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REBUTTAL TESTIMONY

OF

DENNIS L. PATTERSON

MISSOURI-AMERICAN WATER COMPANY

CASE NO. WR-2007-0216

Q.

	

Are you the same Dennis L. Patterson who has submitted written direct and

supplemental direct testimony in this case?

A.

	

Yes, I am.

Q .

	

Have you any errata to correct in your direct or supplementary direct

testimony?

A.

	

Yes.

	

The sentence beginning at Line 20 on Page 2 of my written direct

testimony should now read : "For example, St. Louis County Water Quarterly Residential

Customer counts from 2002-2005 were 317,639 ; 313,914 ; 320,881 ; and 321,347 (calculated

from Dr. Spitznagel's Direct Testimony in this case)."

Q

	

What is the purpose of your Rebuttal Testimony?

A .

	

I will address the written Direct Testimony of Company witness Edward L.

Spitznagcl, Jr., PhD.

SUMMARY

Q.

	

Please summarize your rebuttal of Dr . Spitznagel's written Direct Testimony .

A .

	

First, I will point out that the billing data that the Company furnished to Dr.

Spitznagcl are deficient, so that the best possible analysis of these data would be suspect. I

will then point out that Dr. Spitznagel's method of analysis causes downward bias in his

estimate of weather normalized Gallons per Customer per Day (GCD) for the Company's St.
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Louis County Water operational division . Finally, I will show that Dr. Spitznagel's analysis

for residential customers in individual service areas of the Company, such as SLCW, is based

on an inappropriate weather variable for the wrong geographical areas. In doing so, I will

also note that Dr. Spitznagel's weather history was not adjusted for measurement changes to

make it consistent throughout, so that averages or normals of his weather variable are

unreliable . This omission violates the intent of the Commission's findings in the

Commission's Report and Order in the Missouri Gas Energy rate case, Case Number GR-96-

285.

THECOMPANY'S BILLING DATA AREDEFICIENT

Q.

	

What is your basis for stating that the Company's billing data are deficient?

A.

	

Please refer to the question and answer that begin at Line 17, Page 2 of my

written direct testimony in this case, as modified above in my errata. The unreliability of

these customer counts is illustrated at Revised Schedule 1-1 and Supplemental Schedule 2,

both attached to my Supplemental Direct Testimony. The nature of the variance in customer

counts indicates that in the years since 2001, numerous customers were not captured in the

billing data, and that the Mgallon sales associated with these customers were not captured as

well . In short, both quantities are unreliable .

Q.

	

Whatwould be the consequence ofthese omissions?

A.

	

Since customers are not uniform in usage patterns, any weather normalized

GCD quantities calculated from the deficient data would be unreliable . In addition, setting

rates with information based on insufficient customer numbers and volumes would

unavoidably result in inflated rates .



1

2

3

4

5

6

7

8

9

10

111

12

13

14

15

16

17

18

19

Rebuttal Testimony of
Dennis L. Patterson

COMPANY'S WEATHER NORMALIZED GCDARE BIASED

Q.

	

Why do you believe Dr. Spitznagel's estimates of weather normalized GCD

for SLCW are biased downward?

A.

	

The bias exists because Dr. Spitznagel uses an inappropriate straight line time

trend to model the gradual decline in annual GCD since 1995 at SLCW. However, a stepped

time trend would have been the appropriate choice, where the step occurs between 2001 and

2002.

Q.

	

Why would a stepped time function be more appropriate?

A.

	

Dr. Spitznagel filed Supplemental Rebuttal Testimony in the most recent rate

case, Case No. WR-2003-0500 . In that testimony, in the question and answer beginning at

Line 12, Page 2, Dr, Spitznagel states in part: "Yes, based on the individual route data for the

added customers from Webster Groves and Florissant, it can be seen that both sets of

customers use much less water per day than the rest of the St. Louis District quarterly

residential customers." The addition of such customers causes an unavoidable shift from one

time trend to another for SLCW quarterly residential customers. Dr. Spitznagel neglected to

address this known difference in his regression model, thus causing a serious downward bias

in his results. The chart below illustrates the consequences for years after 2005 in a simplistic

example, where an inappropriate straight fitted line continues to fall below an appropriate

jointed line .
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Simplistic Example of Fitting A Straight Line to Stepped Data
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O

	

Regression Data
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INAPPROPRIATE WEATHER VARIABLE

Q.

	

What weather variable did Dr. Spitznagel use in his analysis?

A.

	

He used the Palmer Drought Severity Index (PDSI), a quantity that is

published for Climatological Divisions rather than for localities. For example, in his analysis

for SLCW, Dr. Spitznagel used PDSI for Missouri's Climatological Division number 2, the

Northeast Prairie division. The PDSI is also called the Palmer Drought Index (PDI). PDSI

records are maintained by the National Oceanographic and Atmospheric Administration

(NOAA) .

Q. What is the PDSI?
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A.

	

"The Palmer Drought Severity Index (PDSI) and Crop Moisture Index (CMI)

are indices of the relative dryness or wetness effecting (sic) water sensitive economies."

(Explanation of the Palmer Drought Index, Midwestern Regional Climate Center, 11/6/2003,

p. 1) (Written by NOAA's Climate Analysis Center) (Schedule 1) . The document is available

at the Midwestern Regional Climate Center web site .

Q.

	

Howis the PDSI calculated?

A.

	

"The PDSI is based around a supply and demand model of the soil moisture at

a location . The supply is the amount of moisture in the soil plus the amount that is absorbed

into the soil from rainfall . The demand, however, is not so as (sic) easy to see, because the

amount of water lost from the soil is (sic) depends on several factors, such as temperature and

the amount of moisture in the soil ." (Documentation for the Original and Self-Calibrating

Palmer Drought Severity Index used in the National Agriculture Decision Supporting System ,

Nathan Wells, Computer Science & Engineering, University ofNebraska-Lincoln, March 24,

2003, p. 2) (Nathan Wells) (Extract) (Schedule 2) . The complete document is included in my

working papers and may be found at hiip://nadss.unl.edu /.

THE PDSI IS INAPPROPRIATE FOR ANALYZING UTILITYWATERUSAGE

Q.

	

Why is the PDSI an inappropriate weather variable for the analysis of utility

water usage?

A.

	

ThePDSI was not designed for the purpose.

Q.

	

Whatwas the PDSI designed for?

A.

	

"The PDSI is an important climatological tool for evaluating the scope,

severity, and frequency of prolonged periods of abnormally dry or wet weather. It can be

used to help delineate disaster areas and indicate the availability of irrigation water supplies,



Rebuttal Testimony of
Dennis L. Patterson

1

	

reservoir levels, range conditions, amount of stock water, and potential intensity of forest

2

	

fires." (Climate Analysis Center, p. 1) .

3

	

Q.

	

Why is the PDSI not appropriate for the analysis of utility water usage?

4

	

A.

	

The PDSI is a monthly index, and was formulated for highlighting and

5

	

evaluating "prolonged" conditions. It is therefore not useful for evaluating day-to-day

6

	

changes . However, residential utility water usage varies from day to day, increasing from

7

	

base household requirements to elevated lawn sprinkling levels as the soil dries in hot dry

8

	

weather, and decreasing toward base usage again as the soil moisture improves in cooler and

9

	

wetter weather.

10

	

Q.

	

Are there other variables that might be more appropriate for the analysis of

11

	

utility water usage?

12

	

A.

	

Yes. Variables resembling the weekly Crop Moisture Index (CMI) might be

13

	

more appropriate.

	

"The CMI can be used to measure the status of dryness or wetness

14

	

affecting warm season crops and field activities." (Climate Analysis Center, p. 1) .

15

	

Q.

	

Did Dr. Spitznagel attempt to use the Northeast Prairie CMI to perform his

16 analysis?

17

	

A.

	

Yes, it appears that he did. Dr . Spitznagel attempted to use the "available soil

18

	

moisture index in Missouri at that time." (Spitznagel direct , page 4, linel) .

19

	

Q.

	

Washe successful?

20

	

A.

	

No. It "did not correlate nearly as well." (Ibid.) .

21,

	

Q.

	

Whydo you believe this occurred?

22

	

A.

	

I believe that the generalized Northeast Prairie CMI might not correlate well

23 I

	

with water usage in a more specific area within St . Louis County .
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1

	

THENORTHEAST PRAIRIE PDSI AND CNII DO NOT
2

	

APPLYTO THE ST LOUIS BILLING DISTRICT
3
4

	

Q.

	

Why don't the Northeast Prairie PDSI and CMI apply to the St . Louis billing

5 I

	

district of Missouri American Water Company?

6

	

A.

	

Neither the PDSI nor the CMI apply to specific locations . This caveat is also

7

	

found in the document cited above: "Both indices indicate general conditions and not local

8

	

variations caused by isolated rain ." (Climate Analysis Center, p. 1) .

9

	

Q.

	

Do special characteristics of the St . Louis district make it different from the

10

	

Northeast Prairie in general?

11

	

A.

	

Yes.

	

Much of St . Louis County is located in the Mississippi and Missouri

12

	

River valleys, and is densely populated . St . Louis is also located at the extreme southeast

13

	

corner of the Northeast Prairie division . These characteristics cause the local microclimate to

14

	

be generally warmer and wetter that the higher, dryer and much more sparsely populated

15

	

Northeast Prairie. The local microclimate might be distinctly different on many days because,

16

	

for example, a mass of colder air from Minnesota might stall within an area as large as the

17

	

Northeast Prairie, but fail to reach the remote comer where St. Louis is located.

18

	

Q.

	

What could be the consequences of these differences on a specific summer day

19

	

with precipitation?

20

	

A.

	

Depending on temperatures and moisture levels in local air masses, conditions

21

	

in the greater Northeast Prairie and in St . Louis could be quite different. On one day,

22

	

thunderstorms could be prevalent in a moving Northeast Prairie squall line, while St . Louis

23

	

County stayed dry. On another day, the St. Louis area could be experiencing drizzle beneath

24

	

a layer of Mississippi Valley stratus clouds, while the Northeast Prairie was clear, sunny and

25 dry.
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Q.

	

Would the precipitation from such events not average out over time?

A.

	

No. The generalized thunderstorms in the example could dump whole inches

of rain in the countryside, while the local drizzle might deliver a couple of hundredths of an

inch to St . Louis County. There is no reason to hope that only a few events of this diversity

could compensate for each other in a period as short as a single billing year.

THIRTY-YEAR AVERAGES OF PDSI ARE NOT
CONSISTENT WITH CURRENT MEASUREMENTS

Q.

	

Howdid Dr. Spitznagel calculate normal PDSI?

A.

	

He "inserted the thirty-year averages (from 1973 to 2002) of the Palmer

Drought Severity Index for each of the months of April through December . . ." (Spitznagel

direct testimony, page 8, line 7) . That is, he did not refer to a published NOAA normal but

calculated his own.

Q.

	

What would be the consequences of calculating normal PDSI himself?

A.

	

By his own admission, Dr. Spitznagel calculated his normal from historical

PDSI as it was recorded .

	

If there had been changes in the way PDSI was calculated or

measured, Dr. Spitznagel's average or normal would not be consistent with measurements in

the current year.

Q.

	

Have there been any such changes?

A.

	

Yes. Please recall that the PDSI is based on precipitation and temperature

(Nathan Wells, p. 2) . Although the PDSI has been calculated the same way since its

inception, and although precipitation records aren't often adjusted, there have been many

changes in the way temperature measurements were recorded at the various weather stations

in the Northeast Prairie division . The temperature record at each of these stations must be

adjusted to match current measurement conditions before the 30 years of monthly PDSI and
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its 12 monthly normals might be calculated. These safeguards would ensure that the PDSI

normals were consistent with the test year PDSI. It should be noted, however, that even these

safeguards would not make the Northeast Prairie PDSI consistent with the St . Louis County

Water service area .

Q.

	

Where are the measurement changes and temperature adjustments described?

A.

	

The measurement changes, need for adjustments, and the way they are

calculated are described in detail in CLIM81 1971-2000 NORMALS. MONTHLY STATION

NORMALS OF TEMPERATURE. PRECIPITATION. AND DEGREE DAYS. TD-9641C,

National Climatic Data Center. Federal Building, Asheville, North Carolina . August 31, 2001 .

(Monthly Station Normals) . The title page of this document, and an extract that includes

Topic 58 are attached to my written Rebuttal Testimony as Schedule 3.

Q.

	

Where are measurement changes mentioned specifically?

A.

	

These are first mentioned at Topic 58, page 27, of the Monthly Station

Normals document : "Several adjustments were made to the data before the normals were

calculated . These adjustments include estimating missing data, adjusting for time of

observation bias, and adjusting for exposure changes." Exposure changes would include

changing the temperature observation schedule, moving the thermometers, changing the

altitude ofthe thermometers, and changes in the type ofthermometers that were used.

Q.

	

Has the Public Service Commission made any findings with regard to the use

of adjusted temperature data?

A.

	

Yes. The use of historical temperature data that has been adjusted for exposure

changes complies with the Commission's Report and Order in the Missouri Gas Energy rate

case, Case Number GR-96-285. In that case, Missouri Gas Energy (MGE) had calculated
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normal heating degree-days based on temperatures that had not been adjusted for exposure

changes, while the Staff had applied NOAA's adjustments. At Page 18 of the Report and

Order, the Commission states, "In addition, the data upon which Staff's recommendation is

based has gone through the processes established by NOAA to ensure the best data possible .

This safeguard is not present in MGE's approach ."

Q.

	

Is the safeguard present in Dr . Spitznagel's approach?

A.

	

No, it is not.

Q.

	

Does this complete your written Rebuttal Testimony?

A.

	

Yes, it does.



Palmer Drought Index

From Midwestern Regional Climate Center
Explanation of the: weekly Palmer drought-and - crop moisture:data
products .

	

(written . .by the .Climate-Analysis . Center, NOW

The Palmer Drought Severity Index (PDSI) . arid Crop Moisture. Index
(CM2) are indices of :the relative dryness or wetnessaffecting water.
sensitive economies .

	

The:PDSI indicates the; prolonged and abnormal .
moisture: deficiency- .or excess . .

	

The-CMI giver::the short-term or-.current :
status of purely agricultural: drought or moisture surplus.and .can
change rapidly from week to-week . Bath indicies indicate general
Conditions and not local variations caused by isolated rain .
Calculation " of :the PDSI .and . :CMI are made for ;350 climatic divisions

	

n
the United States and Puerto .Rico . : . -Input to the calculations.include-
the weekly - precipitation :total and average temperature, division - . .
constants (water capacity of the soil, etc.) and previous- history of
the indices .

The PDSI is an important climatoligical tool for evaluating the
scope, :severity, and : frequency of pro-longed-periods .of abnormally dry .,
or wet weather .

	

It can be used to :help delineate disaster areas and
indicate the availability of irrigation water supplies, reservior
levels, range conditions, amount of stock water, and potential
intensity of forest fires .

	

The.0a can be used to .me:asure .the status
of dryness or wetness affecting warm season .crops and field activities .

The equation for the. index was empirically derived from the monthly
temperature and precipitation scenarios of .3 instances of extreme
drought in western Kansas and central Iowa and by assigning :an index
value of -4 for :these cases .

	

Conversely, a . :+4 represents : extremely wet

	

.
conditions .-

	

From these values, 13. categories of wet..and dry'..conditions ire-,
defined (Table . 1) .

	

The index is a -sum of the.current moisture anomaly
and. :a portion of the previous index to include the effect of .the

. duration ofthe drought or . wet spell. :

	

The moisture -anamaly

	

s the
product of a climate weighting factor and the:moisture departure . The
weighting factor allows the index to : have a~:reasonably comparable local . :

- significance in space and :time .

	

A value for;. :a division in-Florida`
would have the same local:, . implication as a .similiar :value inn more - . .
arid division in western Kansas .

	

The moisture departure is . the
difference of water: supply. and demand .

	

Supply is precipitation and
stared soil . moisture .and~demand is the potential evapotranspiration .,
the amount needed . to recharge the soil, and runoff needed to keep the
rivers, lakes, and reeevoirs-at a normal level .

The.,duration of. the drought (or .wet spell) is determined by.
calculating: indices for different weather spells Cincipient:arid,
:established wet and. dry spells) .

	

A~week, ,of :normal .oii better':rainfall
is . - welcome,in an area that has experienced a-:long drought but may be
only a brief respite and not the end of the drought:: once a weather
spell is established: (by ecmpu.tine-a.100%, *probability" that an
opposite weather_spell has ended), the final> -value . is assigned .

	

In .
order for .the program to have a real --time significance, a-value . is .
assigned bared on - a greazer .than 50.1t :"probability- that the: opposite
weather spell has ended . This is not entirely satisfactory, but it,
does allow`the index to have- a value when there is a..doubt as to,
whether it should .be positive or-negative . . .`A

	

is~placed..aftar the - .
PDSI when a weather. spell is . established and-a "F" %ben a weather spell
is not established:

Schedule 1-1

Iittp Ihncc sws.uiuc.edulcgi-binlwaterlpalma tracer . : .
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I The .:CM2 was .developed from some of the .moisture accounting
pracedures :used in eomputing.the PDSI .

	

This index is "the sum. .of t
evapotranspiration anomaly- :(which is generally negative or slightly .
positive) and the moisture excess (either zero or positive) : Both'.'
terms are a function of the previous week and :a measure of the current

The evapotranspiration anomaly is weighted to'make it . -comparable-~
space and time . . if the'potential . .moisture :demand ~exceeds available

moisture supplies, the CMI is negative . However, if moisture meets or
:exceeds demand the .index is positive .

	

it is necessary to-use two

separate legends because the resulting effects are
different when the moisture supply

	

s . . improving than . when it is
-deteriorating (Table' :a) .

	

The stage of crop . development and soil type -
should be considered .when using this-index.

	

in irrigated regions, only
departures from ordinary irrigation requirements are reflected.

A parameter obtained from the calculations is the monthly moisture
anomaly (Z) index which is the product of the : moisture departure of the
most recent 4 weeks: and a climate weighting factor . .

	

This index. can be .
used as an indicator :of forest fireignition._The.classea'of :-dry and
wet periods for the . different index values are given :in table 3. :

Another .parameter derived from the calculations . . is the'
additional precipitation in inches needed to bring the PDSI to near :
zero . . This parameter is computed for allvalues : of the . .current week!a
PDSI '-sea than - .Sand left blank for all values greater .than or equal: :to-
- .-5'.

	

The precipitation values are the theoretical, . .additional. amounts .
required to end the drought in each-climatic : division.

	

In using

	

-
this parameter to make projections, it must be realized that,
values are -instantaneous, valid only . :for the: curt ant .week . To end- the - .
drought - in-a given climatic division for the oncoming period,, the amount
listed plus near-normal rainfall must occur . .

The following' is a listing :af the.parameters in the files and,
their meaning ;-

	

Temperature and precipitation are .data received' from
the field and. the other parameter are results of the Palmer drought and'
crop moisture data calculations .

	

The' week number in the heading is the
week of-the growing season where week one i's the week with the first.
Wednesday . in March . . The computations are reinitated-each year . :for

	

-
week one using the output :of :

the
February Palmer data run. :All initial

data are replaced with the historical data received : from the National:
Climatic Data Center : in Asheville when available and : the calculations,
rerun . .

	

. .

	

. .

	

. . .

	

. .

ST

	

- State . (states are grouped in each file by NWS region) .

.Average_.

PROP - - Total week

Columns of the-Weekly Palmer Drought
and Crop Moisture Data .F les -

division (CD) number in the st

nature (F) in the

recipitation (inches.).

Soil moisture in the upper layer. at the'
`end of the week : :(water capacity : s one -inch) .

Soil moisture in the lower layer at the
end of the week (water capacity in
inches is a function of ; the average



Explanation "ofthe Palmer DroughtIndex:

PRCI P.

4 ..0 and above .
3 .0 to 3 .99
2 . 0 to 2 . :99,
1 .0 to 1..99 . .
.5 to 99
.49 to .- .49' .
-- . :50. to - .99 -
-1 .0 to -1 .99
-.2 .0 to -z .99
-3 .0 to -:3 -. .99

soil type :in . :the -..CDf_

The . percent of.~field capacity of . .
moisture in the soil at'the end of the :
week. his value is the ratio of the
soil' moisture in the upper and lower
layers : : to the available .water .
capacity expressed in .percent .

..PO'r EVAP

	

-

	

Potential :evapotranspiration-using Thornwaites method
(based .on temperature, solar declination angle, and
division . constants such as mean, latitude) .

theend of the

CROP :MOIST-INDEX .-

	

Crop moisture index :(CMI) .

	

:Values indicate .
-. :dry or wet-conditions.in the short term .

CHNC FROM PREV~WEEK - The difference of the previous
week's

CMI~
from the current .CMI (negative : values

"indicate adrying:of the soil) :

MONTH. MOIST .ANOML (2) .'INDEx - The monthly moistureanomaly (2)
index .

PRELIM .FINAL PALMER DROUT14 INDEX::- Either ; a preliminary-.or-a .final
. . .Palmer Drought Severity Index (PDSI) . Values indicate .

. . . .long term conditions .

	

.

Preliminaiy .

	

The listed PDSI could revert to a
different value if : the current weather tread (dry: or
wet) reverses to : in opposite trend beforeit .becames .

Final .
final .

ather spell is established and-t :

'ABLE'

e

ED TO:END DROUTH -The ; additional precipitation in
inches needed for the given week and CD to bring the
'PDSI up . to~a - .S (the upper limit-:of a incipient.
drought) . For any :PDSI greater than or equal to - .:5, this
parameter is left blank .

Extreme moist spell
Very moist spell
unusual moist spell
Moist .spell
Incipient moist spell,
Near normal
Incipient drought
Mild : drought
Moderate drought
Severe drought

Sl is .

http:llincc.sws.Wuc,edu/cgi-bin/Watcr/paimcr txtcgi :

	

7IW2003

PDSI values for . the 11 drought :(or wet) categories .

established . . . .
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.99 .

IMELS 2

index values for dry and wet periods

Extreme drought

increased or did not change from the .

. CMI values when the index decreased

TASLE 3

$ahner . Welf

Excessively wet, a

	

fields
flooded
Too wet, some standing water
ftospects above normal, some
fielda :too wet
moisture adequatefor present

Prospects improved but rain
still needed
Some improvement but still too
dry .

99

	

Drought eased
but

sill serious
99

	

__

	

Droughtizontinues ; . rain
urgently needed

low.

	

:Not enough:,-rain, .still
extremely dry

3A and above Some drying- but still - excess
sivelywet

Co More dry .weather needed, work
delayed

1 .0 to 1-99 :

	

Favorable, . except, : still too
wet in spots, . .

o to :91! Favorable for normal growth
and fieldwork

0 to .- .99

	

:Topsoil moisture short,
-germination slow . ,

-1.o to. -1 .99

	

Abnormally dry, prospects
detericiFating

-2 .0 to-;-2 .99 - T06 dry, yiftld_prospect.
reduced

1340 to -3109 : Potentialyields severly.cut
by drought,

-4 .0 and below

	

Extremely dry, most crops

V50 and above Extreme wetness
2 .50 to AAS

	

severe wetness
1 .00 to 2,49 Mild tomoderate.-wetness--i:24

to .99 Near normal
--i .94-.to -1 .25

	

mild : to moderate drought
-2 .74 to -2 .00

	

Severe drought
-2 .75 and below

	

extreme
I

drought

Explanation ofthe PaImcrDrougbt Index ' ,

-4 .0 and below.

CWT values when the
previous - week . .

.0 and above

e .0 to 2 .99
i-O to 1 .99

D to .99

0 to

-3 .0 to mK

-4 .0 and

hapi/lmcc.sws.uiuc.edu/cgi-bin./wate

. Page 4o¬5.
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Explanation ofthe Palmer Drouglit Index
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CLTX81 :1971-Z©00 NORNALS:

KONTNLY STATION NORXALS OF TMORRATURE,
PRECIPITATION, AND DRORKE DAYS

TD-9641C

National . Climatia Data :Ceatar
Federal Building

Asheville, North Carolina : :

Aug"t ;31, :2001'

This document :.eras prepared by the U.S . Department'of Combmerre� ; :
National :Oceanic and Atmospheric Administration, National
Environmental Satellite Data ::and Information Service,- National
Climatic' Data Center, Asheville, North Carolina .
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This document is designed to provide general information on the
current, origin, format, integrity and the'availability of this
data file :

Errors found in ;this .document should be brought . to theattention
of the Active Archive,Branch,Administrator; NCDC .

	

See .topic 58' .
for a summary. . oz cn3.s :aaca Set .
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symmasy, .

When historical climate data areaccumulated and examined, they
generally follow a : . certain :pattern called .a statistical distribu-
tion .

	

For example, if 30 years of J1we temperature datavere
assembled and: examined, the' data would have a pattern that
consisted of most of :the Junes having temperatures close to the
normal :or average value, a :few Junes having very warm 'temper-
atures ; and a :few Junea having very cold temperatures . . : This kind

statistical pattern is called a "Gauseian"distribution .
mperature data typically ; follow a Gaussian distribution, but

recip tation frequently does not: : This . :is because precipitation

a



I is,zeTo bounded .

	

When historical precipitayion,data arwexam-
.ined/ most of, the values will be clone to GYM middle of : .the
distribution, and some values . will be considarably higher than
themiddle range .

	

But:

	

nAthedow end of the scale, the :smallest
values will never be less than zero, since t.iere :can1tVe a
negative precipitation .

	

In particularly dry. : (6 .0 ., :desert) :
regions,the :pattern can be drastically skew:id to the left-hand
side of .the :scale, with OWN the values baing .near zero and a
few very wet values . spread .far : to,the :right . : ThisAind of
pattern is called a "Gamman distribution. O.--ce the statistical
distribution Widentified, the statIstical''Properties 6

1

tnththe
distributionvan be used to estimate 'theyroAabilities that
certain valuea will occur, and which values 'an be expected it
certain :probability levels . . :The probability levels desired can :
be preselected it : certain individual levels;, )r : at : . regular : inter-
vale . The .0-20%j 20 740%,:AO-605k ' : :60--90t, an 80 7XOWintervals .
are called the quintile levels .

The clizaatological : box'Mals presented in this publication are
based

on
monthly~ mean maximum and : minimum tem.pera.Lure . and monthly

total, precipitation . : records( for each . year,

	

the '30-year period
1971-200D, : inclusive .

	

Data are assembled by individual states .
Most stations were operating-as. of . Deqember~ 2000 .~ .~ Some stations
were closed prior to 2001, but-were.identified as "normals
stations" fonspecial : applirations .

-Several adjustmentss were
I

made
I

	

.~ :to the "ta.bef ore the normals were
calculated .

	

These ~aAfustments>include~6stilatin4:misiin4 data,
1 adjusting for time : of Pimervation : bias

	

and, adjusting far . expo-
sure : changes

In this data set, the-:Gamma-distributionwas used to estimate the
precipitation values at

,
15 probability. level- (0 .005, 0 .01, 0 . 105,

0 .10,

	

0.20,

	

0.30,

	

0.40,

	

0.50,

	

0.60,!0 .70,':0 . :;0, ~~0 .90,

	

0.95,

	

0 .99,
and 0 .995) .

	

The expected precipitation values at the quintile
. levels sire also included . .

Data. are or
I

esented in -theAorder shown in thetitle . :AWits used
in thi

-
a publication : are degreesn for temperature, and. inches for:

precipitation ; Seating and :cooling .degree day {base- 65 degrees
F) normalwar,derived from :the =nthly .normal .temperatures using
the technique developed JyMom . (1954a, 1954h, 19.66) .

	

Degree day
normals haveAlso, been computed to

other
bases and may be : ob- .

rained from the National :Cjipa;lc'pata-C,eite.r, Federal Building ; .
151 Patton Avenue, Asheville,: NC 28801-5001, or~.by~calling. :
(828.3271-4660 . :



First order (Principal Climatological) Stations : : First Order
Stations record hourly observations and are usually staffed; by .
Professional :observers .

	

They can,often be identified as having
WSO, .WSFO, WSMO, WSCMO, or FAA in their name . For all First
order stations ; : any missing :'data for the :1971-2000 period were
estimated from?the monthly values of neighboring stations .

	

Time
of observation adjustments were made, as necessary, to :the data .
from the neighboring stations before these data wereused to
estimate the missing first order station data (Karl, et al .,
1986) . :;Exposure change adjustments (Karl and Williams 1987)
were made to First order stations in the contiguous 48 States; ;
but not :to the stations in .AlAska, Hawaii, or U.S . possessions
because of the'lack :of a sufficient number of neighboring sta-
tions . The neighboring stations used in theadjustment procedure
included stations from the Cooperative Station Network .

Cooperative .Stations : Cooperative stations usually record daily
data only andare usually operated :by volunteer, observers .

	

For
all Cooperative Stations, any missing data for :the 1971-2000
period .were estimated =from the monthly values of neighboring,
First order and Cooperative :'stations .

	

Time of observation :
adjustments were made, . : to those stations in the contiguous 48
states that required the adjustment . No adjustment s :were made
to stat ons in Alaska Hawaii, or U-S. possessions because of the
lack of :: : a sufficient number :of neighboring:stations .

	

:No exposure
change adjustments were made':to the station history iriformation, .
but also because a Cooperative Stationn 9 identity changes (ac-
cording : to National Weather :Service :standards) when significant
moves occur (generally at least 5'miles or-100 feet in elevation ;, .
subject to the,judgment of the National Weather Service Coopera-
tive Program Manager) .: : .

Methodology : :A climate normal is defined,: by convention, as the
arithmetic mesa of a.climatological element computed over three
consecutive decades (WMO, 1989) . Ideally, : the data record far
such a 30-year period .shouldbe 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 anon-climatic . bias in,:one period . of a station's
record relative to. :another .'In that casel: .the data record is :said
to be "inhomogeneouso . Since! records are frequently characterized
by datainhomogeneities, statistical methods have been developed
to identify, and account :for these data inhomogeiieities . in the



application of these" methods, adjustments . "are made so---hat
earlier periods in

	

he data :record : more closely. conEoxr to the
most recent period . Likewise, techniques .have been dev=_loped 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 thenbe calci_lated
simply as the average of the . 30 values far each month .bserved
over a'normals,period like 1971 to'2000 . By using appropriately
adjusted data :records., where necessary, the 30-year mean value .
will more elosely.reflectthe actual average climatic conditions
at all stations .

The methodology used to .address inhomogeneity and missing data : :
value problems stations is . described insFigure 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,approFriately .
addressed . In ;addition, even the best procedures can occasionally .
apply corrections where none are required or misidentify the
exact :year of a 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 cam-
plate data series were adjusted for non-climatic inhomcgeneities .
in the 1971-2000 normals, all stations were processed :through :the
same procedures, whereas in :the 1961-1994 normals only NWS Fi,rst
order':stations were evaluated

for
:inhomogeneit es .

In order to :effectively campare records .among various stations,
the time of observation bias, if present, must be removed . While:
the practice11

at all . .NWS First Order stations is to use:the . .
calendar day (midnight recording Cline) for daily sumaaries, . :
Cooperative Network Station observers record observations once
per day summarizing the preceding 2#-hour period ending generally
in the local morning 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

	

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 : ::Schedile, the technique developed :by Karl et . al .
:(1986) :was-used . to .adjust the monthly maximum and minimum temper-
atura observations to conform to observations recorded.on a
midnight-to-midnight : schedule . However, no time' of observation .
bias, adjustments .were applied to station.w in Alaska, Hawaii, or



tk U.S .-possessions since rip
ex .sts for these regions .

Al,., monthly temperature averages and precipitation totals were. .
cr-ss-checked against archived daily observations to ensure
invernal .consistency.`In addition, each monthly observation was
evaluated using :an :adaptation :of the quality control procedures . .
de cribed by Peterson 'et al .(1998) . In this approach, .observa-
ti ..ns at each station are.expressed as a departure from the
lc-g-term: monthly mean . Then, monthly anomalies at a candidate
st~:.tion .are compared with the anomalies observed at neighboring
stations : : Where : anomalies atthe candidate disagree substantially
wi; h those of its neighbors, the observations at :the candidate
are: flagged as suspect and an estimate for. :the candidate.is
calculated from, neighboring observations (see below) . if

.
the . .

or-ginal observation and the estimate differ by a wide margin,
(s.-andardized using the observed frequency: : :distributionat .t
station), the original is discarded in favor of the estimate .
Ve::y few observations . were eliminated based on the quality
control' evaluation .

To produce a .serially,complete data' set, missing :or discarded
temperature and precipitation observatioas " were replaced using
the observed relationship between a :candidate , a monthly, observa-
t .cns and those : : of up' to 20 : neighboring stations ::whose observe=''
ticns exhibited; :the highest correlation with those at the candi-
date site . Monthly estimates .'are calculated using':the climatolog-
ical relationship between candidate' and neighbor : as well ". .a
weighting function based on theneighbor's :correlation with the
candidate. For .temperature estimates, neighboring stations were
drawn from the ::pool of: stations found in the U.S . Historical
C1:imatology Network (VSHCN ; :Karl et-al . 1990) whereas for precip-.
itation estimates, all available stations. were potentially used
as: neighbors in : order to maximize staticn . density'for estimating
the more lmpatially variable precipitation values'.

Peterson and Easterlirig (1994) and Easterling and Peterson (1995)
outline :the method that was used to'.adjust :for temperature
inromogeneities . ..This "technique involves comparing the record of
the candidate . : station with a reference series generated from
ne_'.3hboring data ; The reference series is : reconstructed :using a
we=ghted average of : first dif¬erence observations (the difference .
from one year : to the next) for neighboring : stations with the with
the highest correlation with the candidate . The underlying
assumption behind this methodology is that?temperatures : :over a . .
recion have similar tendencies in variation-For : example, a :cold
wirier followed by a warm winter usually occurs simultaneously . .
far a :candidate and its neighbors . If this assumption is vio- :



fated ; the potential discontinuity is evaluated for statistical
significance :' - Where -significant discontinuities are detected, the
iffereace in average annual temperatures before .and after the
Lomogeneity'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 ;changesoccurwithin 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 method-
ology ;

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 1961-1990: normals no attempt was made to
adjust Cooperative Network observer data records for
inhomogeneit es other than those associated with the time of -
observation bias . Therefore;,serial year=xdonthly.data.for aver
lapping' periods between normals (e .g ., for the :20 years in common
between the 1961-90 and 197.3 :-2000 normals) will . not necessarily
be identical : -

Degree Day Normals .

Degree day normals were computed in two ways . For 250 :selected
NWS locations ; . heating and cooling: degree day normals were
computed directly from daily values for the 1971-2000 period . . For,
all other stations, . the rational conversion formulae developed by . . .
Thom (:1954, 1966) was modified by using a daily spline-fit
assessment of mean and standard deviations of :average tempera-
ture . The Thom methcdology:allows the adjusted mean temperature
normals' :and their standard . deviations to be converted : to degree -
day normals with uniform consistency . The modification 'eliminates
an artificial month-by-math (step! is the data- :output . . In some
cases this procedure will yield .a :amall :number of degree days for
months when degree days may not otherwise.be expected. .-This
results from'statistical considerations of the formulae . The .
annual degree day normals were calculated . by adding the corre-
sponding monthly degree day.normals .

Supplementary Data

Individual station values (by-month) of average: : :(maximum, mini-
mum, and mean)' temperature and total precipitation used to
calculate the`normals for,the 1971-2000 :period are available from
the National :Climatic Data.center; .Asheville,:NC, and .may be
obtained in:either microfiche or :digital .:media (TD-9641) : .

	

In
addition, extremes . of monthly total precipitation and` mean
temperature are included, along with the .standard deviations of



the monthly. temperatures .

	

The median ('i .e ., 50th percentile) ;
11-year and 21-year means are also provided for ;both

	

temperature
and precipitation .

Precipitation normals less than .005 inch are shown as- zero .
Precipitation includes rainfall and. the liquid water equivalent
of frozen precipitation (snow., sleet, hail) .

Temperature normals are provided for mean''Monthly::maximumtemper-
ature.(NORMAL MAX), mean :monthly . minimum temperature : (NORMAL . .
MIN), and mean monthly average temperature (NORMAL) .

	

The median "
(50th ;percentile) monthly average temperature is shown . :as MEDIAN.
The median is .the middlemost value in an ordered series of
values .

	

Half of the .values . are greater than the median and half
are less than,the median .

Figures, and letters following the station name .generally indicate
a . rural location and :refer to the distance. and direction of the
station :from the nearest Post Office . WSO WSMO ; :WSCMO and WSPO
denote a ?National Weather Service office, meteorological observa-
tory,-contract meteorological observatory and forecast office,
respectively .

	

FAA implies a Federal Aviation Administration .
station with an observing capability coordinated by the National
Weather Service'.

	

Station elevations are -in, fset : Above mean sea
level . : The'December 1990 .observationtime for temperature is
shown on: the temperature tables under the station name .' LT
refers . to Local Time (Standard or . Daylight,; as :applicable)

: Stations . located on islands (U .S . :possessiono)
11

generally have
short records ti .e ., .less than 30 years) and do spot meet the
criteria for computation of normals.

	

Short-term :or period
averages :are given for these. stations (as shown) ;

MA,X is .maximum, MIN is minimum, MID O .S . :TIMS ADD is the adjust-
mended factor to convert a normal to midnight : observation time ;

11 is annual, .SEQ NO is sequence number and is used to locate .
he station on :the .map .

	

STATION NO . is the Cooperative station- .
fiber .




