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DIRECT TESTIMONY

OF

JOHN H. HERBERT

MISSOURI GAS ENERGY

CASE NOS. GR-2001-382, GR-2000-425, GR-99-304 AND GR-98-167

(CONSOLIDATED)
Q.
Please states your name, occupation and business address.

A.
My name is John H. Herbert. I am an independent consultant who has been retained by the Staff of the Missouri Public Service Commission. My business address is 2929 Rosemary Lane, Falls Church, Virginia 22042.

Q.
In what capacity are you being retained by the Staff?

A.
I am being retained as an expert in utility price risk management with extensive and in depth experience in statistical and economic analyses both of which are particularly relevant to this increasingly important part of the utility business.
Q.
Please summarize your professional background.

A.
I have over 20 years of experience in both the private and public sectors dealing with natural gas and power prices, trends and issues.  I have written more than 50 refereed journal articles, authored a history of the development of markets for natural gas in the United States “Clean Cheap Heat” published by Praeger, New York in 1992 and contributed to more than 20 government reports.  I joined the Energy Information Administration (EIA) in 1979 and was a senior economist at EIA/DOE for almost 20 years.

While at EIA, I was an outside expert to the Commodity Futures Trading Commission, the National Weather Service and a variety of other government organizations, both national and international, on the natural gas spot and derivatives markets.  While at EIA, I was involved in the analysis of the natural gas futures contract markets and related derivatives markets from their inception. Since leaving EIA at end of 1997, I have served more than 30 clients in every sector of the industry.  These clients include Lehman Brothers, Questar Corporation, Sempra, the New York Commission and Reliant Minnegasco. My education and professional background is further summarized in Schedule 1.

Q.
Do you have experience directly related to the issues in this proceeding?

A.
I am employed as an adjunct professor of statistics at Virginia Polytechnic Institute and State University (Virginia Tech) and an adjunct professor of finance at Johns Hopkins University where I regularly teach a course in derivatives and price risk management in their MBA program. I have also written articles for the October 1, 2001 and May 1, 2002, Public Utilities Fortnightly on utility hedging programs and price risk management.  I provided a workshop entitled “Price and Bill Risk Management for Utilities and Regulators” at the 33rd Annual Conference of the Institute of Public Utilities at Michigan State, and similar workshops for the New York and Virginia Commissions.  I presented an invited presentation on the basics of utility price risk management for regulators at the National Association of Regulatory Commissions (NARUC) 2001 meeting on February 26, 2001.

I have provided expert testimony on price risk management programs for regulated utilities at several hearings and have advised on implementing price risk management programs at regulated utilities. My consulting work has ranged from market analysis for hedging programs to the estimation of price volatility for pricing options. I also regularly write special analyses for EPRI (Electric Power Research Institute) and other groups on natural gas and power price risk and the implications of this risk for market participants.

Q.
Have you previously filed testimony before this Commission?

A.
No I have not.

Scope of testimony 

Q.
What is the nature of your testimony?

A.
My testimony will address the needs and purposes served by utility hedging and how the utility can satisfy such needs and purposes. Why hedging is an important activity for a utility is also addressed. My testimony also summarizes how utility Companies manage price risk by hedging and how utility failure to effectively manage price risk exposure damages its customers and the integrity of the overall management of its business and its interaction with Commission Staff.

MAIN PURPOSE OF UTILITY HEDGING

Q.
What is the main purpose of “hedging?”

A.
Hedging is an activity intended to limit the exposure of volumes required by utility customers to price risk or uncertainty in price movements. A natural gas utility in Missouri by hedging a certain volume of its customers’ future gas requirements, effectively fixes the cost of this gas. Through the hedge, the company expects to eliminate much of the price uncertainty associated with this gas.

MANAGEMENT OF CUSTOMER PRICE RISK EXPOSURE BY UTILITIES

Q.
How can Missouri gas utilities manage their customers’ exposure to price risk?

A.
Utilities in Missouri support hedging activity in two ways.

First the company puts hedges in place prior to the heating for volumes of natural gas expected to be required during the heating season. The expectation is that these hedged volumes are equal to volumes that necessarily will be required by customers during the heating season. These volumes can be hedged using a combination of stored gas, fixed price forward or futures contracts, or other derivative contracts such as call options. These volumes equal to 30% of normal customer requirements are addressed in Staff witnesses Anne Allee’s and Lesa Jenkins’ direct testimonies, and the damage to customers from not hedging such volumes for each heating season month is represented by a disallowance.

Second, the company is expected to avoid creating price risk exposure for a heating season month either by not taking actions such as terminating a futures contract position prior to the purchase of a corresponding volume of gas on the cash market or by being unreasonable in its use of storage resources.  In particular, in the case of MGE, the Company by withdrawing unexpectedly large amounts of gas for early and generally warmer months increased customers’ price risk exposure for later and generally colder months. By withdrawing the large amounts of gas in the earlier months, the company effectively lifted a significant part of the hedge for the later month. As a consequence, additional volumes of gas were exposed to price risk in the later month.  Staff witness Jenkins addresses how the large planned and actual withdrawals for earlier heating season months, resulted in substantial price risk exposure for the later heating season. The damage to customers from the company withdrawing large amounts of gas in earlier heating season months is represented by a disallowance explained by Staff witness Jenkins and computed by Staff witness Allee. Ms. Jenkins’ addresses how both the company’s particular plans and actions for and during heating season 2000/2001 resulted in this damage.

THE IMPORTANCE OF UTILITY PRICE RISK MANAGEMENT

Q.
Why is hedging important?

A.
The importance of hedging to the customers of a natural gas local distribution company (LDC) lies in the company limiting the exposure of its customers’ requirements to price uncertainty or price risk. When a company does not hedge requirements, or else lifts hedges early and recreates price risk exposure, the damage is felt when price rises. This is particularly important because the natural gas commodity is probably the most price volatile commodity among commonly traded commodities on regulated derivative markets. This large price risk, in large part, explains the great growth in the New York Mercantile Exchange (NYMEX) natural gas futures and options contract markets since their inception more than a decade ago.

LDCs purchase natural gas for resale to customers and, through the regulatory process, are permitted to pass through all such prudent costs incurred. Bills of residential natural gas consumers are a function of gas price and weather.  Higher prices for natural gas, other things being equal, cause higher bills for customers.  Higher bills cause economic hardship, particularly for low-to middle-income customers.   Such customers may face choices between paying the utility service, food, or medical services.  Price spikes also makes budgeting for timely payment for utility services more difficult for such customers.

Q.
Are there other reasons to manage customers’ exposure to price risk?

A.
High bills also have a negative impact on LDCs themselves.  When customers cannot pay bills in a timely manner, LDCs face increases in arrearages and bad debt, as well as cash flow strains from payment to suppliers for the gas consumed by customers unable to pay. This may require the company to make special requests to the Commission, which can upset the ordinary flow of business between Commission Staff and the Company, and with limited resources often results in a reduction in the timeliness, quality and orderliness of ordinary activity.

Most importantly, a LDC must consider hedging in light of its obligation to act prudently in purchasing gas for its customers.  After the price spike in the 1996/1997 heating season, the Missouri Commission supported hedging programs at three LDCs, including MGE, to mitigate the impact of price spikes on customers.  This history is discussed in the testimony of David Sommerer.

TOOLS FOR MANAGING UTILITY CUSTOMER PRICE RISK EXPOSURE BY UTILITIES

Q.
Please describe the tools a LDC can use to manage its customers’ exposure to price risk.

A.
LDCs have three general means to manage price risk: fixed price contracts; physical storage of gas for future delivery; and financial instruments, all of which can be matched to expected future needs for and during the heating season.

Fixed price contracts are agreements with suppliers at a firm, fixed price for delivery of specified volumes at a specified future time.  The price paid for gas at the time of delivery is known in advance.

Most LDCs, including MGE, purchase and take delivery of gas in the April through October period, and inject the gas into storage facilities.  The gas is withdrawn from storage for delivery to customers in periods of peak usage, typically November through March.  Buying gas for storage fixes the cost (including the cost of storage) at the time of delivery, thus serving as a hedge.  MGE’s storage gas as a way to reduce price risk exposure is addressed in both Lesa Jenkins and Anne Allee testimony.

Financial instruments used to hedge the price risk for natural gas requirements of utility customers are principally futures contracts and call options.

Q.
Please describe the use of futures contracts.

A.
A futures contract requires a holder to buy or sell a commodity at a predetermined delivery price for a specified future delivery period if the company with the futures contract position does not close out the position prior to the close of the futures contract market for the delivery month. Closing out a position means entering into a transaction opposite from the original transaction for the same delivery month. If the utility opened or ‘bought’ a natural gas futures contract for November delivery in a prior April, it could close out the position by ‘selling’ a November contract prior to the end of October when the futures contract market for November delivery terminates; that is there is no more trading of contracts for November delivery after that date.

The company would probably close out the position near or during bid week for November in late October when it expects to purchase a volume on the cash bid week market. The volume purchased on the cash market is expected to correspond to the volumes associated with the futures contract position. The company expects the price on the futures market to be very close to the price on the cash market. Thus, if the price of natural gas for the November futures position was $2.50 and the price in late October for November delivery was $4.00, the Company in closing the futures market position would gain $1.50 by selling at $4.00 what it bought at $2.50. The company would apply this $1.50 gain to the $4.00 purchase of gas on the cash market. In this way the effective cost of the gas to the company would be fixed at $2.50. 

Q.
Please describe “options.”

A.
A contract that gives the utility the right but not the obligation to buy a commodity at a set price (usually called a strike price or cap) is known as a call option. Such contracts, when purchased on the NYMEX market, reference the terms of NYMEX futures contract. Financial instruments can be used in combination to achieve specific hedging goals.  Definitions are provided in the glossary of the report attached as Schedule 2 to this testimony.

Q.
How can a LDC reduce its customers’ exposure to price risk?

A.
It is relatively easy for a utility wanting to fix the forward cost of natural gas for the heating season months to do this by injecting gas into storage and/or by entering into either fixed price forward contracts or futures contract positions for each of the heating season months. In this way the Company effectively reduces the exposure of its customers to price risk for each month of the heating season – the company knows prior to the heating season by how much it has reduced its customers price risk exposure for each month of the heating season. This is a hallmark of a well-managed plan.

Each month is treated separately because it is standard business practice in the gas industry and on the futures contract market to make decisions about acquiring gas on a monthly basis for a forward delivery month. 

It is worth noting that futures contract prices work particularly well as an estimate of the cost of gas. This is because the futures price at the Henry Hub on the final day of trading of the futures contract is usually very highly correlated with bid week prices for monthly deliveries at most other pricing locations in Louisiana, Texas and in the Mid-continent producing area.

VOLUMES THAT SHOULD BE HEDGED

Q.
How much gas should be hedged?

A.
As part of an effective hedging program, it is necessary for a utility to determine the volumes of natural gas it would necessarily be purchasing during each of the heating season months. These are the volumes that can be effectively hedged. In the report “The General Report on Analysis of Gas Supply and Hedging Practice by Regulated Natural Gas Utilities in Missouri” March 2002 prepared for the Staff of the Missouri Commission these amounts were discussed and designated as minimum purchase requirements or monthly requirements during warmest heating season months. These monthly requirements for many distribution companies are approximately 70% of normal requirements or requirements under normal heating degree-days.  That report is attached as Schedule 2 to this testimony.

As part of an effective hedging program a utility is also expected not to increase its price risk exposure of its customers by decisions made for and especially during the heating season. It is crucial that utilities particular plans for storage for each heating season month and its decisions during heating season months do not combine in such a way to create large and unreasonable amounts of price risk exposure for its customers during the heating season.

Q.
Are there limits to the volumes that an LDC can hedge?

A.
It is possible that hedging the previously mentioned 70% values would be too large for a distribution company that had absolutely no flexibility in its contracting practices and operating environment. These companies don’t have flexible swing contracts, don’t have storage into which they can inject during the heating season and also have strict daily balancing requirements on their pipeline system. Of course, there are few, if any, distribution companies that are this inflexible in their operating environment and contracting practices. Nonetheless, a very conservative estimate of 30% of normal requirements was chosen as the minimal volume to hedge. This percentage was viewed as being near the lower range of feasible percentages to account for any inflexibility across companies in Missouri and to account for the fact that utility companies are new to hedging and consequently may want to proceed cautiously in the volumes they hedge.

Q.
Does this conclude your direct testimony?

A.
Yes, it does.

JOHN H. HERBERT

Independent Consultant

2929 Rosemary Lane

Falls Church, Virginia    22042 

 jhh1@msn.com phone: 703-532-4544 fax: 703-940-0400

CONSULTING EXPERIENCE:

· 1998 - Present – Consultant and Adjunct Professor of Statistics, Virginia Polytechnic Institute & State University (Virginia Tech) Graduate Center and of Finance, Johns Hopkins University. Regularly provides expert advice and testimony on price risk and supply management and market analysis using common sense and financial, economic and statistical tools for clients (see list below).

1. SAIC, Inc.

2. Lehman Brothers.

3.    Foster Associates.
4. U.S. Postal Service.
5. Sempra Corporation.

6. Questar Corporation. 

7. Thompson Learning. 

8. Reliant Minnegasco.
9. Market Hub Partners.
10. PG&E Energy Trading.

11. Merklein & Associates.

12. Johns Hopkins University.

13. Energy Intelligence Group.

14. Louis Dreyfus Natural Gas.

15. Falcon Natural Gas Storage.

16. Public Utilities Reports, Inc.

17. First Economic Analysis, Inc.

18. Decision Analysis Corporation.

19. Law Firm of D’Arcy & Deacon.

20. Natural Gas Supply Association.

21. City of Chicago Law Department.

22. Electric Power Research Institute.

23. Resource Data International (RDI).

24. Louis Dreyfus Plastics Corporation.

25. Missouri Public Service Commission.

26. Energy Security Analysis, Inc. (ESAI).

27. Department of Commerce, Minnesota.

28. FT Energy, a division of Pearson, PLC. 

29. Virginia State corporation Commission.

30. Resource Dynamics Corporation (RDC).

31. Office of the Consumer Advocate of Ohio.

32. Public Utilities Board of Manitoba, Canada.

33. Institute of Public Utilities, Michigan State. 

34. Pennsylvania Office of the Consumer Advocate.

35. State of New York, Department of Public Service.

36. Haddington Ventures (developers of Lodi Gas Storage). 

37. Interstate Natural Gas Association of America (INGAA). 

38. Brent Friedenberg & Associates Calgary, Alberta Canada.

39. Inventory Management & Distribution Company Inc. (IMDC).

40. Energy Information Administration, US Department of Energy.

41. Wharton Econometric Forecasting Associates (WEFA), London. 

42. Statistics Department, Virginia Polytechnic Institute & State University.

43. Systems Performance Laboratory, Virginia Polytechnic Institute & State University.

EXAMPLES OF PRODUCTS AND SERVICES PROVIDED CONSULTING CLIENTS.
· Evaluate hedging and supply management programs. 

· Expert testimony in a case, which established that a utility was trading, and not hedging with derivatives. As a consequence company had to absorb a multi-million dollar cost. Provided expert advice at other hearings on cost of service and price risk management issues.

· Provide advice to trading company on expected future price behavior.
· Provide fee seminars on “Price Risk and Supply Management for Utilities and their Regulators.”
· Provide graduate course on derivatives for Johns Hopkins University MBA programs. 

· Evaluate utility price and supply risk management programs for a State Regulatory Commission.

· Prepare a methodology for determining damage caused by a company not hedging price risk.

· Present expert testimony on the damage caused by a company because it did not follow its own price risk management plan.

· Provide fee presentations on the current and future state of the gas industry for Wall Street analysts and senior staff at companies.

· Provide statistical/econometric support for cost analyses, rate setting, price and load analyses and forecasting for a variety of clients

· Wrote report demonstrating that changes in natural gas prices were not causing changes in wholesale power prices in California.
· Provide expert testimony at a hearing, which resulted in a cost of service reduction from a re-specification of the company’s equation for peak day load.

· Provide expert testimony for a hearing and advice on value of a company’s rights to storage assets.
· Provide expert advice to senior management on determining the strategic value of proposed investments using the behavior of spot prices.

· Provide fee presentations on price risk management, price volatility and opportunities provided by spark spreads to fuel managers at electric utilities. . 

· Provide expert testimony at a hearing and advice on the value of a company capacity release program.

· Provide expert advice on the possibility of using forward curves from futures markets as an alternative to using forecasts from econometric models.

· Provide technical support on using energy price volatility to determine value of operationally flexible storage and generation assets for several clients.

· Wrote report for a company on market clearing prices for the services from a proposed storage investment, which supported the company moving forward on the investment.

· Provide expert testimony and advice to utilities and commission staff in several states on price risk, supply and arbitrage management and benefits from such management.
· Develop methods for estimating production of natural gas in producing regions of the United States from such variables as drilling, industry employment and price.

· Wrote material for a chapter on recent mergers and acquisitions in power and natural gas industries for a report published in 1999 by Wharton Econometric Forecasting Associates, London. 

· Wrote “ABCs of Trading BTUs – A Guide to the Convergence of Prices and Services in the North American Natural Gas and Electricity Markets” published by Energy Intelligence Group, publishers of Natural Gas Week, Petroleum Intelligence Weekly, World Gas Intelligence and Oil Daily.

· Designed and wrote sections of a study for the Electric Power Research Institute (EPRI) Fuel and Power Price Volatility and Convergence.”  Contributed to other EPRI reports on new market developments. 

· Evaluate Energy Information Administration (EIA) short-term natural gas forecasting capability. 

· Develop methods for evaluating the reliability of power sales information of industrial customers for the EIA.

· Develop methods for determining value of distributed generation technologies for EPRI. 

· Develop approach to evaluate the financial performance and market power of strategically significant companies in the domestic energy industry.

· Wrote articles for fee on a wide variety of topics (see below).

EXAMPLES OF FEE ARTICLES WRITTEN SINCE LEAVING GOVERNMENT SERVICE
FT Energy 

“Southwest boasts appealing but volatile gas market”, Regional Report, March 19, 1999.

“Futures, release markets guide auction proposal”, Special Report, June 11, 1999.

“Gas to help eastern Canada, Northeast picture”, Regional Report, July 16, 1999.

“TCPL, Westcoast dominate despite weaknesses”, Special Report, August 25, 1999.

“Chicago prices stabilize under Alberta’s influence”, Analysis, November 19, 1999.

“Henry Hub spike could mark new price trend”, Regional Report, May 26, 2000.

“California prices track higher relative to supply basins”, Regional Report, September 1, 2000.

“Chicago-area power generators encounter gas cost dilemma”, Regional Report, October 6, 2000.

“Price Gyrations play havoc with hedging”, Special Report, December 1, 2000.

“Gas, oil price behavior unrelated to competition”, Special Report, April 6, 2001.

“El Paso San Juan prices behave like no others”, In Focus, April 12, 2001.

“Calif. Gas and power prices: Joined at the hip?”, In Focus, May 2, 2001.

“Traders try to cope with Calif Price disconnect”, In Focus, May 16, 2001.

“Premium spark spread points to value of Rockies”, June 1, 2001.

“Calif. Prices exceed transport, wellhead costs”, June 7, 2001.

“Prices at Calif. Trading hubs reveal inefficiency”, June 19, 2001.

 “Uncertainty throws Henry, Chicago for a loop”, In Focus, July 11, 2001.

Brent Friedenberg’s Canadian Natural Gas Focus

“The Times They are A Changin”, June 1999.

“Northeast Natural Gas Market”, August 1999.

“U.S. Rockies, Nevada and U.S. Northwest – Worth Watching”, December 1999.

Public Utilities Fortnightly

“The Gas Merchant Business: Still a Place for LDCs?”, July 1, 1999.

“Northeast Energy Markets: Windfall or Washout”, Jan 1, 2000.

“Alliance Gas Pipeline: Early, Late, or Just in Time?”, November 15, 2000.

“Gas Fired Future: Boom or Bust?”, April 1, 2001

“Natural Gas Hedging: A Primer for Utilities and Regulators. What commissions need to learn. What LDCs should know already”, October 1, 2001.

“Utility Risk Management – Success or Failure”, May 1, 2002.

“Power Prices Today: Growing More Unpredictable”, October 1, 2002.

“Energy Technology Special Column”, January 1.2003.

EPRI (Electric Power Research Institute) Energy Markets & Generation Responses Series

“$4.00 Gas! Are Forward Price Curves from Futures Markets Substitutes for Forecasts from Models?” June 2000.

“Lower Demand at Higher Prices – A Helpful Factor in Today’s Very Tight Natural Gas Market”, January 2001.

“Gas Price Volatility – A Practitioner’s Perspective”, February 2002.

Energy Security Analysis Inc (ESAI) Subscription Service

Natural Gas Stockwatch. April-September 2000, a fee publication of analysis and forecasting for selected industry clients.

EXAMPLES OF PAST PROFESSIONAL EXPERIENCE BEFORE PRIVATE PRACTICE
1979 - 1997: Energy Information Administration, U.S. Department of Energy

At the EIA, I initially worked in the Office of Analysis Oversight which office provided statistical and economic consulting services to other offices in the EIA. In the early 1980s I switched to the Natural Gas Division and worked on estimating natural gas demand and on the economic implications of the deregulation of the natural gas industry. During the 1990s I began to specialize in new contracting practices in the natural gas industry, the natural gas futures and related derivative markets and the economics of natural gas storage. I also regularly made invited presentations to the industry and to the statistics and economic professions. I was also an advisor on the economics of natural gas industry to the Commodity Futures Trading Commission and to other government organizations both national and international. I also provided expert advice at public meetings at the Illinois Commerce Commission and at other Commissions and at strategic planning meetings of natural gas companies. During my tenure at the EIA I wrote more than 50 refereed journal articles, contributed to more than 20 government reports to include seminal contributions to EIA’s Natural Gas Issues & Trends, which addressed all new issues and industry trends.  Wrote “The Value of Underground Storage in Today’s Natural Gas Industry”, an industry standard publication. 

· 1989 - 1997: Office of Oil and Gas.   I addressed all aspects of the natural gas industry from the production at the wellhead in the south central United States to consuming markets in Northeastern United States. Regularly quoted in Public Utilities Fortnightly, trade press, Bloomberg, the Wall Street Journal, and other newspapers. Involved in explaining the use of futures options and swaps for hedging energy price risk since inception of NYMEX natural gas futures market in 1990.

· 1982 - 1989: Office of Oil and Gas. Responsible for all analyses of natural gas demand within the 0ffice Of Oil and Gas. Principal reviewer of both governmental and non-governmental analyses of natural gas demand for the EIA. Developed procedures for estimating the current price of residential natural gas. Supervised computer programmers in the development of natural gas sales data system that integrated data files with statistical/graphical procedures. Directed the implementation of telecommunication technologies to update and maintain files and also to efficiently produce publication quality graphs of current data. Developed forecasting equations for natural gas demand by sector, which were used by EIA to produce short-term forecasts.

· 1981 - 1982: Office of Energy Markets and End Use. Wrote and edited chapters of EIA's principle forecasting volume - The 1982 Annual Report to Congress.

· 1979 - 1981: Office of Analysis Oversight and Access.  Senior Analyst in data, model and forecast documentation, verification, and assessment.  Technical project officer for evaluations of major models used for forecasting and analyses of energy demand, coal supplies and nuclear generation. Organized assessment projects at MIT and at the National Bureau of Standards to establish acceptance guidelines for forecasting models.  Coordinated data and model documentation and assessment activities with the Offices of Coal and Electrical Power Analysis, Nuclear Energy Analysis, and Energy Use Analysis. Prepared testimony for Congressional Subcommittee Hearings.

1977- 1979: Transportation and Economic Research Associates.  Directed and reviewed assessments of energy data and models by staff members. Conducted in-house seminar on data analysis techniques. Planning Research Corporation. Directed staff in the development of an internal Department of Energy documents 'A Strategy for Solar Energy'. As a consultant to the Solar Energy Domestic Policy Review, advised on the statistical and economic basis of forecasted changes in fuel shares by sector of the economy. Planned and directed economists, engineers, and operations researchers in the analysis of a wide variety of energy policy issues. Evaluated the economic and statistical characteristics of many of the larger energy models for PRC professionals.

EXAMPLES OF MORE THAN 50 REFEREED JOURNAL PUBLICATIONS

“Hidden Messages in Some Key North American Energy Prices", Energy Economics, 21, 1999, 471-483.

"US Natural Gas Markets - How Efficient are They?”, Energy Policy, 1996, 24, 1, 1-5.

"Trading Volume, Maturity and Natural Gas Futures Price Volatility," Energy Economics, 17, 1995, 293-299.

"Measurement Errors in Introductory Econometric Courses," Eastern Economic Journal, 15, 1995, 97-108.

"An empirical note on regressions with and without a poorly measured variable", co-authored, The Statistician, 37, 1988, 293-298.

"Robust variance estimation in linear regression", co-authored, Journal of Applied Statistics, 15, 1988, 341-345.

"A data analysis of sales of natural gas to households in the U.S.A.", Journal of Applied Statistics, 13, 1986, 199-211.

"A Data Analysis of Residential Demand for Natural Gas Using Step-down Multiple Comparison Tests", Applied Stochastic Models and Data Analysis, 4, 1988, 149-157.

"Regression Diagnostics - a review", Statistica Neerlandica, 34, 1980, 161-164.

"Data matters - specification and estimation of natural gas demand per customer in the Northeastern United States", Computational Statistics and Data Analysis", 5, 1987, 67-78.

"Demand for natural gas at the state level - twenty years of effort", Review of Regional Studies, 17, 1987, 79-87.

"Noisy Data and Uncertain Coefficients", Energy Journal, 8, 1988, 167-169.

"Institutional and economic factors in residential gas markets in the Northeastern United States between 1960-1984", Energy, 13, 1988, 211-216.

"A review of some commonly used methods of estimating petroleum resource availability", Energy Sources, 6, 1982, 293-320.

"Energy forecasting - the science of the art", Energy Economics, 4, 1982, 208-210.

“Frameworks for modeling learning on the supply side of solar technology market penetration studies", Energy, 6, 1981, 159-166.

"Some comments on market penetration, innovation, and learning - the case for solar", Technological Forecasting and Social Change, 13, 1979, 259-266.

EXAMPLES OF THE MORE THAN 70 ARTICLES/REPORTS/PROCEEDING PUBLICATIONS DURING GOVERNMENT SERVICE

“Gas Storage - What moves the Market & what doesn’t?”, Public Utilities Fortnightly, December 1, 1997, 46-51.

“US Markets Ponder a Decade of Hubs, Market Centers and Trading of Gas”, Gas Matters, July 1997, 26-31.

“Gas Price Behavior: Gauging Links Between Hubs and Markets", Public Utilities Fortnightly, April 1, 1996, 27-30.

“Spot and Futures Markets - Will Britain follow the US?”, Gas Matters, January 1996, 13-21. 

“Of Vital and Strategic Importance - Underground Natural Gas Storage”, Public Utilities Fortnightly, October 15, 1995, 32-35.

"Recent Trends in Natural Gas Prices", Natural Gas Monthly, co-authored, December, 1997, 7-21.

"Contracting for Natural Gas Supplies", Natural Gas Monthly, co-authored, February 1994, 1-17.

"The Expanding Role of Underground Storage", Natural Gas Monthly, co-authored, October, 1993, 1-14.

"Natural Gas Futures Contract Market--The First 2 Years", Natural Gas Monthly, November, 1992, 1-11.

"An Overview of Recent Developments in the Underground Storage Market", Natural Gas Monthly, co-authored, April 1991, 1-9.

"Recent Trends and Regional Variability in Underground Natural Gas Storage", Natural Gas Monthly, co-authored, February, 1991, 1-10.

"Underground storage of natural gas", Natural Gas Monthly, co-authored, July, 1987, 9-22.

"Cost and Value of Underground Natural Gas Storage", Fourth Annual DOE-NARUC Natural Gas Conference, Orlando Florida, 1995, 400-407.

"Risk and the Natural Gas Futures Market", Proceedings of the 16th Annual Conference of the International Association of Energy Economics, 1994, 264-270.

"Natural Gas Futures Contracts - A Descriptive Statistical Analysis of This New Market", Business and Economics Statistical Section, Proceedings of the 1992 Annual Meetings of the American Statistical Association, 1992, 124-130.
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