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PUGET SOUND ENERGY 1 

PREFILED DIRECT TESTIMONY (NONCONFIDENTIAL) OF 2 
KELLY HUI XU 3 

I. INTRODUCTION 4 

Q. Please state your name, business address, and position with Puget Sound 5 

Energy. 6 

A. My name is Kelly Hui Xu, and my business address is Puget Sound Energy, Inc., 7 

P.O. Box 97034, Bellevue, Washington 98009-9734. I am employed by Puget 8 

Sound Energy (“PSE”) as Senior Economic Forecasting Analyst. 9 

Q. Have you prepared an exhibit describing your education, relevant 10 

employment experience, and other professional qualifications? 11 

A. Yes, I have. It is Exh. KHX-2. 12 

Q. What topics are you covering in your testimony? 13 

A. My testimony addresses PSE’s electric and gas temperature adjustment 14 

methodologies and results used to develop the pro forma electric and gas sales for 15 

the test year in this proceeding, twelve months ended June 2021. 16 
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II. ELECTRIC AND GAS SALES WEATHER NORMALIZATION 1 

Q. Generally speaking, what is weather normalization and how does PSE 2 

perform its weather normalization? 3 

A. Weather normalization is performed to adjust the test year sales volume so that 4 

the adjusted sales represent what the test year sales volume would have been if the 5 

weather had been normal. Weather normalization modifies the test year billing 6 

determinants and revenue requirements to be more representative of the average 7 

weather conditions expected when the rates proposed in this case go into effect. 8 

 PSE first analyzes the relationship between the energy use per customer by class 9 

and temperatures for a multi-year period and develops econometric models to 10 

measure temperature sensitivity of electric and gas energy usage per customer by 11 

class. Multivariate regression analysis is used to isolate the weather effects from 12 

other factors such as type of day (e.g., weekdays, weekends or holidays) and 13 

seasonal effects not related to temperature. The estimated model coefficients of 14 

temperature variables are called “weather sensitivity coefficients.” 15 

 Then, PSE uses the weather sensitivity coefficients and “normal” weather data to 16 

convert the actual test year sales to normal sales. PSE calculates the normal 17 

weather data from actual historical temperature data reported at Seattle-Tacoma 18 

International Airport (“Sea-Tac”) over the most recent 30-year period, which is 19 

from 1991 through 2020 for this case. 20 
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Q. Did PSE use the same weather normalization methodology in this case as the 1 

methodology approved in its last general rate case? 2 

A. Yes. The methodology used in this case is the same temperature adjustment 3 

methodology that was ultimately approved in PSE’s 2019 general rate case, 4 

Docket UE-190529, with modification. In its rebuttal testimony, PSE accepted 5 

each of Staff’s recommendations for modifying its approach, and the 6 

methodology was uncontested in the 2019 general rate case.1 Besides the agreed-7 

upon modification, the modeling input data period was updated from the four-year 8 

period of 2012 through 2015 to the period of July 2017 through June 2021 and the 9 

daily electric energy usage history by customer and rate schedule was collected 10 

from the samples refreshed in December 2019.  11 

Q. Did PSE make adjustments related to COVID-19 in weather normalization? 12 

A. Yes. A non-weather related binary variable for COVID-19 was added to the 13 

multivariate regression analysis to isolate COVID effects from weather effects.  14 

 
1 See WUTC v. Puget Sound Energy, Dockets UE-190529/UG-190530, Order 08 at ¶ 55 (July 8, 2020). 
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A.        Normal Versus Actual Test Year Weather 1 

Q. Please describe the actual weather experienced during this proceeding’s test 2 

year. 3 

A. Measured by heating degree days (“HDD”) using a 65˚F base,2 Table 1 compares 4 

actual monthly HDDs in the test year and the previous nine years with the normal 5 

weather defined by the average values calculated for the most recent thirty years 6 

of 1991-2020. The hourly temperatures recorded at Sea-Tac were used to 7 

calculate daily average temperatures. The daily average temperatures were then 8 

converted to HDDs with a base temperature of 65˚F. Monthly total HDDs were 9 

obtained by summing the daily HDD for the month. For the test year, the overall 10 

weather, as measured by the sum of monthly total HDDs in July 2020 through 11 

June 2021, was significantly milder than normal. Exceptions were February and 12 

March 2021 when they were 9.0 percent and 4.2 percent colder than normal, 13 

respectively. Total number of test year HDDs was 4,386 and was 7.5 percent 14 

smaller than the annual sum of normal HDDs, 4,743. 15 

 
2 A heating degree day is a negative deviation in average daily temperature from the base of one degree 

for one day. For a base of 65˚F, heating degree days equal 65 minus the average daily temperature (if the 
average temperature is less than 65). If the average daily temperature is greater than 65, then the HDD is 0. 
Thus, one day that averages 35˚F would have 30 HDDs (using a base of 65˚F). Similarly, 30 days with an 
average temperature of 64˚F each day would also have 30 HDDs. 
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Table 1  1 

 2 

 The deviation from normal weather was more substantial for some months. As 3 

shown in the last column of Table 1, the summer weather in August and 4 

September 2020 and June 2021 was 49.8 percent, 49.5 percent and 36.8 percent 5 

warmer than normal, respectively.  These are summer months when there are low 6 

levels of heating degree days.   7 

B.        Temperature Adjustment of Electric Sales 8 

Q. Please describe how the electric sales temperature adjustment was 9 

calculated. 10 

A. PSE used weather sensitivity coefficients based on actual daily usage per 11 

customer by class and actual temperature data at Sea-Tac to adjust rate schedule 12 

(classes) sales for weather. The weather sensitivity coefficients were estimated by 13 

developing econometric model equations to characterize the relationship between 14 
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the temperature variables and the daily energy use per customer by class. The 1 

temperature variable coefficients of those equations vary by rate class. The data 2 

source for this step was a large sample of daily energy readings by rate schedule 3 

from PSE’s automated meter reading database. The historical data period set for 4 

modeling is four-year period of July 2017 through June 2021. 5 

 PSE’s “normal” weather dataset was developed using the hourly temperature data 6 

recorded at Sea-Tac over the 30-year period from 1991 through 2020 by 7 

calculating daily HDDs and cooling degree days (“CDD”)3 using several base 8 

temperatures (45˚F and 65˚F for HDDs; 60˚F and 65˚F for CDDs).  9 

 Then PSE calculates the temperature adjustment to monthly energy use per 10 

customer for each rate schedule by taking the temperature variable coefficients 11 

from the class model equation and multiplying them by the difference between the 12 

actual and normal HDDs and CDDs for the month.  13 

 Finally the monthly adjustment to class total sales was estimated by multiplying 14 

the monthly adjustment per customer calculated in the previous step by the actual 15 

number of customers by month and rate schedule. 16 

 
3 A Cooling Degree Day is calculated in the same way as a Heating Degree Day, except that it counts 

number of degrees above the base temperature. 
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Q. Were the changes to schedule 40 reflected in the electric sales weather 1 

normalization? 2 

A. Yes. As approved in PSE’s 2019 general rate case, Schedule 40 was closed in 3 

October 2020 and exiting customers under this schedule then migrated to the 4 

schedules that best fit their usage characteristics. The pro forma revenue 5 

adjustment presented in Exh. BDJ-3 in this proceeding is an allocation of those 6 

Schedule 40 customers’ historical usage during the test year to their receiving 7 

schedules. For weather normalization, those Schedule 40 customers’ test year 8 

sales were adjusted to their receiving schedules and normalized using the 9 

receiving schedules’ coefficients. 10 

Q. Please summarize the final results of rate schedule level electric sales weather 11 

normalization. 12 

A. Table 2 below presents the temperature adjustment of electric sales by rate 13 

schedule. Besides the extreme warm weather in June 2021, July 2020 through 14 

September 2020 were significantly warmer than normal as well. The sum of 15 

monthly CDDs calculated with the base temperature of 60˚F in these four months 16 

was 781 and it was 51.5 percent higher than the thirty-year normal value of 516. It 17 

resulted the temperature normalization to lower sales for all rate schedules. Along 18 

with the warmer-than-normal summer, the winter and shoulder months in test year 19 

were also warmer than normal with the exception of February and March 2021. 20 

Consequently, the actual residential sales were increased by 183,160 MWh when 21 

the sales were temperature normalized for the warmer-than-normal weather. In 22 
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spite of the large decrease on sales in summer months, the warmer-than-normal 1 

winter weather slightly prevailed in the test year. Temperature normalization 2 

increased the test-year actual sales by one-hundredth of a percent.  3 

Table 2 4 

 5 
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Q. What is the effect of weather normalization on the electric revenue in the test 1 

year? 2 

A. The positive adjustment to electric load had the effect of increasing pro forma 3 

revenue by $1,102,955, as shown in Exh. BDJ-3. 4 

Q. Is PSE’s electric cost of service analysis and rate design study based on the 5 

weather-normalized sales? 6 

A. Yes. Please see the testimony of Birud D. Jhaveri, Exh. BDJ-1T, for an 7 

explanation of PSE’s electric cost of service analysis and electric rate design. 8 

PSE’s electric cost of service analysis includes the temperature-adjusted power 9 

costs, and the electric rate design is based on the pro forma adjustment of energy 10 

sales made for the milder-than-normal winter and warmer-than-normal summer 11 

weather in the test year. In addition, the energy cost allocation factors used in 12 

PSE’s electric cost of service analysis reflect the temperature-adjusted loads. 13 

C.        Temperature Adjustment of Gas Sales 14 

Q. Please describe how the gas sales weather normalization was calculated. 15 

A. Initially, monthly gas usage patterns by rate schedule were evaluated to identify 16 

which rate classes are weather sensitive. Monthly histories of class gas sales and 17 

HDDs were plotted for the most recent four years and the scatter grams were 18 

evaluated for any correlation between the changes in class gas sales and 19 
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temperature. This analysis revealed that the following rate classes are temperature 1 

sensitive:  2 

 Schedule 23 (Residential);  3 

 Schedule 31 (Commercial, Industrial); 4 

 Schedule 41 (Commercial, Industrial, Transport Commercial);  5 

 Schedules 85 (Interruptible Commercial, Transport Commercial);  6 

 Schedule 86 (Interruptible Commercial);  7 

 Schedule 87 (Interruptible Commercial, Transport Commercial), and  8 

 Special Contracts. 9 

 Econometric model equations were developed and estimated to characterize the 10 

relationship between monthly HDDs and average use per customer for each of the 11 

above weather sensitive classes. In order to secure a sufficient number of monthly 12 

observations for modeling, the historical data period for modeling was expanded 13 

to a five-year period from July 2016 through June 2021.  14 

 Like the electric weather normalization calculation, the temperature adjustment to 15 

monthly gas use per customer for each rate schedule was derived by taking the 16 

temperature variable coefficients from the econometric model equations above 17 

and multiplying them by the difference between the actual and normal HDDs for 18 

the month. The final monthly adjustment to class total sales was estimated by 19 

multiplying the monthly adjustment per customer calculated in the previous step 20 

by the actual number of customers by month and rate schedule.  21 
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Q. Please summarize the final results of schedule-level gas sales weather 1 

normalization. 2 

A. Table 3 below presents the temperature adjustment of sales by rate schedule. As 3 

shown in the table, applying the process described above to the test year sales to 4 

the weather sensitive rate schedules results in a total temperature adjustment of 5 

34,500,691 therms. Because the test year winter was warmer than normal, this 6 

adjustment resulted in a pro forma delivered system load larger than actual load 7 

delivered during the test year. The residential class represented 73.7 percent of the 8 

total temperature adjustment, increasing by 25,428,963 therms. 9 
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 Table 3 1 

 2 

Q. What is the effect of the temperature adjustment on the gas revenue for the 3 

test year in this proceeding? 4 

A. The positive adjustment to volume had the effect of increasing pro forma revenue 5 

by $13,049,925, as shown in Exh. JDT-3. 6 



 

______________________________________________________________________________________ 

Prefiled Direct Testimony Exh. KHX-1T 
(Nonconfidential) of Kelly Hui Xu Page 13 of 13 

Q. Is PSE’s gas cost of service analysis and rate design study based on the 1 

weather-normalized sales? 2 

A. Yes. Please see the testimony of John D. Taylor, Exh. JDT-1T, for a description 3 

of PSE’s gas cost of service analysis and rate design study. PSE’s gas cost of 4 

service and rate design are based on the pro forma adjustment of gas sales made 5 

for the milder than normal test year weather. In addition, the gas energy cost 6 

allocation factors used in PSE’s cost of service analysis reflect the temperature-7 

adjusted loads. 8 

III. CONCLUSION 9 

Q. Does that conclude your prefiled direct testimony? 10 

A. Yes, it does.  11 


