Page 1

Q.
Please state your name, business address and present position with PacifiCorp (the Company).

A.
My name is Mark T. Klein, my business address is 825 N.E. Multnomah, Suite 600, Portland, Oregon 97232, and my present position is Managing Director of Planning and Analytics of Commercial & Trading, PacifiCorp’s regulated merchant function.

Qualifications

Q.
Briefly describe your education and business experience.

A.
I graduated from the University of Idaho in 1981 with a Bachelor of Science degree in Mechanical Engineering, and from Washington State University in 1985 with a Master of Science in Mechanical Engineering.  I am also a registered professional engineer in the State of Texas.  Since 1996 I have been employed in the wholesale merchant energy business for both PacifiCorp and ScottishPower.  My previous duties included Director of Structuring and Pricing (US), Energy Risk Director (UK) and Director for Commercial Development (UK). 

Q.
Please describe your current duties.

A.
My duties and responsibilities include managing the integrated resource planning, load/revenue forecasting, net power cost, market fundamentals and structuring groups within Commercial & Trading.

Q.
Have you testified previously?

A.
Yes. I have previously testified in the states of Idaho, Wyoming and Utah.

Purpose of Testimony

Q.
What is the purpose of your testimony?

A.
The purpose of my testimony is to respond to the testimony of Staff witness Mariam, who recommends rejection of the Company’s temperature normalization adjustment.  Dr. Mariam proposes his own temperature normalization adjustment, which would increase the weather-normalized energy consumption for the test year by 94,719 MWh over that proposed by the Company.  Adoption of his proposal for weather normalization would produce a corresponding increase in total revenue of $4.913 million.  My testimony discusses:  (1) the appropriateness of using 65°F as the base ambient temperature for deriving customer energy use adjustments, (2) PacifiCorp’s weather normalization methodology, (3) deficiencies in Staff’s weather normalization methodology, (4) errors in the calculation of Staff’s weather normalization adjustment, and (5) my conclusions and recommendations.

Appropriateness of 65°F as the Base Ambient Temperature for Deriving Customer Energy Usage Adjustments

Q.
Can you briefly describe the main difference between the Staff’s weather normalization and PacifiCorp’s weather normalization methodologies?

A.
Yes.  The main difference in the methodologies is relative sophistication of the two approaches, as measured by (1) the number of base temperatures used to describe customer energy usage, and (2) the number of equations used as actual temperatures deviate from the base.  Staff’s methodology uses a single base temperature of 65°F and two equations to describe customer energy usage as a function of how far actual temperatures deviate from this base temperature.  PacifiCorp’s methodology uses three base temperatures of 55°F, 65°F and 68°F.  PacifiCorp derives an equation for each of four segments:  below 55°F, from 55°F to 65°F, from 65°F to 68°F, and above 68°F.  Each equation describes customer energy usage as a function of how far actual temperatures deviate from the appropriate base temperatures. 

Q.
Is it appropriate to use a single “base” temperature of 65°F to derive a single energy usage equation, as Dr. Mariam suggests?

A.
No, it is not appropriate.  Using a single base (ambient or outdoor) temperature is relatively primitive and unsophisticated, and fails to capture refinements that have developed over the eighty-plus years since the notion of a 65°F “base” temperature was developed.  Use of a single base fails to capture the effects on indoor temperature changes from lighting, occupants and indoor equipment (TVs, stereos, computers, etc.).  These non-ambient temperature externalities require different base temperatures for heating and cooling demand determination.  Demonstrably, the method that Dr. Mariam suggests will over-estimate customer loads close to the 65°F base temperature and under-estimate loads when temperatures deviate significantly from the base temperature.  I will explain this more fully later in my testimony.
Q.
Dr. Mariam’s testimony states that “65°F is an internationally accepted average outside temperature that would result in an indoor bodily comfortable temperature” and that “[w]hen the outside temperature is below 65°F, the indoor temperature needs to be increased by space heating.”  Do you agree?

A.
No.  The statements are wrong in several respects and neglect the basic physics of heat gains and losses associated with buildings.  First, it is not internationally accepted that an average outside temperature of 65°F will result in an “indoor bodily comfortable temperature.”  Second, outside temperatures that fall below 65°F will not automatically trigger space heating.  In fact, the United Kingdom (UK) uses a base temperature of 15.5°C (59.9°F) for degree day calculations. Some UK energy forecasting guidelines suggest using base temperatures for heating requirements as low as 50°F to account for occupant load, lighting and equipment heat gains.

Q.
What is the origin of using 65°F as the base temperature to determine cooling and heating degree days?

A.
The concept of heating and cooling degree days using a base temperature of 65°F has been used in the U.S. since the early 1920s.  Later, in the mid-1950s, 65°F was established as a convenient reference point by an American Gas Association (AGA) study used to determine residential building heating requirements necessary to maintain a comfortable indoor temperature range between 68°F and 72°F.  It is important to note that the AGA study was specific to natural gas use and not electricity use.  Clearly changes have occurred since the original base temperature was established, e.g., building construction and size, occupant loads, lighting use and type, increased use of cooling equipment, and the introduction and use of electronic and electrical equipment.

Q.
Are there techniques available that establish more appropriate base temperature references recognizing the changes that have occurred since the 1920s?

A.
Yes.  A better technique is to analyze the patterns of electricity consumption that occur in different temperature regimes or ranges and establish appropriate base ambient temperature references that match those patterns.  PacifiCorp uses this technique, as I explain later in my testimony.
PacifiCorp’s Weather Normalization Methodology

Q.
What are the specific advantages of PacifiCorp’s weather normalization methodology?

A.
PacifiCorp’s methodology recognizes that the rate or intensity of customer demand actually changes depending on different temperature ranges or regimes.  This is the concept that was presented to the Company in the Research Triangle Institute (RTI) report.  It is more appropriate to capture these changes through equations specific to each temperature regime than through two equations applied over all temperature regimes, as Staff Witness Mariam has suggested. 

Q.
What proof does the Company have to support that the rate of customer demand is a function of the temperature regime?

A.
Exhibit No.___(MTK-2) is a plot showing daily energy use by a sample of Washington State residential customers as derived from Company load research data compared with the average daily temperatures recorded at the Yakima weather station.  A visual inspection of the exhibit indicates that the minimum usage on the days when little or no space conditioning occurs, either heating or cooling, is around an average temperature of 65°F.  To help visualize the importance of this point, trend lines have been added to demonstrate what happens when an incorrect base temperature is used.  The solid lines are trend lines generated through observations that use 65°F as the base temperature. At most temperatures below 65°F, the solid line over-estimates customer energy usage.  The steeper, dotted line is a similar trend line produced using a base temperature of 58°F and more closely approximates actual observations of customer energy use.  Overall the exhibit shows that between 58°F and 65°F there is little or no space conditioning occurring, above 65°F space cooling is occurring and below 58°F space heating is occurring at rate greater than that predicted by using a 65°F base temperature.

Q.
If using a single base temperature of 65°F leads to erroneous customer energy consumption, please explain the analytic method PacifiCorp uses to derive the different energy usage equations.
A.
As described above, using the 65°F figure as a single “break” point does not adequately explain customer behavior.  All customers don’t switch on their air conditioning when the outside temperature exceeds 65°F, nor do they use electric heating simply because the temperature falls below 65°F.  Further, increase in customer use of air conditioning is not uniform at all temperatures above 65°F and is not uniform for electric heating at all temperatures below 65°F.  The patterns of customer use of space conditioning equipment are different at different temperatures.  The Company uses temperature “splines” in linear regression equations to reflect these pattern differences.

Q.
What are temperature splines?

A.
In regression equations, a temperature spline reflects different patterns of air conditioning or electric heating usage across a temperature range.  The weather variable coefficient estimates from 70°F to 80°F are generally lower than the coefficient estimates from 80°F to 100°F since air conditioning is less efficient at the higher temperature range.  Similarly, the rate of intensity of use of electric heating is greater at 20°F than at 50°F, which requires appropriate coefficient estimates at the corresponding electric heating temperature ranges.  The points where the weather coefficient values change are known as breakpoints.  Exhibit No.___(MTK-3) illustrates sample electricity consumption data for Schedule 24 customers in Yakima and observed breakpoints at approximately 41°F, 58°F, 65°F and 73°F.  The solid lines represent the regime specific regression equations and the breakpoints establish the appropriate base ambient temperature reference points.

Deficiencies in Staff’s Weather Normalization Methodology

Q.
How sound is a weather normalization methodology that uses only a single base temperature and single equation to determine customer energy usage or demand?

A.
A weather normalization methodology that uses only a single base temperature and two equations for customer demand (one for temperatures above the base, one for temperatures below) is not sound because it leads to both over and under-estimates of customer energy usage depending on the temperature regime or range.  Essentially the predicted or estimated amount of energy consumption does not correspond to the underlying physical parameters driving customer energy use.  Exhibit No.___(MTK-4), using the same data used for Exhibit No.___(MTK-3), illustrates the inaccuracies associated with using a single base temperature and single equation for customer demand.  The dashed line represents Staff’s methodology for predicting customer energy use.  The dashed line is generally above the solid lines which represent a more accurate fit to the data.  It is easy to observe that between 40°F and 75°F the Staff method over-estimates energy consumption and under-estimates energy consumption both below 40°F and above 75°F as compared to PacifiCorp’s methodology. 

Q.
How does the weather normalization methodology proposed by Staff achieve the accuracy claimed in capturing the impact of changes in temperature on use per customer?

A.
Dr. Mariam includes additional non-temperature variables to “improve the fit” of his single equation over the entire observed temperature range.  Many of these variables are statistically insignificant, however, and make the estimation process unstable.

Q.
Can you describe what you mean by unstable?

A.
Yes.  Since the rate or intensity of energy use by customers changes with different temperature regimes, the equation(s) describing energy demand should reflect the appropriate temperature sensitivities.  In order to match recorded data, a weather normalization methodology using a single demand equation, as proposed by Dr. Mariam, requires the addition of non-temperature sensitive variables (Month, Season, etc.).  The addition of non-temperature variables makes the demand equation less sensitive to significant variables like temperature.  Dr. Mariam’s inclusion of additional non-temperature variables leads to an inaccurate measure of the weather adjustment parameters and the weather adjustment amount.  Customers do not use more energy simply because it is the month of August.  Rather they will use more energy at times of higher temperatures irrespective of what month those temperatures occur.

Q.
Can you describe the problems associated with using statistically insignificant weather variables as Dr. Mariam has included?

A.
Yes.  Dr. Mariam includes several variables that have statistically insignificant coefficient estimates including several weather variables.  Statistically insignificant coefficient estimates mean that the estimated coefficient values are not statistically different from zero.  This creates two problems.  The first problem occurs when estimating the model.  If insignificant variables remain in the model during the estimation process, then the significant variables are inaccurate.  Secondly, insignificant weather coefficients should not be used in the weather normalizing models.

Q.
Please discuss the specific problems associated with the “month” and “season” variables introduced and used by Dr. Mariam.

A.
Dr. Mariam’s use and treatment of the “month” and “season” variables is incorrect.  The “month” and “season” variables differentiate between heating and cooling months and seasons, and tend to move in correlation with the significant weather variables in Staff’s model, i.e., heating and cooling degree days.  As a result, some of the weather responsiveness in the Staff Model is represented by the Month and Season variables and some of the weather responsiveness is measured by the heating and cooling degree day variables.  The weather coefficients are not measuring all of the weather impacts and additional inaccuracies are introduced in the weather adjustment calculation.

Q.
Please comment on the backtesting used by Dr. Mariam to determine the accuracy and robustness of his customer usage estimation methodology.
A.
In Dr. Mariam’s testimony, he includes Exhibit No.___(YKGM-3), Table 2, showing that the average difference between the estimated and actual use per customer is 0.39 percent over the period 1995-2004.  He claims that this level of accuracy reflects a robust analysis and therefore his procedure accurately captures the impact of changes in temperature on use per customer.  What this simple comparison shows is that over a recent ten-year period his estimation method compared to actual use produces close results over a large averaging period.  This is not a sign or indication of either the accuracy or robustness of his proposed methodology.

Q.
Please explain.
A.
First, the accuracy and robustness of the test should be comparable to averaging periods for which the method will actually be applied.  Test periods are typically twelve months in duration, not ten years.  A better test would be to look at the accuracy by month and year for each location and determine the accuracy and robustness.  Second, negative deviations or errors should not be allowed to offset positive deviations or errors, which Dr. Mariam’s test allows.

Q.  
What common or accepted measurement technique could used to determine the accuracy and robustness of a forecasting method?

A.
A common or accepted measurement used in forecasting to determine the accuracy and robustness of the method is using the mean absolute percent error, or MAPE.  The MAPE measures the deviation of the actual value from the predicted or fitted value and simply drops the negative sign.

Q.  
Did PacifiCorp perform this test on the Staff’s weather normalization results to determine the true accuracy and robustness of their method?

A.
Yes.  Exhibit No.___(MTK-5) provides the results of this analysis.  When looking at the range of forecast errors of Staff’s methodology in finer granularity (year, customer schedule and location), the exhibit shows a MAPE range between 2.36 percent and 13.49 percent.  These are all significantly greater than the average error difference of 0.39 percent claimed by Dr. Mariam.  It can also be observed that the MAPE shows an increasing trend from 1996 to 2004, which implies that Staff’s model and methodology are not estimating the recent periods well.

Errors in the Calculation of Staff’s Weather Normalization Adjustment

Q.
What other inaccuracies have you found related to Dr. Mariam’s weather normalization adjustments or calculations?

A.
The actual Heating Degree Days (HDD) and Cooling Degree Days (CDD) that Dr. Mariam used in his analysis do not match the calendar month information provided by the National Oceanic and Atmospheric Administration (NOAA).

Q.
How has this impacted the weather adjustment calculation that Dr. Mariam provided?

A. 
This error resulted in an over-calculation of the weather adjustment by $727,000 as result of 14,114 MWhs of excess customer energy use.  Exhibit No.___(MTK‑6) shows a comparison of the HDD and CDD values used in Dr. Mariam’s testimony and the actual values reported by NOAA.  Exhibit No.___(MTK-6) shows that the total number of HDD and CDD used by Dr. Mariam are more than those measured by NOAA and over-estimate customer energy use as the result.

Q.
Are you proposing that the Commission accept Staff’s adjustment after making this $727,000 correction?

A.
No.  I am just setting a boundary.  The adjustment that Staff would have proposed had Dr. Mariam used the correct data would have been an increase of 29,517 MWh rather than an increase of 43,629 MWh.  I still contend that the Company’s approach is superior.  My point is simply that in no event should a temperature adjustment exceed 29,517 MWh, and therefore $727,000 of Staff’s adjustment should be disregarded entirely.  

Conclusions and Recommendations

Q.
Staff Witness Mariam suggests that the Commission adopt some additional requirements to the weather adjustment method.  Do you agree with these suggested requirements?

A.
No.  Dr. Mariam implies that the Commission should use ten years of data in calculating weather impacts.  The characteristics of customers’ energy use, however, change more rapidly than a ten-year time horizon can reflect.  For example, as the acceptance of air conditioning changes over time and more customers install this equipment, the effects of weather on electricity sales will change.  Also, customers may decide to use more natural gas equipment for space conditioning than electric equipment and the effects of weather on electricity sales will change.  As building standards and construction practices change (increased insulation levels in homes) weather effects on electricity sales will also change.  Using ten year old data will fail to capture rapidly changing conditions and result in measures that are inaccurate.  Currently, PacifiCorp uses the most recent five years of data.  We recommend that the Commission continue to accept this data period for calculating weather impacts.

Q.
How often should the weather coefficients be changed?

A.
Based on past work by PacifiCorp, it appears that the weather coefficients are statistically different after 3 years.  PacifiCorp recommends that the Commission adopt a practice of updating coefficients every three years. 

Q.
Should the Commission accept Dr. Mariam’s recommendation to change from the 1961-1990 NOAA normal temperatures to the 1971-2000 NOAA normal temperatures?

A.
Yes.  PacifiCorp accepts Staff’s recommendation to change from the 1961-1990 NOAA normal temperatures to the 1971-2000 NOAA normal temperatures.  When the Company’s temperature normalization analysis was redone using this data, the result was that test year consumption should be adjusted upward, but only by a small fraction of what Dr. Mariam proposes.  Updating to 1971-2000 NOAA normal temperatures would produce a normalization adjustment of about $2.772 million, rather than the $4.913 adjustment calculated by Dr. Mariam.

Q.
Should the Commission adopt the Staff’s temperature normalization adjustment and reject PacifiCorp’s normalization calculations, as suggested by Dr. Mariam?

A. 
No.  The Commission should reject $2.141 million of the $4.913 million related to Staff’s total temperature normalization adjustment.  The adjustment should be reduced to $2.772 million, which reflects the impact of using the more recent 1971-2000 NOAA normal temperatures, as described above.  Staff’s adjustment is based on an unsophisticated weather normalization methodology using a single base ambient temperature of 65°F combined with a single parametric equation describing customer energy usage.  Staff’s premise – that this method is applicable for PacifiCorp system-wide customer load regions and over all temperature regimes – is wrong.  Staff’s data, model and results are not accurate, robust or stable.

Q.
Does this conclude your testimony?

A.
Yes
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