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Description Referring to Page 4, lines 11-13 of Mr. Wells’ direct

testimony, please provide a copy of the reference source
containing the statement on climate normals made by the
National Oceanographic and Atmospheric Administration
(“NO l!)'

Due Date 11/6/2006

Response:

Reference source can be found at web site http://cdo.ncdc.noaa.gov/climate
normals/clim81/MOnorm.pdf. Specific reference is at page 3, under Computational
Procedures, first sentence. (copy attached)
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() it tues CLIMATOGRAPHY OF THE UNIVED STATES NO. 81

s Monthly Normais of Temperature, Precipitation, and Heating and Cooling Degree Days
1971-2000
MISSOURI Page 3
IFMAN}! JANOND

NOTES

Product Description:

This Climatography includes 1971-2000 normals of monthly and annual maximum, minimum, and mean temperature {degrees F), monthly and annual
folal precipiiation (inches), and heating and cooling degree days (base 65 degrees F). Normals stations include both National Waeather Service
Cooperative Network and Principal Observation (Firet-Order) locations In the 50 states, Puerto Rico, the Virgin lslands, and Pacific islands,

Abbreviations:
No, = Station Number in State Map Latitude = Latitude in degrees, minutes, and hemisphere (N=North, S=South)
COOP 1D = Cooporative Network iD {1:2=State ID, 3:6=5tation Index) Longltude = Longitude in degrees, minutes, and hemisphere (W=Waest, E=East)
WBAN ID = Weather Bureau Army Navy ID, if assighed Elev = Elevation in fest above mean sea lavel
Elsments = Input Elements (X=Maximum Temperature, Flag 1 =* if a published Loca! Climatologics! Data station

N=Minimim Temperature, P=Pracipitation) Flag 2 = + f WMO Fully Qualified (see Note below)
Call = 3-Letter Siation Call Sign, if
MAX = Normat Maximum Temperature {degrees Fahrenheit) HIGHEST MEAN/YEAR = Maximum Msan Monthly Value/Year, 1971-2000
MEAN = Average of MAX and MIN (degrees Fahrenheit) MEDIAN = Median Mean Monthly Value/Year, 1971-2000
MIN = Nomnal Minimum Temperature (degrees Fahrenhait) LOWEST MEAN/YEAR = Minimum Maan Monthly Value/Year, 187 1-2000

HDD = Total Heating Degree Days (base 65 degrees Fahrenhait) MAX OBS TIME ADJUSTMENT = Add to MAX fo Get Midnight Obs. Schedule
CDD = Total Cooling Degree Days (base 65 degrees Fahrenhett) MIN OBS TIME ADJUSTMENT = Add 1o MIN to Get Midnight Obs. Schedule

Note: In 1989, the World Meteorological Organization (WMO) prescribed standards of data completaness for the 1961-1990 WMO Standard Normals.
For full qualification, no more than three consecutive year-month values can be missing for a gliven month or ne more than five overall values can be
migsing for a given month (out of 30 values). Stations meeting these standards are Indicated with a '+ sign in Flag 2. Otherwise, stations are inciuded in
the normals if they have at least 10 year-month values for each month and have been active since January 1999 or were a previous normals station.

Map Legens: Numbers correspond to ‘No.’ in Station inventory, Shaded Circles indicate Temparature and Precipitation Stations, Triangles (Polnt Up)
indicate Precipitation-Only Stations, Triangles (Point Down) indicate Temperature-Only Stations, and Hexagons indicate stations with Flag 1 = *.

.

A climate normal Is defined, by convention, as the arithmetic mean of a climatological element computed over three consecutive decades
{(WMO,1989). ideally, the data record for such a 30-year period should be free of any Inconsistencies in observational practices (e.g., changes in station
location, instrumentation, time of observation, efc.} and be serially complete (7.9., no missing values). When present, inconsistencles can lead o a non-
climatic bias in one period of a station’s recond relative to another, yielding an “inhomogeneous” data record.  Adjustments and estimaticns can make a
ciimate record "homogeneous” and serally complete, and allow a climate normal to be calculated simply as the average of the 30 monthly values.

The methodology employed to generate the 1871-2000 normals is not the same as In previous normals, as it addresses inhomogenelty and missing
data vaiue problems using several steps. The technique developed by Karl of al. {1986} Is used to adjust monthly maximum and minimum temperatura
obsafvations of conterminous U.S. stations to a conslstent midnight-to-midnight schedule. All monthly temperature averages and procipitation totals are
cross-checked against archived daily observations to ensure internal consistency. Each monthly observation s evaluated using a modified guality
control procedure (Peterson of /., 1888), where station observation departures ere computed, compared with neighboring stations, and then flagged and
astimated where lange differences with neighboring values exist. Missing or discarded temperature and precipitation observations are replaced using a
weighting function derived from the observed relationship between a candidate's monthly observations and those of up to 20 neighboring stations whose
observations are most sirongly correlated with the candidate site. For temperature estimates, neighboring stations were selected from the U.S.
Historical Climatology Network (USHCN; Kar ef al. 1990). For pracipitation estimates, all avallable stations were potential neighbors, maximizing
station density for estimeting the more spatially variable precipitation values,

Peterson and Easterling (1994) and Easterling and Psterson (1995) outline the method for adjusting tempaerature Inhomogeneities. This technique
involves comparing the record of the candidate station with a reference series gensrated from nelghboring data. The reference series is reconstructed
using a weighted average of firat difference observations {the difference from one year 1o the next) for neighboring stations with the highest correlation
with the candidate. The underfying assumption behind this methodology is that temperatures over a reglon have simllar tendencies in variation. If this
assumption is violated, the potential discontinuity is evaluated for statistical significance. Where significant discontinuities are detected, the differencs in
average annuat temperatures before and after the Inhomogenelty is applied to adjust the mean of the earlier block with the mean of the latter block of
data. Such an evaluation requires a minimum of five years between discontinulties. Consequently, if multiple changes occur within five years or ifa
change occurs very near the end of the normats period (e.g., after 1995), the discontinuity may not be detectable using this maethodology.

The monthly normals for maximum and minimum temperature and precipitation are computed simply by averaging the appropriate 30 values from
the 1971-2000 record. The monthly average tomperature normals are computed by averaging the comesponding monthly maximum and minimum
normals. The annual temperature normals are calculated by taking the average of the 12 monthly normals. The annual precipitation and degree day
normals are the sum of the 12 monthly normals.  Trace precipitation totals are shown as zero. Frecipitation totals include raln and the liquid equivalent
of frazen and freezing precipitation (s.g., snow, sleet, freezing rain, and hail). For many NWS locations, indicated with an **' next to 'HDD' and 'CDD’ In
the degree day table, degree day normals are computed directly from deily values for the 1671-2000 peried. For all other stations, estimated degree day
totals are based on a modification of the rational converslon formula developad by Thom (1966}, using daily spline-fit means and standard deviations of

average temperature as inputs.

J. Ciim, Appl. W..zﬁ. 145-160.

fouperatures for the Uniled Siiies,

Pefterson, T.C., and D.R. Easierling, 1994: Croatio : 90US 0!
Patorson,T.C., RVnse.RSdumyw deRmmHm
Thom, HC.S., 1966: Nomnal degroe gny base by the

Rolease Date: Revised 02/2002* National Climatic Data Center/NESDIS/NOAA, Asheville, North Carolina
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Missouri Public Service Commission

Data Request

Data Request No. 0208

Company Name MO PSC Staff-(All)

Case/Tracking No. GR-2006-0422

Date Requested 10/17/2006

Issue Revenue - Weather Normalization

Requested From Curt Wells

Requested By Michael R Noack

Brief Description NA

Description At page 4, lines 20-23 of his direct testimony, Mr. Wells

states that “International agreements have established that
three-decade periods are appropriately long and uniform time
frames for the calculation of normals.” Please provide copies
of all such “international agreements” that reach this
conclusion.

Due Date 11/6/2006

Response:

International agreements referred to are agreements among the 185 member states and
territories of the World Meteorological Organization to, among other purposes, “promote
standardization of meteorological and related observations and ensure uniform
publication of observations and statistics.”(www.wmo.ch/web-en/wmo_purposes.html)

To further that purpose, members accepted the convention of the three consecutive
decade definition of normal, the current period running from 1971-2000. (See response to
DR 207)

This convention was promulgated by the World Meteorological Organization in 1989 as
“Calculation of monthly and Annual 30-year Standard Normals, WCDP-No.10, WMO-
TD/341”, Geneva. Page two, Section IIl., STANDARD NORMALS AND
PROVISIONAL NORMALS, states: “The Technical Regulations define normals as
‘period averages computed for a uniform and relatively long period comprising at least
three consecutive ten-year periods...”” (attached)
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CALCULATION OF MONTHLY AND ANNUAL 30-YEAR STANDARD NORMALS

Prepared by a meeting of experts, Washington, D.C., USA,

March 1989

WCDP-No. 10

WMO-TD/No. 341

WORELD METEOROLOGICAL ORGANIZATION
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The World Climate Programme launched by the World Meteorological Organiza-
tion (WMO) includes four components:

The World Climate Data Programme

The World Climate Applications Programme

The World Climate Impact Studies Programme

The World Climate Research Programme

The World Climate Research Programme is jointly sponsored by the WMO and the
Intemational Council of Scientific Unions.

This report has been produced without editorial revision by the WMO Secretariat, 1t is
not an official WMO publication and its distribution in this form does not imply
cndorsement by the Organization of the ideas expressed,
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This document is the result of an expert meeting held in Washington,
D.C., USA, in March 1989. Its intent is to provide general information to
Members as they prepare to calculate standard and/or provisional 30 year
Normals. The expert participants in the meeting were:

K. Davidson., WMO

Guttman, National Climatic Data Center, USA

- Ropelewski, Climate Analysis Center, USA
Canfield, Climate Analysis Center, USA

Spaclman, Meteorological Office, UK

Gullett, Atmospheric Environment Service, Canada
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EAR193S
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. CALCULATION OF MONTHLY AND ANNUAL 30-YEAR STANDARD NORMALS

I. PURPOSE

The purpose of this document is to establish general procedures to be
used for the calculation of the WMO monthly and annual 30 year (1961-1990 and
following periods) standard and provisicnal normals and to suggest other
climatic descriptors. These procedures were produced for use by all
countries, and will be produced and distributed as a computer application and
written document. However, all countries may use this information but certain
procedures may be difficult to implement without the use of computers.

II. BACKGROUND

The International Meteorological Committee in 1872 decided to compile
mean values over a uniform period in order to assure comparability between
data collected at wvarious stations. The outgrowth of this was the
recommendation for calculation of 30 year normals for stations. As stated in
WMO Technical Regulation No. 49, Vol. 1, Section B "Each Member should
establish and periodically revise normals for stations whose climatological
data are distributed on the Global Telecommunications System in accordance
with the provisions of Annex II (Manual on Codes, Volume 1) and forward these
normals to the Secretariat"., The initial period was determined to be '
1901-1930. Succeeding periods were decided to be at 30-year intervals (i.e.
1931-1960, 1961-1990). However, many WMO members have been updating their
30-vear normals at the completion of each decade., This was recommended in
1956 and noted in Technical Note No. 84. The WMO regulations require the
calculations only each 30-year period., The WMO guidelines and regulations
provide little guidance on "how to" calculate the 30-year normals; "how to"
handle missing data:; "how to" handle periods of data that contain obviously
erroneous data:; or "how much' data is required for a 30-year normal verses
provisional normals. This paper is intended to provide a procedure with
generalized rules and data completeness or gquality indicators to be used in
the calculation of the 30-year normals and to provide suggested ancillary data
descriptors that will help to better describe the climate in statistical
terms. These procedures are presented as practical advice only and are not
considered to be the "best or only" methods of calculating normals.

ITI. STANDARD NORMALS AND PROVISIONAL NORMALS

Climate data are often more useful when they are compared with
standard or normal values. The Technical Regulations define normals as
"period averages computed for a uniform and relatively long period comprising
at least three consecutive ten-year periods" and climatological standard
normals as "averages of climatological data computed for consecutive periods
of 30 years as follows: 1 January 1901 to 31 December 1930, 1 January 1931 to
31 December 1960. etc.” In the case of stations for which the most recent !
climatolcegical standard normal is not available (either because the station
has not been” in operation for the period of 30 years or for some other
reason), provisional normals should be calculated. Provisional normals are
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short-period means based on observations extending over a period of at least
ten years. The concept of "normals calculation" is extended in this document
to include an analysis of data homogeneity and the calculation of other
climate descriptors. This extension is based on WMO Tech Note 84.

Iv. DATA EXAMINATION

It is assumed that routine hourly, daily and monthly quality control
has been performed on the data as suggested in the WMO/TD-No. 111, WCP-85,
Guidelines on the Quality Control of Surface Climatological Data.
Climatological quality control (i.e. homogeneity) investigation and data
inspection over a long period should also be performed. The following
paragraphs recommend steps to analyze data homogeneity and identify
heterogeneities {ref. WMO Guide to Climatological Practices). Suggested
procedures to examine data homogeneity are:

1. Examine the data for trends, shifts (step functions}, spurious data
values, other data problems and evidence of data heterogeneity. Techniques
include:

a. Basic data descriptions e.g. frequency counts, means,
' medians, standard deviations, variances, extremes, and
percentiles.
b. Graphical analysis e.g. histograms, time series displays and

areal comparisons.

c. Nonparametric tests e.g. runs, sign, trend and serial
correlation. The significance level should be .95.

2. Examine the data for heterogeneities by analyzing the results of the
techniques listed above for identifying the cause of non-climatic
discontinuities and variations. Potential non-climatic heterogeneities arae:

a. Station/sensor relocation e.g. horizontal and/or vertical
movement of some or all of the station sensors to a new
location.

b. Instrument effects e.g., drift, calibration, maintenance and

new/replacement instruments.

c. Environmental effects e.g. vegetation changes, building
effects on airflow and land use changes.

d. Systematic observer bias and observing/coding changes,
After the data have been examined, it is necessary to decide if

heterogeneity exists and if the cause is climatic or non—climatic. Reasons
for the decision should be documented. Data should be classified as:
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i Essentially homogeneous:
ii Essentially heterogenecus because of:
i - station/sensor relocation
: - instrument effects
- observing and coding practices
~ local environmental effects.
iii Data not examined.

Adjustments may be made, if heterogeneities are known to be caused by
documented non-climatic effects. Spurious data values may be
eliminated/corrected. There are three options:

a. Adjust data to make a homogeneous record, e.g. to latest
location or proper sensor calibration, if the form and
magnitude of the correction is known. Sometimes adjustments
can be made for station/sensor relocations, instrument
effects and observing/coding practices. Adjustments for
environmental effects should not be made {e.g. urban warming).

b. Split the long-term heterogeneous series into one or more
separate, homogeneous parts and treat the individual parts
separately.

c. Process data as if it were homogeneous, but identify the data

as heterogeneous. If changes have been made to the data then
at the completion of the above process the data should be
re-examined. If desired, interstation comparisons may be made.

Suggested procedures include:

a. Determine statistical distributions and characteristics of
the data.
b. Use statistical characteristics to determine the

applicability and validity of models such as:

i Double mass analysis
ii Multiple regression
iii - Spatial analysis
iv Time series analysis
v Principal component analysis.
€. Apply valid models.
d. If the comparisons indicate potential heterogeneities, the

data should be further investigated.
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CALCULATION PROCEDURES FOR SURFACE ELEMENTS

CALCULATION OF MONTHLY VALUES (DAILY TO MONTHLY)

Table 1 identifies the principal climatological elements and units of
easure for which monthly values should be calculated.

ABLE 1. PRINCIPAL CLIMATOLOGICAL SURFACE ELEMENTS

UNIT PRECISION
1. Precipitation Total mm .1
2. Days with Precipitation
Greater than or Equal to

1 mm count 1
3. Temperature Tx, In, Tm deg C .1
4. Pressure kPa .01
5. Sunshine hours .1
6. Vapour pressure kPa .01

JTE: Precision recommendations are based on consistency of calculations,
ven though it is meteorologically unreasonable to imply the indicated
recision for annual totals.

1@ method of calculation is described below. When arithmetic means are to be
alculated for each month of each year from daily data the following rule
1ereafter referred to as the "3/5 rule") applies. If more than 3 consecutive
1ily values are missing or more than 5 daily values in total in a given month
re missing, the monthly mean should not be computed and the year-month mean
1wuld be considered as missing. The number of days for which monthly means

~a calculated is N, where N can vary from 23 to 31. The symbol S in the
juations indicates a summation of all N values.

a, Precipitation Total--Totals shall be calculated for each
month of each year from daily data. Monthly totals should be
based on a full month's data. However, accumulated amounts
during the month are acceptable in lieu of individual daily
totals provided that each accumulation is for 3 or less
days. If accumulated data are used, the monthly total should
be identified with an "accumulation" indicator. If any daily
totals are missing and the corresponding accumulated totals
are also missing, the monthly total should not be computed
and the year-month total should be considered as missing.

b. Days With Precipitation Greater Than or Equal to lmm--Totals
should be calculated for each month of each year from daily
data. Monthly totals should be based on a full month's data,
that is, no missing daily counts are permitted.

C. Temperature——Calculate average monthly maximum (Tx), minimum
(Tn), and mean {(Tm)} temperature from the daily values Tx. Tn,

Tm ag follows:
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S{[Tx + Tn]/72)

Tn

i

N

Note that because of rounding errors, Tm should not be
calculated by averaging the monthly means of maximum (Tx) and
minimum {Tn) temperatures, but rather by swmmary and
averaging the daily values (Tx,Tn). The "3/5 rule" for
migsing data .applies.

d. Pressure--Calculate average monthly sea level pressure (Ps1)
and station level pressure (Pst} from the average daily
pressures observed at 00,06.12,182.

S((Psl,00 + Psl1,06 + Psl,1l2 + Psl,18)/4)

Psl =
N
- S({Pst,00 + Pst.06 + Pst,12 + Pst,18)/4)
Pst = ~-—————r—— s
N
e. Sunshine--Totals should be calculated for each month of each

vear from daily data. Monthly totals should be based on a
full month's data, that is, no missing daily totals are
permitted.

£. Vapour Pressure--Average daily vapour pressure (VP) should
be computed by averaging 24 hourly observations per day. If
24 hourly values are not available for each day, the daily
average may be alternatively calculated from
g (00,03,06,09,12,15,18,21Z) observations per day. The
number of observations per day should be identified with a
'frequency’ indicator. The monthly mean vapour pressure (VP)
should be calculated as follows and the "3/5 rule" for
missing data applies.

SVP

VP =
N

Other climatological elements for which monthly values may be
calculated are listed in Table 2.

TABLE 2. OTHER SUGGESTED CLIMATOLOGICAL ELEMENTS (LISTED IN PRIORITY ORDER)
AND METHOD OF CALCULATION

ELEMENT METHOD UNIT PRECISION
Relative Humidity (maxz, min) L % 1
Dewpoint {mean) vii deg C .1
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ELEMENT METHOD UNIT PRECISION

Wind direction{prevailing) ii deg 10
Wind speed {(mean) vii m/s .1
Vector wind direction (mean) vii deg 1
Vector wind magnitude (mean) vii m/s .1
Wind steadiness (mean) vii —— ———
Snowfall (total) iv cm .1
Soil temperature (mean per

observation time at depth) iii deg C .1

Days with specified phenomenon
(e.g. thunder, hail, fog, gale,

blowing sand) ii count 1
Cloud amount (total) vii okta .1
Pan evaporation vii om .1
Solar radiation vi MI/m? .01

METHOD NOTES

(i} Determine daily maximum and minimum relative humidity RH. and RHy
from 24 hourly observations per day. If 24 hourly values are not available
each day, then 8 (00,03,06,12,15,18,212) observations each day should be
used. The number of observations each day should be identified with a
frequency indicator. The average monthly values RH, and RAn are
calculated as follows and the "3/5 rule" for missing data applies.

. SRHx
RHy = ————
N
. SRHy
RHN= :
N
(ii) Prevailing wind direction should be calculated by identifying the most

frequent direction that occurred within a month. Frequency counts should be
based on 24 hourly observations per day. If 24 hourly observations are not
available for each day, then 8 ((00,03,06,09,12,15,18,21Z) observations each
day should be used. The number of observations per day will be identified
with a "frequency" indicator. The number of direction categories (36 is
preferred) should be identified by a "direction" indicator.

(iii} See methodology described in Section V.l.c for maximum temperature.

(iv) See methodology described in Section V.l.a. for precipitation total.

Awv) See methodology described in Section V.1.b for days with precipitation
greater than or equal to Imm,

(vi) See methodology described in Section V.l.e for sunshine.

{vii) See methodology described in Section V.1.f for vapour pressure.
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2. NORMALS CALCULATIONS (Year—Month to Monthly Normal to Annual Normal)

Monthly 30-year standard normals are calculated from year-month
values. If for a given month (e.g. January) 3 consecutive year-month values
(e.g. January 1970, 1971, 1972} are missing or more than 5 values in total for
the given month are missing, the 30-year standard normal should not be
calculated. :

Monthly Normals Z for an element X are calculated by

where M is the number of months for which year-month values are available (M
can vary between 25 and 30).

Annual normals for an element are calculated by averaging the 12
monthly normals. For precipitation totals, sunshine, solar radiation, days
with specified phenomenon, standard annual normals should be calculated by
adding all 12 monthly normals. Normals should exist for all 12 months to
calculate an annual normal, that is, no missing monthly normals are permitted
if an annual normal is to be calculated.

3. PROVISIONAL NORMALS {Heterogeneous Data and/or Short-Period)

If a data series has not been examined for homogeneity or other data
problems, or if a data series has at least 10 year-month values but fewer than
that required for the calculaticn of 30-year standard normals, then
provisional normals Z' for an element X' may be calculated by:

where M' is the number of months for which year-month values are available (M'
can vary between 10 and as much as 30 for heterogeneous data). The years for
which monthly values are available are identified by a '"year" indicator.

Provisional annual normals are computed by averaging 12 provisional
monthly normals. For precipitation totals, sunshine, solar radiation, days
with specified phenomenon, provisional annual normals should be calculated by
adding all 12 provisional monthly normals. Provisional monthly normals should
exist for all 12 months to calculate a provisional annual nermal, that is, no
missing provigional monthly normals are permitted if a provisicnal annual
normal is te be calculated.

All provisional monthly or annual normals should be identified by a
"provisional" indicator.
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VI. NORMALS FOR UPPER AIR ELEMENTS

Monthly averages should be calculated for the elements listed in Table
3 at the following levels:

Surface
8BS kPa
70 kPa
50 kPa
30 kPa
20 kPa
15 kPa
10 kPa
05 kPa
03 kPa

. .

+

H WO D~ N

[ = Y

TABLE 3, PRINCIPAL CLIMATOLOGICAL UPPER AIR ELEMENTS

UNIT PRECISION

1. Height gpm 1
2. Temperature deg C .1
3. Dewpoint depression/RH deg C% .1/1
4. Wind direction deg 1
5. Wind speed m/s 1
6. Wind steadiness - -

Averages should be calculated for each element at each level for the separate
hours of 00,06,12.18Z by:

- sx
Y = ——

N

where Y is the monthly average for element X at a given level for a given
time, and N is the number of daily values for which the average is
calculated. (N can vary between 1 and 31)

Decadal means should be calculated by:
SY, Sﬁz S§3

Z;'—‘- Zz: Z3=
M, M, M,

where Z,, Z,, Z; are the decadal monthly means for the periods 1961-70,
71-80, 81-90; Y,., Y2, Y3 are the year-month averages at a given level,
cbservation time and month for the periods 1961-70, 71-80, 81-90; and M,,
M2, M; are the number of year-month values in the decades 1961-70, 71-80.
81-90 for which means are calculated (M,., M., Mi can vary between 1 and
10). The decadal means Z.., Z:, Z3 and counts M:, M;, M: should be
considered an integral part of the upper air normals.
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- 10 -

The monthly normal Z should be calculated by:

sY (note Y is the monthly
Z = ——  average, i.e. year-
M month value)

where
M=M; +M,+M;

Note that the monthly normals Z should be calculated from the
year-month value Y and not from the decadal means.

The annual normal is calculated by averaging the 12 monthly normals. Normals
should exist for all 12 months to calculate an annual normal. All upper-air
normals will be considered provisional unless data homogeneity can be
demonstrated.

VII. OTHER CLIMATE DESCRIPTORS

Descriptors other than normals should be provided to allow more
complete assessment of the variable nature of climate.

Because of CLIMAT reporting requirements (ref. WMO 306) it is
necessary to calculate precipitation quintiles as described in WMO Guide to
Climatological Practices, Chapter 8, 1983, pp. 8.5-8.7. Quintiles are
required for monthly precipitation totals. A "method" indicator should
accompany the calculated quintiles.

Other descriptors that should be considered for individual decades and
the whole 1961-90 period are:

1. Standard deviation of daily and monthly maximum, minimum and
mean temperatures, and sea level and station level pressure

and upper air parameters.

2. Percentiles at the 10, 25, 50, 75, 90 levels for zll elements
calculated for both daily and monthly data.

3. Frequency of non-occurrence of precipitation, sunshine and
cloud amount.

4, Distribution of extremes.

VIII. SUPPLEMENTAL INFORMATION

To ensure proper use and understanding of the Normals (provisional or
standard), the following information should accompany the normals:

1., Country code
2. Country name
3. Station name
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. WMO region

Latitude (deg. min, N or S}

. Longitude {deg, min, E or W)

. Elevation

. WMO Block/Index Number

. Quality and processing indicators

(Vo - - JEN I « ) I TV -

a, Accumulation (number of accumulation periods)
b. Frequency {either 24 or 8 cobservations per day)
¢, Years (individual years with data)

d. Direction (either 36, 16 or 8 point compass)
e. Method for computing quintiles

i. From data
ii, From gamma distribution model
iii. From other model
f. Provisional normal
i. Yes or no (no indicates standard normal)

g. Reasons for provisional normal

i. Insufficient period of record
ii. Heterogeneity

1. Station/sensor relocation
2. Instrument effects

3. Observing/coding practices
4. Local envirommental effects
5. Unknown

iii. Both VIII.9.qg.i and VIII.9.g.ii
h. Data completeness

i. Standard normal with no monthly values missing

ii. Standard normal with some monthly values missing

iii. Number of data values used to compute a provisional
normal,

This document is the result of an expert meeting held in Washington,
D.C., USA, in March 1989, Its intent is to provide general ‘information to
Members as they prepare to calculate its standard and/or provisional 30 year
Normals. The expert participants in the meeting were:

K. Davidson, WMO

N. Guttman, Mational Climatiec Data Center, USA

C. Ropelewski, Climate Analysis Center, USA

N. Canfield, Climate Analysis Center, USA

E. Spackman, Meteorological Office, UK

D. Gullett, Atmospheric Enviromment Service, Canada
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REPORTS PUBLISHED IN THE WORLD CLIMATE DATA PROGRAMME SERIES

Chp-1 WMC REGION III/IV TRAINING SEMINAR ON CLIMATE DATA MANAGEMENT AND
USER SERVICES, BARBADOS, 22-26 SEPTEMBER 13986 and PANAMA,
29 SEPTEMBER - 3 OCTOBER 1986 (Available in English and Spanish),

Dp-2 REPORT OF THE INTERNATIONAL PLANNING MEETING ON CLIMATE SYSTEM
MONITORING, WASHINGICON, D.C. USA, 14-18 DECEMBER 1987.

¥CDP-3 GUIDELINES ON THE QUALITY CONTROL OF DATA FROM THE WORLD
RADIOMETRIC NETWORK (Prepared by the World Radiation Data Centre,
Voeikov Main Geophysical Observatory, Leningrad, 1987).

CDP—4 INPUT FORMAT GUIDELINES FOR WORLD RADIOMETRIC NETWORK DATA
{(Prepared by the World Radiation Data Centre, Voeikov Main
Geophysical Observatory, Leningrad, 1987).

vCDP-5 INFOCLIMA CATALOGUE OF CLIMATE SYSTEM DATA SETS, 1989 edition.

¥CDP—6 CLICOM PROJECT (Climate Data Management System), April 1989
(updated issue of WCP-119)

CDOP-7 STATISTICS ON REGIONAL NETWORKS OF CLIMATOLOGICAL STATIONS (Based
on the INFOCLIMA World Inventory). VOLUME II: WMO REGION I -
AFRICA.

WDP-8 INFOCLIMA CATALOGUE OF CLIMATE SYSTEM DATA SETS - HYDROLOGICAL
DATA EXTRACT. (April 1989)

ICDP-9 REPORT OF MEETING OF CLICOM EXPERTS, PARIS, 11-15 SEPTEMBER 1989.

ICDP-10 CALCULATION OF MONTHLY AND ANNUAL 30-YEAR STANDARD NORMALS
{Prepared by a meeting of experts, Washington, D.C., USA, March
1889).
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Missouri Public Service Commission

Data Request

Data Request No. 0209

Company Name MO PSC Staff-(All)

Case/Tracking No. GR-2006-0422

Date Requested 10/17/2006

issue Revenue - Weather Normalization

Requested From Curt Wells

Requested By Michael R Noack

Brief Description NA

Description At pages 4-5 of Mr. Wells' direct testimony, he states that

Staff's choice of the 30-year period derived by NOAA for
normalizing MGE's annual loads for weather is based on
“previous Staff analysis, Commission decisions, and these
standards for normal weather variables established by NOAA
and the WMO." Please provide all documents and any other
explanatory information to support the basis for Mr. Wells'
statement as it refates to: a. Previous Staff analysis b.
Commission decisions c¢. Standards for normai weather
variables established by NOAA and WMO.

Due Date 11/6/2006

Response:
a. Previous Staff analysis;

1. Testimony on behalf of Staff by then Missouri State Climatologist Dr. Wayne
Decker in Case No, GR-92-165 (attached)

2. Testimony on behalf of Staff by then Missouri State Climatologist Dr. Steve Qi
Hu in Case No. GR-99-315 (attached)

b. Commission Decisions:

Commission Report and Order relied upon is Commission Report and Order
(January 22,1997) in MGE Case No. GR-96-285.

{Relevant sections attached: Cover page, List of Appearances, Table of
Contents, Weather Normalization Adjustment section. Pages 1-4, 16-18.)
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¢. Standards for normal weather variables established by NOAA and WMO:

This convention was promulgated by the World Meteorological Organization in
1989 as “Calculation of monthly and Annual 30-year Standard Normals, WCDP-No.10,
WMO-TD/341”, Geneva. (See response to DR 208)
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WAYNE L. DECXIR
LACLZDE GAS COMPANY
CASE NO. GR-92-16S

Q. What is your name and address? o

A. 1 am Wayne L. Dm::kor. I live at 1007 Hulen frive,
Columbla, Kissouri 65203.

Q. What is your professional position?

A, 1 serve the University of Missouri-Columbia as a
Profassor of Atzospheric Science. I have also been designated as the

Staze Climatologist for Missouri.

Q. How long have you besn emploved by the University of
Hispourli?

A. I came to the University of Missouri an Assistant
Profesacr in Saptamber 1949, I was designated as the State
Climatologist when the National Weather Service phased-out their
program of service to the States in the late 1960's.

Q. Where were you employed prior to your appointmant at
ths University of Missouri? _

A. .x worked as a climatologist for the National Weather
Bervica (called at that time the U, S. Weather Buresau) and served in
Horld War II as & meteorologist with the U, 8. Navy in the Pacific
thaator.

Q. What has besn your formal education?

A. My undsrgraduate sducation was at Central College in
Pella, lowa with a major in Chemistry. I raceived post-graduate
tralning in Metesorology at UCLA in 1943-44. I hold MS and Ph.D degrees
fron Iowa State University in Climatology.

Q. Do you have any other professional qualifications?

A. Yos. To save time, I have attached a copy of ul-vnné

bivyraphical information as Schedule 1.
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wiyna L. Dackar

Q.  What docae tha field of Clinatolegy cover?

A. Clinmatolcgy Le tha otudy of thae varlations in
clinata, both spatial and temporal, 2ad docussntation of the effects
¢of thuse varliations on mnman. Cliratelegy involves ths uss of
statlztical procedurss for detarmining tha risks of ¢limatic events
from a protablility point of view, Thy clizarologist must asses the
aflactos of diascontinultiow in th.-tz cliiatie records due to rnatural
causee, chanjgeo in observational precwilurom, and effects of man on the
envirorsont., Tho climateleglat intarrzcto tho historical cbssrvational
sorine in teremas of the effacts of cllnzte on husan food supply and
hoanlth, weathar sesnaitlive opsrcticna and econcmic growth and

developmant.
Q. Dogs climatology provica informacion of value to the

acsessmant of heating demands?

A. Yos. For =any 13&rx3 tha utlility coopanies,
consucars, and the State Cosmiesalean rojulating the supply of fuel and
power have upod climatic rocords a5 a kasia for setting ratos and
anticipating anorgy needs, Tha climatolejist can provide valuable
asristance with tho {ntarprotztion of tio hiktorical climatic records.

Q. Does Lt maka a difforanca whereo tho weoather
obawrvationu aro taken for dosceribing the climatic characteristics of
& city or reglon?

A, Yom, when one intorprata climats data over an
axtonded pariod (t io very Lrportant to roview the history of the
waathor station Jlocations and the typo of instrumentation used.
Attachad to this teotimony as Schedula 2 1a a oumnary prapared by the
National Ocoanic and Atmosphoric Admlnistration (NOAA) of the downtown

and Larbert Field locations whare waathor ¢bservations have boen tasen

and tha inatrwcentation uned in St, Louis,

- Page 2 -

o '-.. |‘ - . . :_' - A - _' .
L TR ST WP P NUTIE £ TES I E S PO RO S SUPIPPer SRR

Schedule RAF-16
Page 22 of 46



. “ o N L3 L,
SUTETPEP AN Y SISRPIIRLIPPF SRE T Y R RPTRTVP APERAV SRS T

e A T i o it o e et 41

i re oy i b b p e e bt el L 1 e ¥ ek sy

—~——

C 0N e LN

WANNN RN R NN NN B M e e e e e
c\naqo\mhunwowmqo\wc-unzg

(%
[y

A it . LT

Direct Tostizony of
Wayne L. Dacker -

Q. Ia it a standard practice for eu.ﬁ:tologht- to cefer
to wsuch & NOAA summary when reviewing historical weathsr station
locaticono and instrumsntation?

A. Yaea. In this instance, I reviewed Schedule 2 in the
coures of preparing this testimony.

Q. According to the data contained in Schedule 2, have
ths wsathor records at St. Louls bean taken at the same l.oe.arllon
throughout tne time of record keeping?

A, No, the records wera first taken at a location in the
conter of the downtown area of 8t. Louis. Later, with the
establishment of. the alrport (Lambert Pield) thass responsibilities
wvare trannfarrod to the alrpoert lecation.

The downtown temperaturs observations were taksn at roof-
top, about 200 fewst above the strest fxrom 1903 onwaxd until the closing
of tha obsorving station in 1968. Prior to 1903, the roof=top station
was locatod about 100 fwet above the atrest. =

Unlass one carefully reviews ths station location
doscriptions, it would appear that the Lombert Field sStation did not
axparisnce much of a change since it was established in 1929, There
are, howevar, two changes in the location of the instrumsnts at Lambert
Field requicing analysis.

Q. What are these changes?

A.  In Novesber 1943 the site of the temporature
maasuramen: at Laxzbert Field was moved from a position away from the
building (in an instrument shelter at five fest above the ground) to
a roof-top location on the seccnd floor of the Adainistration Building.
This position allowsd the dark roofing and the vents from the first
floor to provide a less than ideal location for documenting the climate
of the aroa. I have reviewed the degres day values reported for
Lamoort Field for this perlod (1943 threough Ssptember 1957) and these
records show the period as one with low heating degres day totals. The

- Page 3 =
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avacago dejroe days from ths parizl eoxtonding froxm the 1943-44 z;wuon
through tha 1956-57 seouscn is coma 6% lowsr than th» moan tlaf 4838
ca;iulatad for the periocd currently usesd by the Public Service
Cormisaion. It is very likely that tho warmer temparatures worw, at
laant in part, due to heat addad by tha rocof axpoaure.

©n April 18, 1958, tha site of measurcoment at Lambart Fleld
was moved to a poxition betwran the.runways and over grads. This move
may have resulted in a cooleor environmant than when the instrumentcs
warae located closse to or on buildingo.

Q. Have the waather roccrda alwvaye been derived from the
sacw type of whather instruments in St. Louis? l

' A For moet of ths roriod since thae late 1890°'s the
terpernture records have cone froa liquid in glass thermometers
{(mozcury or alcohel In glass). Thoee thorrozetacs wers ‘hadad froa the
sun ard protmcted from the earth‘s radiztion by a louvered box mounted
about flve fest above the Jround or roof top.

However, when th? instruments wers moved to tha runway
location at Lambart Field in April 1958, tho asyotea of maasuring
temperaturea samployed by the Hationsl !'eathar Service in 3t., Loula was
changad. This chzngs coneisted of dipocontinuing the use of liquid
tharmomestarad mounted in the white instrument shelter (n favor of
#lectrical thermcaswtore exposed Lo a refloctive cylindor over the graes
arsas botweon the runways. The obgervations frcm thase instruments are
reccrded on indlicators in the Katlionzs! Waeather Service Office. This
new Ayston was inotalled at all airport obporving astations of the
Naticnal Weather Service =2t about this seme time, SBince the
instrumants wore locatad away from tha buildings and the paved tarmac,
the temperatures are typically cocler than those ﬁrovlounly raported
from expoesuras near the buildingn., This systcm has continued in use
for the past throe decades. It can be noted that the heating degree

days in rocent years (ainca 1960) are rarkedly higher, suggesting that
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Direct Teatimony of
Wayna L. Dacker

the now location provides a sampling of temperatures for a slightly
cosler climate for the Lambert Field arsa. Even when one includes ths
dogree Cay totala for the warmer moat rscant decade (1981-82 through
1330~21) tha thirty-two year average (1958-59 through 1990-91) is very
close to the value suggested by the Commission as the long-time
arorago.

Q. Por degcribing the climatic characteristics does the
climatologist usually use the sntirs period of record available for a
particular station? .'

A. Climatologists tend to use a subsot of the sntirs
period of record for describing the characteristics of ths climste of
a ¢ity or reglon. The length of record for this -u.but_ahould be long
anocugh to reprosent the climate of the reqion in a manner that reduces
the changes of a short sequence of cool or warm years Lnfluencing the
climatic statistics, Clsarly the period should be long encugh to be
“rapressntative® of the climate of tha region, but not be so long that
it messsuros a condition that has already past and no longer valid for
the climatological time series. This problem of defining a bass period
for the "normal® climate has plagued climatologists for many years,
The World Mateorological Organization {a UN agency which coordinates
national programs in meteoroclogy and cllmatology) and the MNational

Weather Service in the U. 5. have adopted the policy of using the most

rocent thirty-year period as the averags for comparison purposes.
Cndar thalr policy, the avaruge is “"rolled over” at the bcq.lﬁn{l.ng of
each decade., The nevly established "normale” are then used for the

next ten yoars.
Q. Is using the "thirty year normals® better than using

the entire record available for St. Louis?
A.  Tha climate of any region is dynamic in the sense

that there is a constant change. Boms of  these changes appear to be

- Page 5 -
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1 random Qh!.!.n others are systematic. The "-:ol.lod over average” Ls used
! 2 tor the normals to minimige the syntomic erroswe.
. 3 One source of the systomlic error is tha change in the type
4 »f instruments umed to messure tomparature and the exposurs of these

1 5 lnscrumants. It appears cbvious that Lf a different procodure was
6 proviously used for measuring tempsrature than i1s used today that the
3 7 wldar racords should not be inciudod in the base period which dofines

B the eclimatic normals.
9 Anotkar systemic error in temperatura is ths changes
10 associatod with the growth of the city of 5t. Louis. The "urban heat

- 11 lsland” is a wall documsnted phencmenon which notss that the urban

. 12 tempdratuun are warmer than the nearby rural temperaturas,
12 particularly at night. This temparature difference is related to size

: 14 of the city (aroa and population). The center of warming and the
15 oxtent of warming depunds on the tonflguration of the city. In the
16 |§ csse of St. lLouls, there has beon some documantation of the urban

17 1 offnct from detailed studlies in the 1960°'s. It appears that the caonter

i 18 of development in St. Louls has beon away from the Mississippi River,

19 and the urbanization of the arca around Lambert Field i{s apparsant. The
20 opportunity for an urban climate change in the Lambert Flol.{i weathor
21 records, although not dovumented, is certainly prosent,

22 ' Q. What would you recommend the Commission use for the

'! 2} "base pariod* in defining degroce day normals for St, Louia?

-.'..';-f 24 A, I would recommand that the most recent thirty-year
, 25 period with a recalculation every ducade be used for the following
" 26 reanons:

27 {1) it would not allow events which have occurred nearly
28 a contury ago to ba equally weighted with more
29 racent svents in the calculation of the normals;
o {2) it would allow for an adjustment for changes in
3l cliimate, both natural or anthropegenic;
-~ Page 6 -
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this procedurs weuld bring the techniques used in
Missouzi in line with those used by the National

Weather Sarvica and other States; 3

the thirty-year periocd is long snough to produce
statistics that ars stable without major variations
from decade to decads)

during the most .recent thirty-year period (19¢1-
1530), the cbsexvations at Lambert Field have been
tokan from the sane site using the same type of
waathsr instruments. 7

Does that conclude your testimony?

Yeou.
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DIRECT TESTIMONY
OF
STEVE QI HU
LACLEDE GAS COMPANY

CASE NO. GR-99-315

Q. Please state your name and business address.

A. My name is “Steve” Qi Hu, and my business address is 237 L.W. Chase Hall,
University of Nebraska-Lincoln, Lincoln, Nebraska 68583-0728.

. Q. What is your present position?

A. Tam aclimatologist and an Assistant Professor of Atmospheric Science at
the School of Natural Resource Sciences of the University of Nebraska-Lincoln.

Q. How long have you held your position and briefly describe your
responsibilities?

A. 1was appointed to my present position in February 1999. My responsibilities
at this position include research, extension service and teaching. In research, I am
developing and improving our understanding of the regional climate variations and
climate impacts on regional agriculture and the regional economy. In extension service, I
am responsible for disseminating the most recent research results in climate and climate
variations to the general public of Nebraska and neighboring states including Missouri. In
teaching, I am cwrently teaching the Agricultural Climatology course.

Q. Do you have any previous work record in the State of Missouri?
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A. Yes. I was a Research Assistant Professor of Atmospheric Science at the
University of Missouri-Columbia, and served as the Missouri State Climatologist and
Director of the Missouri Climate Center for the time period July 1995 through January
1999.

Q. Could you briefly describe your responsibilities at that position?

A. I was developing research programs aimed at understanding the regional
climate variations and climate impacts on regional agriculture. In service as the State
Climatologist, I was responsible for archiving, maintaining, and disseminating weather
and climate data to the general public of Missouri. I was also responsible for providing
expert interpretations of weather and climate data to data users.

Q. What is your educational background?

A. 1obtained my M.S. and Ph.D. degrees in Atmospheric Sciences from
Colorado State University in 1986 and 1992, respectively. Ihad my post-doctoral
training at the State University of New York-Albany from 1992 through 1994. Prior to
my M.S. degree, 1 obtained my B.S. degree in Meteorology from Lanzhou University in
China in 1982.

Q. Will you briefly describe your experience as a Climatologist?

A. My research in regional climate variations has produced many refereed
publications and numerous conference presentations. I have used various methods in
analyzing climatic data and understanding regional climate variations.

Q. What is the purpose of your testimony?

Schedule RAF-16
Page 29 of 46



10
11
12
13
14
15
16
17
18
19
20
21
22

23

Direct Testimony of
Steve Qi Hu

A. T will explain the necessity for adjusting the station temperatures and a
procedure [ used in correcting the Saint Louis Lambert International Atrport station
temperature time series for the time period 1961-1998.

Q. What kind of weather station is at the Saint Louis Lambert International
Airport?

A. The Saint Louis Lambert International Airport station is a first-order weather
station of the U.S. National Weather Service and is operated by properly trained
professionals.

Q. Why do you need to adjust the observed temperature?

A. Adjustments of observed air temperature from an individual weather station
are needed to remove potential errors and biases in the temperature data.

Q. What possible errors could exist in the observed temperature values?

A. The errors in observed temperature data may be categorized into two groups.
1) The error resulting from observer’s human error. This kind of error enters the data
when, for example, observers read incorrectly the scales of a thermometer or take the
observation at a time different from the specified observation time. 2) The error resulting
from malfunctioning thermometers falls into the second category.

Q. How do you find these errors and how do you correct them?

A. These errors are identified at the National Climatic Data Center at Asheville,
North Carolina, after the data are reported to the center. The data are checked using a
developed quality control method. Erroneous data is flagged and then an estimated value
is assigned to replace the erroneous data. The estimated value can be derived using

different methods.
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Q. What are potential biases in the observed temperature data?

A. There are two sources producing biases in the observed temperature data. 1)
The sensor bias. This is a bias due to systematic overestimate or underestimate of the
temperature by a thermometer. This kind of bias may be introduced to the data due to
drifting of aging sensors. 2) The bias resulting from physical environment change of the
weather station. These include station location changes and the surrounding environment
change as consequences of economic development, e.g., the new buildings and parking
areas, and natural change such as maturing trees. These changes alter the environment of
the station and, hence, the averaged thermal condition the station measures.

Q. What kind of biases have you found in the Saint Louis Lambert International
Airport weather station data, and what may have caused them?

A. I found that the station location change and consequent exposure changes
have caused systematic biases in the station temperature data. My investigation of the
station history of the Saint Louis Lambert International Airport station has disclosed that
the station location changed four times during the 38-year period of 1961-1998. These
occurred in November 1979, January 1985, February 1988, and June 1996. My analysis
revealed that two of the four location changes, i.e., the ones in 1979 and 1988, caused
systematic warming biases to the station temperature data and the change in 1996
resulted in a reversal of this warming bias.

Q. Why was a warming bias introduced to the data by the location changes in
November 1979 and February 1988?

A. The warming bias was introduced to the data because each of those two

location changes brought the station to a less open area. For example, in November 1979

4
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the thermometer was moved from a relatively open field to a new location very closeto a
building with an improved parking area. The building and parking lot pavement absorb
solar radiation and emit long-wave radiation to warm the environment during the day.
The building also emits more heat during night. The thermal effect of the building and
the parking lot added a warming bias to the temperature data of the station. In June 1996,
the station was moved back to the airfield, where the thermal effects of the building and
the parking lot would no longer impact the temperature readings.

Q. What procedures have you used to correct the bias in the temperature data?

A. The procedures include the following: 1) identify the dates of the station
location change by reviewing the station history files and interviewing the observers
during visits to the station; 2) identify reference weather stations for which normals are
published and which did not experience location changes during the time when the Saint
Louis Lambert International Airport station was moved; 3} compare the temperature
series of the Saint Louis Lambert International Airport station and the reference stations
over the period covering the time of the station location change, and identify any bias
introduced to the Saint Louis Lambert International Airport station temperature record
from the station’s location change; and 4) calculate the correction value and apply it to
the daily temperature series of the Saint Louis Lambert International Airport station to
remove the bias.

Q. What was the application of these procedures to correct for the location
changes at the St. Louis Lambert International Airport?

A. For the November 1979 and February 1988 changes, the reference stations

chosen were at Elsberry, MO and Unionville, MO. Five years of monthly maximum and
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monthly minimum temperatures were used to calculate the changes that had occurred at
the St. Louis Lambert International Airport. For the June 1996 change, five years of
consistent daily temperature series were available from the Elsberry, MO and Jerseyville,
IL weather stations. These data were used to calculate the changes that occurred at the
St. Louis Lambert International Airport weather station when the station was moved back
to the airfield and the ASOS was commissioned. Further details of the procedures and
data used are provided in my work papers.

Q. What are the differences between the uncorrected and corrected temperature
data?

A. The warming bias resulting from the November 1979 location change is
0.700°F. There was no bias added to the station temperature from the location change in
January 1985. My analysis revealed that the uncorrected temperature was warmer by
0.783°F as a result of the station being moved to a location close to a building and a
parking area in February 1988. The station location change in June 1996 was from a site
closeto a buildirig and a parking area to an open area (see Figure 2 on Schedule 1-8).
This location change was accompanied with the observation system change from the
conventional unit to the ASOS (Automated Surface Observation System). This change in
location resulted in a reversal of the warming bias of —1.875°F. The net effect for the
three changes is that the post June 1996 temperatures will read 0.392°F cooler than
temperatures read prior to November 1979. This is within the ASOS cooling bias of
0.5°F found by climatologist Thomas McKee [“Climate Data Continuity Project Ends:”

Silver Spring, MD 20910, ASOS Program Office Wx23, 8455 Coleville Rd., Suite 705].

Schedule RAF-16
Page 33 of 46



10

11

12

13

14

15

16

17

18

19

20

21

22

23

Direct Testimony of
Steve Qi Hu

Q. How could these differences be affecting the calculated heating degree days
and cooling degree days using the uncorrected Saint Louis Lambert International Airport
temperature data?

A. Because the heating degree days are defined as the summation of the
differences of the actual temperature below a reference temperature, e.g., 65°F, in each
hour during each day and over a one year period, a warming bias in observed temperature
will lower the difference between the reference and the observed temperatures and,
hence, reduce the total number of heating degree days in a year. The opposite effect will
oceur for cooling degree days. In this case, the warming bias in the Saint Louis Lambert
International Airport station temperature data can cause a decrease in the number of
heating degree days and an increase in cooling degree days recorded at the station.

Q. Did you provide these corrections for the Saint Louis Lambert International
Airport station to Mr. Dennis Patterson for use in calculating normal heating degree
days?

A. Yes, Mr. Patterson used these corrections in his calculation of normal heating
degree days for the Saint Louis Lambert International Airport station.

Q. What should be a time period for developing meaningful climate normals?

A. In describing climate “normals” the WMO (World Meteorological
Organization) requires the use of 30-year temperature and precipitation data. This
standard is accepted by the U.S. National Weather Service. One of the reasons for using
such a time period in defining climate conditions is that climate has its natural
variabilities. These variabilities are shown, in part, by oscillatory variations of

temperature and precipitation at various time periods. For example, there have been

7

Schedule RAF-16
Page 34 of 46



Direct Testimony of
Steve Qi Hu
many studies showing significant interannual and interdecadal temperature variations in
the U.S. To minimize the impacts of these fluctuations on averaged climate conditions
WMO recommends to use 30-year data in calculation of the normal of the surface air
temperature.

Q. Does this conclude your direct testimony?

A. Yes it does.
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Missouri.
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On December 2, 1996, Riverside/Mid-Kansas filed a motion te strike a
portion of late-filed Exhibit 172. Riverside/Mid-Kansas requests that the
portion beginning with‘page 3, line 7, throujh the hotéam of page 4, be stricken,
becausé it goes beyond the information requested by Commissioner Crumpton.

On December 10, 1996, MGE filed a response to the motion to strike, MGE
argues that all of late-filed Exhibit 172 is responsive to Commissioner
Crumpton’s reguest.

The Commission finds that all of Exﬁibit 172 is responsive to
Commissioner Crumpton’s request. The Commission will deny the motion to strike.

The Commission has received no objections to the receibt of the
late-filed exhibits other than the cbjection of Riverside/Mid-Kansas discussed
above,

Late~-filed Exhibits 113, 114, 115, 116, 117, 120, 163, 163HC, 164, 171,

172, 173, 174, 179 and 179HC shall be received into the record.

The Missouri Public Service Commission, having considered all of the

competent and substantial evidence upon the whole record, makes the following

findings of fact.

I.  Revenue Adjustments
A. Weather Normalization Adjustment

This issue concerns the appropriate period of time to use for the
purpose of establishing “normal” temperatures in the context of setting rates for
MGE. MGE advocates the use of ten years of data ending March 31, 1996. Staff

advocates the use of 30 years of data (1961 through 1990). Public Counsel agrees

with the staff on ﬁhis issue.

16
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MGE witness Cummings maintains that the ten-year ﬁverage of Heating
Degree Days (HDD) compiled by the National Oceanographic and Atmospheric
Admiqistration {(NOAR) better reflects the temperat;res experienced in recent
years and is not influenced by several consecutive cold winters which occurred
many years ago and have not repeated themselves, (ﬁx. 9, p. 8). Dr. Cummings
performed an analysis where he calculated the median tem?eratures over the last
ten and fifteen years and he concluded that the ten-year measure is more
representative of recent years’ temperatures than_;ﬁe use of the 1961-19%0

measure. {Ex. 9, p. 9). The reason for this result is that there were some

winters with extremely cold temperatures a number of years ago that are reflected

in the 30-year measure, and these extremes have not repeated themselves in the

last decade. (Ex. 9. p. 10)}.

Staff maintains that the Commission should use the 30-year measure of

normal temperatures published by NOAR, which are based on properly adjusted

monthly Heating Degree Day data from the FAA weather stations at Kansas City

1]

International Airport and the Joplin Airport. Staff argues that the 30-year

average is the more proper measure of “normal weather” rather than the ten-year

moving average proposed by the Company. NOAA’s 30-year normal averages are

compiled ihdependently of the regulatory process and are set for a period of
ten years at a time after each decacde of data can be analyzed. The'calculations
of “normals” are done only once every ten years becadse. they require a
substantial effort and commitment of NOAA’s resources. ;The published normals
used by Staff remain the same for those ten years until anoth;r decade’s worth
of data is collected and analyzed by NOAA.

Staff believes that the 30-year period utilized by NOAA is necessary to

constitute a normal period. This period is long encugh to compensate for

shorter-term cycles that may be present in the data, while not being so long that

17
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historical conditions which are no longer relevant might influence the calcula-
tions of normals. Staff maintains that the use of a ten-year moving average as

proposed by MGE results in great fluctuations of “nermels" which has no place in
setting rates on a forward-loocking basis. -

Tee Commission finds that NOAAR’s 30—yeafghorﬁeis ie_tﬁe more eepropriate
benchmark. The ten-year moving average weuld needlesSij.cauee'rrequent rate
changes based on the introductioe of new deta ever;;yeer.“ If one takes MGE's
argument to its logical extreme, the commission weuld use the most recent year’
experience in MGE’s service territory and re-set rates each year, ‘This could

lead to sericus financial problems'for HGﬁ'if'ite rates were set after a fecor&—
- . B et et SN L . “ ..' . ‘ P
setting cold year. 1In addition, the data upon which Staff’s recommendation is

based has gone through the processes established by gp&amtqmegeuée.the best data

possible. This safeguard is not present in MGE’s approeeh.

-

B. Ecnnnm_c_lle_v_elanmmnlmum

OPC maintains that the commission must impute the rull level of revenues

based on the Large Volume contract rate. QPC bases thie position on the tariff

language contained on MGE’s Sheet 74, which states:

T

Prier to any determination of the Company’s revenue
requirement for rate making purposes before the Commission,
test year revenues shall first be adjusted to the level
corresponding to that which would be produced under the
standard Large Volume contract rate schedule with respect to
the customers qualified for service hereunder. : ‘

OPC maintains that this language precludes statf and MGE from making their
recommended adjustment that has the effect of having ratepayers fund approxi-
mately 25 percent of the amount of economic development discounts.

This issue is the extent to which MGE’s shareholdere should beer the

cost associated with discounted rates which MGE offers under MGE’'s economic

1ls
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Data Request No.

Company Name

CasefTracking No.

Date Requested

Issue

Requested From

Requested By
Brief Description

Description

Due Date

Response:

Missouri Public Service Commission
Data Request

0210

MO PSC Staff-(All)
GR-2006-0422

10/17/2006

Revenue - Weather Normalization
Curt Wells

Michael R Noack

NA

Define the term “weather normal’ as understood by Mr. Wells
within the context of his direct testimony.

11/6/2006

Mr. Wells understands “Weather normal” in this context to be, as defined by NOAA and
the WMO, the arithmetic average of a weather variable-- in this case daily average
temperature (the arithmetic average of the day’s maximum and minimum) over the 30-
year period from Jan 1, 1971 through December 31, 2000.
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Data Request No.

Company Name

Case/Tracking No.

Date Requested

Issue

Requested From

Requested By
Brief Description

Description

Due Date

Response:

Missouri Public Service Commission
Data Request

0211

MQ PSC Staff-(All)
GR-2006-0422

10/17/2006

Revenue - Weather Normalization
Curt Wells

Michael R Noack

NA

Would Mr. Wells agree that the choice of a weather normal
for MGE should best reflect the weather expected to occur
when its approved rates in this case go into effect? If not,
please fully explain the factors he believes should be
considered in choosing a weather normal for a gas utility
such as MGE.

11/6/2006

No, Mr. Wells does not agree because Missouri is a test year state. In Missouri,
utility sales data from a test year are adjusted for departures from the normal condition in
order to calculate a revenue requirement and a set of rates for a year where the normal
condition would have been experienced. The weather normal chosen should be
sufficiently long to provide the necessary stability without major variations, yet not
excessively long to inappropriately weight long past values collected with now obsolete
instruments using different procedures. NOAA and the WMO have determined that the
three-decade normal period with updates each ten years meets these requirements.
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Missouri Public Service Commission

Data Request

Data Request No. 0212

Company Name MO PSC Staff-(All)

Case/Tracking No. GR-2008-0422

Date Requested 10/17/2006

Issue Revenue - Weather Normalization

Requested From Curt Wells

Requested By Michael R Noack

Brief Description NA

Description Has Mr. Wells in this proceeding conducted any specific

analysis to determine the most appropriate weather predictor
to normalize MGE’s annual customer loads for weather? If
not, please fully explain why such an analysis has not been
conducted.

Due Date 11/6/2006

Response:

The analysis performed was to determine the appropriate weather stations to
which to apply the 30-year normal. As stated in the response to DR 211, Missouri is a test
year state. Sales data from a test year are adjusted for departures from the normal
condition to calculate a revenue requirement and set of rates for a year in which the
normal condition would have been experienced. The test year is compared to a “normal”
year, No attempt is made to “predict” future weather.

Previous analyses, listed in response to DR 209, have shown that the
NOAA/WMO 30-year normals period is the most appropriate time frame for
determination of a normal. Customer loads are based on Heating Degree Days, defined
as the number of degrees daily average temperature is below a 65 degree base. These
loads are compared to the normal daily heating degree days defined using the NOAA 30-
year period.
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