A Comparison of Natural Gas Spot Price Linear Regression Forecasting Models

A

obtained froman EIA Internet website that reported the
average daily tenperature for four eastern cities and
conpared it to the historical average for that day. My
i ndependent vari abl e, TDEVAL4, is the average of these
daily tenperature deviations for the last four weeks, but
| ags the natural gas spot price by four weeks. The EIA
used Heati ng Degree Days per nonth and divided the val ue
by the nunber of days for the nonth.

My equation nodel uses the Henry Hub spot price for
natural gas. The ElIA nodel for the Spot Natural Gas
Vel | head Price, NGSPUUS, is a conposite spot price of
whi ch the Henry Hub is a conponent.

conplete list of the acronyns and a brief description for

the variables which are used in alternative nodel regressions
are shown in Table 2. A nore detail ed description for these

vari abl

es i s described bel ow.

SP = Natural Gas Spot Price, ($ per mllion Btu (MVBtu))
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= SP[-4] = average weekly natural gas Spot Price of 4
weeks previous, which is roughly the sane as the
previ ous nonths spot price, ($ per mllion Btu

(MVBt u))

t he weekly average of the deviation of the average
daily tenperature fromthe normal average tenperature
of four major east coast cities over the last 35
years.

Average of four, five, six and seven weeks past
Weekly Tenperature Deviations (TEMPDEV) for Average
of Chicago, Kansas City, New York & Pittsburgh for
that tinme of Year, (deg F)

a wei ghted average of Tenperature Deviation which is
(0.4 * four weeks past) + (0.3 * five weeks past) +
(0.2 * (six weeks past)) + (0.1 * (seven weeks past))

Devi ation of Natural Gas Storage from Average for
that time of year (BCF), |agged by 4 weeks, so that
Qbservation 5 of STORDEV was observed at the sane
time as Observation 1 for the Natural Gas Spot Price.

average weekly natural gas 1 nonth NYMEX Futures
Price, 4 weeks prior to the natural gas Spot Price

Friday closing natural gas 2 nonth NYMEX Futures
Price, 4 weeks prior to the natural gas Spot Price

Friday closing natural gas 3 nonth NYMEX Futures
Price, 4 weeks prior to the natural gas Spot Price
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SPAOLL4 = #2 Distillate Gl in NY Harbor Spot Price, 4 weeks
prior to natural gas Spot Price

Hi storically when natural gas usage is higher than normal the

| ocal natural gas distribution conpany reaps higher profits.
This is attributed to the fact that nost of the cost to operate
a local gas conpany is fixed and the variable costs are very

| ow. The cost of gas does not affect the profit of a |ocal

di stribution natural gas conpany because this cost is passed
directly to the custoner without any mark-up. |If market

anal ysts antici pate hi gher usage (demand) for natural gas, then
they anticipate greater profits and will value the gas conpanies
stock price higher. A market value stock price index was
constructed fromthe stock prices for el even conpani es whose
primary business is the local distribution of natural gas. Many
of these conpani es are now hol di ng conpani es but with only one
exception, each obtains 90% or nore of its gross revenues from
its local gas distribution utility. These gas utilities serve
the eastern portion of the U S, frombasically the sane area
fromwhich the tenperature data was taken. A list of these
conpani es and a description of their service area can be seen in
t he Appendi x Table T-2. This index was constructed from st ock
prices taken during the weeks of the same four wi nter heating
seasons that the other data is taken. This index is abbreviated
GASCO .

GASCAO = X (# of shares * Avg Weekly Price of Stock)
> (# of shares)

The four week | agged value of this index is called GASCO L4.

The effect of national econom c prosperity is also suspected to
have an effect on the usage of natural gas. To exam ne this

rel ati onship the macro-econom c vari ables of M2 noney supply
and weekly initial clains for unenpl oynent insurance were added.
| have taken the six week | agged val ues of these variabl es since
it takes two weeks for the values of these variables to be
publ i shed and we are trying to use themto predict the spot
price of natural gas at a point of time four weeks in the
future. These variables are published in both a seasonally

adj usted figure and as the actual figure. | have chosen to | ook
at both fornms of these variables. The M2 value that is
seasonal |y adjusted is known as M2ADIL6. The unadjusted val ue
is abbreviated as M2NTAJLG. The vari abl e acronym for weekly
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new cl ai s for unenpl oynent insurance, seasonally adjusted is
UNEMAJLG. The variable for actual new clains for unenpl oynent
i nsurance, not seasonally adjusted is UNEMATLG.

A variable, TDVSUSWA, was created that is a weighted
average of the TEMPDEV variable when this variable is negative
for four or nore consecutive weeks. This TDVSUSWA variable is
zero at all other tines.

Table 3 displays the Correlation matrix for all of the

i ndependent vari abl es which were used in the regressions that
were run. As would be expected this Correlation Matrix depicts
cl ose correl ati on between Spot and Futures Prices. High
correlation values are seen for the weekly val ues for the noney
supply M2, adjusted and not adj usted. There was also a fairly
hi gh degree of correlation between the Spot Price for #2 D esel
O 1 and the spot and futures prices for natural gas. The index
of eleven gas utility conpanies had a fair degree of correlation
with the variables for M2, noney supply, (M2NTAJL6 and M2ADJLG6) .
The correl ati on between the val ues of adjusted and unadj usted
Initial Clainms for Unenpl oynent Insurance, (UNEMATL6 and
UNEMAJL6), was rather low. This would appear to be due to the
| arge effect that the seasonal adjustnment creates.

Regressi on Results

A conplete summary of the statistics for nost of the 29
regressions run using these different independent and | agged
dependent variables can be found in Table T-1 of the Appendi x.
The list of sources for the data from which these Regressions
were estimted can be seen in Table T-5 in the Appendi x.

Equations 2 through 4 add the one, two or three nonth
Futures price for natural gas to the core NGSPUUS node
respectively. Futures prices are representative of the
know edge avail able to traders regarding antici pated changes in
the market. Adding the Futures price for natural gas as an
i ndependent variable will increase the forecasting accuracy of
my alternative nodel. The next such variable to be added is
that of #2 Distillate Heating G|, SPOLL4. Distillate oil is
sonetimes used by commercial, industrial and electric generating
facilities as a substitute for natural gas. There is no short
termsubstitute for natural gas for residential custonmers. The

D.W. Ryan Page 13
C:\v-t\Thesis 5-6-2001



A Comparison of Natural Gas Spot Price Linear Regression Forecasting Models

presence of partial substitutes such as #2 distillate oil and to
a | esser extent propane provide sone substitute possibilities
during periods of high demand and hi gh price of natural gas.
Therefore the prices of these partial substitute commodities
shoul d have sone bearing on the price of natural gas.

Simlar to Futures prices, the stock price of investor
owned gas conpanies should carry with it sone indication of how
the market forces anticipate the demand for natural gas and its
corresponding price. As previously described, an index of
el even gas conpani es was created and the weekly val ue of that
i ndex was incorporated as a variable. Table T-2 in the Appendi x
lists the el even gas conpani es and describes their service
ar eas.

The state of the econony woul d al so seem an i nportant
determ nant of the demand for natural gas in the commerci al
industrial and electric generation markets. The macro-econom c
vari abl es M2 noney supply and initial clains for unenpl oynent
benefits were introduced as independent variables in sone of the
regressions to take account of the overall |evel of economc
activity.

These different variables were used in various conbi nations
to try and determ ne which would yield nore accurate forecasts
of the spot price of natural gas four weeks in the future. Al
of the equations were found to have a good deal of
autocorrel ati on as evidenced by the Durbin-Wtson and Durbin H
statistics. Many of the equations al so appear to have a good
deal of multicollinearity as well. The nulticollinearity was
nmeasured by cal cul ating the Condition nunber as described by
Bel sl ey, Kuh and Wl sch (1980). Condition nunbers which exceed
20 are said to denonstrate that a regressi on equati on has
serious nulticollinearity.

Each of these regressions was used to nmake out-of -sanpl e
forecasts for the nost recent heating season, 2000 to 2001.
None of the regressions accurately predicted the sustained high
| evel s of natural gas prices during | ate Novenber 2000 and
t hroughout Decenber 2000. After exam ning the regression
forecasts and also a simlar but smaller deviation from forecast
spot prices during the fall of 1996, it was noticed that these
peri ods corresponded with colder than normal tenperatures. A
dummy vari abl e was created, TDVSUSWA, to account for this price
behavior. This variable is assigned a value of zero, unless
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there are four consecutive weeks of col der than nornm
tenperatures. On the fourth week

TDVSUSWA = (0.5 * four weeks past deviation of weekly average
tenperature from normal weekly average tenperature)
+ (0.3 * five weeks past deviation of weekly
average tenperature fromnormal weekly average
tenperature) + (0.2 * six weeks past deviation
of weekly average tenperature from nornmal weekly
aver age tenperature).

Thi s TDVSUSWA vari abl e continues to be calculated in this manner
until a full week of above average weekly tenperatures has taken
pl ace. The two equations which use this variable, Equations #28
and #29, show markedly inproved regression statistics. However
their out-of-sanple forecasts still do not reach the high val ues
that were actually encountered during the 2000 - 2001 heati ng
season.

Each of the 29 linear regression results were ranked with
respect to the degree with which they fit the actual natural gas
spot prices for the four heating seasons 1996 to 1997, 1997 to
1998, 1998 to 1999, and 1999 to 2000. Tabl e 4 shows the
statistics for the five linear regressions that had the highest
ranki ng along with the EIA core nodel, Equation #1. Two ranking
procedures were used. The conplete list of rankings for all of
the regressions is shown on Table T-3, in the Appendi x. The
first nmethod of ranking showmn as Rank Method A and is cal cul ated
as

(0.5 * RANK Rsgq Adj.) + (0.25 * RANK
Mul ticollinearity with Constant)
+ (0.25 * RANK H Statistic)

The second nethod of ranking is shown as Rank Met hod B and
is calculated as
(0.4 * RANK Rsqg Adj.) + (0.2 * RANK M ni nrum Amem ya
Prediction) + (0.25 * RANK Multicollinearity w
Constant) + (0.25 * RANK H Statistic)

Bot h ranki ng nmethods were arbitrarily selected. The adjusted R
squared (R sgq Adj.) and Anem ya Prediction criteria were

sel ect ed because they are both statistics that neasure how wel |
the regression equation fits the data. Both statistics penalize
an equation nodel which adds nore independent variables which
don't add any explanatory power. Each of the alternate equation
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