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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. 1 will address the written Direct Testimony of Company witness Edward L.
Spitznagel, Jr., PhD.

SUMMARY

Q. Please summarize your rebuttal of Dr. Spitznagei’s written Direct Testimony.

A First, I will point out that the billing data that the Company furnished to Dr.
Spitznagel are deficient, so that the best possible analysis of these data would be suspect. 1
will then point out that Dr. Spitznagel’s method of analysis causes downward bias in his

gstimate 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. Spifznagel’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.
THE COMPANY'’S BILLING DATA ARE DEFICIENT

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. What would be the consequence of these 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.
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COMPANY’S WEATHER NORMALIZED GCD ARE 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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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). PDS!
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. How is 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 Natibnal Agriculture Decision Supporting System,

Nathan Wells, Computer Science & Engineering, University of Nebraska-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 http://nadss.unl.edu/.

THE PDSI IS INAPPROPRIATE FOR ANALYZING UTILITY WATER USAGE

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

water usage?

A The PDSI was not designed for the purpose.

Q. What was 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,
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reservoir levels, range conditions, amount of stock water, and potential intensity of forest
fires.” (Climate Analysis Center, p. 1).

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

A. The PDSI is a monthly index, and was formulated for highlighting and
evaluating “prolonged” conditions. It is therefore not useful for evaluating day-to-day
changes. However, residential utility water usage varies from day to day, increasing from
base household requirements to elevated lawn sprinkling levels as the soil dries in hot dry
weather, and decreasing toward base usage again as the soil moisture improves in cooler and
wefter weather.

Q. Are there other variables that might be more appropriate for the analysis of
utility water usage?

A Yes. Variables resembling the weekly Crop Moisture Index (CMI) might be
more appropriate. “The CMI can be used to measure the status of dryness or wetness
affecting warm season crops and field activities.” (Climate Analysis Center, p. 1).

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

A Yes, it appears that he did. Dr. Spitznagel attempted to use the “available soil
moisture index in Missouri at that time.” (Spitznagel direct , page 4, linel).

Q. Was he successful?

A. No. It “did not correlate nearly as well.” (/bid.).

Q. Why do you believe this occurred?

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

with water usage in a more specific area within St. Louis County.
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THE NORTHEAST PRAIRIE PDSI AND CMI DO NOT
APPLY TO THE ST LOUIS BILLING DISTRICT

Q. Why don’t the Northeast Prairie PDSI and CMI apply to the St. Louis billing
district of Missouri American Water Company?

A. Neither the PDSI nor the CMI apply to specific locations. This caveat is also
found in the document cited above: “Both indices indicate general conditions and not local
variations caused by isolated rain.” (Climate Analysis Center, p. 1).

Q. Do special characteristics of the St. Louis district make it different from the
Northeast Prairie in general?

A, Yes. Much of St. Louis County is located in the Mississippi and Missouri
River valleys, and is densely populated. St. Louis is also located at the extreme southeast
corner of the Northeast Prairie division. These characteristics cause the local microclimate to
be generally warmer and wetter that the higher, dryer and much more sparsely populated
Northeast Prairie. The local microclimate might be distinctly different on many days because,
for example, a mass of colder air from Minnesota might stall within an area as large as the
Northeast Prairie, but fail to reach the remote corner where St. Louis is located.

Q. What could be the consequences of these differences on a specific summer day
with precipitation?

A, Depending on temperatures and moisture levels in local air masses, conditions
in the greater Northeast Prairie and in St. Louis could be quite different. On one day,
thunderstorms could be prevalent in a moving Northeast Prairie squall line, while St. Louis
County stayed dry. On another day, the St. Louis area could be experiencing drizzle beneath
a layer of Mississippi Valley stratus clouds, while the Northeast Prairie was clear, sunny and

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. How did 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 PDST 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 récords 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 PDSIL. 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 CLIMS1 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 of the thermometers, and changes in the type of thermometers 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.

A
Q.
A

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

No, it is not.

Does this complete your written Rebuttal Testimony?

Yes, it does.

10
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From dewestern Reglonal Climate Center

Explanation of the: weekly Palmer d:ought and crcp moisture data -
products. (wrztten by the Climate hnalya;s Center ROAA)

"The Palmer Drought Severity Index {PDSI} and Crop Moisture Index
{CMI) ~ are: indices of the relative: dryness or: wetnass effecting water
‘sendgitive economies. - The PDSI 1ndicates ‘the prclonged and’ abnormal. .
moisture deficiency or excess. The CMi“gives the ‘short-texm or current'
statns of purely agricultural drought or; m01sture .surplis and’ can
change rapidly frcm week to-week. Both indiciea”ipdicate general
conditidng and not lodal varxatzons cauaedAby igolated rain.
Calciulation of the DPDEI ahd (MI are “mage for 350 ¢limatic: d;vxa;ons in
the United Statea and . Puertd Rico. Inpu: to the: caiculations include -
the weekly prec;pztatlcn ‘total and average :emperature, ‘division | ..
constants lwater capacity of the soil rete. } and: previoua hlstory of
the 1nd1ce5 : . .

. The PDSI i an’ imporcant cl;matolzgical tool for evalnating the o
scope, severity,. ‘and frequeney of prclcﬂged perioda of: abaormally dry
or wet weather. It gan be used to help delineats disaster ‘areas -and
indicate the ' avaliabllity af irrigarion: water’ -supplies, reservior.*
levels, range. cohditions; amount of stock water; -and" potential
mtensicy of forest fa.res.. The CHI cazx be used to meaaure the. status

' he equatlon for the 1ndex wag: empixically derived frnm the monthly
temperature and precxpztation scenarios of 13- ‘instances of extreme_'
drought in western Kansas aad central: zawa and: ‘by aaazgning an -index
value of -4 for these casea: Conversely._a +4 represents extremely wet
conditions. From thase values, 11 categorzes of 'wet ‘and dry. conditinns are-
deflned (Table 1} The lndex is- A sum. of the curxent mcisture anomaly

would have the ‘same . local lmplzcation" ‘ :

“arid division din westarn Kansas. Thefmoiatuxe depaxture A8 the
difference of water- supply and- demand ._Supply i precipitation and
stored =spil molsture and demanﬁ 15 the potential uvapotransp;rat;on,

rlvers lakeaq and reeevnits at a normal level.“.-ﬁf-,

_ The duratxon cf the dxonght {er wet spell} ie determined by

¢aleulating indices for.- different: weather- apells (incipient and. o

- estabilished wet and: drfy.- spells} ‘A week of normal or better’ ra;nfall
is welcome: in an area’that’ has experiencad -a long: ﬂrnught but may be
only .a brief respite and' not the end. -of: the drcughn. ‘Once. a; weather
spell is established (by. computing a. 100% *prabahilitv“ that an'
oppcsite weathar spell hae- endedJ; the finul -value. is aasigned.

. order for the program tc have a real- tlmﬂ significance, a: value is
assigned based on a- greater than 50& "prghabilxty*‘that the: appoa;te
weather spell has ended. This is notr entirely. -satiasfactory; but 1t
does .allow the index to Have =m Aalue when there ie & daubt a8 o
whether it should be positive or’ pegative, . S TR is placed after the .-
PDSY- when a weather spell is established and a 'P” when a weather 3pe11
LS not eatablished T . : :

Schedule 1-1
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: The CMI was develnped"frnm'éémé of the moisture aééounting L
pracedures aged ‘in computing ‘the PDSI.. This index is:the sum 'of the:
evapotranspiration Anomaly. (uhleh is genarally negative -Or: alightly
positive) and the moisture excese (sither zero or. positive}. ‘Both
Lerms are a functien of. the previous week and a meaaure of the curtent
waek.  The evapotranspiration anomaly is welghted to make it compaxable”
in space and time. Tf the: potentxa‘,moisture demand exceadn available.
moisture .supplies, the: ML-is negative.. 'cheirerﬁ if moisture meetsa or
.exceeds demand the index is positive: 1t . is necessary .to. use” twu ’
separate legends because the resulting effects -are

- different 'when the moisture supply. is_ improving ‘than when it s
dereriorating .(Table 2).. The stage of crop development and soil type .
should.be considered when uging this index. In irrmgated ‘regions, -only
departures from ord;nary irr1gatieu requirements axe raflected._ ;[ L

A parameter ohtained from tha calcula:ions is :he monthly moistuxe,‘
anoma}y (2} index whith is the product of the moisture’ departure ‘ot -the
most recent 4 weeéks and a climate weighting factor. .Thia index. carl be ..
used as an indicator of forest Fire ignition.  The. classes of dry -and
wet periods for the. diffexent ;ndex values are gzven in rable 3

Another'parameter,darived from theacalculatzqnsmia"the".'i B
additicnal precipitatioh in inthes neeéded” to. br;ng £hé: PDBY -to hear
zerc. - This parameter .is- computed for all values: of the: ‘current week‘
PDSI less . than. =15 and 1eft blank for-all- values greater than or equal to.
-.5. - ‘The precipitation:values are the theoretical, _,,_&ddi.t,ional -amounts
réquired. to end the drought ‘in each’climatic division. In‘using . ... -
this parameter to make projections; it must - be realized that these RN
values are. ‘instantanedus, - valid only for the: current week. To end the-
drought’ in -a given clzmatlc dlvisicn for ‘the oncoming period, the amuuat )
listed plus near- normal rainfall must occur ) -

The fcllowxng is & liatmng of che parametars in ‘the- files and
Theirc meaning- Tempexature and pzecipitatlon are data rsceived from
'crcp moisture data calculations The week numher in the heading is the
~week of the growing season- ﬂhexe ‘week - ‘one: is. the week with the f;rst
1-Wednesday Ain March.. The camputntions .are- re1nitated each yﬁar For .
week.one using the output of tha February Falmer data run. CALLC 1nitia1
data are replaced with: tha hlstorigal data received: Erom the ﬂational »
Climatic Data Center in Ashev111e when avallahle and the calculations '

“Cdlﬁmhé"cf'thé Weekiy ?almer'nfdught'
and Crcp Mcisture Data Files

ST - State {states are grauped in each fale by Nws regionl
,Cﬁ - Cl;mate lelsion (CD} number 1n the state.i.
. T™P ;‘: Averege weekly tempﬁrature GF} in the CD
.phcé'— Total weekly precipitatlon (inches} in the CD.Q;
SOTL MOIST. UPPR LAYR. '7-7;-5011 moistire in_ th.e-:upper 1a}er at t;he
""" 7‘ "' ""_ ;end of thn week {water capacity 1s Gne lnch)
SOIL-Moxsf'§0wﬁfL$Yﬁ'f¢: Soil- moiature in the lower: layer at’ thg

‘_end ‘of ~the week (water capadity in o
Alnches is a. function of the average
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BCT “FLD CPC END WEBK fﬁIThﬂrperﬁentzof9£icldrcapacit? of o
- .o S molsture-in the soil at ‘the end of the
week. This: value istthe: rat:io af the
s0il. moisture -in  the ‘upper and lower
layers to the -available. water
capaci:.y expresaed in percent

3

Potentiaz evapotranspiratzon uemg Thomwaites method
{based. on Lexperarure, . solar declination angle, and -
d:vxs;on constants auch as mean 1atxtude}

-.POT EVAP

KON OFF. - ::Run oﬁf in .nches at tha end o£ the waek

--CRDP MOIST INDEX .~ Crop moxsture 1ndex (CMI} Values 1ndacata
: S dry or wet condltions in the shoxt term
CHNG FROM PREV- WEEK The dlfiarence of the pravioua week’s cMI
- from the. cufrant .CMI. (negat:ive values
1ndlcate a drying of: :he so;l} o
MONTH MOIST . aNOML (z) INDEX o= The monthly moisture annmaly (z)
) 1ndex .

PRELIM FINAL PALMER DROUTH IHbEX - Either A& prallminary or.a. final
N .Palmgr Drought Severity Index (Pnsx) Valuas indicate
. Vlong t:erm c:onditions., .:'.; |

- B - "'Prelimnaxy "‘he lis!:ed masx could revert to a ;’,-'.‘; -

o ol different value- if ‘the eurrent: weather trend (dry or
wet)] reverses to.an opposine crend befoxe it hecomes
estahlxshed..”””' ; oo ‘ Lo

-~ F <. - pinal. A,weather upell ia eg:ablished and. the: pns: is.
' . _‘final . ‘ . )

PRCIP. NEED TO END. DROUTB o The additxcnal precipitatxon in
. - inches needed for the given week and . Ch£6. bting the
i?PDSI up to a«G“SQtthe upper. limit of a inc;pient 1.L~. o
-'qdrought) For-ény PDST. greater than or: equal to - 5, th:s
j parameter is lsft blank ‘

mwz

DS values for the v drought for wet} c&tegoriea.‘.'ﬁt

4.0 and a:aove-._- L  _ _'Extreme mist spell
3.0 3.9 .0 o T Very molst ‘gpell -
1.

SO 2089 - e T ~Upusual moist Bpelll;r‘-._".?

0.t0 189 . o L ‘Moist. spellil . -
Bobo 89D L T e Incipient'mniat apall
;49'tb,m;49,f Near pormal @ -

~.50 to.-.989" . - e © i Incipient drought
-1.0 to ~1.9% Sl D Mildcdrought
2.0 to <2.89% K I A'?_¢V.'¢Hoderata drought -
-3.0 te +3.89 Co ‘ ‘Severe ‘drought
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4.0 anﬁ bélow S l';f_- :f‘f]'f . Extreme drought-
' -"V'séam.;s 2

CMI valuesrwhen the index incraased or d;d not change from the
prev;eus waek .

sozandrahove oL -S.Excessxvely wet aome f;elds
e T T T geded
OeoR.98 . T . roo-wet, aome standing water
.0 to.x.®9 .. 0 . T U T -progpects abdve nﬂrmal ‘some
: ERERR ST L fields toc wet | .
e .99 T T e o T ['Mozanure adequate fcr present
ST i T needs: N
aa-tc‘~.99u o B S uj;Pxospects imprwved bun rain e
' e still needed’ s :
cha 1mpravement but still tcc
2.0t i2.99 RSP ;_T”jnrought aased bit aili serzous
~3.Q tq‘-:,es, o e a0t U Drought contindes;. rain
o Co e e e Lo urgently needed oo
-4.0 and:below .o 20 T NS anough rain, still
‘ o s " AR SR .extremely dry

[ S P

o

1.0 to 1. 99

'f‘CMItVaIﬁes}whehﬂthe:iﬁdexVdegfeﬁsed

3.0 and above . .- ff*f*fﬁ*T¢ﬂ”f”i'ﬁome drylng but still exces~‘
ST e s valvely . wet:
~ UMore dry. wea!:her needed wark
. -delayed R e
nravorable,_uxcept_stxll tboii?w

2 i'o -to? 3._}9'9' BRRY

1.0 co 1 99 R

Co to 99 R L \ -Favorahle for normal growth
:£~f~. o RO Cand Fieldwork: ‘ o
St ‘Popsodl. migtuxe ahort,

o U germination slow T
-1;05to;51%39 o g}Zf;;zg ”v§‘qf-U‘“§fAhnormally dry; pzospects
o ' e o detericrating DR _
o Pew dey, yield,pxoapecta R
L eedaced. oo
:';chtential yialds sevarly euc .
cen T e e ‘.;_.'.‘.'_,;\by drought. R

4.0 and below o L ffxxtremely dry,,mnst crop&

. A "ru1ne& A .

0 to —-99

-2.0 072,99, o

13,6 to -ales

z xndax values fax dxy and wet per;ads

3;50 and above - - :_'f-f L Bxtremé wetnéss
. 2.50 Yo 3.48% - . L Sévere wetlness-
S d.00 Eou2.490 0 U mild to moderace wetness
~1a24 L 099 . LT W L0 Near novmal :
-1,89-t0l~1.25 o7 oD o U UMild e moderate dmught
L2074 tot.2.00 - 0 - w U :Severe d:rought
-2.75  and below S o extreme drought
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" Documentation for the Original and’ Sell-Cailbrahng '
) Palmer Drought Severity Index
Bsed in the
National Agri culture Declsion Support Systény.

Nd’rhan Wcll.!
Lo s Umvmuy of Ncbraska _Lm_coln
nwells@cge.unl.edu

fAbstract

jThc Netional Aghtfulture Decision. Suppan System {NADSS) is 8 wllectwn of: deasl__ !
Al_%__upporl toois Drought indices’ &an be very- '

:ns pmofNADSS

'Ng;c gg ;ms document: AN
_"“The .information providéd in this- document: was desipned first and foremost . for.-_.,._ A
" publicatior-on-the webi 4ndl it can be viewed o hifp:/vadss.unl.edu/ .. This docutoent is
iniply.o-collection of.the. mformatmn into-a single document for easiet disibution. -
st e, RESAETS, shold-refer. to the web:page for the most up-to-diite: information, as well as for.;:_;:_;
o . higher. quahtymmges "y
S SN ' <+ Mfarch 24,2003




"'Whatgs the Palroer DroushtSeve‘my  1\V: 1y aérierasasarrasnnatn U
HOWII‘!BPDS' lsulculated BB AN Syttt g s s i ess vy Tt bbb ST b gl v e b e P S
. Potentia] ‘Evapotranspitation.... OO PP DSV WY BE - S 27
“Water BaﬁmaEqunhon o b Sttt ot

. Molgmw . ""_#A ANRC TR

- Molsture anomzly. Lbiaenaa e bR Y AT 4P RIS RSB TRE LSRR AP LN P TS TRP RS

The PDSl e bdnsanas R Y N e——

T O Rt T LT e e Rl S L LT

Prablems wdh the PDSL....
Y Scl f-CaItbratad PDS] ramararia

’ Analyms dfthe. Self-cahbmed PDSl ..............

tep-by-Step Instractions for caleuhfmgthc PDSI
The:Crop Moisture Indéx:(CML)....
Cmp Moistiite index. Catcganes
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" 'What is the Paimer Drought Severity Index?
...... ' o The Pativer. Drm:gm Swmty Index is usnally: :abbreviated to PDS], but sometimes the: "chenty
~part is leftout and if is-caliedthe PDI. Throughout the course of this docimentation, i; will bg e
refermno as'PDSE: LT

L 'TthDSI was developed during the early 1960's by W, C. Paimer, as'a stpdard way 1t quanufy s
. the severity ofdrobght conditions: Palmer pubhshedh;s meitiod in the 1965 paper; o pw,
" "Meteordiogical Drought" for the Office of Climatology of the Ui:S. Westher Buresu: Sinte thcn, T
.+ the PDS! hat become one of this most widely used; dmught assesgment tools. The federal
" governmentand wisity state goveriihdit rély on'the PDSI to Higgér dmughwéhef prigrams.

| Untike the Standardized Preclpttsuon index. (SPI) -whithils.andther popular.drought ir:dex, ihe.
PDS! is based on mord: than jusi precipitation. ThePDSI acnially ses a Supply dnd demand
- 'maodél for the amount of moisturein.the sail. The vaiue of the PDS1 is reflective ofthie how the
- soil Tbistyre Cobipares, with nidnnel! Gonditions A gmn-PDSi valiié 75 tisally a-comtinatiopof
the current conditions and the Previcds’ ' PDS Vefur; s0'thé PDSI aisoefiécis thie: ‘progs=ssion’ vof:
trénds, whethier it is a drought ora wet spell, That means that & single PDS! vajue isnot
. reprcscmanve of jiiat the current muons. But also Bf secent'conditions to'o.certain e xtont:

PDSIValue.. - Classification. ‘Paliner defined:the scale at the left for ine PDS1.
‘g I mmgnmm:mmwmm "modetats® 1o
Extrame Wet St "gévere 10 "extreme”, The niormal tangy.of PDST
ek ifm 'valuesmfrmn-asmowso AnyPD‘.ﬂ values
:- Severe Wet'Spell ‘above 4, 00 o below-4100 fall into the "extwne

| _meat SPE“ :gmved at gomewhat arburanly wfuch “}*as bﬁﬁl

20 _ .onc of fhe criticisms.of the PDSI.
" Niitd Wet Spel! ‘ .
- The motive behind the development of.the. PDS1

B .50 - Developing Wet Spell was 1o creale: standard toot forgnum ring
R ' N smw of the effects ofdroughl:s. Exgeily whatis
meant by “the affects of droughts” is'a.l Tiitle
Daveloping Drougtit VBEUS, Sines dryughid have wide ranging
, consequences. However, Palmer decide 1 that the
sevemy of a drought’s sffects is-proporiional l;o -
L o -the telstiveichenige in'climate, Porexar-pli, F

4 Modacate Drought'  “wimaie ihatususlly has-very slight devt:itions
: e from the normal experiences amoderas: dry
| Severs Drought .perioljitis effecis Would bt quite dramitic. On
, :lheolher hand, 6 very dry pericd woulc ¢ needed
. Extrénve Drought in 6 climaze that is used to frge vatiatic s to
: aproduce cqually dramatic-effects, So-thi ¢ffects of

3 ﬁmught cen be npproxntmed bysimpy

- gquantifying the ummml riese-of the ¢limare cond1 tions.

LTI e SATIOREN N

SCHEDULE 2-3




e po—

Palmer wanted a dingle: methodology that could be-used in any climate that was accurately.

:ﬁpresentanve -of how:{he dfd

siight conditions affect that loéal:élimate: In other words, s PDSLof -

4.0 ixe Western Texas should be. sumlar to aP,DSldf—-t 0 mmmlWashmM sven though
‘coastal Washlng‘!on will, cven'in it driest: :years, reeive seversl times more rain;than-Westem
“Texas. The procediine he developed ifvolves Ealculétibg the moisture deficit or Siinilus-and thed
wexgbtmg that value according 10 sweral factors of the ‘historical, behavior of the local climate.
Successfully wighting the:vahue shoiild mean that it is tepresentitive: iof the:severity of e

condmons for thé tocal chmnw.

How the PDSH Is: calculated

“The PDSE4s based.around 2 supply and demand mede! of the sil mpistwe at alocation. The
supply is-the smountvfinoisture in the:soif plegthe amount that is absorbed into-lie soil from
fainfall. The demand however, lsnotmaseasym.see,becmclhcmum1 of waiter ost from
the soil is depends on seversl factors, such as temperamure and the amount of moistute iii the soil;

Potential Evapotranspiration

R T ¢ e e et e S £ - . ik et

PET Potentsa’l Evapotnnspxmﬁcm

. “PR  Patential Rechrge
"PRO. Porential Runoff

PL  Potential Loss
R Rechasge
RO Runoff

"AWE Avaitsbls Water Holding Capsciry| EVvemge smperaiure of thar:monihover.all

Ss  Sarface Soil Moistiire Content

Su__ Ubderlying Soil Moistuie Catent

| ThE basis of the soil modeling is thé-calelation of
the potential evapotranspiration (PET).

, Empmmnpinﬂnniﬂ') i&: as-one would guess,

* the wmb:mon of eviporation and transpiration,

. and in this context; refers 1o the emount:of water

lost from: the environment through vegeation:and

evaporation, PET is calculated using

‘Thorutwaite's method, Thomithwaite's methiod of

caiculndng PET"is paneh meompimted 10 exp!am

¢ onaweb page, bnt j 2

io look at af the dcs:re is there to kncm txacuy how

ids bri: 1h§t inomhsxav;;age wnpemture._

‘hisforical record, and ths latitude of the weather
stotion.

One important thing fo.notéis Bt Thornthwaite's

method is an- approximation of PET. It has’been around for quite o long tirae, andis generally
considered {lie‘accepted method tocalculaied PET, but it has seen some disagréchiént.over how

accursie it is. There has also beensome. criticism that the PDS} reli¢s‘ioo hesvily Gii

Thornthmmes Ii. is tryc that thc«PDSl‘rches hcawly ‘on the:calculation of PET, but the PDS1

Besides PET;theré is alsb potentisil techarge (PR), potential fusioff (PRO). and patentai loss
{PL). Before geiting-irio how thesewie. calculaied, anigther defifiltion is fécdcd. The Availatile
Waeter Holding Capsicity (AWC)'is itie amount.of water the.soil is capabile.af bolding. The




CLIEEI 1971 2000 HORHALB

X f'_-xoumv ln'rmn nonms or rmmmx, .
pnxcxprruxou, m nxexxn nmrs

-96610 ..... U

national c1imatic Data cﬁﬁﬁér ':”ffjfjfi"'
' Paderal Building ...... Sl
Asheville, Horth "”rolina

'current or:!.g:.n, format, inté;grlty and t.he ava:.lab:.lity of th:.s

-data flle

Errors foxmr:l in
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' Thom, H.C.S.) 1852 ~3eaaona1 degree«day st:at;;,stics ‘for ‘the
'Unlted Statea # Mcnnhly weather Review, Vbl 80, pp 143 149,

:Thom, H.C. 5. 1954 : “The ratzonal relationship between heatmng
degree daya and temperature,“ Monthly Weather Review. Vol. 82
PP. E- 6 T IR : ",”

,-‘Thom, H.C. S., 1953.l “The alstrihuticn of freeze«date and
a_ freeze free perlad for cllmatologlcal series with freezeless

'Thom, H.E.S., 19661 ‘5”Normal degree aays”ahovejany hase by thei‘,_
universal truncation coefficient » Mbnthly weather Review, Vol.

Thom, H Tt s and R H Shaw, 1953-? "Cl;matological anaiysis off
freeze. data for Inwa,“ Monthly Weather‘ﬂe'xew, “Vol.. 86 pp :
251 257. L e R e o

u.s. Department of_Commerce, Bureau ofAtha"ensu-.;ibsi jiaéa',‘ir o
_Census of ‘Population and: Housing, mmai af Papulatlon and S
H0381ng Characterlst;cs, Puerto Rlc Y R O T

u.s. Depaxtment of Commerce Bureau'af the Census,.lssn' 1990 jﬁj
Census of. PoPulaCLon, General Populaticn Charaﬁterzatlcs. Serles
CTr-1 {Alabama thrcugh Wyoming and . s Summary} ----- 7.,

;Vestal C K 1971

| ]i-'zs-. :
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distribution .can be used to estimate:
'_certain values w:l

__atatxons" for speclal applications

o (828)271- -4800. -

the ‘middle :range.. But on the low end ¢f the scale; ;he_amallest'

. values will never be 1ess “than zero,’ since gJere can*t'be‘a

negatlve preclpltation In partlcularly drj e g . desert)

'.slde of the scale, with most of tha valuea b 1ng near zero and a

few very wet values. spread far to the: right. This kind of
pattern is called a "Gamma'- dlstrihutzon.: QO ce ‘the statistzcal
distribution is’ identified, “the" statisticaﬂb

']cccur and whi

precipitation values at 15 probabillty levels (0 005, 0.01; 0.05,.

ﬂtotal preclpitation records fcr each year 1n the 30- year period

1971<2000; inclusive. - -pata- are. agsgembled by individual states.
Most - stations were operating ag of Decembet .2000.. -Some statiqns
were closed prior to. 2000, bt were: 1dentif1ed as "normals

;ﬁata are- presented 1n the order shcwn in the tltle ----- Un@ta used

g zero bounded When hlstorical preclpltat on’ data are'exam—‘:'.
_-ined, most of the ‘values will:be close to tha middle of the
'dlstribution, and -seme:- values. will be’ consicﬁrably higher ‘than

,In thls data set, the Gamma diatrlbution was used to estimate the‘

0,10, ©0.20, -0s 30, 0.40, 0.50, 0.60, '0.70,0.:0,.0.90, .0.95, 0. 99,
~and .0.995} . The'expected prec;pxtatlon values at the,qulntlle v
.;levels are“alsO'lncluded -3_”““ RV o  f‘;m S

in this: publication. ‘are degrees F for: temperature’ and inchesd: for j:”

normals have ‘also: been ‘computed to: other bases angd- may be ob~- -

151 Patton” Awenue, Aahevzlle, nc 28801 5001. or by calling

-.'rprec1p15atlon ‘Heating and ¢ooling degree day (base: 65 degrees B
- F} ‘normals. are- derivad from:the monthly. normal’ temperatures using -
the technique: developed by Thom (1954a, 1954k, 1966} . ~Degree day

- tained from the National Climatic’ Data. Center, ‘Federal Bulldlng,.,.




NORMALS FOR FIRST ORDER AND- COOPER&TIVE STATIONS"
TEMPERATURE AND PRECIPITATION NORMALS

:ﬁpFlrst order. {Princzpal c11matologlca1) Statlons.; First order -
‘Stations record. hourly: observatlons and-are usually- staffed by
: professxonal Qbservera They can: often be ldentlfmed aa hav;ng

estlmated from the monthly values cf neighborlng s:atlons Txﬁe'

of observation adjustments were made, .as héééééary, to the data.
from the nelghborlng ‘stations before these data were used to.

_ estlmate the missing first order: station: data {Karl, et al.,_.g

. 1986)., Exposure change adjustments (Ka:l and. Will;ams, 1987}

- jbut not to the stations 1n Alaska, Hawaii ox u.8: poseesszons
because of :the lack of: a: sufficzent uumber of neighboring sta-

tlons The ne;ghboring atatxans used ln the adjustment procedure.‘

perlod were
First. order .
ﬁadjuatmanna
- States that.:
to stationa

. but a;so because a 000perat1ve Statiqn 8 1dentity changes (ac--

'_cordlng to National: ‘Weather:: Service. standards) ‘when significant. :

_vmoves occur {generally at leaat 5 males or. 100 feet in elevation,_ 

ﬂlnstrumentation. tlme of observation, etc: ) anﬁ b& serially

. complete (i,e. no missing values). Wher present, inconsistenciea -

can lead to a mnon-climatic bias in: one period.of a.- station’s

record relatmve to another: In" that caae, ‘the data’ record is: said 

- to be “1nhcmcgeneoua“- Since records ‘are: frequently characterlzed‘-
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_'earllerﬂperlods in the data record more closely confof = o
most -recent” period leewzse,_technlques have been de wlcped to L ‘
estimate- values for misgsing observaticns. After ‘such aajustments

. are made, the: climate record: ‘ig said to be: “homogeneouu” and .

- serially - complete. The:climate: normal can _then be’ calculated

- 51mp1y -ag the average ‘of ‘the 30" values for “egach month ybaerved _
rfover a noxmals perlod llke 1971 to 2000 By'usxng appraprlacely‘;r

;The methodology used to address 1nhomogeneity and mmss&ng data
value problems stations is: ‘described in’ Figure 2. As with all
automated: ‘quality- control and. statistical adjustment techniques; |
only those ‘data errors -and- lnhDMDQEn81t1&S £falling outside ‘
-defxned statmstlcal llmlts .can . be identlfled and apprc}riately

~c0nform ta a common midnmght tc«mldnzght;observatlon schedule.”.-‘ .
_‘This is necessary since changes ‘in obgervation time also can lead . .
to non-climatic bisses.in'a station’s record.: The data were:then DR
- guality- controlled to: 1dent1fy suspect ohservatxcns and missing

jor errcnaous values were estlmated Fanally, the ser1a¢ly com~

"same procedures, whereas in’ the 1961 1990 normals only NWS Flr&t E
'ﬁyOrder statlons were evaluated for 1nhomogene1tiaa : S
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,thm . S possesslone elnce no model for adjustment presently

&x sts for these reglons

Al monthly temperature a.veragee and prec;.p:.tel;z_.an tatals were .
crse-checked against archived. daily observations to ensure. - :
invernal .consistency:. ‘In addition, each monthly cbservation was -
ev..luated using ah adaptation of the quality control. proceduree .

_de rlbed by Peterson ‘et al (1998) . In thle approach. Observa-

ca culated frcm neighborlng ebservations {eee below) If the

st tlcn), the orlgznal ig’ dlscarded An: favor of the eetimate.,

Very few observatlons were ellm;nated baeed on: the qualxty
cortrol evaluation ‘ ‘ ,

j dare gite. Monthly eetrmates ‘are: calculated using the climatolog—
ical relationship ‘between cand;date ‘and -neighbor as’ ‘well as a
wemghtlng function based: onthe neighbor B correlation ‘with the
cardidate. For temperatiire.: eetimatee neighhorzng "stations. were .

. drawn from" the pool:of. etatlens found in the U S Historlcal
“;Clmmatology Network *U -

, _ 54). and Easterling: and:Petereon (1995)
- putline the ‘méthod that.wae used toiadjust for. temperature
",1nromogeneities This . techniqﬁe involves comparing the record of
the candidate. Btatlon'with - reference eeries generated from .
ne: ghborzng data The reference lerlee ds reeonetructed uelng ‘a-

-fae&amption behind thlB methodology ig 'that’ temperatures over a.
*3rec1on have slmelar tendencles 1n variation._For example, a; cold '
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V3~Supplementary Data

.lated the potentlal discontlnulty is evaluated for statlatlcal o

ﬁsmgnlflcance “Where: sxgn;fzcant discontinmiities. are detected, the.
difference in average annual temperatures before. and atter the"

- inhiomogeneity’ is applied .to adjust: the mean.of ‘the earlier. block | .

w;th the mean of the latter hlock of data. Queh an evaluation 'f‘

ology

The. methodology employed to generane the 1971 2000 normals is not
‘the. same.apin previous normals calculations.. ‘For ‘example, in the;s.
‘calculatlcn of the /1961~ ~1990" normals nO'attempt was- made o

_observation blas Therefore, eerzal year-mnnthly data for overv .
- lapping perzods between normals (e ‘g., for the 20 years in® common
between the- 1961 90 and 1971 2000 normals) will not necessarily

be identical : , S . :

Degree Day Normals

computedadlrectly from dally valuea for: thg 1971 2000 perlod For; ;
_all othe stations'?the ratlcnal aanvaraxon:formulae develap&d hy,“

an- artiflczal monthwbyumwnth ’atep'? -
cases this procedure will: yield a: small number of degree daya fort-‘
‘months when degree days may not: otherwise be ‘expected, 'Thig.

_results from statist;cal conﬁlderatxons af the fermulae The

-Ind1v1dual station values {by~month} of average (maxzmum, mini-
.mum, and mean) temperatiire and total. precipitat;on used to
caleculate the normals: for the 19712000 period are. available from
the National' .Climatic Data . Center,. Aaheville, NC, -and . may be
.obtalned in either mzcroflche or digital medza (TD 9641) In




'the monthly temperatures The median {i e.,-SOth percentile},_ﬁ
1l-year and 21- year means are also prcvxded for both temperature
and prEClpltatlan el e .

lPrec;pitation includas rainfall and the 1quLd water equ;valeht' S

:gof frozen precipltation (snow. aleet, hail}
Tempetatuxe normals are. provided for ‘mear’ monthl? maximum temper~
“ature (NORMAL MAX) , ‘mean monthly. m:nimum temperature (NORMAL .. .
MIN), and mean: monthly”average temperature.tNDRMAlJ.,Jrhe medman
{soth percent11e) monthly average temperature :is  shown ‘ag MEDIAN.
The ‘median is the middlemost value in-an- ordered series. ‘of :

. values. ‘Half of the. valuea are greater than the mad;an and half"
are 1ess than the median : :

iFlguxea and 1etters followxng the station name generally 1nd1cate!;}.

ja rural locatxan an& refex to the dlstance and direction cf the

 weather Service., Statlon elevations are. in feet above mean ‘sea
level. .The December 1930 obaervation ‘time . for- temperature ia :
trshown on the temperature tablea under;the station name. L

‘-l~MRX is maxxmum. MIN ia minlmum, MID 0. S TTME ADD is the adjuat-

- mended factor to.-Gonvert. a normal. to madnight abaervat;on time,; .
-ANN . is annual, SEQ NO la sequence number and 19 used to 1ocate
{the statmon on the map
;ﬁnmher L .
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