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Use of the Palmer Index and Other
Water Supply Indexes for Drought Monitoring"
In Colorado o

Abstract : @g

The Colorado Drought Response Plan of 1981 assigned drought
mon1toring responsibilities to a spec¢ial intergovernmental technical
working group called the Colorado Water Availability Task Force (WATF).
‘The intent of thlS group is to use existing data sources and information
. products to monitor Colorado’s water subplies. 'The information

assembled and interpreted by the WATF is then used?bf State decision

makers to guide State government s response to drought.

The Palmer Index, developed in the’ 1960 s, has become ‘a credlble

tool for monitoring drought and assessing drought severity on the

‘t r,—»

national scale. It reasonably deplcts soil moisture conditions using a

simple hydrologic balance accounting for precipitation,»
evapotranspiration, runoff and, soil moisture recharge:. However,

»
+

experiences of the WATF have revealed that PalmerfIndex values,

currently generated weekly through the growing season by the National

Climatlc Data Center for 5 climatlc’divis1ons in Colorado, were only -

marginally useful for-droughtgmonitoring; The{regions were too large
2 F‘./"‘ :”:‘:‘. I .‘ ,‘ ' :j ) '
and climatically diverse, and‘input temperature -arnd precipitation data

Z:Were not adequately'controlled to producehconsistent andimeaningful
results. , A, Lo,

With the entouragement and cooperation of the WATF this project was
undertakencto<adapt,the Palmer Index model to Colorado; 'The original
.program wasibrought to:Colorado, the state was broken down into 25

climatically similar'regions;“and a simple routinef'Ar adjusting input
“ ‘ C. .25-,' \ . } ) ’),

data_td correct for missing data and station moves ‘'was implemented. The

ix



existing model was then used to generate 30 years of monthly Palmer
Index values for all 25 regions of the state.

A thorough examination of these new Palmer Indexes has been
performed. Comparisons with the origindl indexes show noticeable
differences and considerable small scale detail which previously could
not be resolved. With the new smaller regions it is flow reasonable to
use contour analysis of Palmer‘Index'values to visually describe local
variations in drought severity across Colorado. Two case studies were
conducted fo show how the neﬁ indexes compared to original index values
during sgveré drought‘gitUations: 1) the end of the 1956 drought on?_
the Eastern Plains, ;nd 2) . the 1976—15?7 winter drought in the Colorado
mountains.

A particular appliéétién:of the Palmer Index was given special
attention. Palmer Index values were correlated with dryland winter
wleat yields. The‘best é;rteiatipns with annual yields were obtained
using June lnor July 1 Palmer Index values. Good correlations were
obtained in most of the majpr wheat growing areas but especially in the"§
northeastern counties of Cﬁlor;do: Better correlations were obtained '
using indexes calculated for tﬁé'aew areas than were obtaining using the
original index values.

The WATF‘agreed that the capability to calculate Palmer Indexes here:
in Colorado, with our own choice of climatic divisions, greatly
increases the utility of this droughf4ﬁonitoring tool. More refinements
are possible, and further study conducted jointly with agriéultural
interests would be desirable. This .index is already of sufficient value

to the WATF.to justify the low cost required to produce itfpn a routine

mbnthly basis.
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Use of the Palmer Index and Other
Water Supply Indexes for Drought Monitoring
in Colorado
I. INTRODUCTION
" Drought is not a rarity in Colorado. It happéns —- all too often.
When it does occur it can have devastating effects.

Little skill hés been shown in forecasting drought episodes long im
advance. (Drought, for the purposes of this study shall be defined as
any prolonged -- a few months or longer —- period of dry weather
resulting in:reduced supplies of available water.) Predicting local
variations; the difference in a?bught severity between'qéjacent counties
during a large scale drought pe?iod; is essentially impéssible. It is
possible, however, to monitor tﬁe‘gmergence of drought and to anticipate
possible impacts. |

Sérious droughts take months and sometimes even years to
materialize. Hence, by monitoring the current sfatus of water
suppliés -- precipitation, snowpack, streamflow, réservoir 1évels, soil
moisture -~ it is possible to detec#”aeveioping d%ought, observe the
areas most susceptible to impa;ts, and in some céses take action to
avoid or minimize fhese impagés. This is fhe_éhiiosophy behind the
Colorado Drought Response Piah (Lamm, 19%}) -~ a ;lan which was
formulated during and after the severe winter drﬁught of 1976~1977 in
the West and which was completed during the lesser but equally alarming

drought winter of 1980-1981.

A. Current Drought Monitoring Activities in Colorado.
; The entire Plan hinges on information supplied to State government -

by the Water Availability Task Force (WATF); a special intergovernmental



mix of State and Federal agency representatives with access to weather,
climate, and/or water supply information. This group ‘(see Appendix A) .
which is chaired by the Qolorado Division of Disaster Emergency Services
has been operating continuously since early 1981, voluntarily sharing
data, developing information products, disseminating appropriate
information to State officials and others interested in Colorado’s water:’
concerns, and generally striving to attain an ongoining drought
monitoring capacity for the State. The information supplied by the WATF
is used to trigger various. levels of action and decision méking which
compose the State’s response to drought. So far since 1981, water ‘\
suppliésbhave remained very good in Colorado and little action has been
required. The mechanism is in place, however, and will hopefully
continue to be, as drought Wlll most certainly reappear.
Several exisfing information products are currently used by the
WATF. They'include:
1) Colorado Climate —-- a monthly summary report of precipitation
and temperature prepared by the Colorado Climate Center,
Colorado State Univer31ty (O0ffice of the State Climatologist),
2) Water Supply Outlook —=- a monthly summary report published
(January-May) by the U.S. Department of Agriculture, Soil
Conservation Service (SCS) which summarizes mountain snowpack
conditions, streamflows, and reservoir storage, and predicts
summer streamflows in the .State’s major watersheds,
$3) 30—day OQutlook —— a bi-monthly forecast of temperature and
precipitation for the entire country prepared by the National
Weather Service.
In addition to these, wind erosion information compiled by the SCS, a
new surface water supply index developed jointly by the Colorado
Division of Water Resources and the SCS Snow Survey Unit (Shafer and

Dezman, 1982), Palmer Index information calculated for 5 Colorado

regions by the National Weather Service in cooperation with the U.S.
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Department of Agriculture, and ground water data made available by the

State Engineer and the U.S. Geological Survey, dre all examined -

‘routinely by the WATF t6 monitor water supplies affecting all areas of

‘Colorado’s economy. All of_this iﬁformation is summarized in a brief

monthly statement currently being deVeléped'ﬁy ‘the Colorado Climate
Center. If found useful, this statement called "Colorédo Water
Availabiligy Status Report"u(see examp¥? }p Appendix B) &iil'be prpduced
regulafly and will incorporate all curréﬁé;drougﬁt monitdring

capabilities and information.

B. Directions for Developmeﬁtugf‘tolofado’s Drought
Monitoring Capabilities - S

“,

There is considerable room' £6

provement in State drought *
: e FRo . ‘ C
monitoring. Communication of pertinent data is currently painfully

5

slow, often relying on mail service rather than high_speed computer

links. This is not a problem when water is plentiful, but when water is

in short supply a crisis could ?merge;

‘Communication links are vefyfpeébié.dependent with the cooperation

of key individuals in several agenciesjbeing prerequisite to a

functional dfought'monitoringakystem. It is a'é¥eﬁit to the present .
leaderéhip and to the key indé;iduals involved, that the cur;ggffhigh
levgllof cooperation ha; been maintained, even in”times of plentiful
water and scant bﬁdggts.  é§entually a more formal, less individual-
dependent, cooperation must be developed to assure ongoing drought
monitoring and data dissemination., The idea of an interagency Water

Availability Task Force was excellent. The continued existence of this

working group is necessary if .-Colorado. is to maintain a comprehensive
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d;ought monitoring program taking fair advantage of the considerable
expertise already‘available in the State.

Finally, a strong program of drought monitoring must be linked to.l
ongoing research. Through applied research in Colorado and elsewhere,
new data sources caﬁ be explored sﬁch as satellite imagery, new
technology can be incorporated such as improved data tranémission, and
new information products can be developed similar to the water supply
indexes currently being tested.

Colorad; is foftunatg to be at the headwaters of considerable water
resources research. It is the State’s responsibility to encourage thi§ .
work and make use of it. |

This particular resea;chﬁﬁroject described in the chapters which
follow, examines the uge{pf ‘the Palmer Index for drought monitoring.
This is just one small egample of the opportunities to apply the resultéﬂ

of research to policy-making and decision-making processes within

Colorado.



II. THE PALMER INDEX
TaA Hlstory and General Description

In the early 1960’s, Wayne C. Palmer developed a methodology to
quantitatively assess prolonged unusual wet and dry periods., The
methodi developed at the U.S. Weather Bureau’s Office of Climatology,
was described in detail in the paper "Meteorological Drought" published

in 1965 (Palmer) The method was based Qn:the concept,of a simple water

balancep ‘Using measured precipitation,iestimated eVapotranspiration'
o : 3 R _
(Palmer: and Havens, 1958) and by determining climatically chéracteristic

)
4

runoff and soil moisture recharge in the topsoil and root zone, it is

1

possible to perform hydrologic accounting. Partitioning the actual
G S v
prec1pitation (on a weekly or mon% ly- ba31s) and res1dua1 soil moisture

into” runoff, evapotranspiration,and re arge, yields much more
information pertinent for assessingﬂdrought than would precipitation
- information alone. 'For example, an inch of precipitation in early

spring when temperatures.are cool adds much more moisture to the soil

than an .inch of rain in mid summer wh n'temperatureS<are hot and

evapotranspiration rates high.,‘Similarly,.an inch of rain when the
ground is'dry will contribute;ﬁﬁch more moisture to the soil than an

»inch-ofirain when the soil>is%saturated.
‘! . . H :OL,

Th1s hydrologic accountlng procedure was orlginally tested by
Palmer on three experimental areas:  one in western Kansas,’one'ln Iowa,
and one‘in North Dakota. Using monthly temperature (to estimate
evapotranspiration) and preclpitatlon for these areas over periods
ranging . from 32 to 76 years, climatic characteristics of the water
balance were calculated. These characterlstlcs were expressed in terms

of a series of coefficients (Table l)a'.The purpose of these .
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coefficients was to define the long term "normal" for a specific area

for a specific time of year (weekly or monthly).

Table 1. Coefficients Used in the
Calculation of Palmer Indexes

Coefficient Definition

Coefficient of average evapotranspiration divided by
Evapotranspiration the average potential evapotranspiratiom.
Coefficient of. 1 average recharge divided by the

Recharge potential recharge.

Coefficient of average runoff divided by the potential
Runoff . runoff. '

Coefficient of . avefage depletion divided by the
Moisture Depletion potential depletion.

Departures from théléiiﬁat;cally "normal" state for a given area o
could then be defined as contributing to wet and dry periods. The
magnitude and duration of these departﬁres both need to be considered
when assessing the severity of drought or wet periods. Palmer took
these into account as he_égveloped a weighting factor called the
"Climatic Characteristic." This final coefficient was employed to
- adjust the results of the hydrologic accounting to produce an index
‘ Which ranged from about -6 for extreme drought situations to +6 for
e#tfémely wet periods. The "Climatic Characteristic'" was used to adjust
different areas of the country with much different water balances to
this éame consistent scale (Figure 1). The final index vaiﬁe is what
has becomelknown as the Palmer Index. - |

Many details of Palmer’s procedure are not mentioned here. His

original paper is required reading for anyone seriously interested in

the specifics of the procedure.

P e
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Figure 1.

Extreme Moist Spell

- Very Moist. Spell

* Unusudli Moist Spell

- Moist Spell

1 Incﬁipjen"r' Moist Spell

. Near Normal
} lnéipien’r Drought
} Mild Drought

- Moderate Drought: |

- Severe Drought

' Extreme Drought

Interpretation scale for the Palmer Index.



The results of this original work for particular small areas of the
country were very informative. Large negative values of the Palmer
Index, when calculated from monthly temperature and precipitation data
for the area, coincided with periodé of documented drought with |
significant economic impacts. Based on this outcome, thg method was
deemed useful for thé entire country. The counfry was: broken down into
344 regions using the traditional climatic divisions constructed by the
National Climatic Center in the 1940’s (Figure '2). Coefficients were
generated'for‘each aréa based on monthly temperature and precipitation
data obtained by averaging the data from all the reporting stations
(both staffed weather stations and cooperative substations) in each
division.

Due to the apparentfpsef&inéss of this index as a nationwide
indicator of moistu¥e excesses and deficits, the Palmer Index was
eventually calculated and published on a routine basis. This activity
has been carried out as a cooperative effort between the U.S. Department
of Agriculture and the U.S. Department of Commerce, National Weath?r
;Service. |

| A second index called the Crop Moisture Index was deveioped after
the Palmer Index. The Crop Moisture Index is very similar except that
it focuses on the water balance in approximately the top one foot of top
soil. It responds much quicker than the Palmer Index to changes in soil
moisture that might affect végetation and field operations. As a

result, the Crop Moisture Index is considered a better indicator of

: . drought for most agricultural applications,

el



DROUGHT SEVERITY INDEX BY DIVISION
. (LONG TERM, PALMER)
July 31, 1982 -

=2
LSy
g

‘ o

Figure 2. State Climatic Divisions for the United States and
an example of weekly Palmer Index values, July 31, 1982
(NOAA/USDA, 1982).
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B. Current Status

Both the Palmer and the Crop Moisture Index céntinue to be produced
weekl&gfor the March through October period for the entire country by
the Natibhal Climatic Dafa Center. .Input temperature and precipithtioﬁ-'
data are<assemb1¢d for each of the nearly 350 climatic divisions>in the
contiguous United States by‘state forecast offices of ‘the National
Weather Service. Input data consist of the weekly mean temperaturé and
total preciptation for each area_és calculated from available daily daté
for a select set of stations within each area.

The calculated Palmer and Crop Moisture Indexes are made available
to the National Weathe; Service by means of their regular facsimile
communication circuite. 'Geheral_dissemination is accomplished by the
publication, "Weekly Weather and Crop Bulletin" published jointly by thé

U.S. Department of Commerce and the U.S. Department of Agriculture.

C. The Palmer Index in Colorado

Of the nearly 350 areas nationwide for which index values are
calculated, Colorado is divided into just 5 areas as shown in Figure 3.
With the exception of the Kansas drainage, these areas all include
dryland agricultural areas, irrigated areas, forested fegions, and;high
rugged mountains,

Palmer Index values for Colorado by month have been cal&ulated back
to 1931.- Considerable interest in this index in.the 1960‘s and early
1970‘s has since giyen way to apathy. This apathy is understandable
when you consider:

1) the apparent crudeness and subjectivity of the Palmer ‘
calculations when compared to current water budget models,

e



Il

COLORADO

\ kansas
PLATTE DRAINAGE DRAINAGE

COLORADO DRAINAGE

ARKANSAS DRAINAGE

RIO GRANDE
DRAINAGE

Figure 3. Original State Climatic Divisions for Colorado
developed by the National Climatic Data Center,
Asheville, North Carolina.
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2) the climatic diversity which are apparent within the
traditional climatic divisions. (The Colorado drainage, for
example, includes areas which average less than 7 ‘inches of N
precipitation annually and areas which average more than 60
inches per year. Likewise, average annual temperatures in the
Colorado drainage range from below 30 F in the mountains to '
more than 52  in several western valley locations.)

3) the inconsistencies inherent in the input data. (With such
climatic diversity it is impossible to select representative
data points. Weekly input data is required for the national
calculations, but most data are transmitted by mail, most data
are collected by unpaid cooperative observers, and a strict
time schedule is required to get data into the weekly
calculations, The result is, the number of stations used to
calculate division averages may be very few and the stations
may vary from week to week.)

These are major weaknesses of the current method, particularly as
it applies to Colorado. As a resdlt, use of the index has been limited.
Nevertheless, the Palmer Index has attained national recognition and
credibility as a consistent, simple indexing method. Examination of 50
years of Palmer Index values for the 5 state climatic divisions shows
that the Palmer Index does give a reasonable general picture of
Colorado’s moisture conditions which might be -useful on a regional or

national scale. However, spatial resolution is inadequate for in-state

applications where local differences are important.

D. Gaals of this Project

This project was qndertaken with the ovérall goal of improving
drought monitoring cgpabilities within thg state of Colorado. Specific
tasks included the following:

* Develop capability to calculate the Palmer Drought Index in
Colorado. . -

» Verify index calculations against federal calculations.

» Develop new geographical subdivisions for the State of !
Colorado. '
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* Introduce the newly defined Palmer Dfought Index for use by
the WATF. ‘ '

. Cémpare the Palmer Drought Index with wi;ter Wheat yield.
‘The last item was a change from the originai proposal. Originally,
o£her indexes were fo be examined. However, inter;ction with the WATF
lead tova concentrated efforf té compare Palﬁer Index values with winter
wheat yields to help demonstrate the benefits o£>using this fype of

index.
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III. PROCEDURE -- PALMER INDEX CALCULATIONS FOR COLORADO
A. The Computer Program ;
No effort was made by the Colorado ClimategCenter to &evelop our
own local version of the Palmer Index coﬁputer programe Iﬁstead, a copf‘

of the computer program written in FORTRAN was obtained from the U.S.
Department of Agriculture North Central Forest Experiment étation in
East Lénsing, Michigan. According te William Main (1982),%who
originally wrote this particﬁlar version of the program, and contacts at
the National Climatic Data. Center (Lewis, 1982), the UuS.D;A. model was
consistent with the pperational model being run at the Nat;onal Climatic
Data Center. Some minor differences were possible due fo differences in
computers. The U.S.D.A. model was also the version of the program used
by the State of Kansas for special drought monitoring work (Brown,
1979a, 1979b).

The currently used values of the coefficients described in Section
II.A. used for each climatic division in .Colorado were obtained from thé
National Climatic Data Center (1982). Very little additiomal workéwas

required to adapt the program to run on the Colorado State University,

CDC mainframe computer.

B. Program Verification

To verify thét the U.S.D.A. program was working properly, a simple
test was performed. Using the original coefficients supplied by the
National Climatic Data Center, monthly Palmer Index values were
generated for the Kansas Drainage in east central Coiorado. This area
was chosen since it was the most climatically homoéeneous of the 5l

existing Colorado -divisions and because there was only a handful of
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input data points'in the area. Monthly'index.vaiues'wéré calculated

\

' ' N - ' P T SR A -
“using monthly temperature and precipitation data for -all weather .

statiqhs in the area during the 1931 to 19?2 peiiod. Our results were

- then compared to the monthly index values preéiouéiy)generéted-for that

area b& the Natioﬁél.Climatic Déta Center. -

The‘resulfs of this comparison test are éden‘iﬁ Figure¥4_for the -
lo;year period 1951-1960. Identical values were not'pbtainéd throughout
the period. However,”ﬁith feﬁ exceptions, differehces‘were smallienough
({0.2) £o‘be considered trivial. From available information there is no
way . to fully explain the few insfances‘Such,as eariy 1957 Wﬁen

significant differences .occurred. It can probably be assumed that our

input data at some . time during that period was not identical to the

‘original input data. This is a reasonable explanation since additions

and corrections to the original data base have occurred over the years.
There is no reason to-expect, based on this test, that any:differences

or errors exist in the actual_Palmef Index program adapted to Colorado.

C. Development of New State Climatié Divisions

A major element of this project was to devise a néw, more

'appropriate, éet of climatic divisions for the state. Originally a sef

of 12 areas was proposed including 3 plains regions; 2 fbothills areas,
3 mountain regions3and 4 western valley zones. Actual examination of
climatic averages for weather stations within these 12 areas still

indicated insufficient climatic similarity and uniformity (homogeneity).

>Fina11y, 25 separate areas wére chosen (Figure 5). Table 2 names and

.identifies each of these areas. This breakdown most effectiVelyA

separated climatically and economically different areas of the state.
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. Figure 5. New climatic divisions for Colorado chosen for .calculation of
: - local Palmer Index values. Names and additional divisional
- - information are given in Table 2.
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TABLE 2.

Regions Selected for Calculation of Palmer Index

1

. ; Number of2 AverageBE Average3
Region 1 Weather Latitude Elevation
Number Region Name™ Stations (deg. min.) (feet)
, . i
1 Arkansas — Southeast Plains/Mesas 5 37 21"i 4295
2 Arkansas - Valley Bottom 12 38" 6 4132
3 Arkansas - Plains North of Valley 8 38 34 4631
4 Arkansas — Adjacent Plains/Mesas 9 37 30 | 5708
5 Arkansas - Foothills 5 . 37 53 . 7665
6 Arkansas - Collegiate Valley 2 34 42 7709
7 Arkansas - Upper Valley 3 39 11 9659
8 Kansas - Southern Plains 8 39 21 4457
9 Kansas - Northern Plains 6 40 19 4066
10 Platte - Northeast Plains 8 40 34 4531
11 Platte ~ North Front Range
Adjacent Plains 6 40 35 5100
12 Platte - South Front Range .
Adjacent Plains 11 39 48 5378
13 Platte/Arkansas ~ Pikes Peak ~
and Palmer Divide 12 39 04 6390
14 Platte - Foothills 13 39 51 7645
15 Platte - South Park 2 38 58 8718
16 Platte - North Park - 2 . 40 36 8248
17 Rio Grande -~ San Luis Valley : 10 37 36 7814
18 Colorado - Lower Valleys (Colorado, : ‘
Gunnison, Dolores) 19 38 58 : 5408
19 Colorado - Lower Valleys (San Juan, i
Dolores, Animas) 10 37 27 6846
20 Colorado - Lower Valleys (Yampa,
* White) 8 40 18 6012
21 Colorado - Upper Valley - Gunnison 6 38 24 7890
22 Colorado - Upper Valley - Colorado 6 39 54 - 7251
23 Colorado/Rio Grande - San Juan - -
_ Mountains 13 37 43 8607
24 Colorado/Arkansas - Central
Mountaing 12 -39 12 8969
25 Colorado - Northern Mountains 7 40 08 8509

1Name based on traditional drainage basin name followed by déscription
for local area. ,

2Weather station statistics based on active weather stations in each
region as of 1 January 1983.

3A_verages obtained by averaging latltudes and elevations of the Weather
stations used in each region.
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It also complemented feasonably well the divisions already selected by
the_USDA—Soil CQnservation Service and the Colorado Division of Water
: Reépﬁrégg for calculation of their new Surface Water Supply Index

(swsx).fg

ED, Input Data

j I;iwas the'expresséd intent of this project to maké use of only
cdh;isﬁént'iﬁput déta»to avoid the problems of the cuyrenﬁ national
-me%hod;* Curnéhtly divisional input data afe formed by'averagi;g the
we?kly:or moéﬁﬁly;dataAfrom a set of stations in each area. ;These"
st;tiOAS may change over time as individual sta;ions“are moved 6r are
terminated and ﬁew statiéns are added. While this may not be a problem
in many areas of the country, this has contributed significéhtly'to the
lack offcrédibility of the Palmer Index in Colorado;‘ |

Aisimpl€~proéedﬁre waé developed to minimize this pfoﬁlem; First-

of ali; by making the areas smaller and more climatically uniform, much
of the problem goes away immediately. However, in making areas émaller;
the number of stations averaged to produce the divisiog input is algo
reduced. This can make the Palmer calculation even more sensitive to
missing data or station moves. To deal with that problem, long-term
monthly averages of température and precipitation for all currently
reporting weather stations in'Colqrado were calculated based on the
19@141980 periode« zIf.ZO years of data were not available, available
averages were adjusted to Zb—year avefaggs using nearby stations. The
result was a set of monthly»averages for 203'régular1y reporting weather

stations. Twenty-year division averages were then calculated for each
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of the 25 regions based on the reporting stations in each area (see
Table 2).

Monthly inbut data were then generated for‘the period 1951 through
1980. Values were obtained fof each area by calculating the temperature
departurée from the 20-year avefage for each station (degrees
Fahrenheit). An average departure was calculated for any area by
summing the individual station departures and dividing: by the number of.
stations reporting that month. The average departure was then added to
or subtracted from the long-term average for that month for the area as
a whole. The end result was a single mean temperature for the area for
the month, which was not affected adversely by missing data.
Precipitation was handled in a similar way using percent of average
rather than departure from average.

This is not the only and- perhaps not even the best way to miqimize
the effects of station moves, changes, and missing data. I; is a:simple
method, however, and an appropriate one for. developing consistent input
data for a model which is more sensitive to consistency tﬁan to absolute

numbers.

E. Coefficients

The original coefficients, required for the Palmer Index program
were developed for the traditional state divisions. They were no longer
appropriate for the new set of divisions. New coefficients are
generated internally by the existing program simply.by running the model
on a long time series of data. This w;s done for each of the 25 regions

using 1951 through 1980 monthly data.
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The new céefficients'will not be presented here.. However, one
;;{éxample is appropfiate to ﬁoint out just hqy much climatic differences
) ﬁere hi&den in fhé o1ﬁ divisiqh breakddwn.‘ Table 3 compares the 5 basic
. coefficients prerequisite for Palmer Index calculations for the several
~areas which compése the briginal Colofado basin. "Major differences are
apparépt.' Even without a gobd understanding of the exact meaning and
interprgtation of these coefficients, it is still obvibus that the
: driginallﬁalues wére not appropriate for specific subFegions within the

Coiorado drainage basin.

F. Index Calcu}gtions

>Ali the preliminary work described in the previous sections had to
be -completed before it was possible to begin the actual calculation of
Palmer IndexAvalqes. Ihis final sﬁep wgs very straightforwérd and
-simple.J ﬁsing the newly generated area coefficients and the carefully
pfepgred input data, the program then generated monthlylindex values for
- the enéire 1951 through"1980vrecord. An example of the output is shown
in Figﬁfé 6. ‘The progréﬁ keeﬁs track éf-all the hydrologic accounting
and pfints out these values monthly.

Esfimatés of tﬁé Crop Moisture Indek are also generated by this
program. PossiBie applications of these results will be discussed in a
later chapter.

o Index values were calculated for alllmonths, 1951-1980 for all-Zs
areaé_gxcept if no input data at all were available for a given region.

The following chapter will examine some of the results.



TABLE 3.

Comparison of Palmer Index Coefficients
for Areas in the Colorado Basin for October

Coef. of Coef. of -
Coef. of Moisture Coef. of Moisture Climatic
Area Evaporation Recharge . Runoff Depletion  Characteristic
Original Values
Entire Colorado Basin L7482 .0406 ..0000 . .2237 2.4086
New Values
18 Lower Valleys .5747 .0321 . .0000 4213 . 2.3077
(Colorado, Gunnison, Dolores) .
19 Lower Valleys . .7129 L1175 .0000 .2729 1.4903
(San Juan, Dolores, Animas) '
20 Lower Valleys ‘ .7067 .0479 .0000 .3133 2.2836
(Yampa, White) ' ‘ '
21 Upper Valley ‘ -.6793 .0379 .0000 .3704 2.7489
(Gunnison) .
22 Upper Valley ' " .7456 .0492 .0000 .3919 2.4475
- " (Colorado) - . : ST e
23 San Juan Mountains L9281 2341 .0679 .1926 1.3244

24 Central Mountains .8994 .1207 © 0064 L1956 1.9946

25 ©Northern Mountains .9419 .2251 .0280 .1465 . 1.7839

[44
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Iv. RESULTS
A. Monthly Palmer Index Values

All of the monthly Palmer Index values for the 1951 through 1980
period will be published as a part of the Colorado Climate Center’s
Climatology Report Series. All values appeared to be reasonable and
consistent with the input data. Most values fell in the range of'—Q to
+6, the normal range for Palmer Index results. Extreme values of the
index corresponded well with documented records of extreme conditions of
drought and excess moisture. By all general indications, the program

produces realistic results for Colorado.

B. Geographical Variations

One of the’reasoﬁs this research project was undertaken was to
prove that the original~basin size was too large to show local
variations in moisture conditions. As expected, the smaller areas for
index calculation did yield considerably more information.

Figure 7 compares monthly Palmer Index values for the smaller areas
for a four year period (1965-1968) with the original PI calculated for
the entire drainage basin of which they are a part. Significant
differences are noted. In the Colorado River Basin for example
(Figure 7a), the Northern Mountains and the Southwest Valleys seldom
indicated similar moisture status relative to their long-term normals.
During an extreme wet period in 1965 both areas experienced PI values
above +3. The Southwest Valleys remained wetter than normal (PI > 0)
throughout most of 1966 while the Northern Mountains quickly dropped to
-2 and below. In the Platte Basin (Figure 7b) tpe northeastern plains

experienced nearly an entire abnormally wet year from spring of 1967
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Figure 7. Monthly Palmer Index values 1965-1968, for
the original large climatic divisions compared
to values calculated for selected new small
regions in the: a) Colorado River basin, and
the b) Platte River basin.
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into early 1968 while South Park approached moderate drought throughout

the period. The original PI didn’t even give a hint of the dry

\

conditions occufrfhg_in‘fﬁét\fmall area of the state.

. /

The magnitude differences of PI’s within the large basins were
typically 1 to 2 units but were sometimes more than 4. There were more
than a few cases of PI values indicating moderately wet in one subregion
while a nearby subregion indicated moderate drought. Assuﬁing these
calculations are correct, the implications for aﬁ effeqtiv; drought

monitoring program are significant.

C. Case Study: 1976-1977 Winter Drought

Another way to even more clearly examine the geographical
variations across the state is by looking at the entire state at a
series of specific times. Figure 8a-d follows ﬁhe evolution of the
severe winter drought of 1976—19%7. When PI values are produced for 25
subregions of the state it becomes practical to use contour analysis to
describe the statewide pattern. The national analyses of ﬁhe PI is
shown for comparison. |

On October 1, 1976 (Figure 8a) much of the state indicated near
normal moisture except for a small wet area in the mountains west of
Pueblo and Colorado Springs. The national analysis was unable to
resolve this small wet area. The moderate to severe drought area in
northeast Colorado was more extensive than indicated by the national
analysis.

By January (Figure 8b) conditions were rapidly deteriorating from

the mountains westward. East of the mountains remained near average
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1977 based on the 25 new regions. No U.S.
information available.
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éxcept, again, for the northeast plains.where modérafé to severe droﬁght
conditionglprevai;éd. | . |
. Already by Ap;il 197?A(Figuré=8c)i~severe ;o éxtreme dfoﬁgh? was .

‘indicated nearly ?Yg%fﬁhefe alqng*aﬁd &est of fhe‘Coptinental Divide. -
‘br&icondifions pr;éaileﬁ in'northeastefﬂ-Colorado althdugh not as severe
‘as before. The moist area in the southeastern part of the stafe |
:gradually shrunk.

The peak of thé &rought was reachéd in mid suﬁmef (Figgre 8d) as -
the entire western portion of the state reached ekﬁrgme drought levels
:with v;lues approéchingjall time low fiéures. A .smaller bocket of
sevére-tb extreme:drought waéroBserved‘élong‘;he Ffonf Rangé'northwérd
1ff6m Dénver. The: remainder éf eastern Colorado waé in muéh bétter
shape.?-Northeastern Colorado had actually improved somewhat since
winter. |

Dﬁ:ing this pérticular drought period, the nétional analyses were
fairlyréoﬁsistent with the higher resolution Colorado déta, Héwever,
the detéil, and thelconfideﬁce associated with that depail, was much
'éreatgr with the local anélyseé. The naﬁ@onal an;IYSes wéreuunable to
pick out tﬁe variations in eastern Colorado. In fact, the national PI
Janalysis for Juiy‘é; 1977 (Figure 8d) gave n6 indication a£ all of the‘
"local extreme dfought area ﬁear Fort Collins., That anal&sis was very
accurate and is clearly indicated in the accumulated precipitation map
for Coiorado presented in Figure 9 (Doesken and McKee, 1978)f The
July 1 PI pattern as a whole was very consistent with the bétterp of the

October 1976 - June 1977 accumulated precipitation as a percént of a

average.
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