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Introduction
The cost of energy and its impact on utilities, consumers, and supply and planning decisions has been a topic of much deliberation since the inception of electricity. In recent years, natural gas has been on the forefront of the discussion landscape, as this resource treads carefully on the line of demarcation between “green” energy (such as wind and water capacity), and traditional non-renewable resources (such as coal and oil). Since natural gas is less harmful to the environment than traditional bituminous coal, it can be considered more green, but at the same time it is far more reliable and plentiful than wind, making it a candidate for base-load (capacity employed to meat off-peak energy demand) capacity.
Forecasting natural gas prices is of value to suppliers, who may base their drilling and shipment decisions on price volatility.  Generation owners looking to plan for future capacity need to understand cost direction, so as to decide which power plant technologies (and henceforth primary and secondary fuels) will be cheapest in the future.  Government regulators (hopefully) must understand the actions of suppliers, generation owners, financiers of new generation, as well as overall energy demand so as to be able to institute legislation that strengthens American stocks of energy and reduces our dependence on foreign cartels.  Concurrently, informed consumers need to understand the costs implied in heating and cooling their homes, and having a source of cooking heat should they use natural gas. This will allow them to make a conscious decision to conserve energy whenever possible. This interaction of consumers, producers, and available capacity underscores the importance of forecasting this variable.
This paper will focus on a forecast of residential natural gas prices, in dollars per thousand cubic feet (McF), on a national level.  The focus on consumer prices is due to the fact that in general, residential prices are the highest when compared to prices for commercial, industrial, electric utilities, and wellhead prices. Furthermore, more historical data is available for this variable on a residential level, making for a more robust analysis.

Before developing an analytical plan, a review of the literature will contain both econometric and neural network models, as well as a review of current and future “outlook” articles related to the direction of natural gas prices. A brief primer on natural gas production will also be included. This will allow for an objective examination of certain approaches and will lead into a rationalization for the chosen analysis path used in this paper.
Interest in this topic from the author’s perspective is related to exposure to the energy markets consulting industry one has been involved in over the past four years.  Having participated in multiple projects and analyses related to power supply planning, a familiarity with the jargon, units, and terminology, combined with general area interest led to an energy related series as being a logical pursuit.

Literature Review
Primer on Natural Gas
According to the U.S. Department of Energy, natural gas “is generally 90 to 95% methane (CH4) (1)”. Since the resource is a gas, it is measured in units of volume, or cubic feet. One thousand cubic feet will constitute one Mcf of natural gas.  The DOE reports that “the average American home uses 80 to 90 Mcf in one year” (1).  Natural gas is used in a wide spectrum of industries, such as “pulp and paper, metals, chemicals, petroleum refining, and food processing” (1). 
Residential usage is also on the rise.  According to the DOE, “over half of America’s families and businesses use natural gas” (1), and “today’s average home uses 22 percent less natural gas than 20 years ago (1)”. The latter statement is due to technological improvements and efficiency gains in appliances.  

Capacity planning is on a concurrent trend towards this resource, although a recent resurgence in coal-fired generation has curbed enthusiasm somewhat. “In the last several years, 95 percent of the new power generation capacity built in the United States was gas-fired (1)”.  

The United States is the second largest producer of natural gas in the world. Resources have become somewhat more abundant, but with the envisioned usage of natural gas in hydrogen fuel cells, as well as increased residential demand, the supply of natural gas has had difficulty meeting demand, as emphasized by the DOE:
“Over the long term, the Nation must ensure that natural gas supplies keep pace with growing demand, and that adequate infrastructure is in place to bring supplies to regional demand areas. In recent years, in certain times and regions of the country, demand has grown faster than available supplies can be delivered. Such tightening of the demand-supply balance has resulted in dramatic price volatility (1)”.

Suppliers have begun to respond to this increased volatility and demand with new supply chains. One of the most impressive plans is by El Paso, which has begun construction of its “Seafarer” project (2).  This Liquefied Natural Gas (LNG) pipeline will look to be “operational by 2009” (2) and involves a large portion of the Floridian coastline. 
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The infrastructure and facts about natural gas are far too voluminous to fit into the scope of this paper. As such, this brief set of facts will have to suffice so as to keep the focus on price impressions and forecasting methods.
Forecast Outlooks

Before we review some of the modeling techniques employed to try to get at prices, it is of interest to explore some independent impressions of the direction that natural gas prices are headed.  
The Energy Information Administration’s “Energy Outlook 2005” compares various energy forecasts by different entities with varying underlying assumptions.  According to the EIA, “there are considerable differences among published forecasts of natural gas prices, production, consumption, and imports (3)”. The EIA attributes this difference to the various forecasts relying heavily on “underlying assumptions (3)”.  Naturally, it would not be beneficial for market analysts to all deliver the exact same forecast numbers. Each entity will independently develop market and deliver a forecast.  The EIA does note that “for the residential and commercial sectors, the projected margins in the AEO2005 reference case fall between GII on the low end and SEER on the high end of the available forecasts”(3).  There are seven distinct entities doing their own work.  The key link between these forecasts is that they rely on a structural explanation for variations in price, as opposed to a pure dissection of price time series.
The American Petroleum Institute presents it current state of the resource as it comments on the recent sharp rise in prices. “Broadly speaking, natural gas prices have increased in recent years due to the interaction of a number of factors: a strong growth in demand, competing government policies that encourage use of natural gas but limit access and development of domestic natural gas resources, the lack of infrastructure necessary to bring more natural gas to market, and the declining productivity of existing wells” (4). Notice again how the outlook centers on external factors, such as government action, wells, and infrastructure. Also of interest here is the inception of a program for low income families that provides assistance in paying energy bills (4).
The latest outlook for natural gas prices (as of June 1, 2005) as per the Natural Gas Supply Association for the impending summer shows “upward price pressure this summer as US demand grows amid unchanged overall import levels and a return to normal summer weather (5), (8)”.  It is expected that the majority of the price pressure will come from the electric sector and increased demand, or about 67% of growth (5), (8).  Furthermore, production could be adversely impacted by the Hurricane season, which puts much of the natural gas infrastructure in peril.  If the NOAA prediction of roughly “seven to nine storms” (5), (8), holds, there may be supply shortages that could add even more volatility to the mix.

Legislative action (or inaction) is also a major player in pricing outlook. According to the American Petroleum Institute (6), certain high-supply regions have been categorized as federal lands, which prohibit drilling for natural gas that may help to alleviate price pressures. The Institute estimates that these lands hold an estimated 586 Tcf of natural gas (6). This is enough natural gas to meet total current U.S. demand for nearly 25 years (6).
Yet another wrinkle, that of speculator activities, are outlined by Valerie Wood in late 2004 as part of Energy Solutions Inc., a consulting firm. She states that over the past few years, speculator activity (buying and selling commodities on NYMEX) has increased. Since the only motivation of a speculator is profit, there is very little that can be said about what actions they will take and it what direction (7).  Yet again, reference to “fundamentals” (7) can be seen. These include storage levels and weather.  The key issue, according to Wood is which option to select analytically: wait until these fundamentals resettle the market, or jump to the conclusion that the new heights (those of late 2004) of pricing are sustainable (7).

Our examination of outlooks from major entities, supplier associations, consultants, and other forecast players can be summarized as follows:

· The energy market is a derivative market.  There are fundamental factors, or drivers, that create fluctuations in prices.  These factors are inputs to most if not all of the outlook explanations published, as pure time series techniques do not adequately articulate to laymen (buyers of forecasts) what is occurring.  Capacity planning also has a longer forecast horizon than a typical econometric model (greater than 5 years).
· Natural Gas Forecasts differ because they each use different underlying assumptions.  No matter what the quantity of forecasts explored, there will be differences in underlying assumptions that will lead to different results. Forecasting is a business, and a lucrative one.  
· Price pressure appears to be upward, and this is a consensus among sources. The EIA, Natural Gas Supply Association, the Department of Energy, Energy Solutions Inc, and the American Petroleum Institute all point to upward price pressure and increased volatility in the near term as a result of increased natural gas usage in the electric sector.

It appears that in order to “explain” prices, one must use fundamentals.  However, this perspective will be somewhat challenged in the Forecast Plan section of this paper in an attempt to benchmark the efficacy of univariate techniques against these outlooks.
Journal Models on Natural Gas

Now that the real-world players have been examined for trends and model factors, a qualitative examination of some actual journal specifications is in order so as to understand what has been successful in the past. Denton, Mountain and Spencer (2003) present a model of energy demand that is of interest because it contains average prices in the specification, and is done for the commercial sector.  Their specification includes the following inputs: total floor area of a building, energy price on the average, average space rent per square foot, and the number of heating and cooling degree days.  The authors note quite early that “economic theory suggests that demand decisions are made at the margin and that marginal prices should be used” (9). A conversion is made from average to marginal prices for the model, and the results are successful, with the fundamentals (heating and cooling degree days) found to be the most significant variables.  Theoretically, one could transform their specification to back-solve for price.
Osmundsen and Tveteras (2000) present a general price expression that involves a reference price, the weight given to available substitutes, “the price change of the substitute from the current period to the relevant period” (10), a conversion factor for the energy content (an elusive concept) of the substitute, and a lambda representing another factor. Merely one sentence after the author presents this specification he comments on how it might be otherwise stated.  The problem with this deductive process is that there are a million possible specifications that can be written ad hoc. 
Ghouri (2004) presents projections of natural gas demand and prices to 2020 for major countries in the world. He finds that “income elasticity in the United States is less than unity” (11). The analysis also calls for exploration of further LNG terminals, solidifying the current need for more projects such as the El Paso Seafarer project.  The specifications employed are a basic static demand model, which again can be back-solved to see how to compute price.  The inputs for the U.S. Model are as follows: consumption as a function of GDP, U.S. Average Natural Gas Prices (our variable of interest), population, a time trend, and a “host of other variables” (11). The model results are tabulated, and the adjusted R2 = .95. The information criterions are not listed.
Yet another model specified is Kaboudan (2000) which also looks at demand and price as a function of heating and cooling degree days. There is nothing of significance here other than the note that “genetic programming based on heuristics” (12) are computer assembled and are not a function of “sound statistical theoretical foundation” (12). How comforting- yet another new method for arriving at the same results.
Finally, the most en-vogue forecasting technique, neural networks, has been employed by Dr. Al Behrens of Northern Gas Nebraska (13). The accuracy of this neural network model is “97%” (13), and the inputs are degree days, the commodity rate, and previous period price indices.
Our examination of methods can be summarized as follows:

· There are multiple models and techniques that are accompanied by different specifications.  All of the models summarized have had their own, slightly different perspective on how to go about the modeling.
· The modeling process is structural.  No matter what the method, at least one fundamental variable was employed in time to explain the y variable in time.
· The modeling process is somewhat deductive.  The neoclassical paradigm of contrived objective functions is used to gain an intuition for the sign of the coefficients in some cases so as to assist the researcher in determining if the model results make sense.  This is contrasted with the data mining approach that throws information at the model to see what falls out.
· The modeling process is subject to the uncertainty in forecasts of the “fundamental variables” that drive the analysis.  For example, if supply or weather forecasts are inaccurate, this will adversely impact the forecast results.
Model Plan
The plan for forecasting natural gas prices, in light of our literature review, will attempt to implement univariate methods to attempt to forecast this variable. The reasoning behind this decision is twofold: first, to be able to comment on the efficacy of this approach, and second, to emphasize the methods used in the course. The univariate approach will also be free from the propagated error associated with forecasts of the fundamental variable(s) that are usually used to drive the forecasts of the y variable into the out of sample range.  Furthermore, this approach is not likely to be commonly used in consulting, as explanations usually involve some form of fundamental relationship (as evidenced by our forecast outlook examination). This slight deviation from the traditional approach will hopefully yield insights into whether it is possible to forecast an energy series without explaining anything.  In the next section, the model chosen will be fully delineated with supporting analytical discussion.

Before delving into the analytical details, it is imperative to have a proper understanding of the variable and the forecasting process as outlined by the six points of successful forecasting.

Decision Environment

The decision environment is the aforementioned triumvirate of decisions that need to be made by suppliers, generation owners, and consumers, under watch by the governmental policies intertwined in those decisions.  A good forecast for natural gas prices is one that can reasonably capture the interval where prices will fall in the short-term to mid-term so as to guide drilling, supply, and conservation decisions.
Forecast Object

The forecast object is residential national average natural gas prices, in dollars per thousand Mcf.  The data is from the EIA and was queried using Energy Velocity, a proprietary database that aggregates information related to all facets of the energy and power distribution industry. The data begins in 1981 and runs monthly through January 2005.  There are no missing or unusual observations. The data has been pre-scrubbed by the aggregation database.
Forecast Statement
The forecast will arrive at a point estimate for future prices, but the reasonable range of possible future values will be more important due to the inherent uncertainty and volatility involved with an energy price.
Forecast Horizon

The forecast horizon is exactly how long the purchaser of the forecast can afford to not refine the forecast. Most forecasts are re-evaluated at least annually. Our forecast will be in-sample, and the comparison of actual to fitted values based on the forecast equation developed will be back-cast for the entire historical period.

Information Set

The forecast will be based on historical data for our chosen series. Since the approach is univariate, no other variables will be needed for the analysis.
Parsimony Principle

The univariate approach will attempt to find a robust, stationary, forecastable model that is based on the methods of analyzing trend, seasonality, and the ARMA/cyclical process examinations emphasized in the course.  In this respect, it will be simpler than traditional structural models.
Analysis

General Model Discussion
The complete delineation of all model tables and charts can be found in Appendix B. The purpose of this section will be to provide an analytical discussion, and as such references will be made to tests and charts that can all be found Appendix B.
To begin the analysis, a unit root test was performed on the underlying series.  The series was found to be stationary. However, as recommended by the fact that the series measured dollars, the log of the underlying series was estimated. Ultimately, the Eviews Software (14) allows for the user to forecast the level form of the underlying series even if the log is specified.

In order to estimate the trend component of the underlying series, several attempts were made to fit the exponential and quadratic trends. However, due to the recent increase in volatility in the underlying series, the HP-Filter appears to best capture the trend component of the series. It is interesting to note that the linear time trend, while not making any modeling sense, actually produced a smaller Schwarz criterion when modeled with other components. Nonetheless, that result may have been spurious, and ultimately the time trend was removed.
There is an undeniable seasonal component to the series, and this was handled with the @seas command in Eviews. To avoid collinearity with the constant term, one of the seasonal dummies was omitted. The effects of certain months are large in terms of coefficients, and for the most part all seasons have effects. The months of February and March are for the most part the mildest in the nation, so it makes sense that those coefficients would not be significant. December and November are somewhat correlated in terms of weather patterns, which may explain the p-value of December.
Natural Gas Prices have become more volatile in recent times, and the volatility has led some to believe that there may be a change in the underlying fundamentals in play as demand continues to skyrocket (see literature review). Accordingly, initial models failed to accurately capture this slight “regime change” and were dealt with using a variable called “upswing” that tried to capture the jump points.
An examination of the correlelogram of the underlying series showed an ARMA (2, 0) process, which was the lowest Schwarz. Initially, an MA (1) component was also used but was later removed, as the AR (2, 0) had a lower Schwarz criterion. Further ARMA attempts produced nonsensical results.
Model Diagnostics
This section will review the key model diagnostics for robust results.  
The adjusted r-squared is very high (.98), and the standard error of the model as compared to the mean of the dependent variable is small. The DW statistic is fine (no serial correlation), and the significance of the F-Stat reveals explanatory power. The inverted AR roots meet the requirements for stationarity. Furthermore, an examination of the correlelogram of the residuals of the model reveals white noise.  The root mean squared error of the regression is acceptable, and was the lowest of the candidate models. 
A graphic produced in Excel shows a complete backcast of the model against actuals. The standard errors of the forecast were stored as independent series, and the 95% bounds were created. As evidenced by this diagram, the model captures the appropriate uncertainty interval for the majority of history (with the exception of the alleged change in fundamentals experienced in recent years). The latest period of the regression forecast vs. actual shows a slow return to form and less volatility, which bodes well for the status-quo of structural model explanations.
Regression Stability

As evidenced by the CUSUM plot and the recursive residuals plot produced by Eviews, the regression parameters and coefficients are stable and are not evolving over time. It is important to note that prior to adding the “upswing” dummy variable, the CUSUM and recursive residual plots did point to some instability in the estimated coefficients. It is evident that the univariate approach has trouble with even slight regime shifts because the approach is predicated on not having any clue what the fundamentals of the series are.
Overall, this model adequately estimates the point, and more importantly, the interval bound for U.S. National Average Natural Gas Prices.

Conclusions

It has been shown that univariate methods can produce an adequate model that can forecast National Average natural gas prices into the future.  What can we tentatively conclude from the results of this analysis?
· The fact that industry does not use this approach does not have to do with its lack of efficacy.  An appropriate explanation is a function of audience. Planning professionals and forecasters would have difficulty not explaining a series in terms of fundamentals.
· Uncertainty in potentially radical changes in volatility is a major drawback to the univariate approach. Should “fundamentals” change, thereby causing a systematic shock to volatility or direction of this commodity, models based on sound theory about economic interaction as opposed to correlations and statistical tricks will be less susceptible to error.
· The notion that the energy market is a derivative market must be reconciled with the ability to forecast a commodity without fundamentals. This is a potential area for future research. The hypothesis of derivative markets has generally not been questioned, and is considered self-evident. There may be room to investigate this hypothesis further.
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