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OF
CURT WELLS
MISSOURI GAS ENERGY

CASE NO. GR-2006-0422

Q. Please state your name and business address.

A. My name 1s Curt Wells and my business address is Missouri Public Service
Commussion, P. O. Box 360, Jefferson City, Missouri, 65102.

Q. Are you the same Curt Wells who has submitted direct testimony in this case?

Al Yes, [ am.

Q. What is the purpose of your rebuttal testimony?

A. I will address the written direct testimony of Missouri Gas Energy (MGE or
Company) witness Russell A. Feingold regarding the calculation of a normal for heating
degree days (HDDs) for the MGE districts in Missourt.

EXECUTIVE SUMMARY

Q. Please sumimarize your rebuttal testimony.

A. The [0-year period for a normal proposed by MGE is inconsistent with
international metcorological convention, Comrussion rulings, and the purpose of adjusting
volumes to normal HDDs in Missouri PSC rate cases. The 30-year period used by Staff is

consistent with all of these and Staff policy when calculating normal weather variables.

RATIONALE FOR THE NOAA THREE DECADE PERIOD FOR A
NORMAL

Q. What time frame did MGE use in constructing a weather normal?
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Al In Section 2. WEATHER NORMAL of Mr. Feingold’s pre-filed direct
testimony, he states: “The Company is proposing to use a 10-year Heating Degree Days
(“HDD”) average to normalize its natural gas volumes for rate case purposes.” (Feingold
direct testimony, page 6, lines 10 and 11.)

Q. Does Staff agree with the use of 10-years of data to calculate normal weather?

A. No, 1t does not. Staff recommends use of the National Oceanic and
Atmospheric Association (NOAA) three decade time period to calculate normal weather.
[nternational convention has established that three-decade periods are appropriately long and
uniform time frames for the calculations of a normal. The current thirty year period used by
NOAA 1s January 1, 1971, through December 31, 2000.

Q. Each of the time frames considered by Mr. Feingold in his testimony end in
2005, as opposed to the current NOAA period which ends in 2000. Why is this not
appropriate?

A. NOAA recalculates a 30-year normal at the end of each decade as a way of
dealing with changes in measurement conditions and changes in the climate itself. Its goal is
to have a stable normal for a weather variable while reflecting changes in weather patterns.
In computing normal temperatures, NOAA processes and screens the data to correct for “any
inconsistencies in observational practices (e.g., changes in station location, instrumentation,
time of observation, etc.) and be serially complete (i.e. no missing values).” (Schedule CW-1,
U.S Climate Normals 1971-2000, Products Data) If Mr. Feingold’s proposal to use the most
recent ten-year period is used, the last five years — one half — of his normal period has not

gone through this correction process.
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This process takes significant time and resources, and so NOAA only performs 1t at
ten-year intervals. Updating every decade is a compromise that provides a database for a
weather variable that is accurate, stable for ten years, and updated each decade for long-term
changes in weather patterns.

Q. Is there other support for using the NOAA time period?
A. Yes. The use of this time period is based on testimony submitted on behalf of

Staff by then Missouri State Climatologist, Dr. Wayne Decker in Case No. GR-92-165.
(Schedule CW-2). On page 6, beginning with line 22, Dr. Decker gives his recommendation
for the 30 year time period for defining normal heating degree days:

Q. What would you recommend the Commission use for the “base
period” in defining degree day normals for St. Louis?

A. I would recommend that the most recent thirty-year period with
a recalculation every decade be used for the followmg reasons:
(1) it would not allow events which have occurred nearly a
century ago to be equally weighted with more recent events in
the calculation of normals;
(2) it would allow for an adjustment for changes in climate,
both natural and anthropogenic;
3 this procedure would bring the techniques used in
Missouri in line with those used by the National Weather
Service and other States;
(4)  the thirty-year period is long enough to produce
statistics that are stable without major variations from decade
to decade;
(35) during the most recent thirty-year period (1961-1990),
the observations at Lambert Field have been taken from the
same site using the same type of weather instruments.

This recommendation was reaffirmed in Case No. GR-99-315 by then Missouri State
Climatologist Steve Qi Hu, PhD, in his direct testimony (Schedule CW-3) beginning on page
7 line 17:

Q. What should be a time period for developing meaningful
climate normals?
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1 A, In describing chmate “normals” the WMO (World
2 Meteorological Organization) requires the use of 30-year temperature
3 and precipitation data. This standard is accepted by the U.S. National
4 Weather Service. One of the reasons for using such a time period in
5 defining climate conditions is that climate has its natural variabilities.
6 These variabilities are shown, in part, by oscillatory vanations of
7 temperature and precipitation at various time periods. For example,
8 there have been many studies showing significant interannual and
9 interdecadal temperature variations in the US. To minimize the
10 impacts of these fluctuations on averaged climate conditions WMO
1t recommends to use [sic] 30-year data in calculation of the normal of
12 the surface air temperature.

13

14 COMMISSION DECISIONS
15 Q. Has the Commission ruled previously on the length of the period for

161 calculating a normal for a weather vaniable?
17 A. Yes. In an MGE rate case, Case No. GR-96-285, the Commission decided on
181 this issue in its Report and Order, issued January 22, 1997. At Page 18 of that Report and

197 Order, the Commission states:

20 The Commission finds that NOAA’s 30-year normals is [sic.] the more
21 appropriate benchmark.  The [0-year moving average would
22 needlessly cause frequent rate changes based on the introduction of
23 new data every year. If one takes MGE’s argument to its logical
24 extreme, the Commission would use the most recent year’s experience
25 m MGE’s service territory and re-set rates each year. This could lead
26 to serious financial problems for MGE if its rates were set after a
27 record-setting cold year. In addition, the data upon which Staff’s
28 recommendation is based has gone through the processes established
29 by NOAA to ensure the best data possible. This safeguard is not
30 present in MGE’s approach. (Missounn Public Service Commission,
31 Case No. GR-96-285, Report and Order, Issue Date January 22, 1997,
32 Cffective Date February 1, 1997, Page 18.)

33

34 STAFF USE OF NORMALS

35 Q. Mr. Feingold states that the 10-year period proposed by MGE *“will result in

36¢ improved forecasting for normalizing MGE’s gas volumes. This means that the annual gas

371 volumes established in the Company’s current rate case would better reflect the expected
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normal weather conditions during the period in which its base rates will be in effect.”
(Feingold direct, page 7. lines 3-6.). He further states “The goal of our analysis was 1o
determine the best predictor of futare MDD levels for purposes of ‘normalizing” actual
natural gas consumption during the test year and for the upcoming time frame when the
Company’s new rates are expected to be in effect.” (Feingold direct, page 7, lines 12 -15)
Why is this approach not relevant?

A. Gas rates in Missouri are set using test year data. Staff does not attempt to
predict weather. Rather, utility sales data from a test year are adjusted for departures from
what usage would have been if weather were normal, in order to calculate a revenue
requirement and a set of rates for a year where normal weather would have been experienced.
Shortening the period used to calculate normal weather reduces the stability of the normal. A
10-year period is too short for determining a normal because it is unstable. This instability 1s
due to the continual updating as each year’s data become available, i.¢., removal of one
year’s data and replacing it with another year, can significantly change the calculated normal
since each year’s data constitutes one tenth of the total data. Schedule CW-4, comparing Mr.
Feingold’s ten-year moving average to the 30-year NOAA normal for Springfield illustrates
the instability of this average.

Mr. Feingold states that “the ability of the 30-year averages to track the actual
variation in HDD over time is ‘dampened’ because of the greater number of years included in
the averages.” To the contrary, Staff believes this “dampening” provides the stability
necessary for a normal and prevents the chasing of short-term variations. As an example,
Schedule CW-5 depicts HDD difference from the NOAA 30-year normal for Springfield. it

shows that, in general, groups of warm years are followed by groups of cold years, and the
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converse. Unfortunately, it’s not possible to predict when these changes will occur. Because
of the unpredictability of these groupings, the normal of the shorter period proposed by Mr.

Feingold is more susceptible to these changes, making it less stable, and thus less appropriate

for use as a normal.

CONCLUSIONS
Q. What are your conclusions?
A, The 30-year pertod used by Staff is consistent with international

meteorological convention, Commission rulings, and the purpose of adjusting volumes to
normal HDDs in Missouri PSC rate cases. The 10-year period for a normal proposed by MGE
is not.

Q. Does this conclude your rebuttal testimony?

A. Yes, it does.
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U.S. Climate Normals 1971-2000, Products

Computational Procedures
A. Adjustments to the Data

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 shoutd be free of any inconsistencies in observational practices (e.g.,
changes in station location, instrumentation, time of observation, etc.) and be serially
complete {i.e. no missing values). When present, inconsistencies can lead to a non-climatic
bias in one period of a station’s record relative to another. In that case, the data record is said
to be “inhomogeneous”. Since records are frequently characterized by data inhomogeneities,
statistical methods have been developed to identify and account for these data
inhomogeneities. In the application of these methods, adjustments are made so that earlier
periods in the data record more closely conform to the most recent period. Likewise,
techniques have been developed to estimate values for missing observations. After such
adjustments are made, the climate record is said to be “homogeneous™ and serially complete.
The climate normal can then be calculated simply as the average of the 30 values for each
month observed over a normals period like 1971 to 2000. By using appropriately adjusted
data records, where necessary, the 30-year mean value will more closely reflect the actual
average climatic conditions at all stations.

The methodology used to address inhomogeneity and missing data value problems stations
is described in Figurc 2. As with all automated quality control and statistical adjustment
techniques, only those data errors and inhomogeneities falling outside defined statistical
limits can be identified and appropriately addressed. In addition, even the best procedures
can occasionally apply corrections where none are required or misidentify the exact year ofa
discontinuity. In the 1971-2000 monthly normals calculations, the sequential year-month
data were adjusted to conform to a common midnight-to-midnight observation schedule,
This is necessary since changes in observation time also can lead to non-climatic biases in a
station’s record. The data were then quality controlled to identify suspect observations and
missing or erroneous values were estimated. Finally, the serially complete data series were
adjusted for non-climatic inhomogeneities. In the 1971-2000 normals, all stations were
processed through the same procedures, whereas in the 1961-1990 normals only NWS First
Order stations were evaluated for inhomogeneities. Each of the steps in the data processing
procedures used in the 1971-2000 normals calculations is described briefly below.

Schedule CW-1-1



Figure 2
CLIMS8I1 Processing Steps (Temperature)

Adjustment I:

Station Monthly Data Time of Observation Bias
i Applied to Conform to
(YEAR-MONTH ™! Midright Observation
Sequential Format) Schedule

]

'

Quality Control Estimation of Missing/
Procedures Discarded Values

.

Adjustment 2:
Inhomogeneity
Corrections

Calcuation of Monthly
Values

¥

!

Adjustment 3:
Time of Observation Bias CLIMSE1
Removed to Conform to =] Monthly Normals
Current Local Observation
Schedule

In order to effectively compare records among various stations, the time of observation bias,
if present, must be removed. While the practice at all NWS First Order stations is to use the
calendar day (midnight recording time) for daily summaries, Cooperative Network Station
observers record observations once per day summarizing the preceding 24-hour period
ending generally in the local moming or evening hours. Observations based on observation
times other than midnight can exhibit a bias relative to those based on a midnight
observation time (see e.g., Baker, 1975). Moreover, observation times at any one station may
change during a station’s history resulting in a potential inhomogeneity at that station. To
produce records that reflect a consistent observational schedule, the technique developed by
Karl et al. (1986) was used to adjust the monthly maximum and minimum temperature
observations to conform to observations recorded on a midnight-to-midnight schedule.

Schedule CW-1-2



However, no time of observation bias adjustments were applied to stations in Alaska,
Hawaii, or the U.S. possessions since no model for adjustment presently exists for these
regions.

All monthly temperature averages and precipitation totals were cross-checked against
archived daily observations to ensure internal consistency. In addition, each monthly
observation was evaluated using an adaptation of the quality control procedures described by
Peterson et al.(1998). In this approach, observations at each station are expressed as a
departure from the long-term monthly mean. Then, monthly anomalies at a candidate station
are compared with the anomalies observed at neighboring stations. Where anomalies at the
candidate disagree substantially with those of its neighbors, the observations at the candidate
are flagged as suspect and an estimate for the candidate is calculated from neighboring
observations (sce below). If the original observation and the estimate differ by a wide
margin (standardized using the observed frequency distribution at the station), the original is
discarded in favor of the estimate. Very few observations were eliminated based on the
quality control evaluation.

To produce a serially complete data set, missing or discarded temperature and precipitation
observations were replaced using the observed relationship between a candidate’s monthly
observations and those of up to 20 neighboring stations whose observations exhibited the
highest correlation with those at the candidate site. Monthly estimates are calculated using
the climatological relationship between candidate and neighbor as well as a weighting
function based on the neighbor’s correlation with the candidate. For temperafure gstimates,
neighboring stations were drawn from the pool of stations found in the U.S. Historical
Climatology Network (USHCN; Karl et al. 1990) whereas for precipitation estimates, all
available stations were potentially used as neighbors in order to maximize station density for
estimating the more spatially variable precipitation values.

Peterson and Easterling (1994) and Easterling and Peterson (1995) outline the method that
was used to adjust for temperature inhomogeneities. This technique involves comparing the
record of the candidate station with a reference series generated from neighboring data. The
reference series is reconstructed using a weighted average of first difference observations
(the difference from one year to the next) for neighboring stations with the highest
correlation with the candidate. The underlying assumption behind this methodology is that
temperatures over a region have similar tendencies in variation. For example, a cold winter
followed by a warm winter usually occurs simultaneously for a candidate and its neighbors.
If this assumption is violated, the potential discontinuity is evaluated for statistical
significance. Where significant discontinuities are detected, the difference in average annual
temperatures before and after the inhomogeneity 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 discontinuities. Consequently, if multiple changes occur within five years
or if a change occurs very near the end of the normals period (e.g. after 1995), the
discontinuity may not be detectable using this methodology.

The methodology employed to generate the 1971-2000 normals is not the same as in
previous normals calculations. For example, in the calculation of the previous normals no

Schedule CW-1-3



attempt was made to adjust Cooperative Network cbserver data records for inhomogeneities
other than those associated with the time of observation bias. Therefore, serial year-monthly
data for overlapping pertods between normals (e.g., for the 20 years in common between the
1961-90 and 1971-2000 normals) will not necessarily be identical.

The following white paper (United States Climate Normatls, 1971-2000: Inhomogeneity
Adjustment Methodology) [PDF] is available regarding procedures for adjusting station data
to account for inhomogeneities due to changes in station locations, instrumentation, time of
observation, surrounding environment, observing practice, sensor drift, etc. The purpose of
such adjustments is to produce a time sertes and normals statistics that are representative of
the observing practices as of the end of the normals period (December 2000), since these are
the conditions under which future observations will likely be compared.

B. Element Computations

The monthly normais for maximum and minimum temperature and precipitation are
computed simply by averaging the appropriate 30 values from the 1971-2000 record. The
monthly average temperature normals are computed by averaging the corresponding
maximum and minimum normals. The annual temperature normals were calculated by
taking the average of the 12 monthly normals. The anmal precipitation normals were
calculated by adding the 12 monthly normals. Note that monthly precipitation totals less
than 0.005 inch are shown as zero, and that precipitation includes rain and the liquid
equivalent of frozen and freezing precipitation (e.g., snow, sleet, freezing rain, and hail).

SNCDC / Climate Resources / Climate Data / U.S. Normals / Products / Search / Help
http://www.ncde.noaa.govioa/climate/normals/usnormalsprods. html
Downloaded Friday, 06-Oct-2006 09:05:32 EDT
Last Updated Friday, 21-May-2004 08:44:46 EDT by Tom. Whitehurst@noaa.gov
Please see the NCDC Contact Page if you have questions or comments.
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3 VAYNE L. DZCARR

4 LACLEDZ GAD COMPANY

5 CASE BO. GR=92-16¢53

6 Q. What is your name and addrwes? o

7 M. I an Wayns L. Doéhr. I live at 1007 Bulen Drive,

8 Columbla, Missouri 6520).

9 Q- What is your profossional position?
10 A. I sarve the Universi{ty of Hissocuri-Columbia as a
11 Protarcor of Atzospheric Science. I have also been dssignated as tha
12 Stass Climarologist for Missouri.
13 ' Q. How long have you been ewplored by tha University of
14 Mizsouri?
15 A. I cams to the Univecsity of Missourli an Assistant
16 Professor In Saptembar 1949. I was dasignated ass the gtate
17 Climatologist when the National Weather Service phased-out their
18 progren of servica to the States in the late 1950°s.
15 Q- Vhere were you swployed prior to your sppolntmant at
20 the Ualversity of Misscucl? .
21 “ A. ‘ I worked as a clizmatologist for the National Weather
22 Gervica (callsd at that time the U. 3. Weather Sursau) and served in
23 Horld War II as a metaorologist with the U. 8. Navy in the Pacific
24 theater.
25 Q. What has bean your formsal education?
26 A Ky undargraduate sducation was at Central College in
27 Pella, Iowa with = major in Chemistyy. I received post-graduate
28 trxaining in Motesorology at UCLA in 1943-44. 1 hold MS and Ph.D degrees
29 froe Iowa State University in Climatology.
Jo Q. Do you have any other profeesional qualifications?
J A. Yes. To save time, I have attached a copy of nhum.:
32 bicgraphical information ae Schedule 1.
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pircet Testinony of
wsyn2 L. Dacker

[« §hat dcam the fielc of Cli.:.-t:o].oqy cover?

A clicatolegy lo tha study of tha variaticns in
cllmate, beth spatinl and tesporal, and docunsntntion of ths effectd
of thuse wvariatisna on man. Cli~atclegy Ainvolves the use of
statlizt-icanl procedurss for doter=inirng tho risks of climatic esvents
from s protablility point of view. Tha cllizarologlet must asses the
ef’ecto of dlocoatinuitizy 1in :h;: cliiatlc records due to snatural
causes, chinjged in chservetional precsdurse, and effects of man on the
enviroroant. The climstoleoglist ifnturyssts tha historical observational
sorins in teres of the effacts of cllmats on hunan food supply and
houlth, weathor eenaltive oparcticne and weconcoic growth and

davelcroant.
Q. Doass clioatology provica LaZormation of valus to the

aptessmant of heating demanda?

A. Yaom, For =many y3ara tha utility ccmpanies,
consucers, and the Gtate Cozmimalcns £oyulating the supply of fuel and
pewer have upsd climztic rocozdd 33 A rzsio for satting ratns and
anticiyating enaryy nssda. Tha climstolejlar can provide valuable
asristance with tho (ntarprotation of tiin historical clloatic racords.

Q. Does it rake a diflsronce where the weather
absmrvatiors ace taken for doecribiliag che cllmaclc chacacteristics of
a city or rogion?

A. Yoe, when one Lnterprats clivate data over an
axtondod poriod It lo very irportant to roview the history of the
waathor etation locations and tho type of instrumantation ussd.
Attachad to this taotimony as Schedula 2 13 a sunmary prapared by ths
Mational Ocoanic and Atmoephorie Adalnintration (NHOAA) of the downtown

anc Lacbert Fleld locations whare werathar ubssrvations have boen taien

and tha ilratrwsentation umed in St. Louls.
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Q. Ia it a standaxd practice for c.lhiltnloqhtn to refar
to such a POAN susmary wvhan reviewing historical weather station
locatlicne and lnstryssntation?

A. Yem. In this instance, I reviewed Scheduis 2 in the
courss of preparing this testimony.

Q. According to the data contained in Schedule 2, have
ths weathar records st 3t. Louls bean taken at the sane loéaétm
throughout the time of record koeping?

A. o, the records wvers first taken at a location in the
conter of the downtown area of St. Louis. Later, with the
astablishoent of the airport (Linbert Pield} these responsibilities
ware transferred to the airport location.

The downtown tsopsraturs obssrvations were taksn at roof~
top, about 200 feset above the strest frcm 190) onward until the closing
of the obsorving station in 1968. Prior to 1903, tha roof-top station
was located about 100 fyet above the street. '

Unlass one carefully reviews the estation location
doscriptions, 1t would appear that the Lambert Fleld Station did not
expsriance much of a changs since it was establivhed in 1929. There
ars, however, twa changes in the location of the instrusents at Lasbeart
Fileld requiring analymsiws.

Q. Yhat are these changos?

A In November 1943 the .-lt. of the teaperature
maasucanent At Lazbert Fileld was moved frow a poo-.it.lou away from the
bhullding (in an instrument shelter at five feet above the ground) to
4 roct-top location on the seccnd floor of the Administration Building.
This position allowed the dark roofing and the vents from the first
floor to provide a less than ideal location for docusenting the climate
of the area. I have reviewed the degrse day values ceported for
Lamoort Fisld for this period [194) through Septamber 1937) and these
records show the period as one with low heating degree day totals. The

- Page 3 -
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Diract Testinony of
¥Waynoa L. Decxer
svicaye desree days fros tha pariz-: oxtrnding fxrom the 1913—“' n:a--on
through ths 1356-57 seuson is scoz 5% lowsr than ths =can of 48318
calculatyd for the period currently ucsd by the Public Zervicea
Cormisglon, It is wvery likely that thd warmer TEBMPATALUZES wWare, at

laaut in pacrt, dus to heat added by tho roof exposure.
on April 18, 1958, the site of meacurscant at Lambert FPleld

was movod to & position betwsan the runways aml over graas. This move
may have rasultoed in a cooler snvironant than when the instruments
ware lccatod closs to or on buildings.

Q. Have the wsather roccrda alwvays been derived from the
saze type of waather instruments in Zt. Louls? .

' A. Por most of ths paricd sinces the late 1830°s the
terparcture records have core from liguid in glass thermomsters
{morcury or alcohol in glass)}. Thaoe thermosatars were l.lucad from the
sun ar.d protacted from the sarth’s radiction by a louversd box mounted
aboyt five feet above the ground or recof tep.

Howgver, when ths lnstrutents wers soved to the runway
location at Lasbert Field in April 1958, the aysteo of moasuring
temperaturss eaployed by the Matlicnal U'eathsr Service L(a St. Louis was
¢changsd. This chinge consisted of dliocontinuing the uese of liquid
tharmometers mountod in the whits instrumant shelter la favor of
slectrical thermcoutars expossd La & réflectivo cylinder over the grass
arsas batween the runways. The obssrvations from thess instruments are
reccrded or indtcators in the Hationsl Weather Sexvice office. This
new syotam was inctalled st all alrport obsorving stations of the
Mational Weather BService st about this szoe tilme. Since the
Lnetrunants wore located away from thes buildinge and the paved tarmac,
tha temparaturse ars typically coclar than those ;'::.vl.oully reported
froa exposursa near tha buildings. This eysctom has continued in use
for the past three dJdecades. It can be noted that the heating degree

days in rocent years (slnca 1%60) are carkedly highsr, suggesting that
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ths now lolation provides a sangliing of tsapexstures for A slightly
codler ¢limate for the Lanbert Pleld arva. Even vhen oo includas the
dogyres cday totals for the warmer moet recent decads (1981-82 throuch
1390~91) tha thirty=-two year average (1958-59 through 19%0~-91} is very
close to the wvalus auggested by the Comsmisaion as the long~time
avarage.

Q. For deascribing the climatic characteristics does the
clinstologist usually use the entirs period of record available for a
particular station?

A. Climatologists tand to use a subsot of the entire
periocd of record for descri®ing the charactesristics of ths climste of
a city or region. The length of racord for this subset should be long
snough to represent the climate of the region in a msnner that reducss
the changes of a short sequence of cool or warm yesars influencing the
rlimotic statistics. Clearly the period should ba long encugh to bhe
“reprosentativa™ of the cllimats of tha reglon, but not be so long that
it passuror a ctondition that has already past and no longer walid for
the climatologicsl tire seyies. 7This problam of defining a bass period
for the "normal® clisate has plagusd climatologiste for many years.
The World Metscrological Organiaation (& U agency which coordinates
national pregrans in seteorology and climstology) and the Matlional
Wasthac. Service in the U. 3. have adopted the policy of using the mpost
recant thirty-yesr period as the sversgs for comparison purposes.
Undar their policy, the aversge is “rollad over® at the beginning of
sach decads. The newiy sstablished "norwals” sxe then used for the
noxt ten yoars.

Q- Yo using the “thirty year normsals”® Mt_tr than using
the sntire record avallable for 8t. Louls?

A. The ¢limate of any region is dynasic in the sense

that thare is a constant change. Soma of these changes sppesr to be
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random whila others are systematic. The “rolled over average® is used
for the normals to minimize the oystemic errors.

Ono pource of the syotomic error is the changs in the Lype
of instruments used to measure tImporasture and tho exposurs of these
lastrumants. It appsars obvious that Lf & different procodure was
praviously used for oeasuring tempersture than is used today that the
oldsr records should not be in:iudod in tho bass period which defines
the cliratic normails.

Another systemic error in tomperaturs is the changos
assoclatod with the growth of tho clty of Gt. Louis. The "urban heat
island® ip & well documontsd pharcoenon whilch notes that the urban
tnmpofaturo- ars warser than thw nearby rural temperatures,
particularly at night. This tempyrature diffsrsnce ie related to size
of the city (arsa and poprulation). The center of warming and the
extaont of warming depunds on the configuration of the city. In the
casw of St. Louls, thers has beon eome documsantation of the urban
affnct from detailed studios in the 1560‘a. It appears that the conter
of development in St. Louis has besn away from the Hississippi Rivser,
and the urbanization of the ares around Lambert Fleld is apparent. The
opporturnity for an urban climate chango in the leb.rtrrsolé waather
records, although not dovumented, Ls certalnly prosent.

. Q. ¥What would you reconmend the Commiwsion uss for the
“base pariod® in defining degroe day normale for St. Louls?

A, 1 would recommand that tha most recont thirty-year
pericd with a recalculation every decade be used for the following
reasonsi

t1) it would not allow svont3 which have occurred nearly

a contury ago to be equally wsighted with more
rocent svents in the calculation of the normals)

{2) it would allow for an adjustment for changes in

climate, both natural or snthropcgenic;
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1 t3) this procedure would bring the techalques uwod in 3
2 Kissouri in line with those used by the l;tlonll t :
"3 Weather Zarvics and other States; L
4 (4) the thirty-year period is long enough to produce .
S statistics that are stable without major variatlons . :
1 from decade to decads)y 1
7 {3} during ths most recent thirty-ysar pariod (1961~ i
a 1530), the cbservations at Lambert Fisid have been i {
S taken from the sane site using the same type of .
10 waather instruments. &
11 Q. Doss that conclude your testimony? F i}
12 A. Yes. ' E
13 &
it
15 o
17 i
18 l !
19 3
20 b
21 4
22 lt":'i
23 .
24 i -
25 -
26 )
27 3
28 .
29
o 4
31 E '
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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. 1 was appointed to my present position in February 1999. My responsibilities
at this position include research, extension service and teaching. In research, ] am
developing and improving our understanding of the regional climate variations and
climate impacts on regional agriculture and the regional economy. In extension service, |
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, 1 am currently teaching the Agricultural Climatology course.

Q. Do you have any previous work record in the State of Missouri?
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A. Yes. ] 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 bricfly describe your responsibilities at that position?

A. 1was developing research programs aimed at understanding the regional
climate variations and climate impacts on regional agriculture. In service as the State
Climatologist, | was responsible for archiving, maintaining, and disserinating 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
Colorade State University in 1986 and 1992, respectively. 1 had my post-doctoral
training at the State University of New York-Albany from 1992 through 1994. Prior to
my M.S. degree, I obtained my B.S. degree in Meteorology from Lanzhou University in
China in 1982.

Q. Will you briefiy 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?
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A. 1 will explain the necessity for adjusting the station temperatures and a
procedure I used in correcting the Saint Louis Lambert International Airport 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.

Schedule CW-3-3



10

31

12

13

14

15

16

17

18

19

20

21

NS

Direct Testimony of
Steve Qi Hu

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. 1found 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, 1.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 19887

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
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the thermometer was moved from a relatively open field to a new location very closc to 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

Schedule CW-3-5



10

i1

12

13

14

15

16

17

18

19

20

21

Direct Testimony of

Steve (1 Hu

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. Lonis 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 temperanure
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
close to a building 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 ASCS (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 1s 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 CW-3-6



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, €.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
occur 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

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

7
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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 1o 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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Springfield
Annual Heating Degree Day Difference from NOAA 30-Year Normal
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