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REBUTTAL TESTIMONY 1 

OF 2 

SEOUNG JOUN WON, Ph.D. 3 

THE EMPIRE DISTRICT ELECTRIC COMPANY  4 

CASE NO. ER-2014-0351 5 

Q. Are you the same Seoung Joun Won who filed in Staff’s Cost of Service 6 

Report?  7 

A. Yes I am. 8 

EXECUTIVE SUMMARY 9 

Q. What is the purpose of your rebuttal testimony? 10 

A. The purpose of this testimony is to address the weather data that The Empire 11 

District Electric Company (“Empire” or “Company”) witness Stephen C. Williams used to 12 

perform Empire’s weather normalization calculations presented in his Direct Testimony.  13 

Q. Which part of the Company’s weather data used by Mr. Williams are you 14 

going to address? 15 

A. I am addressing the following three issues related to Mr. Williams testimony 16 

on normal weather: the time period Mr. Williams used to calculate climate normals (page 6, 17 

lines 14-19), the calculation of daily average temperatures for heating degree day (“HDD”) 18 

and cooling degree day (“CDD”), (page 6, line 19 – page 7, line 13) and the comparison of 19 

normal weather and actual weather of the test year for weather normalization (page 7, line 16 20 

– page 8, line 3).   21 

TIME PERIOD FOR CLIMATE NORMALS 22 

Q. What is a “climate normal”? 23 
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A. According to the National Oceanic and Atmospheric Administration 1 

(“NOAA”), a “climate normal” is defined as the arithmetic mean of a climatological element, 2 

such as temperature, computed over three consecutive decades.1  The most recent U.S. 3 

Climate Normals published by NOAA is for the period of January 1, 1981 through 4 

December 31, 2010.2 5 

Q. What is the purpose of calculating climate normals for the rate case? 6 

A. The purpose of calculating climate normals is to restate the test year actual-7 

customer usage and revenues for weather sensitive rate classes in order to reflect “normal 8 

weather” for that period.  Because each year's weather is unique, weather-sensitive customer 9 

rate classes’ usage needs to be adjusted to normal weather conditions to calculate normal 10 

revenues.   11 

Q. What weather station and time period did Staff use for purposes of calculating 12 

the Staff’s normal weather? 13 

A. Staff used the 30-year period of January 1, 1981 through December 31, 2010, 14 

which is the most recent climate normal period published by NOAA for the Springfield 15 

Regional Airport (“SGF”). 16 

Q. What weather station and time period did Mr. Williams use for purposes of 17 

calculating the Company’s normal weather? 18 

A. Mr. Williams used SGF weather station and the 30-year period of May 1, 1985 19 

through April 31, 2014. 20 

                                                 
1 Retrieved on December 27, 2014, http://www.ncdc.noaa.gov/data-access/land-based-station-data/land-based-
datasets/climate-normals. 
2 Retrieved on December 27, 2014, http://www.ncdc.noaa.gov/data-access/land-based-station-data/land-based-
datasets/climate-normals/1981-2010-normals-data. 

http://www.ncdc.noaa.gov/data-access/land-based-station-data/land-based-datasets/climate-normals
http://www.ncdc.noaa.gov/data-access/land-based-station-data/land-based-datasets/climate-normals
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Q. Why is it more appropriate to use the latest climate normal period published by 1 

NOAA of January 1, 1981 through December 31, 2010? 2 

A. The current published 30-year normal period is the most appropriate normal 3 

weather to use because climate normals published by NOAA accounts for anomalies in the 4 

temperature data series.  The actual historical temperature data series of SGF is inconsistent 5 

due to issues such as replacing or relocating equipment.  For example, the Automated Surface 6 

Observing System (“ASOS”) was replaced in November 1995.3  NOAA accounts for these 7 

anomalies in its published 30-year climate normals and calculates a homogenized temperature 8 

data series for daily maximum and minimum temperature series.  Details of the NOAA 9 

homogenization procedure for removing documented and undocumented anomalies in the 10 

30-year time series are explained in a NOAA peer-reviewed publication.4  11 

Q. Did NOAA publish a homogenized temperature time series for the time period 12 

Mr. Williams used for this rate case? 13 

A. No.  NOAA only produces climate normals once every 10 years.  The most 14 

recent NOAA climate normals used the time period, January 1, 1981 through 15 

December 31, 2010 which Staff used for this rate case.  The homogenized weather data series 16 

in the next NOAA climate normals will not be published until after December 31, 2020.5 17 

Q. Is the time period used by Mr. Williams for calculating the Company’s normal 18 

weather proper?  19 

A. No.  There is no NOAA homogenized temperature data series for the 30-year 20 

period Mr. Williams used.  Consequently, the normal weather used by Mr. Williams did not 21 
                                                 
3 Retrieved on December 27, 2014, http://www.ncdc.noaa.gov/homr/#ncdcstnid=10006338&tab=MSHR. 
4 Menne, M.J., and C.N. Williams, Jr., (2009) Homogenization of temperature series via pairwise comparisons. 
J. Climate, 22, 1700-1717. 
5 Retrieved on December 27, 2014, http://www.ncdc.noaa.gov/data-access/land-based-station-data/land-based-
datasets/climate-normals. 
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adjust for known anomalies, and weather normalization adjustments conducted by 1 

Mr. Williams are incorrect.   2 

TEMPERATURE DATA SERIES 3 

Q. What kind of weather data series did Mr. Williams use to determine normal 4 

weather, HDD and CDD? 5 

A. A Mean Daily Temperature (“MDT”) data series was used for weather 6 

normalization. 7 

Q. In comparison to Mr. Williams, how did Staff calculate MDT data series? 8 

A. Staff obtained a homogenized data series of maximum daily temperature 9 

(“Tmax”) and minimum daily temperature (“Tmin”) for a given 30-year climate normal 10 

period from NOAA and then calculated MDT as the average of Tmax and Tmin of each day. 11 

Q. Why did Staff use data series of Tmax and Tmin for calculating MDT? 12 

A. During the 30-year period, 1981 through 2010, there were documented and 13 

undocumented changes of observation equipment and environment.  NOAA accounted for 14 

these anomalies of the data series and published homogenized data series for Tmax and Tmin 15 

associated with the most recent climate normals. 16 

Q. How did Mr. Williams calculate MDT data series? 17 

A. Mr. Williams calculated MDT using hourly temperature data.  For example, 18 

SGF’s MDT on January 1, 2014, is the average of 24 temperature values which have been 19 

observed at each hour. 20 

Q. Do you have any concern with using the MDT used by Mr. Williams? 21 

A. Yes.  The data series of MDT used by Mr. Williams is inconsistent.  During 22 

the 30-year period, 1985 through 2014, there were documented and undocumented changes of 23 
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observation equipment and environment.  NOAA did not publish homogenized hourly data 1 

series.  The data series of MDT used by Mr. Williams did not correct for these anomalies.  2 

Therefore, weather normalization adjustments conducted by Mr. Williams are erroneous. 3 

WEATHER NORMALIZAION 4 

Q.  What is your concern on weather with regard to weather normalization? 5 

A. The relationship between normal weather and actual weather used by 6 

Mr. Williams is improper.  The weather normalization adjustment is based on the difference 7 

as measured by HDD and CDD between the actual temperatures and the normal temperatures.  8 

If normal weather and actual weather is not properly compared, the weather normalization 9 

adjustment is inaccurate.   10 

Q. How are the normal temperature time series and actual temperature time series 11 

compared in Mr. Williams’ weather normalization? 12 

A. Mr. Williams arranged each month’s normal MDTs from lowest to highest and 13 

then assigned them to test year calendar date.  For example, the normal MDT of 14 

January 1, 2014 is the lowest MDT of January MDT data series and the normal MDT of 15 

January 31, 2014 is the highest MDT of January MDT data series.  Figure 1 shows the 16 

relationship between normal and actual MDT data series in the test year.  17 
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 1 

Q. How is normal weather and actual weather compared in Staff’s weather 2 

normalization? 3 

A. The daily two-day weighted mean temperature (“TWMT”) is calculated using 4 

the previous day’s mean daily temperature with a one-third weight and the current day’s mean 5 

daily temperature with a two-thirds weight.6  Each day’s normal TWMT is assigned to the 6 

date which has the same monthly rank.7  Figure 2 shows the relationship between normal and 7 

actual TWMT data series in the test year. 8 

                                                 
6 To calculate the Dth day’s two-day weighted mean temperature (TWMTD), the current day’s (D)  daily mean 
temperature (DMTD) is averaged with the prior day’s (D-1) daily mean temperature (DMTD-1), applying a 2/3 
weight on the current day and 1/3 weight on the prior day:  TWMTD = (2/3) DMTD + (1/3) DMTD-1.  This was 
done because in the Empire service area, yesterday’s weather effects how electricity is used today.  Please see 
Staff’s direct report for more detailed information.   
7  Please see Appendix SW-1 of this Rebuttal Testimony for more detailed information. 
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Figure1. 
Empire's Calculated Actual and Normal Mean Daily Temperature 

Actual Normal
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 1 

Q. Do you recommend Staff’s method? 2 

A. Yes.  As shown in Figure 2, Staff’s normal temperatures are calculated and 3 

assigned to days in the test year reflect the actual test year temperature pattern.  This method 4 

minimizes the specification bias and error in the weather normalization regression model.  5 

Conversely, Empire’s improper calculation and assignment of daily normal temperatures 6 

leads to increased error and bias in Empire’s weather normalization regression model.  7 

CONCLUSION 8 

Q. Please summarize your rebuttal testimony. 9 

A. Mr. Williams used the 30-year normal period, 1985-2014, and hourly data for 10 

his calculation of normal weather, not the NOAA homogenized temperature data series.  11 

Furthermore, Mr. Williams did not properly assign his normal MDT data series to the days in 12 

the test year.  These methodical errors are likely to result in a significant bias in the 13 

subsequent weather normalization adjustment calculation.  For example, Company’s 14 

estimated October 2013 revenue cycle weather normalized usage is 17 % higher than Staff’s. 15 
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Figure 2. 
Staff's Calculated Two-Day Weighted Mean Daily Temperature  

Actual Normal
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Q. Does this conclude your rebuttal testimony? 1 

A. Yes, it does. 2 



Appendix SW-1-1



Appendix SW-1-2



Appendix SW-1-3



Appendix SW-1-4



Appendix SW-1-5



Appendix SW-1-6



Appendix SW-1-7



Appendix SW-1-8



Appendix SW-1-9



Appendix SW-1-10



Appendix SW-1-11



Appendix SW-1-12



Appendix SW-1-13



Appendix SW-1-14



Appendix SW-1-15



Appendix SW-1-16



Appendix SW-1-17



Appendix SW-1-18



Appendix SW-1-19



Appendix SW-1-20



Appendix SW-1-21



Appendix SW-1-22



Appendix SW-1-23



Appendix SW-1-24



Appendix SW-1-25



Appendix SW-1-26



Appendix SW-1-27



Appendix SW-1-28



Appendix SW-1-29



Appendix SW-1-30



Appendix SW-1-31



Appendix SW-1-32



Appendix SW-1-33



Appendix SW-1-34



Appendix SW-1-35



Appendix SW-1-36



Appendix SW-1-37



Appendix SW-1-38



Appendix SW-1-39



Appendix SW-1-40



Appendix SW-1-41



Appendix SW-1-42



Appendix SW-1-43



Appendix SW-1-44


	EXECUTIVE SUMMARY
	TIME PERIOD FOR CLIMATE NORMALS
	TEMPERATURE DATA SERIES
	WEATHER NORMALIZAION
	CONCLUSION



