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DIRECT TESTIMONY OF YOHANNES K.G. MARIAM

I.
INTRODUCTION

Q.
Please state your name and business address.

A.
My name is Yohannes K.G. Mariam.  My business address is Chandler Plaza Building, 1300 South Evergreen Park Drive S.W., Olympia, Washington, 98504-7250.

Q.
By whom are you employed and in what capacity?
A.
I am employed by the Washington Utilities and Transportation Commission (Commission) as a Regulatory Analyst (Economist) in the Energy Section of the Regulatory Services Division.

Q.
Please describe your educational background and professional employment experience?
A.
I hold Masters of Science (M.Sc.) and Doctor of Philosophy (Ph.D) degrees from McGill University (Canada).  My areas of specialization are quantitative economics (econometrics and operations research) and resource economics.  I minored in applied cognitive psychology and anthropology.  I was a fellow of the Natural Science and Engineering Research Council (NSERC) of Canada from 1993-1995.  I worked as a regulatory and socio-economic consultant for Environment Canada from 1995 to 1997.  In 1998 and 1999, I worked as a staff economist for the Canadian Federal Department of the Environment (Environment Canada).  In these positions, I worked on a wide variety of projects and wrote several manuscripts dealing with economics, the environment, agriculture, development and regulatory issues.  I have served as an invited reviewer for the Journal of the Air and Waste Management, and as an invited lecturer at McGill University.  Since September 1999, I have been employed by the Commission as an economist in the Energy Section of the Regulatory Services Division.  In that capacity, I have worked on purchased gas adjustments, incentive mechanisms, other tariff revisions, integrated resource planning, and general rate cases including Docket Nos. UE-991832 and UE-032065 (PacifiCorp), UG-000073 and UG-031885 (Northwest Natural), and UE-011595 (Avista).  My analyses in these general rate cases concerned the prudence of new resources, rate spread, weather normalization, and cost of service.  I also presented testimony on weather normalization in the Power Cost Only Rate Case of Puget Sound Energy, Inc. in Docket No. UE-031725.  I contributed to the small business impact analysis of implementing railroad, telecommunication and energy related rules.  I collaborate with other Staff on issues relevant to economic disciplines and write technical papers dealing with regulated energy industries.

II.
PURPOSE AND SUMMARY OF TESTIMONY

Q.
What is the purpose of your testimony in this proceeding?

A.
I present Staff’s recommendation regarding the following subjects that impact the determination of net power costs for ratemaking purposes: (i) the span of years of streamflow data to use in modeling hydro electricity generation; 
  (ii) natural gas and coal prices; and (iii) wheeling or transmission charges. 



I also present Staff’s recommendation regarding electric and natural gas weather normalization procedures and their impact on the proforma revenue requirement.

Q.
Have you prepared any exhibits in support of your testimony?

A.
Yes, they are:



Exhibit ___(YKGM-2)
Net Power Cost Adjustment With 50-Year Streamflow 



Exhibit ___(YKGM-3)
Staff Electric Weather Normalization Recommendations (Docket No. UE-031725)



Exhibit ___(YKGM-4)
Climate Change Streamflow Statistical Analyses



Exhibit ___(YKGM-5)
Climate Change Streamflow Study Publications



Exhibit ___(YKGM-6)
Natural Gas Forward Price Statistical Analyses



Exhibit ___(YKGM-7)
Three-Month Rolling Average Natural Gas Price



Exhibit ___(YKGM-8)
EIA Natural Gas Price Forecast (2005-2006)



Exhibit ___(YKGM-9)
Net Power Cost Adjustment With Natural Gas Price and 50-Year Streamflow 


Exhibit ___(YKGM-10)
Net Power Cost Adjustment With Natural Gas and Coal Price and 50-Year Streamflow 



Exhibit ___(YKGM-11C)
PSE Proposed Wheeling Charge Increase



Exhibit ___(YKGM-12)
Net Power Cost Adjustment With Natural Gas and Coal Prices, 50-Year Streamflow, and Wheeling Charge Disallowance



Exhibit ___(YKGM-13)
Natural Gas Weather Normalization 

Q.
Please summarize Staff’s recommendation regarding streamflow. 

A.
To ensure reliable electricity service, hydroelectric modeling has to incorporate risks related to hydro and non-hydro use of water.  To capture some of the variability inherent in the inputs to the modeling, Staff recommends a streamflow study based on 50 water years for the period 1928-1978.  This compares to PSE’s proposed 60 water year study for the period 1928-1988. 


Staff analyzed monthly streamflow data supplied by PSE for the period 1928-1978 and bi-weekly streamflow data provided by the Bonneville Power Administration (BPA) for the same period.  Time series statistical analysis of this data shows that there is no significant discernible trend in the 50-year streamflow data, and that the data is normally distributed. Furthermore, statistical analysis proved that streamflow and hydro generation are highly correlated. 


The cost impact of the Staff recommendation was evaluated using the AURORA software and PSE’s spreadsheet model.
  Changing from 60 to 50 water years reduced PSE’s proposed power costs for the rate year by $1.978 million, as shown on Exhibit ___(YKGM-2).



I discuss the Staff recommendation in Section III of my testimony.

Q.
Please summarize Staff’s recommendation on natural gas and coal prices.

A.
This recommendation is covered in Section IV of my testimony.  Based on the result of statistical time series analysis, Staff concluded that three month average forward strips should be used as the best estimate of natural gas forward spot prices.  This estimate was then used to calculate the natural gas price expected to prevail during the rate year.  The analysis produced an increase in the average gas price from $4.39/mmbtu, as proposed by PSE, to $4.69/mmbtu. 


PSE’s contractual agreement with respect to the purchase price of coal for Colstrip 1&2 will increase 11% from an average of $0.562/mmbtu to $0.625/mmbtu, and for Colstrip 3&4 will increase 5% from $0.589/mmbtu to $0.618/mmbtu.

Incorporating these changes in the price of natural gas and coal, and using 50 hydro years to calculate hydropower production, results in a total increase in PSE’s net power costs of $21,263,000.   (Exhibit __ (YKGM-10).  Changing only the price of natural gas results in an increase in PSE’s net power cost of $29,102,000.  (Exhibit ___ (YKGM-9).

Q.
Please summarize Staff’s recommendation on wheeling or transmission charges.

A.
PSE’s proposed wheeling charge of $2,157,823 is not known and measurable. Removal of this cost item, and using Staff’s gas and coal prices and 50 hydro year study, results in a total increase in PSE’s net power cost of $19,131,000.  (Exhibit ___ (YKGM-12).  This recommendation is discussed in Section V of my testimony.

Q.
Please summarize Staff’s recommendation regarding electric weather normalization.

A.
In Docket No. UE-031725, Staff made a number of recommendations with respect to electric weather normalization.  I have included in Exhibit ___(YKGM-3) that portion of my testimony from that case that outlines those proposals.  The Company’s weather normalization procedures in this case implement those recommendations.


However, Staff recommends changing from thirty to ten the number of years used to develop an allocation scheme for normalized electricity usage among rate schedule.  This recommendation does not result in an adjustment to PSE’s proposed weather sensitive electricity consumption.  I discuss the reasons for this recommendation in Section VI of my testimony.

Q.
Please summarize Staff’s recommendation regarding natural gas weather normalization.

A.
PSE used test year consumption and temperature, and 20-year rolling average temperature, to derive normalized natural gas usage in the test year.  Staff replaces the 20-year rolling average with NOAA’s 30-year normal.  This change increases weather sensitive therms by 13,544,190 therms.  The proforma revenue impact of this adjustment is $10,877,812 per year.   (Exhibit ___ (YKGM-13).



This recommendation is explained in Section VII of my testimony.  Final recommendations are also outlined in Section VII.

III.
STREAMFLOW AND HYDROELECTRIC GENERATION ANALYSIS

Q.
Before you discuss the Staff recommendation to use a 50-year streamflow study for modeling hydroelectric generation, is there background information that would assist the Commission on this issue?

A.
Yes.  Any discussion of this issue would benefit greatly from an understanding of the operation of the hydroelectric power system on the Columbia River.  It is also important to understand some fundamental, yet critical, concepts of statistical analysis.
Q.
Please describe briefly how hydroelectric power is managed in the Pacific Northwest.

A.
Hydroelectric regulation is a process planners and operators use to make decisions about routing water through the hydroelectric generation projects in the Columbia River basin.  Federal agencies such as BPA and Northwest Power Pool (NWPP) use modeling tools to plan an efficient and economical use of river system storage and flows for generation and non-generation purposes.

Q.
Please explain the models used to develop hydroelectric regulation guidelines.

A.
Currently, there are three models used to plan the operation of the hydro projects in the Columbia River basin:  (i) hydro system seasonal regulation program (HYSSR); (ii) hydro simulator program (HYDROSIM); and (iii) the Pacific Northwest Coordination Agreement Regulation program (HYDREG).   HYSSR simulates the seasonal characteristics of the hydro system under varying electric energy requirement (load) and streamflow conditions over a long period of time.  HYDROSIM simulates the operating characteristics of the Northwest hydro system under varying load and flow conditions over an extended period of time.  HYDREG establishes seasonal guidelines for coordinated operation of hydroelectric projects included in the Pacific Northwest Coordination Agreement (PNCA).

Q.
Please describe the inputs to the hydro models.

A.
The inputs include natural streamflow records, physical characteristics of projects such as reservoir elevations, storage, and power plant characteristics.  Furthermore, the models take into account operating requirements that include power production and non-power requirements.  The latter are affected by discharge or run-offs from projects and reservoir content.  Run-offs and reservoir content are also influenced by upstream and downstream projects.  Power generated from sources such as coal and nuclear facilities is also included.  “Rules curves” that represent reservoir water levels and provide guidance to meeting projected load are also included.  The models use the rule curves to assess reservoir operation during the coming year under differing water conditions. 

Q.
Please explain the kinds of rule curves that are used in hydroelectric modeling and their importance.

A.
Rule curves are constraints that must be satisfied by the optimal solution of hydroelectric generation models.  There are four kinds of rule curves:

Critical Rule Curves define the reservoir elevations that meet firm hydro energy requirements under the most adverse streamflow on record (1928-1932). 


Assured Refill Curve (with critical rule curve) represents the level for which the reservoir could refill if the low runoff condition observed in 1931 occurs again. 


Flood Control Curves (with critical rule curve and assured refill curve) define the drawdown required to assure adequate space available in the reservoir to regulate the predicted runoff for the year without causing flooding downstream. 


Variable Energy Content Curve (with critical rule, assured refill and flood control curve) guides non-firm energy generation. 


Hydroelectric modeling that satisfies all of these rule curves is required to guide the use of the Columbia River system for power and non-power uses.

Q.
Please identify the most important determinants or bottlenecks in the generation of hydro electricity in the Northwest.

A.
The water in the Columbia River basin is used for power and non-power purposes.  In general, non-power requirements take precedent over power production.  That is, hydro generation is possible only after meeting the non-hydro uses of the River.  Consequently, the flood control curve takes priority over other rule curves applicable to power production modeling.  The non-hydro use of the water can be met if the run-off volumes satisfy the PNCA guidelines.

Q.
Is there uncertainty in modeling the hydroelectric system?

A.
Yes.  The Columbia River basin collects run-offs from Canadian and Northwest snowfields.  The resulting streamflows build up and then diminish.  Consequently, reservoir elevations rise and fall.  There are multiple uses of the river system for non-generation and generation purposes.  There are several operators, agencies and organizations with conflicting interests with respect to the use of the water system.  Changes in climate and geology compound these conflicts.  As a result, modeling the hydroelectric system has increasingly become complicated and the results uncertain.  Thus, it is important to implement hydroelectric models in a manner that captures the variability in the flow and uses of the water.

Q.
Are there statistical tests that should be applied to time-dependent variables such as streamflow before carrying out other more specific analyses?

A.
Yes.  Before implementing statistical analysis such as regression and forecasting, it is necessary to assess whether or not the data is normally distributed, has finite variance or is stationary, and whether or not there are predictable patterns in the variables under study.  These tests are important because most statistical analyses assume that the data is normally distributed and stationary, without actually performing an assessment of those issues.
Q.
Please explain the meaning of “Normality” for statistical analysis.

A.
Normality implies that half the data falls above the mean and the remaining half falls below the mean.  The data below and above the mean must also be evenly distributed.  And, about 95% of the data must lie within plus or minus (±) three standard deviations from the mean.
Q.
Why is it necessary to test for normality?

A.
Tests for normality are prerequisites for implementing other kinds of statistical analysis such as analysis of trends and forecasts.  If normality cannot be established, the results of those statistical analyses will not be robust or correct.  It will also be difficult to conclude that the findings incorporate variability or risks inherent in the data.  In short, if a variable does not pass the test of normality, all other statistical analysis becomes less trustworthy.
Q.
Are there other tests that should be performed in a statistical analysis of a time series variable?

A.
Yes.  It is a test for the presence of a  “random-walk” or “unit root.”
Q.
What is a random-walk or unit root and why is it important to statistical analysis?

A.
If a shock or disturbance to a system (e.g., market) results in a movement away from a long-term trend or results in a permanent effect, and if that trend is influenced by past values of the variable, then we have a random-walk problem.
  If the speed with which the forecast change is unitary, then we have a special case of random-walk called unit root.  Tests for random-walk or unit root assess whether or not the difference between the forecasted value and long-term trend dissipates over time (the series goes back toward a long-term trend). 



A random-walk has infinite variance and a unit root.  Thus, a unit root test is implemented to test for the presence of a random-walk.   It has infinite variance because the current value of a variable reflects the impacts from all of its past values.  It has unit root because the rate of change of a variable is proportional (one-to-one) with its own immediate past values.
   In order to perform meaningful statistical analysis, data on any variable has to have finite variance.  That is, the error or difference between forecasted value and long-term trend has to decline.  If the difference increases monotonically, we have a situation called “non-stationarity.”  If the difference declines, then we have a stationary series.  Thus, data that is characterized by random-walk or unit roots have to be “transformed” so that the series becomes stationary or has finite variance.  This transformation should be implemented using appropriate statistical methods before implementing tests of normality or forecasting.

Q.
What do you mean by “stationary” and please describe its importance in data analysis?

A.
If the values of a variable such as streamflow exhibit a constant mean and standard deviation over time, then the variable is stationary.  Its forecast value continues to be closer to the long run trend.  Occasionally, a series may be non-stationary, but after transformation, such as taking logarithm or differencing, the resulting series becomes stationary.  It is important for data to be stationary before performing other tests. 
Q.
Now that you have explained the statistics analyses that are relevant to your testimony, please explain how PSE studied streamflow data.

A.
PSE conducted several statistical analyses using streamflow data for the period 1928-1988.  These included: (i) a test of normality; (ii) equality of means for the data from 1928-1947 (20 years) and 1948-1987 (40 years); and (iii) time series analysis to detect trends and test for unit-root (random-walk) and stationarity.  PSE’s findings indicate that the streamflow data is trendless, not forecastable and normally distributed.  PSE performed similar analyses on hydroelectric generation data, and assessed its correlation with stream flow data.  The generation data was found to be highly correlated with natural stream flow and normally distributed.

Q.
Given the results of PSE’s statistical analyses, why do you disagree with the Company’s use of 60 water years in modeling hydroelectric generation
A.
Statistical analysis of streamflow data is only one aspect of validating inputs in hydroelectric modeling.  The statistical findings have to be in congruence with other inputs of the hydroelectric generation models, such as rule curves.  PSE did not validate its statistical findings with the requirements or logics of these other inputs. 

Q.
Please outline the approach that Staff used to model streamflow.

A.
First, Staff studied critical inputs in the hydroelectric generation models, issues that the models should incorporate but did not, and how the reliability of hydroelectric modeling is affected by the choice of the number of water years.  Then, Staff determined the number of hydro years that best captures these issues of concern.  The 50-year period from 1928-1978 was the period selected by Staff.



Second, Staff performed statistical analyses of streamflow and generation data to ensure that the chosen water years meet the statistical tests discussed above (i.e., normality and stationarity).  Then, the results of the statistical analysis were used to determine how normalized streamflow data could be derived based on the available data.  These steps are described below.

Q.
Please describe the streamflow data available for hydroelectric modeling.

A.
In July 2004, BPA produced bi-weekly streamflow data for the period 1928-1999.  PSE supplied monthly streamflow and generation data for the period 1928-1978.  Project specific data is provided by utilities and agencies that own or operate projects in the basin.  The rules curves are derived based on several factors that affect the use of water for hydro and non-hydro purposes.



NWPP uses rule curves, especially the flood control curve, derived by USACE.  Using these curves and streamflow data, NWPP produced generation data for 60 or more hydro years.  Furthermore, every week, NWPP produces data regarding availability of hydroelectric production in the Northwest.

Q.
If generation data is produced by NWPP, why was it still necessary for Staff to assess the number of hydro years to use in hydroelectric modeling? 

A.
NWPP relies on USACE observed run-off volumes that were used to calculate flood control curves.  However, the multitude of uses of the water in the Columbia River basin, variability in snow pack melting and streamflow, and climatic changes have created a greater degree of uncertainty in run-off volumes.  Run-off volumes are the backbones of flood control rule curves. 



USACE uses observed run-off volumes as the basis to develop flood control rule curves.  The assumption that observed run-off volumes will occur in the future implies full knowledge of the various uses of the water.  That is, certainty regarding run-off volumes means perfect foresight.  Any hydroelectric modeling exercise that assumes perfect foresight of events that are uncertain is a departure from reality. 



If, instead, run-off volumes are estimated, it is possible to incorporate variability inherent in the uses of water for power and non-power uses. Therefore, it is pragmatic and realistic to use estimated run-off volumes to develop flood control curves.  That is the approach used by Staff.   



The existing rules curves for the 50-year period 1928-1978 selected by Staff are based on estimated run-off volumes.  In order to use 60 or more water years in modeling hydroelectricity, run-off volumes for the same period must be estimated. Until USACE, BPA or NWPCC develop rule curves based on estimated run-off volumes, Staff recommends using the 50-year period it selected.  In short, at this time, the 50-year estimated runoff is the best available data series.  
Q.
Did Staff perform statistical analysis of streamflow data?

A.
Yes. Staff analyzed 50 and 60 years streamflow data.  Staff studied: (i) normality; (ii) the presence of random-walk or unit root; and (iii) causality between streamflow and hydro electric generation. 

Q.
What were the findings of your statistical analysis?

A.
The statistical analysis showed that: (i) the monthly and bi-weekly streamflow data are normality or log-normally distributed; (iii) there is no presence of unit roots or random-walk and no trend in the data; and (iii) there is a higher degree of causal relationship between streamflow and generation, with the former being a more significant determinant of the latter. 
  The result of the analysis is presented in Exhibit ___(YKGM-4).
Q.
What is the importance of these statistical findings?

A.
The fact that monthly data is normally or log-normally distributed implies that, as the data become more disaggregated, such as using bi-weekly or monthly data instead of annual data, the behavior of streamflow data may exhibit its “true” characteristics.  That is, it shows the presence of variability. Thus, the use of disaggregated streamflow data may capture the inherent uncertainty of the variable under study.  As the data become disaggregated, appropriate statistical methods have to be implemented to capture the variability inherent in streamflow data.  The finding of normality also implies that there are no statistical reasons to exclude any subset of observations from the analysis.

The finding that there is no random-walk or unit root implies that the series is stationary and that there is no trend in the data.  The fact that there are no discernible trends in the data implies that streamflow can reliably be forecasted only over a short period. 
  Furthermore, the finding shows that expected value of streamflow in the more recent future is simply the average of what has been observed in the past.

Q.
Are there differences in the results of the statistical analysis of streamflow data performed by Staff and PSE?

A.
No. 

Q.
Then, why shouldn’t the results of a statistical analysis alone justify PSE’s use of 60 water years in modeling hydroelectric generation?

A.
Staff opposes PSE’s proposal to use of 60 water years in hydroelectric modeling because it is based only on statistical analyses.



Streamflow data is only one of the many inputs to hydroelectric modeling.  Although hydroelectric generation is greatly affected by streamflow data, non-hydro uses of water in the Columbia River basin have become the priority.  Consequently, any hydroelectric modeling has to satisfy the non-hydro water use constraints.  Until constraints such as flood control rule curves are developed in a manner that incorporates uncertainty in the use of the water,  Staff recommends using 50-water years.

Q.
Is it correct that the Commission has used the most recent 40 water years in prior PSE rate cases for hydro modeling purposes?
A.
Yes, but there is no definitive rule for deriving normal hydro or water years. 


In Cause No U-85-36, the most recent 40 hydro years was used because it lowered the cumulative difference or variance from the mean.  But, as indicated earlier, statistical analysis of streamflow is not the sole determinant of a normal hydro year.  Furthermore, rolling averages are used in a situation where there are abnormalities in the actual data and the study must minimize the abnormality or standard deviation.


In Docket No. UE-921262, Staff recommended using the most recent 40 water years.  Public Counsel conducted a statistical significance test between the data that contained streamflow records for the period 1928-47 (20 years) and 1948-87 (40 years).  The data for the first period are characterized by abnormally low water years.  As a result, the mean from these two time periods were found to be statistically different.  Staff and Public Counsel recommended excluding the period 1928-1932 that contained relatively low hydro years.   The critical period of 1928-1932 defines how much hydro system energy should be considered firm under a worst case scenario. 


In this proceeding, Staff did not divide or group the data into two periods because the critical time periods have to be included in modeling the hydroelectric system.  Inclusion of critical hydro years is similar to assuming a design or coldest day in history when planning for gas.  Based on time series statistical analysis, Staff concluded that the data is normally distributed and showed no trend (trendless).  Thus, there are no grounds to exclude critical periods or to divide the data into separate groups. Consequently, Staff did not analyze the most recent 40-water years for use in hydroelectric modeling. 

Q.
Are there empirical studies that support the inclusion of low hydro years in hydroelectric modeling studies?

A.
Yes.  There are a number of studies that show decreased elevation of snow accumulation, increased snow pack melting early in the season, increased streamflow, and other changes in the ecosystem.  (Exhibit __(YKGM-5).  The studies confirm that availability of water for power and non-power uses may continue to decline.  The findings of these studies alone are sufficient to include low water years because of the high likelihood of their occurrence in the near future.  
Q.
Are there other reasons that justify the inclusion of low hydro years in hydroelectric modeling?

A.
Yes.  Electricity generated from Northwest hydro is not a classic base load resource.  Therefore, its availability or lack thereof does nothing to justify the acquisition of a major base load resource.  Instead, the amount of electricity generated from hydro affects secondary purchases and sales.  Thus, hydroelectric modeling has the primary goal of forecasting the availability of power in the near future.  Such forecasts have to be based on sound statistical analysis of streamflow data.  Analysis of  streamflow data did not show exclusion of specific years because it is normal and stationary.  Therefore, for ratemaking purposes, there is no reason to exclude any water year information that met the statistical and hydroelectric modeling standard as input to the production cost model (e.g., AURORA)
Q.
What is the net power cost impact of changing PSE’s proposed 60 waters years to Staff’s 50 water years?

A.
AURORA power cost modeling software was used to evaluate the impact of that change.  The results from AURORA were fed into PSE’s spreadsheet model that contains other power cost components.  Changing the water years from 60 to 50 years, holding all other variables constant, decreases PSE’s rate year net power cost by about $1.987 million.  My Exhibit __(YKGM-2) shows this calculation.
Q.
Do you have any final recommendation for PSE to adopt?

A.
Yes. The choice of water years has to be based not only on statistical analysis but also on validity of the streamflow data for hydro modeling.  Staff encourages the Company to engage regional and national researchers to develop an approach for hydro normalization.
IV.
NATURAL GAS AND COAL PRICES
Q.
Please discuss how forward prices can be used to predict forward spot prices for natural gas. 

A.
Theoretically, forward future prices are expected to be the unbiased estimate of forward spot prices.  However, this holds true only if markets are efficient or perfectly competitive.  Theoretically, the closer the forward prices quote dates are to spot market purchase dates, the better the estimating strength of forward prices.  However, the determination of which most recent forward prices to use as an estimate of forward spot prices has to be empirically determined.


There are a few studies that examine the efficiency and causality between the futures and spot markets.  However, there are not a lot of studies that provide an empirical analysis of the length of forward strips to use to assess forward spot prices.  That is, I know of no empirical studies that investigated the relationship between forward price strips and forward spot prices in the Pacific Northwest natural gas market.
Q.
Please explain how PSE derived natural gas prices for its power cost analysis.

A.
PSE used forward market price data for the period December 22, 2003 to January 8, 2004.  From this data, PSE computed the average forward prices for the most recent ten days.  Those average prices were used by the Company to estimate natural gas spot prices that may prevail during the rate year.  However, using the average of the most recent ten-day forward prices to estimate future spot price has no empirical or theoretical justification.  Thus, Staff disagrees with the Company’s method.

Q.
Did Staff perform empirical analysis to derive a better estimate of forward spot prices?

A.
Yes.

Q.
Please describe that statistical analysis.

A.
Staff obtained spot and forward prices for the period May 2001 to July 2004 from the Gas Daily database.  Forward price averages were then calculated for one, two, and three week strips, and one, two, three, four, five and six month strips.  Separate regression analyses were performed where each spot price was regressed on the corresponding forward strip average prices.  For example, spot prices in 2002 were regressed on one-week average forward strips, two weeks forward strips, and so on.  Furthermore, statistical analysis was performed in which spot prices were regressed on all average forward strips.

Q.
What were the results of your statistical analyses?

A.
The results indicated that forward prices of up to three-month strips exert statistically significant impacts on the corresponding spot prices. (Exhibit __(YKGM-6).  Furthermore, statistical analysis of regressing spot prices on all average forward strips revealed that forward prices of up to three-months strips exert statistically significant impacts on the corresponding spot prices, as compared to other average forward price strips.



The results of the statistical analysis indicate that using up to three months of forward price strips to estimate forward spot prices is relatively efficient or robust, compared with the average of the most recent ten days’ forward price strips.  The analysis also indicates that the average forward prices quotes for the period December 2004 - February 2005 (seven months) are the best estimates of spot prices during the rate year (March 2005-February 2006).  Taking the last three months of the data available to Staff to estimate rate year prices may not be valid because the goal is to forecast prices that may prevail in about seven months (March 2005) from the date on which the last forward price quotes were available (July 2004).  However, this rate proceeding has to be finalized before March 2005.  Thus, a compromise approach is to compute a three-month rolling average of forward strips for the period December 2003-July 2004 (seven months).
  This study attempts to forecast prices at least six months from actual purchase dates (March 2005 to February 2006).  Therefore, taking the average of the three-month rolling average of prices quoted over the past seven months (September 2003- July 2004) is a good approximation of forward spot prices in the rate year.  Thus, Staff’s recommendation is based in part on empirical analyses and in part on logical inferences.

Q.
Please explain how the results of your statistical analysis were used to determine forward spot prices.

A.
PSE provided Sumas forward prices for the period December 22, 2002 to July 30, 2004.  Staff calculated three-months forward rolling averages for the entire period.  Then, the averages of these rolling average forward strips were computed. 


This method produced an average forward price for the rate year of $4.69/mmbtu.  PSE proposes a rate year average forward price of $4.38/mmbtu.  Thus, Staff’s proposed gas price represents an increase of about $0.30/mmbtu, or about 7%.  (Exhibit __ (YKGM-7)).
Q.
Do these prices differ from prices forecasted the Energy Information Administration (EIA) of the Department of Energy?

A.
Yes. EIA’s most recent forecast of forward prices for 2005-2006 ranges from $5-$6/mmbtu.  (Exhibit __(YKGM-8).  Therefore, the forward price calculated by Staff lies within ±10% of the low forecast scenario produced by the EIA. 

Q.
Doesn’t that cast doubt on your analysis?

A.
No.  Staff’s recommended gas price is nevertheless reasonable because PSE has a Power Cost Adjustment (PCA) mechanism that limits losses due to extreme price fluctuations and weather. 


Furthermore, Staff’s determination of gas prices is based on sound empirical analysis of historical data and an assessment of current trends in forward gas prices.  Setting gas prices as low as that proposed by PSE, in light of the fact that projections of forward gas prices by EIA are above $5.00/mmbtu, would result in a skyrocketing deferral in the PCA account. Increases in the deferral account would result in reduced cash flows to the Company and continued increase in electric rates to ratepayers.  Therefore, the interests of ratepayers and the Company are best served by relying on Staff’s gas price estimates that:  (i) are based on relatively robust empirical grounds; (ii) minimize deferrals; and (iii) are closer to forecasted forward prices and allow the Company to recoup sooner than later cash flow to purchase fuel.

Q.
What is the net power cost impact of changing PSE’s proposed natural gas price from $4.38/mmbtu to $4.69/mmbtu?

A.
Increasing the gas price from $4.38/mmbtu to $4.69/mmbtu, and using 50 hydro years to calculate hydropower production, results in a total increase in PSE’s net power costs of $29,102,000. (Exhibit __(YKGM-9).)

Q.
Over what period of time should Staff’s proposed gas price be effective?

A.
The PCA mechanism expires on June 30, 2006.  It is difficult to ascertain gas prices after June 2006.  Before that date, Staff could review the prudence of market purchases relative to the recommended gas price in this proceeding. After June 2006, there is no mechanism to assess the prudence of gas purchases other than a general rate case. Therefore, Staff recommends that the proposed gas price should be effective only until June 30, 2006, unless changed sooner in a rate case.
Q.
Does Staff have any final recommendation for PSE regarding forecasts of forward spot prices?
A.
Staff proposes that the Company initiate a working group of interested parties to develop an acceptable method of forecasting forward spot prices. The approach that PSE adopted in this case has no theoretical or empirical justification.

Q.
Turning to the proper coal price to be used for ratemaking purposes, please explain your recommendation to use an average of $0.622/mmbtu, rather than $0.576/mmbtu, as now proposed by PSE.

A. 
PSE has a contracted price for the purchase of coal for Colstrip 1&2, and Colstrip 3&4.  Due to changes in the ownership of the coal production plants and the expiration of existing contracts, PSE had to renegotiate new coal prices.  As a result, it is necessary to change prices used in this proceeding to reflect actual cost to acquire this fuel.

Q.
What is the increase in coal price for the rate year?

A.
PSE’s proposed coal price for Colstrip 1&2 will increase 11% from an average of  $0.562/mmbtu to $0.625/mmbtu. Coal price for Colstrip 3&4 will increase 5% from $0.589/mmbtu to $0.618/mmbtu.
Q.
What are the net power cost impacts of Staff’s recommended prices of natural gas and coal, assuming Staff’s 50 water years study for hydroelectric modeling?

A.
Incorporating the changes to the price of natural gas and coal, and using 50 hydro years to calculate hydropower production, results in a total increase in PSE’s net power costs of $21,263,000.  (Exhibit ___ (YKGM-10).)

V.
 WHEELING CHARGES

Q.
Please describe the wheeling or transmission charges that PSE proposes to recover.

A.
PSE has to pay BPA for the use of its transmission line from PSE’s project or generation sites, and points of purchase or exchange.  BPA adjusts these rates periodically through tariff revisions filed with the Federal Energy Regulatory Commission (FERC).



PSE incorporates a total increase of $2,157,823, or about 5%, in wheeling charges in this case. (Exhibit __(YKGM-11C). 

Q.
Has BPA increased its wheeling rates to the level reflected in PSE’s adjustment?

A.
No.  BPA will hold several preliminary workshops to determine the proposed rate increase to file with FERC.  BPA started this workshop in July 2004.  It is not known when BPA will finalize the workshop, determine the rate increase, and file it with FERC for approval.

Q.
Does Staff agrees with PSE’s proposal?

A.
No. The wheeling charge increase has not been finalized by BPA nor approved by FERC, nor is it reasonably known that it will be approved and when it will be approved. In fact, the process for BPA to change rates, including FERC approval, can take up to a year.  Therefore, the proposed increase in BPA wheeling costs is not known and measurable and should be disallowed for ratemaking purposes.

Q.
Please summarize the impact of removing PSE’s proposed increase in transmission charges.

A.
Removing the proposed wheeling charge, using Staff’s gas and coal prices and assuming 50 hydro years, results in a total increase in PSE’s net power cost of $19,131 million. (Exhibit __(YKGM-12).

VI.
ELECTRIC WEATHER NORMALIZATION

Q. 
Please explain the need for a weather normalization adjustment.

A. 
Several factors influence electricity consumption.  These factors include changes in temperature, household size, income, price of competing fuels, and efficiency of energy using appliances.  In regions such as the Northwest, where customers use electricity for space heating, temperature greatly affects total usage.  Thus, a weather normalization adjustment is made for ratemaking purposes to reflect the impact of temperature on usage.  Without this normalization adjustment, a company’s revenue requirement, as depicted in the proforma results of operations, may not produce a reasonable level of rates.  

Q.
Please explain how NOAA develops normal temperature.

A.
The World Metrological Organization (WMO), of which the United States is a member, calculates normal weather based on 30 years of observations. It is believed that 30 years are necessary to provide an adequate number of observations.  The WMO has set the end of a decade as the desirable term for a 30-year period from which to calculate climatic conditions.  The average value of a meteorological element over the 30 years is defined as a climatological normal.
  Thus, NOAA computes a 30-year climate normal every ten years. 



The most recent normal temperature derived by NOAA is for the period 1971-2000.  NOAA implements a relatively robust method to remove or minimize the effects of missing data, errors in recording data, changes in instrumentation, observation practices, observation time, and temperature abnormalities in order to derive normal temperature.

Q. 
Please explain how a weather normalization adjustment is calculated.

A.
In order to implement a weather normalization procedure, the impacts of heating degree-days (“HDD”) and cooling degree days (“CDD”) on consumption of electricity (also called, “the weather sensitivity factor” or “coefficient”) are estimated using an appropriate statistical method.
,
 Normalized electricity usage for the test year is calculated using the statistically estimated temperature sensitivity factor, the number of customers, HDD, CDD, and actual electricity consumed.

Q.
Do you agree with PSE’s proposed method for weather normalization ?

A.
Mostly.  PSE has implemented most of the changes to electric weather normalization procedures that Staff recommended in Docket No. UE-031725. (Exhibit __(YKGM-3).

Q.
Do you have any concerns with PSE’s weather normalization adjustment?

A.
Yes.  In Docket No. UE-031725, PSE proposed to allocate normalized electric consumption among rate schedules based on test year percentage electricity used by customers in each schedule.  In this filing, PSE employs a statistical approach to allocate system-wide weather sensitive electricity usage among rate schedules. To develop this scheme, PSE simulated usage over a period of thirty years.

Q.
Do you agree with the use of thirty-year simulated data for rate schedule allocation?

A.
No.  For two reasons, Staff recommends that PSE use rate schedule allocations based on ten years of data.  First, the use of ten years is consistent with the system wide weather normalization procedure.  Second, it is difficult, perhaps even impossible, to accurately assess the impact of weather over the past thirty years because there is no accurate data on non-weather related factors that may have influenced usage of electricity.  The use of thirty years of simulated data may, therefore, result in a less reliable allocation of weather sensitive electricity usage among rate schedules.  Thus, Staff recommends that PSE base its analysis of rate schedule allocation only on the last ten years of data including the test year.

Q.
Does your recommendation to the electric weather normalization procedure result in adjustment?

A.
No.  I make this recommendation to improve the weather normalizing procedures for future analyses.

VII. NATURAL GAS WEATHER NORMALIZATION

Q.
Please explain PSE’s natural gas weather normalization procedure.

A.
PSE:  (i) used test year gas consumption and temperature to compute weather sensitive coefficients; and (ii) computed normal temperature using a rolling twenty-year average.  The weather sensitivity coefficients were used to compute normalized natural gas usage following the same approach described for the electric normalization procedure.

Q.
Does Staff agree with PSE’s natural gas weather normalization approach?

A.
Not entirely.  Staff has consistently recommended in other rate cases, as well as in Docket No. UE-031725, that at least ten years of usage and temperature data should be used to capture changes in usage due to weather, as well as non-weather related factors.  Furthermore, Staff has consistently suggested using normal temperature derived by NOAA, rather than normal temperature computed by a regulated company. 

Q.
Based on these concerns, does Staff propose any changes to PSE’s gas weather normalization adjustment?

A.
Yes.  It takes a great deal of computational time to verify calendar month and billing cycle usage for the past ten years.  Thus, Staff recommends replacing PSE’s normal weather derived from the 20-year rolling average with normal weather calculated by NOAA. 


The impact of this change increases gas usage by 13,544,190 therms. (Exhibit __(YKGM-13).  Staff’s proposed adjustment to weather sensitive gas usage results in an increase of the Company’s proforma revenue requirement of $10,877,812 per year.  The rate impact of this proposed adjustment is addressed by Mr. Parvinen.

Q.
 Are there changes to PSE’s natural gas weather normalization method that Staff suggests the Company implement for future cases? 

A.
Yes.  Consistent with Staff’s previous recommendations for electric operations, Staff recommends that the Company implement the following changes to its weather normalization procedure for use in future natural gas general rate case filings:

i. PSE should develop monthly natural gas usage data by rate schedule for at least 10 years including the test year.
 

ii. PSE’s service territory covers several counties.  Service territories that are near the Canadian border (e.g., Whatcom County) exhibit temperature that is about 2 degrees Fahrenheit colder than the temperature recorded at Sea-Tac.  These temperature differences should take into account the impact of insulation per the requirements of the Washington State housing code.  Thus, Staff proposes that the Company analyze the relationship between weather and electricity usage in a manner that takes into account differences in temperature of its service territories. 

iii. If the company selected to conduct load research study that will be used to develop detail and more accurate weather normalization procedure, then staff recommends the following approach. PSE should develop appropriate sample size for use in its weather normalization study.  The sample should be selected such that it: (a) replicates the major attributes of the customers from which it is drawn; and (b) is large enough to perform not only sound statistical analysis, but also enables inferences about all ratepayers in a rate schedule.  The Company should develop sampling plan(s) that ensure that the selected sample meets the above features.

iv. PSE should implement robust statistical models and estimation techniques that correct for the presence of serial correction and other statistical attributes pertaining to time-series data.  In addition, the analysis should follow staff's recommendation implemented by the Company’s for the electric weather normalization.

v. Staff proposes that the Company include non-weather related variables that could affect usage of natural gas. These variables may include, but not limited to, price of electricity and natural gas, variables that reflects seasonality and yearly variability, trends in new housing developments, and penetration of energy efficient appliances.

vi. The NOAA produces weather normal (heating and cooling degree-days) for thirty years, every ten years.  The methodology used by NOAA accounts for the impact of factors that may influence normal temperature observed over several years.  These include adjustments for missing data, for time of observation bias, instruments used, abnormal temperature, and so on.  The objective of these adjustments is to ensure that the impacts of external factors on temperature are taken into account, and that the data become homogenous and representative.  Therefore, Staff recommends that PSE use data developed by NOAA.


The implementation of Staff’s suggested changes would improve the accuracy of estimates of weather sensitive loads by rate schedule.  In addition, it will permit PSE to seek revenue requirements and pricing of natural gas usage that appropriately reflects the impact of changes in temperature.

Q.
Does this complete your direct testimony?

A.
Yes it does.

� In this testimony, water year, hydro year and streamflow are used interchangeably. A water or hydro year consists of the months August through December of a calendar year and the months of January through July of the next calendar year.


� AURORA is a fundamentals-based model that employs a multi-area, transmission-constrained dispatch logic to simulate real market conditions. Its true economic dispatch captures the dynamics and economics of electricity markets – both short-term (hourly, daily, monthly) and long-term. AURORA is used by power marketers, resource planners, regulatory agencies, financial analysts, and energy consultants throughout the U.S. and Canada.


� Northwest Power Pool (NWPP) is a voluntary organization comprised of major generating utilities serving the Northwestern U.S., British Columbia and Alberta. NWPP serves as a forum in the electrical industry for reliability and operational adequacy issues in the Northwest. NWPP promotes cooperation among its members in order to achieve reliable operation of the electrical power system, coordinate power system planning, and assist in transmission planning in the Northwest Interconnected Area.


� The Pacific Northwest Coordination Agreement (PNCA) is between the U.S. Army Corps of Engineers, Northwestern Division (USACE), Bonneville Power Administration, the Bureau of Reclamation, and the major generating utilities in the Pacific Northwest. The Agreement states that "the parties agree to coordinate the operation of their respective Systems ... so as to make available to each System its optimum Firm Load Carrying Capacity, to provide optimum Firm Load Carrying Capability for the Coordinated Systems, and, consistent with these objectives, to produce the optimum amount of usable secondary energy for each System".  It also outlines water storage and power transfer rights and obligations of all participants to the Agreement.


� A random-walk process is so named because of a colorful illustration.  The picture is of a drunken man who stumbles step by step and has the same chance of turning North, South, East or West at every step.   Some random variables display the property of a random-walk and some do not.  Those that do contain no credible long-term trend are referred to as random-walk.


� � EMBED Equation.3  ��� This equation states that the value of variable “Y” in time “t” is equal to its value in the immediate past and an error (correction) term.  The rate of change between Yt and Yt-1 is one. Thus, there is a one-to-one correspondence. 


�  The natural logarithm of a log-normally distributed variable is normally distributed. Thus, log-normal and normal distribution differ only because one is a log-transformation of the other.


� In fact, researchers at the University of Washington have found that even complex models can predicted values of streamflow for a period only one year (see Hamlet, A., and D.P. Lettenmaier, 1999. “Use of Long-Lead Streamflow Forecasts to Improve Columbia River Reservoir Management” JISAO Climate Impacts Group, University of Washington, Department of Civil and Environmental Engineering)


�  Some researchers have argued that forward prices of up to six months could be used as estimator of forward spot prices. Therefore, using rolling averages for about seven months as a predictor of spot prices in the next six months is a sound assumption.


� World Meteorological Organization, 1984: Technical Regulations, Vol. I., WMO Publication No. 49. Geneva, Switzerland.


� HDD refers to non-zero difference between average temperature and 65 degree Fahrenheit (HDD={650F - average temperature} (0), where 650F the internationally accepted mean daily temperature).  However, PacifiCorp’s has replaced 650F with its own version of mean or base temperature (see testimony on pages 8-9).


� 65°F is an internationally accepted average outside temperature that would result in an indoor bodily comfortable temperature.  When the outside temperature is below 65, the indoor temperature needs to be increased by space heating.


�  Meteorologists argue that most climatic changes are observed every ten years.  That is why NOAA revises estimates of normal temperature every ten years.  Ten-year data allows normalization procedure to capture the impacts of decadal climatic changes.
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