢ Measured by the adjusted R?,
the regression goodness-of-fit
varies substantially across
months. It is likely to be low for
the low-price months (e.g., 0.05
for June) and high for the high-
price months (e.g., 0.86 for
September). This is because the
high-price months are those likely
with natural gas price as marginal
generation fuel.

e The optimal hedge ratio
given by the slope coefficient
estimate b varies substantially
across months (e.g., 1.51 for June
vs. 9.61 for April), suggesting that

Phillips—Perron Unit
Root = Test Statistics (lags)

Variable Mean Standard Minimum Maximum Correlation with Singe Trend
Deviation Mid-C Price Mean
Mid-C high-load-hour 50.6 18.7 4.0 1974 1.0 ~7.80 (9) -7.82 (9)
price ($/MWH)
Natural gas price at 6.64 2.29 1.83 18.4 0.65 —3.35 (9) -3.37 (9

Henry Hub ($/MMBTU)

Data source: Intercontinental Exchange.
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nificant at the 1 percent level”.

Table 2: Monthly OLS Regression Results for the Period January 2003-December 2009, Standard Errors in (), and “*"" = “sig-

Slope estimate: b 7.68* (0.510)

6.08* (0.262)

7.59% (0.356)

9.16* (0.489)

Variable January February March April May June
Panel A: January-June
Sample size 187 177 194 187 177 188
Mean Mid-C price 51.5 51.8 46.5 447 415 36.4
Mean squared error 79.9 37.2 73.7 180.3 185.6 256.8
Adj. R? 0.54 0.75 0.70 0.65 0.39 0.05
Intercept estimate: a 1.295 (3.40) 10.74* (1.83) -3.15 (2.41) -16.03* (3.39) 7.96 (3.20) 25.72% (3.34)

4.95" (0.448)

1.51* (0.443)

Slope estimate: b 4.44* (0.594

6.03* (0.259)

4.65* (0.136)

4.90* (0.156)

Variable July August September October November December
Panel B: July—December

Sample size 186 194 182 195 185 193

Mean Mid-C price 56.8 56.8 51.7 54.2 52.0 63.1

Mean squared error 391.2 56.1 29.3 41.8 52.1 165.6

Adj. R? 0.23 0.74 0.86 0.83 0.72 0.69
Intercept estimate: a 27.96* (4.12) 18.39* (1.74) 22.87* (0.936 21.33* (1.14) 15.92* (1.71) 7.07* (2.81)

5.61% (0.254)

7.79* (0.369)

using a single hedge ratio for the
entire year may result in sub-
optimal cross-hedging
effectiveness.

B. Price forecast and risk
premium

We use the spot price
regressions in Table 2 to make a
Mid-C forecast based on the
natural gas futures prices from
Mar. 26, 2010, the trading day for
the delivery months of January
through December 2011. Figure 1
shows the forecast of the
monthly average of daily high-
load-hour Mid-C prices and the
90 percent confidence intervals
for the monthly forecast results.
It also shows the quarterly
forward prices published in
Platts MegaWatt Daily on Mar. 26,

2010 for the 12 delivery months
in 2011.
espite the unavailability of
monthly forward prices,
this figure yields two important
observations. First, the quarterly
forward prices track but are

above the upper bound of the 90
percent confidence interval.
Thus, these forward prices imply
almost certain ex ante
profitability for a forward seller
who may meet its delivery
obligation using spot-market
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Figure 1: Forecast of Monthly Average of Daily On-Peak Mid-C Prices with 90 percent
Confidence Interval and Premium Percentage of MegaWatt Daily’s Quarterly Forward
PricesBoth the Henry Hub Natural Gas Futures and the Quarterly Forward Prices are Taken
from Mar. 26, 2010. The Average Forward-Price Premium is 5.4 Percent
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purchases. Second, these
forward prices contain an
average premium of 5.4 percent
above the price forecast.

IV. Conclusion

Dealing with electricity spot-
price risk presents electricity
buyers with a considerable
challenge, one that can be
overcome by procuring forward
contracts. However, a forward
contract is likely to contain a risk
premium. Thus, when making a
forward purchase, a buyer must
necessarily ask: how big is this
premium?

T o help answer this
question, this article
provides a readily
implementable means for
determining if a forward
transaction is likely to be
profitable from a buyer’s (or
seller’s) perspective when
compared to the spot market
alternative. It demonstrates that
the forward price for Mid-C
contains a 5.4 percent risk
premium, suggesting that
forward-contract buyers
are more risk-averse than
sellers.m
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