
984 
6 
9A 
.83-3 

.1 . ·-. . . 
USE QF 'THE ~PALMER INDEX AND OTHER 

... ·.-; 

WATER SUPPL y · INDEXES FOR 'DROUGHT MONITORIMG 
• • • j._ 

•• ' ' ~ 

IN COLORADO 

.: · 

" •, r: • 

N. J. Doesken, J . . Q. Kleist, and T. B. McKee -
.~ 

• 

I :-. 

.I -

"' 



··' ... 

·~--· 

,; i. 
·':!r 

. ' '· ', 

. ' ,c; .~·. 

. - . 
.f'.'. 1•: 

~-lit 
;1 

· .. <:·" ~i~:'.[.'i 

',. .•.. 
\ ' ·· ... ; ·.·;:·.:;· 

. ":. .... -·., 

.. \· 

·,,• 

'·' 

Use of tne Palmer :index and Other ,y r: 

Water Supply· Indexes for n·r.(nig~,t 'Monitoring .. :\;.·: ,,.~ 
' · · in Colorado ' ·~··:-·- <~ 

.'~ !~4~. 

• ·J 

.~ ), ; 
• " r'· 

~ :. 

Nolan J. Dciesken, John D. Kl,eist, and Thomas B. McKee 
·_.··-. .. ·· 
i•' 

Colorado Climate1. ·center 
Department o~. Atmo_spheric Science 

Colorado ~tate Univirsity 
Fort ColLins, Colorado 8Q523 

(303) 491-8545 

March, 1983 

Climqtology Report No. 83-3 

II~ 

'(, 

.... 
< . .. 

~ : . 

\ . 



-.?·. 
~·; 

... ~· 

"i •• 

·~·-. . 
~1•.\ 

'.. 

Acknowledgments 
". i:~:.-:. 

-·;.. 
'1,' 

~-fl ~.. '/ 

The authors would like to express their thanks to the Colorado 

Division of Disaster Emergency Services and members of the .Water 

Availability Task Force for their excellent guidance and supp9rt 

throughout this project. Additional thanks go the Katherine Corwin for 

her s.tatistical. analysis assistabde,. and to- Odilia Pane'lla and Patti 
·1 ~· • • • 

~ .~ !~ 

during the, ·f.inal prepar·ations for . ~ 
Fylling for thei.r. exc'ellent efforts 

. ' ">;~ 
~~~ •I j ~ • 

J, • 1' .:·: 1f~' t"!-
publication. 

·,~.;- ,' .f;: 

by a grant .~o t~,~·-Colorado Climate The project was made possib~e 
-~ 

Center from the Colorado Commission· on:.Higher Educa~ion,..., St~te Supported 
.• 

Organized Research Program. 

' ; 
<.,. 

\." 

: ~ .. ~ ' · .. 

'6 

'>/: 

ii 



· .... 

., 

.c'X':' 
" 

·-.: ~ , 

.. 
),' 

·:;?.~· ~ . 
. .. 

1;' 

. ' · .. ·· 

•A 

I· • . <~;j ~ 
\. 

r 

,. 
_\--.r 

" 

~1'it;:";~·r . 
·. ,: ..... ; .~.;.,, 

~ .. .- -J •• 

.: "t· 

.. t_.. 

' ~: . ,;2. t 
AC,knb~1:edgineri..t·~·~~:.~.~ .• •• , •••••••••• •.:·· ••• -•••• ~ •.••• ·• , .•••••• · •• ,~ ••• 

' • ' ' ' ~ '' Z,.: :~ .• :, ' .. : .. ,,_ ·~ • ' •! •, ' .J.: ·,~ I • • • ' ' '<.. · .. ; ;' : < 1 ; ; ' 

:tX-;~'l'· - . . ~~ 1._...h·~ . I • ·>f ... 
Table of·~eoritents'. ;/. ";,".;~ •••• • •••••• ; ~-..•• ; ..... ·~ •·f',. ;· ••••••••••.• 

' /.';\~··, :'.~> ... -·>·)~1\;;.~" &'~i: <· ' '~<·,:\:.:;:; .. ;-::..·:·:5;J~· ~~- ' ,. 
LiSt of Fl:-gu;r_es ••• •.• -·~ •••• i ••• •·• •,'.• .. • ·~ ~:.~'•. • •1..• • .,, ••••••• ~~;:•~·· •••. 

~~·. "".~ . : " ' ' . i::" "~:{f:.; <:::/.-i~~::~. .· .. 'i_.,_.:,:~'''.·.\ 
List of .Tables •.• •••••••••••••••.•• • e e .: ••• : •. ,. •,··.; ...... ·• • •f"• •1• ••• 

ii 

iii 

v 

viii 

,,·· .'.:- ·,-:i;;'.'.J~ti: .·-.!_ ·. <. .)' .. ·:. · ·' · . j-' . . .;":·,," ::':: · ·~J>:·~t .$:i . ~Sr. 
Abs~~~}~-~:~ ... -~--. ••• ,~:;.· •••. •• ,_. 1

:·. • • ;-. • • • .. ~··.·~~(•.•·• •• ···1~-i;-·.\ ...• ;'.~~:~·.•·-. • • • ~ • • • • • • ix 

I. 

u. 

III. 

: : •• 1: ••• ,:-.'·' «1: .t:\'. ... · ... ~. · · · -· .. ,~~~~·· ~- 1:~rWJ~·L · . '. 
INTRODUCTION· •. ~:. • • -~--• • ~.: • • ·•· .~:~.~ •••••••• ; .. ~., •••. -r. ~f;·.-~,·:· ••• ~ .• ~ ........ . ., , ::a.~. '}4 . /'.:::,' . . , ' .. 4(. • • '1'., '·.' ;!:~~:·{·"'' ,:, . 

Cusrent Dr<;>_µght Mq~Hq_:dng·.A.ct~yit;ies .. ;: . -:··:~;·:'. :;~·/ 
in ~·cal.oradO .' •• ·; •• ~'~-~{f •' •,t .~ · •. ~ • .. ~: • .¥e:~ .. • • • • • • ~-· ... ~ .• .- • .• , • • • • • • ; • 
Difecflon for Dey~l'b'pm'~h:t:' bf· Colorado:' s'.·.: .. · : 
Droug4t Monitoring·)~ap~~i~lt.ties ••• i:. ~··. ~ ~ ~-.··, .• ~. ~ ~ ••• ..,; •• 

·B. 

. , . -.'~:-~.1C , ,' . '.. .~. '~~~~::, ,"\,~~~~~ t:: ·.~.)~~·. ~!r;.-:-: .. - .· , ~ .. ~\t,i , . ·~ . ·; , , . \. 
r.THE PALMER INDEX ••••• • :.~.t.:• ~ ~·.~ .• ·• ;; . ..p11.~ ••• ~ •••••••••••• -.......... . . . . • r'' ; ~\ \, . • ,: .. ·~t~ . .· " . . . . ··~'"' 
A. 
B. 
c. 

History and General, :Description ••• ·•~:~ .... ~ .•• •·." • .; ••• .;· ••• 
·current ... Status~:. •.. ~ .• ·; ••.••. -~.~ .••• _.,,,,:~·-~.-· •• ~-.~ .•.•••••••• 
The i>a_lmer In·~~x 'i~ Golo.-r,.~do~'. ;~ ••. ,• •• ~'..·. ~ •••••.••••••••. 
Goa-ls ·.of this ·Pr.a ject .:. ,., • · ••••••••• ' ••••.•••••••••••••.••• 

·~ • • • •• # • • • •• 

PROCEDURE -- PALMER "iNDEX. CALCULATIONS<·. 
• ' ,_ • ~ ' '1, '~ ' 

FOR .,_COLORADO ••••••••••••• ~~~ii~· •• ,;,.<.•· •••• · ••••. , ••••••••••• '· •••• 
·~, .. /,."~P .. :~.;:_;:i,~· :.;· ·:t(~: r~ i.-. · ... . · · 

· .. .-"~A~ The:!':"Comput~r Prog·r4-tn~~:~,-..:~ .. •· •' ~:;;_:.~ .. /~ ••••• •.•:~• ••• ·"~il-. •••• ~ ••••••• 
~··. Program Verificat'f9ri' •••••••••.••••• :. ;,;;:;·::•:·'·· ............. . 
c. 

1 

1 

3 

5 

5. . 
10· 
10 
12 

14 

14 
14 

Development of New· State Climati'c ·!'-~.::; 
·Di~is~pn~s, ••. ~ .•...•.. · ..•••....• : ·~.~~· •1 ••••• •.•(• •• · ••••• •/•.»-..•.... 15 
Ii).pu t ·_ Da:t·B. • •••• ·• .: ... •••••••••• \•. '· .;_·; ••••• _. ·if ••••••. ~ • · •.•• •.e• • • 19 1). 

E • Coe~fici·ents. ·.; ••••. •· .•.••••..•• •-. •••• · •... · •. ;r~ =• •• • r~. ~. 20 
1 ~. - Index Calculations •.•••••••. I!'.•·· ••••• ~· •. • .••• ~.' ••••• ·.-~;:. •1_ ·-~·. 21 
- ' . :( 

'·!· - . ~. ... . 
. " ., :"I , ,.. 

IV~,' ~SULTS ••••••••••• ~~ ~ ~ •• : ••••••••••••••••••••••• •.:~·· •••••••••• ~~-·~~24 

.. A.· 

n. 

\; )}>.".·,,. ,, 
Monthly Palmer Index Values •••••.••••••••• ~·:~,;-.• .• : ......... ·•· 
Geographical Variations •• ~ ••••••••••••••••• ~;, •••••••• 
Cas~<::Study: 1976-1977 Winter Drought •• ~.•.c~.··•.~••••~••• 
Case Sfudy: 1956-1957 End of th~,·'. ;·:f .. ,~ ... 
Mid-s(f! .. s. Drought on., ~he High Plains ••••. ·~·~ ••• ,,~ ••• • •••• 

• ·.,,·.~.:· .. ~.,~:." ... ~'Hf,· 1 - ;: ,_~ • 
.. ,,., .• ~ 1 <·~"'- ..... ·~: ,~ 

A\~:· 

iii 

24 
24 
26 

33 

-.. 
'. ,, 

~ 
·:; . 

.• 

-



'·· · .. 

v. APPLICATIONS OF THE PALMER INDEX iN 
COLORADO TO WINTER WHEAT PRODUCTION••••••••••••••••••••••• 40 

A. 
B. 

c. 

D. 

Wheat Yield Information ......• ~ ..... ~ .....•••. •;• •.•••• 40 
Cofrelations of Palmer Index Values 
with Wheat Yields ....•.... · .•........ ~ •.••....• •.• ..••.• 4~ 
Comparison of New Index Values with 
the Original Palmer Index Results ••••••••••••••.••••••• 46 

Other Factors Affecting Wheat Yield •••••••••••• ; ••••••• SS 

( . ' ·. . ) v .. r. SUt-fl1ARY • ••••••. • _ .......... -~ ••••••• _ ••••••••••••• • ~· • • • ·i · · · ·· · · • S6 
·l·.~· 

VII. 

VIII. 

A. 

B. 

c. 

Review and Recommendations of the 
Water Availability Task Force .••••.••••••••• : ••••••••••• 
Time, Effor.t, and Cost of Producing 
the Palmer.:Index for Operational Use 

. ··'··'" by:, the Wat.er Availability Task Force •••••••••••••••••• 
I~ • " • ' 

Cdnclusion!3• .•..•.. ~-~ ...•. .,.• ..••.•......••.••.••• ~ ..••• 

APPENDICES. ~ ••••••••••• ~ · •••••••••••••••••••••••••••••••••• 

A. Water AvailabilitY:_Task Force . . ~ ;· . ' Membership • ..••• •. •: ~ •.••..••••.••..• ~ ••••••••••••••••• 
B. Colorado Water A~a:i:lability Status 

Report • ..••. , •• ~ •• ·~r; •••• ~ •• · •••••••••••••••••••• ~ • · •••••••• 
C. Water Availability Task Fd'rce. Meeting 

Minutes, Febrtiiry 16, 198j~ ••••••••••••••••••••••••••• 
i 

.~FERENCES • •••••••••••• ~ •••••• i . .................. '! .• •••••• 

iv 

I' 
\' 

56 

SB 
S9' 

61 

61 

62 

65 

70 

. .. 
.;:., 

'i·· 

--: 

'· 



:;;::\.- .. 
I ~ _: 

~·f~ •. 

. · .... 

1. 

' 2. 

3. 

4. 

5. 

, .. 
' '~, 

6. 

7. 

- .~ 

, ·List of -Flgur~~ 
~ ........ .._, 

,. .·. 
·- :'V: .. ~ ~ . 
,, 

Int~rpr~ta~io~ scale £pr the P?lmer Index ••••••••••••••• 

State Climat:ic Divisions for: the United'. States 
and ati ~-~k~ple of· J/¢ekly ·Palm~r Index :~alues·, 
July 3·1, .1982 (~oM/'USDA, .1982) -~· •• ~. ·.';~~:r~'.~ .. ~- •• ·~ •••••••••• 

. ... . "i'.;. , ;. ., :;."'); . ·. ,. , ".. Y~:.;;< ... 
Original State Climatic· Divis.fo'iis' for Colorado · ,';:' . ... " . 

• '\! \,, ..... "!' :: •. ,.. -~, '.. ·.·, . 

developed by the National Clitliati'C'.Wata" C~nter, . :;~ ... 
. . • ...... ,,~· .·: .• ~~i~ ., •. ;· 

Ash.~v,-il1=.e ,.-, Nor.th Carolina ••.•••• ·~ ··'.t•-~ · •• •'~ •• •:'• ......... ~·.~ .·~ • 
.•.:· 

~~. " . . 
:\~~). . ~-- .. ~··. .. ... }~.-_;::·: .. :: ' 

Monthly Pal~e:r Index,. values, 19,?J;-196ff;~'-fo:r .. the 
Kansas Dra.:i.riage. - .• Original Natiolil:tl ei:tni~dc ' ,, . 
Data Center value~:: .. (~oi(id· line) compare·d ·to . .'.·valµes:· · 
calculated by .. tfle .co1di8'<la:.·cumate '.Center . \:'{·, .·\;;. 

• . ' • ' ' • ....... • ' 1 • ~. • 

( das h.ed ._line) ••..•..•• -~~~ !:;, .• ·~:. i ~-:~~, . . · •. " ••••• ·;·. ~-.•• ·• •· .• • •· ~~ .•. • •• · ~ -
.. . ·.:_ :·r;};···}-· .. ~:· ·; .. ·~~~.:··. . . .· ... 

New climatic divisions .f:or-r.Colorado chosen :£0·1r ., ··: 
calculatiqri of lo~al ~.cii~~·:f·· Index vaiues"" ,:Na~E!s' . · .. _,~·:.' 
and additional .divis'i~rti3.'1·'·'.i_11,tor:matio!1, are 'iiv,~i;i: ' ;:1,, 
in Table 2.-. :~ ...... . ~·.-~ .. ~ ... ;l: ••• ~·~·l •.. ·~ •• -•••••.•• ~:.-··· •.•• =:·~ ! ' . . -~ ... , -

1":?: i: .. _! • ··,·- ,; 

Example output produced by th~ Palmer· Iri.aex · ... Y. 
computer progi~mt adapted to coiorado •• ~'~ • · ••• ,- •• ~ •••• ~- • ~ ·~ .. 

• .· " ; '·~· - . j,, 

Monthly .Palmer Index values 196S-1968, fo't th.ef° 
original large clim?tic divisioJ:l.S co:mpar~d to 
values calculated :fOr.; .• ~~.J;.~C:t~c;l . new small regions 
in the: a) Colorado ~~Y,~r·· b~.sJ:n', and the b):· . · .· · 

• ti.• •)" • .,. • • ··-.. ·~ ·-· . ' l ' :- • 

. Platte Ri1'1er basiri. i:~e::~~--.~ ... ~. ·~::~·~t; ~ .••. ·~ ••.. ·.· ~ -.. ~\.-~ ••. -••••.•• 
· · \)~~1,;r-· . ·~ · · ~. . ·· 

Palmer .I.ndex patter~':' for Color~clO 'for. i\~bctob~r 
1976 based on the 25 new: region~r(top)'icompared 
to the Palmer Index informatiop, 1for the'entire 
U.S •. derived from the ._original climatic .· .. ,, . 
divis.ions· (bottom) •..... • ............ ~! ••••••• -~·~· •••• · •. :·~· •• 

~~. . . . ' ?,> . . . " . :< . , ;~~: 
Palm~r.iTndex pattern for Colorado for· 1 Jap.uary !:· 
19.77 based on. the. 25 .new· regions. No. U.S~-··\: 

' .· .-; . ._ ... •,··. . 
information available.·.~,.~-:~·;~ ............... ;~.: ..... ~:-~-· .......... . 

- '.. . . . .. . ~ . . : 

Palme·:r .Index pattern for Colorado for l; .. :April 
1977 .bas~d on the .25 new regions ('t.op) coIJipafed. 
to the .P,almer Jndex. iri.formation fo1( the .eni:i.rE{' 
u. s-. derived fro~. the:·original climatic·<~,. -~~; ,: 

'll• 1: . - ' ! ·1 '- " ~,,. 1· ~-· 

divisioiis (bottom).- .. ~~··~.~ .•....•.. ; .. ··~ ... -.• ·.;-;.-:·;; •.••• ~ .• ·• t!.!.f_ 
. . . . . . . ' ,,...~ 

v 

;1.-. 

7 

9 

11 

,.,.. 
16 

17 

23 

25 

28 

30 

··.·' ·-

' ..... 
• J • ~ 

.- . ·~ . 
~ -:..· -1 

-.,..,.-_. 



8d. Palmer Index pattern for Colorado for 1 July 
1977 based ~n the 25 new regions (top) compared 
to the Palmer Index information for the entire 
U.S. derived from the origi~al climatic . . . 
divi~·1-ons (bottom) .......... ~·-~ ........... ~ ••.... o • •..•.•••••• 

9. Precipitation for the period October 1976 
through June 1977 as a percent of the 

31 

1951-1970 average ...•.••......•..•.•.....• -;............. ~..? ,. 

lOa. Palmer Index pattern for Colorado based on the 
25 new·regions (top) and Pai~~r J:ndex values 
for the 5 original divisions"(bottom) for 
1 April 1956 .. • ........•..•.. · .....••......••....•.• ~ .•• ~ 34 

- ({ I. 

lOb. Palmer Index .. p_attern for Colorado based on the 
25 ~ew regions .. (top) and Palmer Index vaiu'es 
for.the 5 original divisions (bottom) for 
1Ju1Y1956 .•. -.................................. ~ ...••.••..• . .~.. . 

'• . ·: :(_'\:'' 
lOc.· ''·palmer Index pattern for Colorado based on the 

25 new regions (top·~ and Palmer Index values 
for the 5 original qivipions (bottom) for 
1 October 1956 . . · .. ~···~--~··· .......•.•.....•...•..•••••••..••• 

lOd. Palmer Index pattern.for Colorado based on the 
25 new regions·. (top) and Palmer Index values 
for the 5' orig:Ln;a).. divisions (bottom) for 

35 

36 

1 January 1957 •• ·: ••.•••• ·•••• . • • • • • • • • • • • • • . • • • • • • • • • • • • • 37 

lOe. Palmer Index pattern for Colorado based on the 
25 new regions (top) and Palmer Index values 
for the 5 original divisions (bottom) for · 

. :':-

1 April 1957 ..• ~ .•. ~•·····:···•~•••••••••••••••••••••••••••••• 
: '·" ~ (! ,·~" . 

38 .. ::. : 
1 ,. '. .- :;~, ~ ..... ·~ . 

lOf. Pal;mer Index pattern for ... C<;>lorado based on the 
25 'new .,.regions (top) and Palmer Index values 
for the· 5 original divisions (bottom) for 
1 July ~957•••••••••••••••••••••••••••••••••••••••,•••••• 39 

11. ·Time series, 1941-1981, of annual average wheat 
·yield in Region 8 (southern half of Kansas 
'drainage) and in region 10 (Platte drain~ge --
Colorado northeastern plains)'.'.. Dashed lines are 
the "average" yield defined by'the trerid line 
obtained using linear regression ••••••• ~··········~····· 42 

12. Correlation coefficients of the region 8.monthly 
Palmer Indexes correlated with wheat yield (solid 
line) and with departures from "avetagen'. trend 
values of yield (dashed line) for the period . . .. 
1952-1980 ••••••••••••••••••••••••••••••• 4 ••••••••••••••• 

vi 

45 



13. 

t. ~ ~· f.'"', 
.......... 

' 14. 

15a. 

15b. 

15c. 

16. 

1, ·:·. 

• ,t ~~·.:. i' ," 

. ; .. 

·< ··:1.··· 
·:\. ~ .. 

. ' 
Coincident time seri_es, 1950-1980, of region 10 .. _, 
wheat yields, region 10 June 1 Palmer Index ,values:; 
and Platte d.rainage June f Palmer Ind,ex values. 
·(top graph). The bottom graph sh6ws the same 
·Palmer Index inforni~.tJon plotted with yieJ,'.d 

.· departures froi:n the'"· average "trend" values'; ••••••••••••• · 

Correlation of. 1952-1968 monthly Palmer Index 
val~~s for region 10 with departures of the :: 
annual whe'at yields from the "average" trend' . 
value ( srilid. line) .f:."i'<The dashed line.· is ·.the. same 
correlation using,:·:~tfginal monthly Palm~r .·Inde·x 
values from the etltire Platte drainage• •••. ::· •••••••• •'• ••• 

.. : ... ; •• ';.::\'·; - -·· ,,l. ' • ~~~ ·_: ' 

197 5 percent of average wheat ffe~-~::i{'to~ lei~·), 
1 June.· 1975 ·Colorado Palmer ,Indei;t·V.aiues. (t9i> , 
righJ;1),}j and 31 May 1975 U. s. Paln,ie.r i~~E!X' / '. · 
patt'eiti (bottom) ••.•••.•..•••••• ,. ~~.-.~ •••.• 1 • -.: • ,. '• ••••••••••• •. 

' ·~ l•' ~ ~:~1 '·· 
. . • .. . • i'· ' 

1976 percent of a.ve·rage/w]:ieat yield · (top·;.left).;, .. . : 
1 June 1976 Colo-:,f:ifJo p~'im~:r -'.i1,1.dex va.lues C.t;.op :;' ·: -';, . 
right)·, and ·29 May 197~\,U·~~s·.,;~falmer Index':i,·'. ·'· · · 

- , • ~ '· ·.~ ... . . r ''° . 
pattern -(bottom) •••..••• .-.·.!::~;~~~~~:·~~~·:·.·;~~•;_·~ •. • •••... ; •. ~.•.• ..•..• . . . ·~"~!;~~~? :\·~ -~ ~·:·.. ~ .. ~;~-~ ' -
1977 percent of average wheat' 'yield (top lef~)," · 
1 June 1977 Colorado .'Palmer· :]:ride~ values. (top i 

right), and 28 May 1CJ77 u.s.'Palmcfr Iridex 
pat t e ~ (bottom) •••..••• · •.. • .• • ~- ~"~ ••• ~ • _; •· •• : . •••••••• "' ...... . 

. : v ~:.:' . .E. ., ' :. 1~ . ' 

Correlation of re,gion 1.l monthly Palmer tndex 
values with !lnnuaI wheat ·,Y:ieid using' unad}vsted 
input temperature .aqd pretipitation' data (~·olid 
line) an:d adjusted· :input data .. (dashed;· linef• •••••••••••• 

. .t. . .~;. ;3; '. .... 
•. - ·~ '"" i_"-: •}' ;.·>. 

ti~k ,;!~:''. ... 
.... ! 

... , 
.; . 

"' 

.,. 

vii 

47 

49 

50 . 

51 

52 ' .. ' 
.:to.· 

I ·~ 

54 



List of Tables 

Table '·' :~" 

1. Coefficients Used inn the calculation of 
Palmer Indexes., ....•.•...•.••.••.. ........•....•• ,, ...••...• e 6 

2. Regions selected for calculation of 
Palmer Index •.••.•••...•• •• · •..••....•....•••...••••.••.• 18 

3. Comparison of Palmer Index coefficients 
for arelii.s in the Colorado basin for October ••••••••••••• 22 

4. Regional statisti~s on Colorado winter 
whe.at production, 1941-1981 ••••••••••••••••••••••••••••• 43 

.•' 

viii 



:. , 
,,,._·,,. 

r . 

'",'I 

j~< 

'·'. 

.. ·~ ' .. 

Use of the Palmer Index and Other 
Water Supply Indexes for Drought Monitoring· 

In Colorado . .;-

Abstra~t 

The Colorado Drought Response Plan of 1981 assigned drought 

. " <·',t 

monitoring responsibilities to a special intergovernmental technical 

working·group cal1ed the Co~orado Water Availability Task Force (WATF). 

The intent of this· group is to use existing data. 13ources ~nd informat~on 
,2- •:'' 

products to monito'r Colorado's water supplies •. The information 
·~, ...... 

assembled _and interpreted by the WATF is then used 'by State decision 

makers to guide ~tate government '.s response to drought_~ 
~· . ; '. ;·. 'i\;; ... ..• :: \, ;.:, 

The Paimer Index, develope~_:·in the 1960's, has.becom~'1 '1 a credible 
., 

t~ol for monitoring drought and" :~~~ess/ng d~ought severity on the' 
l:: !,-

national scale. It reasqnably d~pi.~ts soil.moisture conditions using a 

simple hydrologic balance accounting for precipitation~. 
~ -., '· 

evapotranspiration, runoff and I soil mdisture recharge~~ .. However, 
) . 

experiences of the WATF have rev~aled that Palmer ~Index values, 
., " ~ . :~{' 

currently generated weekly through th_e gr,owing season by the National 
. ' 

Climatic Data Center for 5 clirn~fic .' d,iv:i,.sions in Col<;frado, were only . g\L)~~.. " . . . . . , 
margina;lly useful ror drought{.i:iJ.onitoring~ The .r:~gions were too large 

i \:' .". 
and climat_ically diverse, arid:"::lnput temp'~·rature. :arid precipitation· data 

were :q.ot adequat.ely' controlled to produce consistent and ;_meaniz:igful 

results'. 

With the encouragement arid cooperation of the WATF this project was 

undertaken. to.adapt_ the Palmer Index model to Colorado. The original 

. pro_gram was. brought to Colorado, the state was broken down into 25 

cl·f~atically sim,i.lar .regions;·1a~d a simple routin~·;./f'ot adjusting input 
.. : . '11. \ -.·:·s. 

data tq correct for missing data and station moves "was implemented. The 

ix 
'/' . ~ .... /. 
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existing model ~as 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 original indexes show' noticeable 

differences and considerable small scale detail which'prev-iously could 
•' { 

not be resolved. With the new smaller regions it is riow reasonable to 
' ... \ 

use contour analysis of Palmer Index values to visualiy describe local 

variations in drought severity across Colorado. Two case studies were 

conducted to show how the new indexes compared to original index values 

during se.vere drought 'e:iituations: 1) the end of the 1956 drought on 

the Eas'terri Plains, and 2) . the 1976-1977 winter drought in the Colorado 

mountains. 

A particular application of the Palmer Index was given special 

attention. Palmer. Index values were correlated with dryland winter 

wheat yields. The best correiations with annual yields were obtained 

using June 1 or July 1 Palmer Index values. Good correlations were 

obtained in most of the ma.jor wheat growing areas but especially in the 

northeastern counties of Co1orado. Better correlations were obtained 

using indexes ca'lculated for the.new areas than were obtaining using the 

original index values. 

The WATF _agreed that the capability to calculate Palmer Indexes here· 

irt Colorado, with our own choice of climatic divisions, greatly 

increases the utility of this drought monitoring tool. More refinements 

are possible, and further study conducted jointly with agricultural 

interests would be desirable. This index is already of sufficient value 

to the WATF :. to justify the low cost required to produce it.' on a routine 

m'ohthly basis. 

x 
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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 happens -- all too often. 

When it does occur it can ha've' devastating effects • 

Little skill has been showri in forecasting drought episodes long in 

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 drought severity between: adjacent counties 
:: • '- J ~ 

during a large scale drought period; is essentially impossible. It is 

possible, however, to monitor the· ~mergence of drought and to anticipate 

possible impacts. 

Serious droughts take months and sometimes even years to 

materialize. Hence, by monitoring the current status of water 

supplies precipitation, snowpa'ck, streamflow, reservoir levels, soil 

moisture it is possible to detect. 'aeveioping dtought, observe the 

areas most susceptible to impacts, and in some cases take action to 

avoid or minimize these imp~~~s. This is the philosophy behind the 
. . ~ 

Colorado Drought Response Plan (Lamm, 1981) -~ a plan which was 
~ 

formulated during and after the severe winter drought of 1976-1977 in 

the West and which was col:ll:pleted during the lesser but equally alarming 

drought winter of 1980-1981. 

A. ~urrent 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 
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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 Colorado 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 t;:he State. The information supplied by the WATF 

is used to trigger various.levels of action and decision making which 

compose the State's response to drought. So f~r since 1981, water 

supplies ·have remained verY: good in Colorado and little action has been 

required. The mechanism is i~ place, however, and will hopefully 

continue to be, as drought· will most .certainly reappear. 

Several existing 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 University (Office of the State Climatologist), 

2) Water Supply Outlocik a monthly summary report published 
(January-May) by the u._s. Department of Agriculture, Soil 
Conser:vation Service (SC.S) which summarizes mountain snowpack 
conditions, streamflows, and reservoir storage, and predicts 
summer streamflows in the .. State's major watersheds, 

· ~3) 30-day Outlook -- a bi-monthly forecast of temperature and 
precipitation for the entire country prepared by the National 
Weather Service. 

In ad9,ition to these, wind erosion int'ormation 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 calculat;:ed for 5 Colorado 

regions by the National Weather Service in cooperation with the U.S. 

". 

./ 
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Departme,nt of Agriculture, and ground water data made available by the 

State Engineer and the U.S. Geological Survey, are all ex~mined 

·routinely by the WATF to monitor water supplies affecting a.11 areas' of 

'Colorado's economy. All of this information is summarized in a brief 
. /. 

monthly statement currently being developed by the Colorado Climate 

Center. If found useful, this statement called "Colorado Water 

Availability Status Report" (see exampl~ in Appendix B) will· be produced 
,./ 

regularly and will incorporate all curr~nt-.' drought monit~ring 
.· .. :_ 

capabilities and information. 

B. Di rec tidns for Developme~t.,~.·6i "'colo~ado' s Drought 
Monitoiing Capabilities 

;"'~~<-;'~ \ ~ .=.~~: . " \- ' 
There is considerable ro01n· for :·tmprovement in State drought 

"<,; .. ~:· .• '(/: 

monitoring. Communication of pertinent data is currently .Pai_nfully 

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 emerge• 
: ' 

0{~ ~;;: ' 
Communication links are very ;pec)ple.dependent with the cooperation 

of key individuals in several agencies being prerequisite to a 
'}"i 

functional drought monitoring., :system • 
.:-· ~ 
'~·.' 

"' 

,_ 
'·~-:;, '' 

It is a credit to the present 

leadership and to the key individuals involved, th.at the cu:rrent;.<high 
···: :_ 

J] 

level of cooperation has been maintained, even in times of plentiful 

water and scant budgets. ·Eventually a more formal, less individual-

dependent, cooperation must be develope_d to assure ongoing drought 

mon:f,toring and dat.a 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 

:. ~.! 

.. :.f }:::. 

_,·' 

"" \ .· 
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drought 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 

ongoing research. Through applied research in Colorado and elsewhere, 

new data sources can be explored such as satellite. imagery, new 

' technology can be incorporated such as improved data transmission, and .. ,' 

new information products can be developed similar to the water supply 

indexes currently being tested. 

Colorado is for'tunate to be at the headwaters of considerable water 

resources research.' . It is the State's responsibility to encourage this 

work and make use of it. ·,· 

This particular res~arc~ ,project described in the chapters which 

follow, examines the u~~ .'o.f 'the" Palmer Index for drought monitoring. 

This is just one small example of the opportunities to apply the results 

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

Colorado. 

'"' .;, 
°'1!" ;, 
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II. THE PALM~R INDEX 

.A. History and General Description 
. ~ " 

In the early 1960's, Wayne C. Palmer developed a methodo:logy to 

quantitatively assess prolonged unusual wet and dry periods. The 

method, developed at the u.s. Weather Bureau's Office of Climatology, 

was described in detail in the paper "Met'eorological Drought"' .published. 
'· .... 

in 1965'. (Palmer). The method was based q~: .the cpncept of a simple water 

balance~ ·Using measured precipitation, '.:'·~stimated ~vapotransp1ration 
i . ~ ; . 
\ 

(Palmeri and Havens, 1958) and by determining climatically chdtacteristic 
' 

runoff· ~nd soil mo.isture recharge in the .iopsoi],. arid root zorie, it is 
I . 
~ ·. ' 

possibl~ to perform hydro~6gic acc6unt:Lng. P~rtttioning· the :actual 
)f~ :" i~:.:~': .·. : 

precipi~ation (on a weekly or ~o'nt}lly;'Qiis.f:s) and residual soil moisture 
. ~1r~ ·1~?~f.~::;_~~~:~·:-·-.~. 

into., runoff, evapotranspiration, and te·¢:harge, yields much mor~ 
' ;cit 

'', :.· 
information pertinent for assessing drought than would pre~ipitation 

information alone. ·For example, an inch of precipitation in early 

spring_when temperatures.are cool pdds much more moisture to the soil 

than an .inch of ·rain in mid summe~ wp~n temperatures- are hot and 

evapotranspiration ·rates high •. ·simi{tr·~ly,_ an ~nch of rain .when the 

. I J~ ." ground is dry will contribute (llllich more moisture t.o the soil than an 

inch of! rain when the soil· Hi, saturated. 
I 

! 
This '!lydrologic·aGcounting procedure was originally tested by . ! 

Palmer :on three experimental areas: · one in western Kansas, one in Iowa, 

and onei in North Dakota. Using monthly temperature (to estimate 

evapotr'anspiratiori) an:d precipitation for these areas over periods 

ranging .f:roin 32 to 7·6 years, climatic characteristics of the water 

balance were· calculated. These characteristics were expressed in terms .. 
of a series of coefficients (Table 1) • ·.The purpose of these·· 

-·· " ' 

" r 
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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 

Coefficient of 
Evapotranspiration 

Coefficient of. 
Recharge 

Coefficient of 
Runoff 

Coefficie'nt of· 
Moisture Depletion · 

Definition 

average evapotranspiration divided by 
the average potential evapotranspiration. 

average recharge divided by the 
potential recharge. 

average runoff divided by the potential 
runoff. 

average depletion divided by the 
~otential depletion • 
. ,'• . ·'• ., ..... 

Departures from the .climatically "normal" state for a given area 
r_;, 

could then be defined as contributing to wet and dry periods. The 

magnitude and duration of these departures both need to be considered 

when assessing the severity of drought or·wet periods. Palmer took 

these into account as he d~veloped 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 

extremely wet ·periods. The "Climatic Characteristic" was· used to adjust 

d.ifferent areas of the country with much different water balances to 
; 

this same consistent scale (Figure 1 ).. The final index value is what 

has become known 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. 
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I 
I +5 ,. Extreme Moist Spell 

+4 -! Very Moist Spel I 
+3 ·. :· 

I 
.. .. . . 

Unusual Moist Spell 
+2 I Moist Spel I 
+I - } Incipient Moist Spel I 

0 -1 N~~; N0rmol .. 

-I = } Incipient Drought . I Mild Drought 
-2 -1 Moderate Drought . 
-3 I Severe Drought 
-4 

'\ -J ,_, 

-5 I 
Ext re me Drought 

I 
I 

Figure 1. Interpretation scale for the Palmer Index. 
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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 periods of documented drought with 

significant economic impacts. Based on this outcome, the method was 

deemed useful for the entire country. The country 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 area 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. 
' '· .. 

L.• 

Due to the apparent :~i:;efulness of this index as a nationwide 

indicator of moisture excesses and deficits, the Palmer Index was 

eventually calculated and published on a routine basis. This activity 

has been carried but as a cooperative effort between the U.S. Department 

of Agriculture and the U.S. Department of Commerce,·National Weather 
I 

·Service. 

A second index called the Crop Moisture Index was developed 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 vegetation and field operations. As a 

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

drought fpr most agricultural applications. 

,_, 
,,[ 
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DROUGHT SEVERITY INDEX BY DIVISION 
(LONG TERM, PALMER) 

~ 
nm"t H.o E\iF.tv.t wen: ~n:u .. 
3.V h· ':!.9 '.'!~S l::-:s; ~;:: · 
Z.fl tc. 2.!f r::.-~~·;.:. v.~:~:' s; O!.I 
1.0 , .. 1.9 lll•l~'l' ~;.>?::.:. 

- .S tl) • • 9 INCIPU:!'T DRO!,;Ci!!T 
-J.C.t<>·l.9111i.flU?.C:·r,!:':" 
-:!.Oto•2.9llODDIATI:D!'.lll'GRT 
-3.0to-3.9Sl.V[REOl!Ol"GHT 

• .s ta ,9 1s-::r1£~i IC'l!": f.l•t:.L 
.~ to -.4 liE.\R sr,;.~;.:. 

BELOW -4.0 EXTRDI£ DROl:GRT ltOAA/USDA JDIKT AGRICULTURAi.. llEATHER FACILITY 

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 continue t·o be produced 

weekly~ for the March through October period for ~he entire country by :·· 

the National Climatic Data Center. Input temperature and precipitation 

data are.assembled 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 temperature and 

total preciptation for each area as calculated from available daily data 

for a select set of stations within each area. 

The calculated-Palmer and Crop Moisture Indexes are made avaiiab~e 

to the National Weather Service by means of their regular facsimile 

communication circuit~ General dissemination is accomplished by the 

publication, "Weekly Weather and Crop Bulletin" published jointly by the 

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 regions, and high 

rugged mountains. 

Palmer Index values for Colorado by month have been calculated back 

to 1931.- Considerable interest in this index in.the 1960's and early 

1970's has since given 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," 

,, 
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COLORADO 

KANSAS 
PLATTE DRAINAGE 

COLORADO DRAINAGE 

ARKANSAS 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 
precipitation annually and areas which average .more than 60 
inches per year. Likewise, average annual temperatures in the· 0 . 
Colorado dra~nage 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 result, 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 vaiues 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. Goals of this Pr~ject 

This project was undertaken with the overall goal of improvin~ 

drought monitoring capabilities within the 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 Drought Index for use by 
the WATF. 

• Compare the Palmer Drought Index with winter wheat yield. 

The last item was a change from the original proposal. Originally, 

other indexes were to be examined. However, interaction with the WATF 

lead to a concentrated effort to compare Palmer Index values with winter 

wheat yields to help demonstrate the benefits of using this type of 

index. 
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III. PROCEDURE -- PALMER INDEX CALCULATIONS FOR COLORADO 

A. The Computer Program 

No effort was made by the Colorado Climate Center to develop our 

own local version of the Palmer Index computer program. Instead, a copy 

of the computer program written in FORTRAN was obtained from the U.S. 

Department of Agriculture North Central ~orest Experiment Station in 

East La:nsing, Michigan. According t0 William Main (1982), i who 

originally wrote this particular version of the program, and contacts at 

the National Climatic Data. Center (Lewis, 1982), the u·.S.D~A. model was 

consistent with the operational model being run at the National Climatic 

Data Center. Some minor differences were possible due to differences in 

computers. The U.S.D.A. model was also the version of the program used 

by th.e 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 the 

National Climatic Data Center (1982). Very little' additional work was 
' 

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

CDC mainframe computer. 

B. Program Verification 

To verify that 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 Colorado. This area 

was chosen since it was the most climatically homogeneous 'of the 5 

existing Colorado .divisions and because there was only a handful of 
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input data points in the area. Monthly index values were C,alculated 
i .: 

: t . ·-, \. : ~ ::·. ';·: ·-~ 
•··using monthly t~mperature and precipitation data for ·all weather . 

stations in the area during the 193l to 19?2 period. Our results were 

then compared to the monthly index values preJiously generated- for that 

area by the National Climatic Data Center. 

The results of this comparison test are show_in Figure-4 for the 
' . - . 

10-year period 1951-1960. Identical values .. were not obtained throughout 

the period. However, ·with few exceptions, differences were small enough 

( (0.2) to be considered .trivial. From available information there is no 
. . 

~way.to fully explain the few instances such.as early 1957 when 

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

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

original input data. This is a reasonable explanation since additions 

arid 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 Palmer Index program adapted to Colorado. 

c. Development of New State Climatic Divisions 

A major element of this proje_ct was' to devise a new, more 

appropr~ate, set of climatic divisions for the state. Originally a set 

of 12 areas was proposed including 3 plains regions; 2 foothills areas,: 

3 mounta,in regions and 4 western valley zones. Actual examination of 

climatic averages for weather stations within these 12 areas stiil 

indicated insufficient climatic similarity and uniformity (homogeneity). 

Finally, 25 separate areas were chosen {Figure 5). Table 2 names and 

. identifies each of these. areas. This breakdown most effectively 

separated climatically and economically different areas of the state. 
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Kansas Drainage 
+5 

+4 

+3 

+2 

+I 
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- Original Palmer Index 
--- Colorado Version 
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-5 

Figure 4. Monthly Palmer Index values, 1951-1960, for the 
Kansas Drainage. Original National Climatic Data 
Center values (solid line) compared to values 
calculated by the Colorado Climate Center ·(dashed line). 
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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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Region 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

12 

13 

14 
15 
16 
17 
18 

19 

20 

21 
22 
23 

24 

25 

18 

TABLE 2. 

Regions Selected for Calculation of Palmer Index 

I 

2 3 I Number of Average ; 

R • 1. Weather Latitude: 
egion Name· Stations (deg. minJ) 

Arkaµsas - Southeast Plains/Mesas 5 
Arkansas - Valley Bottom 12 
Arkansas - Plains North of Valley 8 
Arkansas - Adjacent Plains/Mesas 9 
Arkan.sas - Foothills 5 
Arkansas - Collegiate Valley 2 
Arkansas - Upper Valley 3 
Kansas - Southern Plains 8 
Kansas - Northern Plains 6 
Platte - Northeast Plains 8 
Platte - North Front Range 

Adjacent Plains 6 
Platte - South Front Range 

Adjacent Plains 11 
Platte/Arkansas - Pikes Peak 

and Palmer Divide 12 
Platte - Foothills 13 
Platte - South Park 2 
Platte North Park 2 
Rio Grande - San Luis Valley 10 
Colorado - Lower Valleys (Colorado, 

Gunnison, Dolores) 19 
Colorado - Lower Valleys (San Juan, 

Dolores, Animas) 10 
Colorado - Lower Valleys (Yampa; 

White) 8 
Colorado - Upper Valley - Gunnison 6 
Colorado - Upper Valley - Colorado 6 
Colorado/Rio Grande - San Juan 

Mountains 13 
Colorado/Arkansas - Central 

Mountains 12 
Colorado - Northern Mountains 7 

! 
37°21' i 
38' 6 ! 

38 34 
37 30 I 

37 53 
34 42 
39 11 
39 21 
40 19 
40 34 

40 35 

39 48 

39 04 
39 51 
38 58 
40 36 
37 36 

38 58 

37 27 

40 18 
38 24 
39 54 

37 43 

39 12 
40 08 

3 Average 
Elevation 

(feet) 

4295 
4132 
4631 
5708 
7665 
7709 
9659 
4457 
4066 
4531 

5100 

5378 

6390 
7645 
8718 
8248 
7814 

I 5408 

6846 

6012 
7890 
7251 

8607 

8969 
8509 

1 Name based on traditional drainage basin name followed b~ description 
for local area. 

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

3Averages obtained by averaging latitudes and elevations of the weather 
stations used in each region. 
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It also complemented reasonably well the divisions already.selected by 

the USDA-Soil Conservation Service and the Colora,do Division .of Water 

Resourc~s, ·for calfulation of their new Surface Water Supply Index 
; 

(SWSI).' 

.D.. Input Data 

It; was the expressed intent of this project to make use of only 
. : 

consish¢nt ini:n.it data. to avoid the problems of the current national 

me,thod;, · Curr.ently divisional input data are formed by ·averaging the 

we'.ekly or monthly, data from a set of stations in each area. These 

stations may cha,nge over time as individual stations are moved or are 

terminated and new stations are added. While this may not be a problem 

in many areas of the country, this has contributed significantly to the 

lack of-credibility of the Palmer Index in Colorado.· 
' ' A simple ·,procedure was developed to minimize this problem. First 

of all~ by making the areas smaller and more climatically uniform, much 

of the·problem goes away immediately. However, in making areas smaller~ 

the number .of stations averaged to produce the division input is also 

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 temperature and precipitation for all currently 

reporting weather stations in Colorado were calculated based on the 

1961.;.1980 period. ·If 20 years of data were not available, available 
. . 

averages were adjusted to 20-year averages ·using nearby stations~ The 

result was a set of monthly averages for 203.regularly 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 input data were then generated for the period 1951 through 

1980. Values were obtained for each area by calculating the _temperature 

departur~ from the 20-year average 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 <;>nly and' perhaps not even the best way to minimize 

the effects of station moves, changes, and missing data. It is a:,simple 

method, however, and an appropriate one for developing consistent input 

data for a model which is more sensitj.ve to consistency than 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 i:;imply. by running the model 

on a long time series of data. This was done for each of the 25 regions 

using 1951 through 1980 monthly data. 
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The new coefficients will not be presented here •. However, one 

;.example is appropriate to point out just how much climatic differences 

were hidden in the· old division breakdown. Table 3 compares the 5 basic 

~oefficients prer~quisite for Palmer Index calculations for the several 

areas which compose the original Colorado basin. Major differences are 
' . 

apparent. Even without a good understanding of the exact meaning and 

interpretation of these coefficients, it is still obvious that the 

original values were not appropriate for specific subregions within the 
t 

Colorado drainage basin. 

F. Index Calculations 

All the preliminary work described in the previous sections had to 

be-completed before it was possible to begin tµe actual calculation of 

Palm~r Index values. This final step was very straightforward and 

simp!e. Using the newly generated area coefficients and the carefully 

prepared input data, the program then generated monthly index values for 

·the ent~re 1951 through 1980 record. An example of the output is shown 

in Figtire 6. The program keeps track of all the hydrologic'accounting 

and prints out these values monthly. 

Estimates of the Crop Moisture Index are also generated by this 

program. Possible applications of these results will be discussed in a 

later chapter. 

Index values were calculated for all months, 1951-1980 for all 25 

area~ except 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 

Coe£:. of Coef. of 
Coef. of Moisture Coef. of Moisture Climatic 

Area Evaporation Recharge Runoff Depletion Characteristic 

Original Values 

Entire Colorado Basin .7482 .0406 '.oooo .2237 2.4086 

New Values 

18 Lower Valleys .5747 .0321 .0000 .4213 2 .3077 
(Colorado, Gunnison, Dolores) N 

N 
~i. 

19 Lower Valleys ' . 7129 .1175 .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) · \.• ' 

23 San Juan Mountains .9281 .2341 .0679 .1926 1~3244 

24 Central Mountains .8994 .1207 .0064 .1956 1.9946 

25 Northern Mountains .9419 .2251 .0280 .1465 1.7839 
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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. -6 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· reasons 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 wette.·r than normal (PI ) 0) 

throughout most of 1966 while the Northern Mountains quickly dropped to 

-2 and below. In the Platte Basin (Figure 7b) the northeastern plains 

experienced nearly an entire abnormally wet year from spring of 1967 
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·,..C. • 

A COLORADO RIVER BASIN 
l;... 

+6 - Entire Colorado Basin 
--- Northern Mountains 

+4 - Southwest Valleys 
x 
<1' 

"'O c 
"-<1' 
E -2 

·c£ 
-4 

-6 
1965 1966 1967 1968 

B PLATTE RIVER BASIN 
+6 

+4 

x +2 
<1' 

"O c 0 
"-<1' 
E -2 
~ -4. 

- Entire Platte Basin 
--·- Northeast Plains 
-- South Park 

-6 
1965 1966 1967 1968 

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 occur'i-i1'lg ... i~:··thatimall area of the s,tate. 
"·-......._-' 

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 subreg'ion 

while a nearby subregion indicated moderate drought. Assuming these 

calculations are correct, the implications for an effe~tive 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 the evolution of the 

severe winter drought of 1976-1977. 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 ~he PI is 

shown for comparisonG 

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 Sb) conditions were rapidly deteriorating from 

the mountains westward. East of the mountains remained near average 
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Figure Sa. Palmer Index pattern for Colorado for 1 October 
1976 based on the 25 new regions (top) compared 
to the Palmer Index information for the entire 
U.S. derived.from the origin~l climatic divisions 

j . (bottom). 
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Figure Sb. Palmer Index.pattern for Colorado for 1 January 
1977 based on the 25 new regions. No U.S. 
information available. 
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except, again, for the northeast plains where moderate to severe drought 

conditions prevai;J.ed. 

Already by April 1977 .(Figure 8c), severe to extreme drought was . 

. indicated nearly ever}rwhere along and west of the.Continental Divide. 
- . i . 1~ ' .; : 

I. ' ~ 

.Dry.condftions pr~.Jailed in northeastern Colorado although not as severe 

·as before. The moist area in the southeastern part of the state 

· gradually shrunk. 

The peak of the drought was. reached in mid summer (Figl;lre 8d) as 

the entire western portion of the state reached extreme drought levels 

, with values approaching all time low figures. A, smaller pocket of 

severe to extreme.drought was observed along the Front Range northward 

~rom Denver. The· remainder of eastern Colorado was in much better 

shape.: ·Northeastern Colorado had actually improved somewQ.at since 

winter. 

During this p~rticular drought period, the national analyses were 

fai~ly consistent with the higher resolution Colorado data. How~ver, 

the detail, and the confidence ass9ciated with that detail, was much 

greater with the local analys¢s. The national analyses were unable to 

pick out t_he variations in eastern Colorado. In fact, the national PI 

analysis for July 2, 1977 (Figure 8d) gave no indication at all of the 

local extreme drought area near Fort Collins. That analysis was very 

accurate and is clearly indicated in the accumulated precipitation map 

for Colorado presented in Figure 9 (Doesken and McKee, 1978). The 

July 1,PI pattern as a whole was _very consistent with.the pattern of the 

October 1976 - June 1977 accumulated precipitation as a percent qf a 

average. 

:,, 
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Figure 8d. Palmer Index pattern for Colorado for 
1 July 1977' based on the 25 new regions 
(top) compared to the Palmer Index 
information for the entire U.S. derived 
from the original climatic divisions (bottom). 



32 

-------------·~--~--------------~ q• 

I ~ .~ ' \ 62 •-·"• ' I I I I -0- <>•-·- 79 ' 
'
I ··- ·-~-"""" I 143" ~----1 """ \ 11.::' ' '""'3"1 127 I ·;;;· r'~ 53o. 6~.. '· · ·-~~!~·~?.. · --- 1 ·:;;'...L -~· , 
I 47 ',.,_ .... -·•··~-o. 49 ·1°···:1175 r -'1----· !j_ ___ __,\ 
I -m-o l! .,.... 4?..s .... """"";:"J' 'I ~L J 1 OT Jl:' l 
-·--------- -- 0 , '""''"'"+""" ---·--; 77 <> -·@•• 8\ 138 

r ·-i:·· ~~ 1·-·1 65·-··· ...... ~ .•• ·-'""<i··· ..... i I h.o:- ~· 
1 47 ~:;,"~~.O: '•••:i,-t" 47 ' -..~-'.:..."1 ,,,_,.57:.::~.---·-' r4 : 

1
1 47 3-1 1· _ _J-,{"""""o'"~"·~. ""r-'"9' 83 \ . r· ·132"'-·-·•82· "-e::::.· ........ 60 ...... ~ I '1 .• ~ .. ·· \ ---J---- 51 ' Qp ··~·- I \ll:.f~~£_:::--"-·-·1 . ' 0 

4- I 

: • .4.8 ...... -.!Jo.::c:·Y' .. - »....... 1-t n/~--,,-----~---·-T ·_._·-·-f3'3'i 
I. --- <> __]'i 4'!1_ I .... ~. • • .... ' !""': :gii:.. I ' l,.Q.L \ 

·-· ............. . 8. ,. I -o- ...... 42-. . ......... S6" ;"· ·--.. I 7~"°""-'.'11 112 50 -- ·-(i·-· ·- ·- .. 5""" I I '''i"<i" •:; -0- -~ 
-···-<> @ """''"'"" / l....._,_ 41'' .......... 40 9{.-,. -------i I . I 40 52 ./111" I .... ~" -~ I I . . -----·-:< 

./ ~·- : '"""M" 4 v""l.. I I 1~3 .l.l .J-;' I I I . . r"""'" , " """ -o- I I l. ""; - 109 ,,.,_ -o-, -0 I T........... - .. ~... -. I I ~ °""_ ..... 
..... ,.h • ' 3 ( 921 "'1··-"""'""" I o•-• I 

I<> I-·-·----l 2 ----... "'."::! ·-·~·... Jz 3Q I I •<J.• j ~,,,.,. ___ , . ·ttA--· ---, · ___ _, ··-··.. 'jo ":;'.·· 4a . 1- ____ · _...=; .. - 2 :J 1 
I .Q ~ '"""'""' ~.... -·•, - -t- "I "'"" ...... J 

· . "°" ........ 4~-.. - r·---- -"""°" )0 I I o ...... ·,:- 'l 59 '·, Ji9 84. ' -·--____ _J)2 • ·------ ........ ...:... --;)]_mr ~ -~.4--9~ r-- lJL \ ··:<1~ ··.;;.... 92 6~ ___ ,.Jl:Q.~-· .. ··-- ~?.: 
I ••• -•'> "'"" ... 11:5 ' ''"""n ~ I <> + I <> -o- • 

" 4, ~ y I •• ,_._, -'""""'"""~ '117 I 
I·-----. "MJ • \ ...-/''< 9~.. l ~ 5 ··-1·0·1·..... I ........ .......... .. ,~']' ") ,. ---.......... . 
f25 y ':<'."~· ,,_..,~,154 -}•"'°'""'"'•40 QI;\ ~-• ~···•?-- , ; I 
I ~·(~ I. J '-=-.=~;----vq;;/ O· • • -......;_ L 1' r·-·1"°'·-n·"'. ,._ . .,,...._, . 55"°".-..... ! -·-·~i·:-:- ~·-·•·"( L--·-· .-,-.---'--..~=--

' ~ .... "ti "'"·-··'·"'" """ • 87 r ' · """ I o-.. sy ::.::.=-~t·;'~'"'' ._; I 40 I·-.. -71100 \ 71 r 104 I ;. . 121 -.. 29 .JJ ,_ ' • ~ ~ I ~ --b- 'II' I I -<> 0 
- "'O ·-r -,----.___ ·- v·~ 117 I 165 -;;-' 

I -"'<!!'""" <> -0- I 37 I_ I ·-·~ @, ___ ,,... I 
) 'll""' .... $ .. , I •·:;;· 1 I f24 '";;'.'' -·· I , .:8 ' . 76 105 104 

...... ,_ .. .... 
0 •• - ...... ..,. 
0 ,, ... - .... -
<>::+ 4 ........ -~,._ 
-¢- .. ~ ..... _ .... ~_,_ ,,..,,_. o--.. .. ...-... ai--
- ..... - ... -....---o-r1----·· 

COLORADO 
1~:....!~o 

IOSTH MERJOIAN·TIME ZONE 

Figure 9. Precipitation for the period October 1976 
through June 1977 as a percent of the 
1951-1970 average. 

I 



33 

D. Case Study: '.1956-1957 End of the Mid-50's Drought 
on the High Plains 

A second .example of local variations and ·changes is shown in Figure 

lOa..,.f. National analyses are not available for that time period. 

Instead the index values for the specific state climatic. diviSions are 

shown fo~ comparison. ·In this sequence, extreme drought develops during 
. . . 

the su~~r of 1956 in east cen.tral Colorado (Figure lOa, b). Drought 

· e~pa:nds into ,southern and western parts of the state (c) and then begins 

to abate in the northeast (d). Moderate to severe drought condi~ions 

continued through the winter in the southeastern half of Colorado (e). 

Then a:long came a very wet spring which· totally washed away the drought 

( f) •. During the 30 years, of data used in this study, this was the most· 

dramatic example of how abrµptly serious droughts .can be ended. 

Once again, the original PI values gave an adequate large scale 

description of moisture conditions. However, the detail afforded by 

this .special Colorado Pl study gave niuch more information on the nature 

of this drought as it affected Colorado. For example, excellent winter 

precipitation in early 1956 in the Northern and Central Mountains and 

the upper Arkansas Valley showed up clearly on the local analysis while 

it was not at all aP.parent from the large basin PI values. Also, the 

large basin PI.values did not show how the area of most severe drought 

continued westward from the Burlington area almost all the way to Denver 

and Colorado Springs, while the extreme northern and southern portions 

of.the Colorado High Plains were only experiencing moderate drought. 
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Figure lOa. Palmer Index pattern for Colorado based 
on the 25 new regions (top) and Palmer 
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(bottom) for 1 April 1956. 
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Figure lOb.· Palmer Index pattern for Colorado based 
on the 25 new regions (top) and Palmer 
Index values for the 5 original divisions 
~bottom) for 1 Jtily 1956. 
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COL.ORA DO 

-3.7 

COLORADO DRAINAGE 

-2.5 

KANSAS' 
DRAINAGE 

I 

-5;2 

ARKANSAS DRAINAGE 

-4.7 

OCTOBER I, 1956 

Figure lOc. Palmer Index pattern for Colorado based 
on the 25 new regions (top) and Palmer 
Index values for the 5 original division~ 
(bott,om) for 1 October 1956. 



37 

COLORADO 

+0.5 

COLORADO DRAINAGE 

-2.6 
ARKANSAS DRAINAGE 

-4.0 

JANUARY I, 1957 

Figure lOd. Palmer Index pattern for Colorado based on 
the 25 new regions. (top) and Palmer Index 
values for the 5 original divi~ions (bottom) 
for 1 January 1957. 
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COLORADO 

-0.5 

COLORADO DRAINAGE · 

+1.4 

ARKANSAS DRAINAGE 

+0.0 

APRIL I, 1957 

Figure lOe. Palmer Index pattern for Colorado based 
on the 25 new regions (top) and Palmer 
index values for the 5 original divisiQns 
(bottom) for 1 April 1957. 
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figure lO_f. Palmer Index pattern for Colorado based on 
the 25 new regions '(top) and Paimer Index 
values for the 5 original divisions (bottom) 
for 1 July 1957. 
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v. APPLICATION OF THE PALMER INDEX IN COLORADO 
TO WINTER WHEAT PRODUCTION 

A. Wheat Yield Information 

The examples presented in the previous sect'ions have indicated that 

the Palmer Index, calculated for relatively small geographical areas, 

yields realistic estimates of overall soil moisture conditions compared 

to the climatic normal. This does make it useful as a general tool for 

drought monitoring. The value and usefulness would be even greater, 

however, if it could be applied to the impact side of drought. Drought 

is not really drought unless there is some hardship caused by the lack 

of normal moisture. For this reason, a specific application area was 

selected to study how the Palmer Index could be used as an indicator of 

economic impact. 

Winter wheat is the dominant cultivated crop in Color~do's 

agricultural economy. More than 3.5 million acres have been planted 

each year since 1980 accounting for nearly half of all the cultivated 

land in Colorado. Only about 4 percent of all winter wheat grown in 

Colorado is irrigated, so the bulk of Colorado's wheat relies solely on 

precipitation and stored moisture in the soil. As such, it is an 

appropriate element of Colorado's economy to study. While drought-

hardy varieties are being and have been developed, winter wheat 

continues to be very climate sensitive. The Palmer ,Index, being 

essentially an indicator of deep soil moisture, is ideally suited for 

comparison with wheat production. 

In this study a very simple approach was taken. Wheat yields in 

the various subregions of the state were compared to Palmer Index values 

for the past several years using simple statistical correlation 

techniques. 
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Several assumptions and approximations were required to·facilitate 

this comparison. 

1) Wheat yield information for each year 1941-1981 was obtained 
from the Colorado Department of Agriculture, ncolorado 
Agricultural Statistics" annual reports. 

2) Yield statistics were based on average yield '(bushels) per non~ 
irrigated acre harvested for each county. 

3) The subregions used for Palmer Index calculations did not 
correspond to county areas. Yield info·rmation was determined 
for· each subregion by selecting the major wheat producing 
county within the subregion. In large subregions yield 
information from 2 or 3 counties were combined, weighted 
proportionally according to the total production in each 
county. 

4) Yield information was assembled for only 10 of the 25 
subregions. These 10 areas accounted for 90% of the total 1981 
production. No wheat is grown in 9 of the 25 subregions. 

5) · Wheat yields have· improved due to changes in farming practices, 
technology, and wheat varieties. This improvement, while 
almost certainly nonlinear with time, constitutes a· trend which 
is unrelated to climate. Simple linear regression was used to 
remove this trend from· the data. 

Average.yield for each year from 1941 to 1981 is plotted for two 

major wheat growing areas of Colorado in Figure 11. _The trend line 

obtained by linear regres~ion is also shown. This trend line will be 

considered as the "average" yield for a particular area for a particular 

year. Later analyses will refer to annual departures from "average" 

yields·. Significant year to year differences can be seen in this figure 

along with large differences between subregions. For example, the 

effects of the mid-1950's drought appears to have been much greater in 

region 8 (Kit Carson county and surroundings) compared to region 10 

(Weld, Morgan, and Logan counties).· Yields in general have been more 

.c~il'~:istent in region 10 then in region 8. 
>. 

'Table 4 summarizes the regional winter wheat yield information used 

in this study. The highest, average yields occur in northeastern 

\ 
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Figure 11. 

1950 1~60 

Year 
1970 1980 

Time series, 1941-1981, of.annual average 
wheat yield in Region 8 (southern half of 
Kansas drainage) and in region 10 (Platte 
drainage -- Colorado northeastern plains). 
Dashed lines are the "average" yield defined 
by t~e trend line obtained using linear 
regression. 



Annual 
Avg. 

Temp. 
Region ( ~) 

1 S3.2 
2 S3.3 
3 so.7 
4 SJ:.8 
s 43.9 
6 44.9 
7 34.s 
8 so.a 
9 so.4 

10 48.7 
11 48.8 
12 49~9 
13 46.4 
14 4Q.9 
lS 36 .8 · 
16 36.1 
17 41.9 
18 so.a 
19 46.1 
20 44.0 
21 38.0 . 
22 39.1 
23 38.3 
24 36.2 
25 3S.8 
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TABLE 4. 

Regional St.atistics on Colorado 
Winter Wheat Production, 1941-1981 

Estimated** Estimated** Estimated** 
Average* normal normal annual 

Wheat yield as yield as rate of 
Yield of 1941 of 1981 improvement 

(bu/acre) (bu/acre). (bu/acre) (bu/acre)/yr 

14.7 12~S 16.8 +.ll 
lS.3 13.1 17.6 +.ll 
16.6 13.0 20.2 +.18 
13 .9 12.0 lS.9 ·.+.IO 
13.9 not calculated 

Insufficient wheat. grown 
Insufficient wheat grown 

18.3 14.6 22.s +.20 
23.7 17.4 30.2 +.32 
21.a lS.S 28.Q +.31 
22.4 18.2 26.6 +.21 
23.9 not calculated 
17.8 not calculated 

Insufficient wheat grown 
Ins.uff icient wheat grown 
Insufficient wheat grown 
Insufficient wheat grown 

.16. 6 not calculated 
lS.7 14.8 16.6 +.04 
20.2 19.4 20.9 +.04 

Insufficient wheat grown 
17 .9 not calculated 

Insufficient wheat grown 
Insufficient wheat grown 

23.S not calculated 

*Yield statistics are based on acres.harvested. Regional .statistics 
obtained by selecting representative counties in each region. Data· 
obtained from "Colorado Agricultural Stat is.tics". Annual Publications, 
1941-1982. State Department of Agriculture. · 

** Linear regression analysis used to determine estimates of annual normals 
and trends. 
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Colorado. Regions 9 and 10 have experienced the greatest improvement in 

yields over the past 40 years and also the most consistent yields on a 

year to year basis. Yields are much more variable and have improved at 

a much slower rate in southeastern Colorao. Yields on the Western Slope 

have shown little improvement in the past 40 years. 

B. Correlations of Palmer Index Values with Wheat Yields 

Using the winter wheat yield data, a number of comparisons with 

Palmer Index values were performed using the monthly PI values for each 

subregion. The first analysis was a comparison of annu~l wheat yields 

with the PI value for each month beginning 6 months before the typical 

· planting data, continuing throughout the entire growth cycle of the 

crop, and terminating 6 months after harvest. The results of this 

correlation for region 8 is shown in Figure 12. Correlations were 

performed using both the actual yield data and also the yield residual 

(the difference ·between the actual yield and the "average".yield for 

that year as defined by the trend line shown in Figure 11). 
j 

Correlations were significantly improved when the "average" yield (trend 

line) was removed. During the months prior to planting, the correlation 

coefficient improved steadily from 0.2 on March 1 to O.S on September 1. 

Improvement continued during the fall growth period but leveled off 

during the months of winter dormancy. Beginning March 1 of the harvest 

year the correlation began a steady improvement which peaked with a 

correlation coefficient in excess of 0.8 on July 1 near the time of 

harvest. Correlations, following harvest, degraded rapidly but remained 

above 0.6 at the end of December. 
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Figure 12. Correlation coefficients of the Region 8 monthly 
Palmer Indexes correlated with wheat yield (solid 
line) and with departures from "average" trend 
values of yield (dashed line) for the period 
1952-1980 . 
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In other regions of the state a similar pattern was observed. P.eak 

correlation coefficients varied from as low as 0.6 in'RegiOn 2 to 0.85 

in Region 10. The best correlations with wheat yield usually occurred 

with the June 1 Palmer Index in the southeastern regions and with the 

July 1 Pi in northeastern and western Colorado, but this was not 

constant. 

The correlation coefficients, whil'e reasonably hi:gh, are not high 

enough to indicate a high predictive value of the PI ~everal months in 

advance. The correlation coefficients during the previous autumn were 

rarely much above 0.6 meaning that only 36% of the poss_ible variations 

in yield could be explained by the PI. Correlation coefficients 

exceeding 0.7 or .0.8 (explaining more than half of the variation) 

typically occurred only during May, June, and July. 

c. Comparison of New Index Values with the 
Original Palmer Index Calculations 

The question basic to this research project is, "Can it be shown 

quantitatively that Palmer Indexes calculated for new and smaller areas 

of Colorado are significantly better than the values already being 

calculated for the 5 large drainage areas of the state?" An attempt is 

made here to answer this question using winter wheat yield as the 

indicator. 

A time series of June 1 PI values for Region 10 and for.the entire 

Platte drainage area1 is shown in Figure 13; Also plotted are the 

annual wheat yields in that region and the difference between. the!actual 

yield and the estimated average yield for each year~ 

1At the time this report was written a compl~te time series of PI 
values for the original Platte Drainage had not yet been obtained. 
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· Pla~te Drainage - Northeast Plains (Region 10) 
- Wheat Yield . 

--- Local. Area Palmer Index (June I}· 
Platte Drainage Palmer Index (June I} 
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'Fi~ure 13. Coincident time series, 1950-1980, of Region-_ lo wh~at 
yields, Region 10 June l Palmer Index values; and Platte 
drainage June 1 Palmer Index "-values (top graph)·. The 
bottom graph shows the same Palmer Index information 
plotted with' yield departures from the average "trend" 
values. '! 
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This figure clearly shows that both indexes generally ,traced the 

ups and downs of the wheat yield. The local area index picked up some 

of the smaller details better than the overall index and tended to 

follow the graphs of wheat yield more closely, especial-ly during the 

1960's. Some obvious discrepancies were present, however. In 195~, 

both of the June PI values were very high. There was no corresponding· 

peak in the yield data. Possible reasons for such discrepancies will be 

discussed in Section V.D. 

Figure 14 shows more quantitatively the improvement that can be 

obtained by using the PI calculated for smaller areas. In Region io, 

correlation coefficients were consistently at least Q.l higher for the 

local area index correlated with yield residual as opposed to the 

results obtained using the Palmer Index for the entire Platte drainage. 

This analysis did not offer results which conclusively showed the 

local area PI to be far superior to the PI for the entire drainage area. 

In several of the regions, the original PI's showed better correlation 

with yield data than the local area PI's several months prior to 

harvest. As harvest approached, the local area indexes nearly always 

correlated best with the yield. We are not prepared to off er a thorough 

explanation for this response. With only 17 years of overlapping data 

to work with, the statistical significance of this analysis is 

questionable. 

Another way was chosen to address this question. Figure 15 a-c 

shows local area and original drainage area Palmer Index va,lues along 

with.yield ·data as a percent of average for 3 years during·the.1970's. 

While absolute numbers did not always correlate well, local differences 

in wheat yields between adjacent regions were reliably consistent with 
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·Region 10 -Local Area Po.lmer Index 
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Figure 14. Correlation of 1952-1968 monthly Palmer Index 
values for Region· 10 with departures of the 
annual wheat yields from the "average" trend 
value (solid line). The dashed line is the same 
correlation using original monthly Palmer ]ndex 
values from the entire Platte drainage. · 
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differences in the local PI's. The national ana~yses were much too. 

coarse to· resolve these smaller scale vciriations~ 

One additional test was. per.for~ed t;o verify whether or not it. was 

necessary to "norm~lize." the temperature and precipitation data used as 

input for the Palmer model. "Normalizing" in this case refers to the 

adjustments made in the data to minimize the effects of moves and " 

changes ,of th.e reporting station. 
' I . 

,· 

In ;Region 11 Palmer Indexes were calculated first using the raw . 

data for the region. This means that monthly temperature and 

precipitation data from all stations in the. area collecting qata .. at any 

time during the 1951-1980 period were simply averaged together each 

month to obtain the regional inputs for the model. Indexes were then 

calculated a second time using input data which were adjusted based on 

the regional 1961-19.80 averages of only the curr·ent weather stations. 

Each set of PI values were then correlated with Larimer County wheat 

yield data. Figure 16 shows the results. The adjustments seldom 

changed the regional input climate data by more than 0.5° Fahrenheit 

and/or 0.10. inches of precipitation per month, and the effects on the PI 

values seemed small (usually less than +0.5). However, when correlated 

with wheat yield (Figure 16), PI' s calculated with the adjusted 'input 
. ' . 

data had a signit"icari::tly higher correlation ·C('.>efficient, partitularly 
'·:t .. ·~r .- . · ·'.<}!i~fng the m~nths just. prior to harvest, The statistical •7~,l.e was 

· · . --~q.µ:tte' -~:mail ~nd this test was performed on only one region. ··:·~till, 
:·<.:· .< . - .: . .. :_:.t .. ~ . 

. ·"th~~~-.:~~~uiri·~\:show·dra~~tically that better PI values could be obtained 
'' '.,:.: ·::::.-.,,., "~ ..... : ·.-.:. ·:{/:' 

. µsip.g· · c(>ns i'i;;t.¢#'t)tnput data. .. ; .... ' : : :-/< . . . :, ~ /UJ~:; ::' : 
.'_~,'. 

,•,r 
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D. Other Factors' Affecting Wheat Yield 

· Soil nioistur~ conditions as indicated by the Palmer Index show good 

correlation with noq,.,.irrigated winter wheat yields in Colorado • 
. i 

:correlation coefficien~s of 0.8 and higher denote that nearly two-thirds 

of the variance in year to year yields (with trends removed) cari .be 

explained using th~ PI. That seems to be about the.upper limit, 
.· - . . '. - ·. 

however. Many other independent factors influence yield which the 

Palmer Index model1:ing simply. cannot account for. 

Timing of precipitation events can be as important to wheat· 'growth 

as the total amount of precip~tation. Land use practices and weed··· 

control, also have very significant effects on soil moisture (Echols, 

1983). Early summer hail storms or strong winds just before harvest 

time can significantly reduce yields even on a county-wide basis. 

Winter kill can affect wheat nearly independent of soil moisture. 

Finally, manipulat io.n to achieve maximum advantage from government 

programs is certainly not unheard of, particularly in some of the 

marginal wheat growing areas of the state. 

Knowing that each of these factors (and this is only ~ partial 

list) may play a sighif1cant role, and that 
. I 

each factor is probably 
/ 

independent of" oth~~.factors, makes a clear point that there is no such 
.;., 

. , th:j.ng as a '·simple I)iQc{el·. to predict wheat_ yields on a regional;: bas is. 
_,. . ·~.- . . . ~ . ., ,'~:~·~- :. . ' 

,.., ._· ... ; .. : .. ~.}--!,• ~~:.-~ -

. ,.:-:::J's. f.ar. b~yond the s~9'pe of ths project fo address the' speci'f~cs of wheat 
'' ~ . , ' ' ' :'"\" : :\-:.. ·-~-· 

It 

',.' . . :- ' : : (~ --. '/ . : . . ~ •.-.'": i-. 
··g~owth .. an.·4,,.yJe;~d. mod.elling. Realizing these many variables.:m:akes the 

.. ,,. :·<~',{_ ·,. ' ~ .~ : ~.;·~~>~):>' : . ~·~:~:: 

· :curre~t·:-~us·c~~·s_ of ~~~\·~.almer Index seem all the more impre~:sive. 
< <_:-~ .. ;:;:~> <'.< . -. ;<- ... -. .. :.;s_: -. 
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VI. SUHMARY 

A. Review and Recommendations of the 
Water Availability Task Force 

.; 

The Water Avai-lability Task Force (WATF) furtctioned as a peer 

review group throughout the one-year Palmer Index project •. During each 

monthly meeting of the WATF, a brief project status report.was given, 

problems were discussed, ~and work priorities were set. The review was. 

completed in February 1983 when a complete oral presentation on the PT 
I 

project was given to the Task Force. A written summary of '.work progr.ess 
i 

and WATF recommendations was prepared by the task force chairperson 

following that meeting. The following comments and recommendations of 

the Task Force were ·the consensus of the members present at the February 

16, 1983 meeting. 

Comments 

1. The project was a worthwhile activity and achieved the.results set 
out for it. 

2. 

a. Transferre·d the capability to produce the Palmer Index to 
Colorado. 

b. Investigated the need for designating more 'homogeneous reI>orting 
areas for Pl values in Colorado. 

Co Put in place the mechanism for operational production of .Pa·lmet.}:,'-. 
Indexes for drought monitoring. . ,:•;' ~. '.:-~. 

·.: t" 

The project identified several areas that need 
assure reliability an.d availability of lo.cally 
in times of serious drought. 

to be considered to >" 
calc~l'a.ted Pl values 

• 1 ' _:. -.{--::(~:·. ••• .: _:~/ -~-'. ~- _: : : •• 

a. Further study of the model is i advisable· sin.ce· some" q1.1est~onab+~ · ) ·: 
.'.. assumptions and techniques are employe4• 

c. 
b. More refinement of the state regions may be desi.rable~ : . ·, · 

Index results should ideally be validated .direc't1y with actual· 
soil moisture measurements in addit:l,.qn to £4e, ·ind:i,rect .. 

d• 
validation done using wheat yields.·:: .. ·· . ·· ·· :· . 
Production of the PI needs to be iri.c6'rporated into ·an ongoing 
system within state government. Otherwise the capability 
acquired during this project will .be lost· by th.e t~m~· a serious 
drought impacts the state. · ' 
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Recommendations 

1. The State should pursue additional r.esearch in refining the Palll!er 
Index capability. The Colorado Climate Center should be the lead 
agency for securing funding for such work, assisted by the Colorado 
Department .of Agriculture, the Colorado Commission on Higher; · 
Education, and by Colorado State University as well as any 
in'terested state and federal agencies. 

2. The State should fund the routine monthly prod~ction of PI values. 
for the purpose of drought monitoring. The· Climate Center and ' . '\ 
Colorado Department of Agriculture"should coordinate the 
dissemination of this product. 

3. In the case that funding cannot be secured 
the Colorado Climate Center .(Office· of the 
should receive, at the minimum, sufficient 
program and input data in a standby mode. 
should develop a budget proposal for this 
funding support through the Department of 
Services and the Office of the Governor. 

for routine production, 
State Climatologist) 
funding to maintain the . 
The State Climat~logist 

activity and soli~it 
Disaster Emergency 

The complete written summary prepared by the WATF chairperson is · 

included in Appendix\_C. In addition to the written comments, T~sk Force 

members offered further suggestions. Great interest was shown in the 

wheat yield comparison and it was suggested that this work be completed 

:. :and published, hopefully incorporating expertise from the agricultural 

.. > . community. The Crop Moisture Index data, which were generated along 
': ;-,,._ ' 

: : ·~ .l •' ~r:' ' 
... . ':': .. · ·· ., ... ·'with the PI' s but were not included in the statistical comparison with 

/~ "{ . '. 

! ·'· 

: wheat yield, should be incltid'ed in additional studies. Many ideas were 

,pres_ented ,_ai: P()~Sible applications 
~ •l " : I.• '' • 

.... " . . !:I ·... . . . .... ': -.._ .' . 
The "Linanimous:._td.ecision of the ' .. ,··.: ': •, ,,·\'' _/,·,· 

of -the Colorado Palmer Index. ··r:.> 

WATF ·wc;ts that the PI ca1culated for. 
'.' '· 
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B. Time, Effort; and Cost of Producing the Palmer Index 
for Operational Use by the Water Availability Task Force 

Running the Palmer Index program is not a difficult process. With 

all. coefficients already generated fair each area~ 

calculate monthly index values consis,ts mostly of 

the additional work to 

prep~ring monthly 

temperature and precipitation input data. Actual computer time and 

programme.r time is small. 

The following is a time estimate· for producing the PI monthly: 

Activity 

Calculation of monthly mean 
temperature and precipitation 

· :.; , for 25 areas of Colorado and 
entry into computer. 

Computation of PI values 
and storage of results 

Preparation of monthly 
summary 

Dissemination (depends on 
method and volume) 

Time/month 

16 hrs 

8 hrs 

6 hrs 

6 hrs 

Staff 

Cli~atologist 

& TeC1hnicians 

Programmer 

Climatologist 

Secretary 

Approximate costs based on 1983 dollars would be: 

' -~.~. 
."'-,·_ 

' -' . '<·'• 
'• '. -· . 

Salaries 
Technician 
Computer Programmer 
Secretary 
Climatologist 

Total Personnel Cost 

Computer Costs 

Mail/Telephone/ 
Supplies/Printing 

Total Cost 

$100/month 
$100/month 
$ 60/month 
$150/month 

i. . · .. 
$410/mbiith-<· \. 

$100/month 
1· '·.; 

...... ,· 

"$660/month. : 
( 7, 9·20/year:): 

.. 

r,_,,. .... 

These estimates do not specifically include overhea:d .c.osts charged by 

Colorado State University. 

... ,' .: 
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'" 

To simply maintain the program and input qata up to date.but on a 
' . 

standby basis wo-qld cost approximately $2,:000/year. Practically all of 

this cost would be for preparing and s_t:oring the input data in the 

format, required for the program. 
: . ,· 

These costs a;re oniy approximate. Initial programming'costs would 

be considerably higher, but long-term e~p~nses could ·be reduced by 
- l . 

adapting the Palmer Index program to a smaller in-house computer. 

Currently the program and data files.reside on the large main computer 

at Colorado State University. The mean.s and extent of dissemina'tion of 

.PI results also would have significant·effect on costs. Most likely the 

PI values would .be comb1ned with other index information and made a part 

of the "Monthly Water Availab'ility Status·Report" which is currently 

being developed by the Colorado Climate Center on an experimental basis 

for the WATF. Again, initial costs would be higher btit long-t~rm costs 
., 

: ._.C·()tild be trimmed by piggy-backing this proj~ct onto existing data 

... processing arid report preparation responsibilities of the Colorado 

· ·; . · .:.< ,.Climate· Center. · ",· 

.. ~(~~ ~ .. .. ·. 
·.· . 

' .~ .--· . c. Conclusion~ 
'. ~, ' ·~-

' .. T~~'.,. ~~~.pa~iiy _Oto,, calculate the .Palk~i'. :;~~dex in Colorado bas been· 
·-" -' . . ' h • . •.';. ~: . .) ,,,., ·.. i.;: :., ., :. ; -·-; .. _, 

. ·,;·· .... ~ :_· - '.~' .· . ·.:::..- ~1~.-·.):J:!·_> '• '· . ·. . . . . . 
,. _. .. _·. ::~4C.essful~Y- trans:fer;f.,ed to Colorado. : Progr.am results have" been verified 

. . ' . . {~· ..:,_' ' . '-\'. . . ' ~ '; ~ ' ·~ _, ' ' 

.,··. :/'.,h"y ~pmpar:f."ng ~6nt~ti.~~:i~dex v:.iifues cal~ulated for the Kansas.·'drainage 
', • ~J • -." •• ! . ' ' • :' ;-< .. ;.i •. :! ·, - .. . ' . . ' 

','. ·;' ,,-· I ' •, 

_ "·~rea ¥it(:~r,{&inal .. ~~~ues calculated by the Natio~a~:Clim:atiC ·Data 
- ' ·-~ ,. ~ . ;, ... ·- .' ' '· '_:_~:-· 

Ce,n;t,ei;~· ... : .. '. · -:.;: .. :./ .. :_',j:~:-:~>:: · _ 
. ::':·. :rl:i~- state 'has ·;been divided into 25 areas which are climatically 
. / .: ';:· ·~ : ..... -. . ; . ' :. "~. :· . ' . / .. -.·-~. 

'~i~il~r an{~hich corlr1ilemented the larger drainage basins used 'the USDA 
- .. (-

• • - ~ ·l 

Soil Consejrv'?tion Service. Consistent temperature and precipitation 
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data have been. assembled for these 25 areas."· .Palmer Index· coefficients 

have been generated and .:monthly Palmer Index values for th~ period 1951-

1980 have been calculated .Jar each region. 

Progress and results have been shar·ed with the Colorado Water 

Availability Task Force. These interactions .Prompted a more indepth 

study of Palmer Index values. Case studies of two major drought events 

showed·that the locally calculated Palmer Index described Colorado 

drought patterns with considerably greater resolution than had 

originally been possible. · Correlations with winter wheat yields in 

unirrigated agricultural areas were performed. Results showed that the 

Palmer Index could explain a considerable portion of the annual 

variations in wheat yield as well as regional differences in yield in a 

particular year. 

Considerable data and information have been generated dur~ng this .. ; ... 
project. More ideas for additional research have appeared .B:n9: inany .mo~~ .. «'t\,. . . . .. ': .. )_·-~:<.)\ 

analyses can be done applying and testing •the Palmer Index. ·This 

research effort has accomplished the goal of enhancing Colbrado~s · ··· -
,· ...l ·' .. -

drought monitoring capabilities while spurring on more research~ · '., '.. -:;::". · 

'·" 1'·· 

. •' .·, . .. 
-.. 1.-, 

... 
[,' 

.. · 
:· ... 

',. ! : ,;\ ' .. 
•'r. 

.. • - ~- r' , 

-''···· 

' ''.· 

I•' 

. t: 

. . ~ ·· . 
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VII. APPENDICES 

Appendix A 

Water Availability Task Force Member Agencies 

Colorado Division of Disaster Emergency Services 
(Agency providing chairperson) -

Colorado Department of Natural Resources. 
Weather Modification Office 

Colorado Department of Natural Resources 
Division of Water Resources 

Colorado State University 
Department of Atmospheric Science 
Colorado Climate Center 
(State Climatologist) 

· U. S ~ Department .of Commerce 
'' National Weather Service 

·, U.S. Department of Agriculture 
·. · Soil ·conservation. Service 

U.S. Department, of 1Interior 
Bureau of Land Manag~ment 

6..s. D~1>"ar.tment of· -Int,erior 
Ge9logica~· Survey _, · 

' ' J • 

... 

·'' 

.,. 

·<;. 
·\"' 
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APPENDIX B 

' ._ ~ 

Colorado Water Availability Sta~us Report 

Jan~ary 1, 1983 

State Assessment 

.. ... 

Mountain precipitation was mostly near or be)ow average during 
December. While the Northern Mountains f~om Steamboat Sptings to 
Berthoud Pass received slightly above average sn6wfall for the mbnth, 
the San Juans were slightly belbw average, and the Central Mount~in 
areas were quite dry .. The wes.fern valleys were very dry (Gunnison and 
Delta each received only a trace for the month) except fot extreme 
southwestern Co 1 orado. ·.. · 

Two ·major·-. snowstorms, .the Christmas Eve bliz.zard and a second storm 
a few days later, blanketed most of eastern Colorado with much above 
average snowfall. Two to five times the normal ·o.ecember precipitation 
was common over most of the plains. The· only dry areas east of the 
Continental Divide, compared to· average,· were the. upper Arkansas Valley 
above Pueblo, portions of the San Luis Valley, a tiny area north of 
La Junta, and the northern halves of Weld and Larimer counties in 
northcentral Colorado. 

Despite below average snowfall in many of the high precipitatton 
areas of the state, water supplies remain in good shape. Snowpack 
continues above average and reservoir storage is excellent for this 
time of year in most of the major basins. Surface Water SuppJy_~ndex. 
values, which are used to monitor· surface water resources, ~~~airi_ positive 
except in the Arkansas drainage. Values ·continue to fall off ~'-Jloweve~,-': 
from their 1 ate summer peaks. · <~·-- · · ... .,. . . _. 

Palrrier Index values are not being cal-~ul11ted\iuring the wintci.r months". •. 
Subjective measurements suggest fair to good soil moisture in agricultur·c:il 
areas of the state. 'Meltina snows.on the Plains should-contribute more·::' 
valuable moisture, but many..,areas were bl9wn/ .. slear. · '. -

· .. , 
':: 

Outlbok : . : . . -:_-,;-J"· ,. . _ ., 

Near normal precipitation and below no;~~l t_~mpe;~·~~:~-~~-: a~~ ·ant_icipated 
by the National Weather Service for_-January. ·-,Water ~upplies should 
continue to be adequate to ample in ·the months· to come.' · 

.~,'."' ·, 
.': . "• 

~ . ''• . 
.,,, . 

More detailed basin descriptions and sp~cifi~· snowpack data.are 
contained in the USDA -- Soil Conservation Servke "Water Supply Outlook 
for Colorado and New Mexico -- January 1, 1983." 

\' 
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DESCRIPTION OF INFORMATION PRESENTED ON MAP 

. . . 

The map showing ·Colorado water availability was designed to give a 
quick general view of current status and trends in available water. 
Graphs of two indexes and the accumulated precipitation are shown for 
the current wate~ year. The water year in Colorado is defined as the 
12-month period beginning October 1. ..... 

Surface Water Supply Index: 

This index has beerr"e·specially developed for Co.lorado 'by the Colo-
rado State Engine_er's Office and the Soil Conservation Service. It is 
based on snowpac~; reserV6i~ storage, streamflow~ and precipitation and 
is a general indica~or of surface water supply conditions. It is best 
suited for areas whi~h rely on river or reservoir water. It may n6t 
accurately reflect conditions on individual. trib~taries. ,c','.'' ',, • • 

Palmer Index: 
, .. 

--

. The 
regional 
budget. 

Palmer·:·index is a relative i.ndicator of soil .~bisture. It uses 
temperature·and precipitation.data as inputs to a soil moisture 
It is best suited for unirrigated non-mountainous locations. 

Interpretation on Indexes:. 
+4· t 

extremely wet· 

" ' . +,3. }<!~~ple mo.isture. ... ·~- ' 

Accumulated Precipitation: 

.+2--
·:+1·. } 

. - ·~·~':::. :~ ~·: near.normal 
~2·~-1 moderate drou~ht 
-3 · . , } . sever~: ·,dre1Jg~1--~L.> . 
-4 . +''.·---:;·:" extrem·e·_ ~·~~'.u'gh:~_'. :/" >,::>; 

,\I. ·', •· ' ,- •: ' ·~. •: .: 

. ' ' ,. ' 
.,, ,, -... ' .. , . 

The percent of average water-year precipit~tion fqr each.basin js 
calculated based on several representative weathe~ statibns in each 
region. The ·accumulation period begins October J., Numpers less than 
100% denote below average precipitation. ~ 

-,-;,.·.:, 

Special Notes: 

1) Currently only one Palmer Index is calculated for all of 
western Colorado. 

2) Palmer Index values not available during mid winter. 

. ·-· 
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APPENDIX C 65 MEMORl\NOUM :,~ 
··-.·! .1 

Department· of Military Affairs : . , : 
DIVISION OF DISASTER EMERGENCY SERVICES 

~ ·' . ·-
Members of the Drought water ,Ayai:l~ility 

TO: of the Review and Reporting Task' Forces. 

FROM: ~~o::::f: Bfr~~~-c.:~k ';~~ce .. c~~i~ar: . : . . 

and Chairpersons 

SUBJECT: :M;tnutes of 5t,he·~.:·w~ter Availability Task Foi:q~ .. Meeting 
.(16 Feb. 1983)' ·~: .,. , 

DATE: 9 March 1983"·/' 
l_ •• 

Meeting:was cailed to order at a.8·4.{hrs. at the sta_te Emergency 
Operations Center Camp· George We'~t;' ~lden,_;·.Colorado. Present 
were representatives. of, DODES, SCS, Office',,d{:·.,the'· State Clirnatolo-. ' . .- .. '· "· . "~ .... 
gist and Weather Modification Department: 6f' .. 'Natural.~ResourGes .• 

- • • ' • ,..~ ,., ;.:, J. :• ,,,; ~· • • ·- ; l_ 

Absent were representat.iv~s -of NWS,, -Ui;;Gs;\:@q:,;~LM~· :•: . . . . · .. , · .. _ .. -- . .. . . .- ... :::;rt~.>, . , . 
DO~~S· r~;~~~~nt~tive ·made introd~ctory rernark~: .. :t~ sta:rt the 
meeting off not~n·g. the i terns in the handqut . p9cket. Items of 
special note wefe ~afticle:s. ·on a new se~f·'r.~.Pq~J:ing weather station, 
and notice· of·<!' c'onfereiice'on Flood Warnih'g :and Water Management 
to be held: S~pt.' 19-23' °i983 in. s'acrarnento 1 ·California. Conference 
will emphasize the use of sophisticated new-6ornputer data-gathering 
and analysis/systems , to solve water -related ·.problems including 
drought. . .:· •·. . - , . 

··- ·'r' .-

· Old Business · 

'. 

r~ ·' .... · 
(1) ·;· water AV:a±I'a't>'ili ty Status Repol;-t ·,..'Representative of the Office 

'::.Of, the Stat;e:~ ·climatologist r~pprted no special action has been 
· .~'taken on. th.is item as, of yet, due· to the reorganization (change 

'~ver by, key, persoii.~~1) :~t the ,qni~e~:is~y. Report will continue' 
:::; :, .. to. be produced in house mitLl.··,a'· forriiill'ized decision is reached. 

(2) Drought ·~lan ~e\ris.l.on - ·D~b~k\,f:~J?r'e~:ntative reported no ad-
ditional ·progresE'! .made on ,tJ::J,is~itei:n due t;o other cornmittrnents 

. within DO DES •. ' . N~ action in~ut has be eh ~received from the Impact 
Task Forc~_Ei"· _'"'.S,oricentra:t:;j,,qn. at this point \iill be. on updating 
of,' the· WATF. ~n!ie.x and :thEf·i:rianagernent decision making diagram 
,'O'f the{.a;asic ·pim." . · , · ·,· 
'.!~~-,·°'.','~· ·:: , .... ~"- ~\ ~. ,<~,l' 

. -........ ~ \ ', 

spec~al consiq~ratioiJ,'.J_ · '_ 
.. ,_ .· 

Palmer Index·Research Project -·this item was given special consider-
ation 'at the'_,ineeting to provide a qetail review of the project and 
allow the:. Task-Force to consider its recommendations concerning the 
Projedt·so:tl].at they could be incorporated into the final project' 
repc)rt of. t;ire: Stat~'::'climatologist. Some of the goals and accomplish-
ments of'. the project were. 

Richard 'o. Lamm 
Go"ernor 

Brig. Gen, John l. frJr>· 
The Arljwant GenPral 

John P. Bvrne 
Dirc•nor 



66 
1. Obtain the program, bring it to Colorado and get it running . 

. This has been accomplished with no modifications in the program 
itself although there is some potential for change in the 
program. 

} ! .'1 

2. Verify the Program, - A test was conducted oh the Kansas Drain- • · 
age in Colorado. Were n'ot able to copy exact results but could 
track throughout th~· index except in the +l to -1 category. 
. . ~ 

3. Inves_tigate tr!!'! potential for reorganizing the. State into more 
homogeneous ··r~porting areas, than those des{gnated by NWS. 
Started off considering eleven or twelve ar.eas and ~nded up 
with twenty-five. Of these ~wenty-five sub regions, sixteen 
are continental divide east ·and nine are continental divide 
west. Main emphasis was on'lowelevation areas. Climatic 
homogeniali ty wa.s _ sought for each sub region. 

4. Normalized mdnthl'y ·_data to drive model and co-effecients. 
1951-1981 data normalized· to current stations for al·l sub 
regions. This was the m'ost time consuming task -Of all those 
undertaken. No station 'weighting was a.one. .:·co-efficients 
were calcu~ated for all ·.twenty-five s1:1l( regions. 

·Ji'! 
. - , 

Comparisons of Index values from sub re_gions to Iµajor regions 
to see if there were significant differences. If there were 
this would validate the need for these sub regions •. _ Results 
of this comparison reflected significant differences in many 
cases between the sub regions.and the major region. 

There was some discussion .~:m how difficult the ii:idex was to 
produce and how frequentlyo').:t should be run basE!d on present 
data availability and repc?rti.ng systems.: Calculations ar~ 
easy and straight forward. :arid can be 'run on a smal1 computer •.. " 
The 14th of the month c{ppears to be the best time frame to 'get_ 
the index out by based oil cµ~r~nt input mechanism·;· and monthly 
appears to be the most'u$ef~+.frequency of pro~ucing indexes. 

' . ·.... . . ,, ' 
• • .~ j 

The,discussion'then turrted to the need for validating the results 
of the index and methods to do this. 'Ideas consisted of making a 
comparison of the Index to Precipitation (Stream Flow Datcl.) •. 
Perhaps using Dry Land Wheat Production.· There appe'i;irs to pe, a· 
fairly decent correlation between wheat yields for \1~Jrrigat~d,.fapn 
land and the index, but there are a lot of othe·r~ var1ab.les':·tha:t ''n1eed 
to be factored into such comparisons to get a trµe p'ict:q;re: : · The':te 
appears to be some interest within the agricultural ~lements of the 
University in this particu~ar activity. The State of Kansas has 
done the most work in this area making use of the comparison of 
wheat production and the Palmer Index. The discussion iqenti.fied 
the need for more validation of index results as well as more in-
vestigation into the use of the Index to assist th~'' Agricultural 
Community in forecasting crop production. 

·~ 

... 
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State Climatologist representative asked the T_ask Force members 
p~ovide htm with written comments/recommendations they might have 
·Oil the project not later th~n:::t;_he end Of the month SO, they c'ould 
be included in the :firial repdrt: . , . , 

' .. " ' 

. The following comme~ts/re~omrnenda tions-. s~a~·~_;;e .the general 
concensus- of the- Task Force ·meinbers· preseAt. at the meet·ing ~·· 

. . . . . 
1. 

2. 

.. ·: ;~~ ,. - . ' - ; . . ' 

The Project ,w.:i.s' a worthwhil~ activity ahd ha.s achieved 
. th~ results.:':~:~t. out for it, namely to ·i·; ~~i;,y·;:(': . :!:(~~.>:: ~ . ' •,:.·~"?: .. ". . 
A. Transfe:r'.lthe capability to produce the-Palmer Index 

, -~ . . . . 

B. 

to Colorado. 

·Investigate the 
reporting .areas 

•i;)'.:'.;(/ . •. 
need:?·for design~ting more homogeneous 
for Paliner Irid.Ei~A~alues :·in Colorado. 

. . ' : .-... ~~}1~'.~</ ~/.'. < . . . . ~ 
C. Hav~:~~,an _operational capabi~'ii?1,,:.J£n?place "to produce 

Palrri"$r'. In£3.~x valu~s. · ·· .'..' < ·. 
:0-· .... ~·· :· .. 

• ·;~. • ·' •' _t- •• i..~".,:, 

The Pr6j·e'ct;: ,has :id.entified .sey~'l;,.~1. areas which need to 
be addiessed;.bei6,i'E! ·the system',:·c.i~;~J?e'· considered to be 
fully. reiiai:i.i'e::;':<=.Ui.d: .available for.~\1~e '.:tn a serious drought. 
These,· are_. ' ·~'.'": ::.~. . _·( ' '

1 

'.,,, 

A. • :tonsideration of Iriodifica"t:ioris :t:b the. pr.ogram t<:?· . 

B. 

. increase -its reliability.· '· Present ·program: ha:s several 
~e~.tionable asstimpti~ns built into 1.t as weli as a 
~ig;r:iificant deg:t_ee of subjectiv:i,_ty. 

Mor~ :,J«)rk needs .to be. doi~';''.on re.finement of the ·sub 
reg.1.\5'.fls to insure thei~··y'~iue ·and validity. 

. . ,.: ' 

against actual Iri~~x ·· reiJ.iis nee.d · t~. p~/ JJii.~~~~d 
~-~~ .. conditions.··,·. . f,: .• ·_:_:,.<·~/.- . . ' ' - ~ - ' 

D. i~d.ex .... prddµ:ction::'~~eds:;to: b~· incorporated into an on-
_<:;'~i.n-g ~yst-~m ':Within ,State Gdvernm~nt: -6r the present 
'biowl~:!dge''arid capability acquj,red· thrbugh this project 

, :will ."r~~idly" dilI_lA:rii,sh and be· non· existant when a serious 
· · D'i'q.ugbt,'~'J,mpacts the state. 

"i·"·:·.'-.:Y .. ;:;,~:(·~·,.··::":.·;-~,-· ,, -.:·-
\·:".: - .···with the'.se- considerations iri mind; Task Force recommenda-

>: :t¥~ns· w~~~ · - • 
. ·~·.'. 

L 
·:{ ', . 

The State shou:id pursue additional· research effort in refin-
ing · th,E;! P_almer·· Index capability it has acquired through this 
project,. with areas of concentrations in Program Modification; 
':Refinement.of Stib Regions;·validation of Index results. The . . • A (~ , 

· .of rice of .the . State Climatologist should be the lead agency in 
· s~ctirinci frindincj :i~r this activity assisted by the Colorado 
");)eparbnent of Agriculture (who should .have a direct interest 

in this-activity) and by the Commission on Higher Education, ,· 

... \,, 

\, 

-~-.. 
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.the Department of Higher Education and Colorado.State 
University, as:well as other State and Federal· Agencies 
who have an ii1terest in the 'program. The research effort 
main focus would be_ to develop._. a fully reliable program/ 
system to produce Palmer Index Values on a.monthly basis. 

2. The State shoul'ch fund the routine production of Palmer 
· 'rndex values on a. 'monthly basis year around within the 
. sys.tern ()f S~ate Government. The Task Force felt that both 
th.e office' of'. the State climatologi·st qn'C:f the Colorado 
Department" of Agricultur~ had an inter¢~.t and a role in this 
activity and perhaps the production - dissemenat_ion functions 
could be shared by the ,twp ._agenices. 

"', ' ·~ -
. ,_" .. 

3. In consideration .. C?f th'e . funding. restrictions the. State is 
presently expe:r\encing and the possibility that neither item 
1 and 2 above. arET!' ·funded, the Task Force felt that· at a 
minimum suffici~~t funding should be provided to.the Office 

. .(•' 
,. 

of the State C,lima.toiogist to provide ::for. program maintenance 
in a dormant phase; The system could the:n .be rapidly activated 
under potential se~io~s drought conditi6m;· :within a reasonable 
time frame. This.effort would requ1re, imputing data into the 
system periodi.cal·ly to keep it cu±-fent: through the present 
time frame for each of the sub regi~ns and con.ducting periodic 
familiarization'of the State Climatologists' staff in the 
program.to insure tra~ned personnel are availabl~ to bring the 
program on line when_needed. State Climatolpgist-should 
develop a budget pr()posal for this activity and solicit fund-
ing support through DQDES and the Office o:f the Governor. 

New Business :··-. . ~- ' 

,•;;I 

Current Water Availability ;Conditions 

(l).SCS reported that the s~ow·pac~ as ~f-the 1st of February 
was 70% of last year at this· 'time. The_ sriow pack statewide 
.had dr.opped frpl!l.121%. of nopnal O!l: the· _1st_ of January to 
90% of. normal on the. 1st February.· _We are 60%. through_ the 
winter. with January ang_february_}Jeincj_ ~he normal high.pre.:. 
cipi tatioI1 m_onths. _ ;rt_ wil;L :take severa:L. large storms_. to 
bring the snow pack up to norinal. Reseryoi:r $t'o;rcig;!'~~.:remains 
excellent for the State at 40% above average. ( .The So\rtp 
Platte. snow pack i.s 3Q.96 below 9,Verage a!ld the,,: re.se~o;if. 
storage in this area is down from what·it·was\1cist y~~r at 
this time. This is an area that will heed-close monitoring. 
Soil moisture co:('iditions are gqod across the state and the 
.wind. erosion prob.lem has si.mJnered down. The· .. swsr reflects 
considerably reduced index values for all river b~sins with 
the.lowest being a -2.l in the Arkansas Basin and negative 
indexes in the Ya+npa~ :- Whi t_e, N. Platte ;\_~Colorado;_ Gunnison; 
and Rio Grande River Basins. ·Th~ S.~ Platte -and San Juan -
Dolores are barelyin the positive category. 

··- / 
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(2) National weather Service Forecast indicated above normal 

temperatures and above normal precipitation ,through the 
end of February. 

(3) State Climatologist ·r~ported that precipitation had really 
dropped off ·in January with the North East corner of the 
State being super dry. Temperatures. for the most part were 
above normal across the State for .th~ month of February. 

·.·1 ,, 
(4) State Climatologist reported that the·w~ter Avaliability 

Status Report graphic portrayal of data~indica:ted the down-
wa:i'.-d trend of:the indexes and.precipitation.in the various 
r.i ver basins'; ··as covered in the other reports. · Note during 
this time frame time when·the Water Supply Outlook 
Publication ±·s being pro,duc~d; no 11arrative is being produced, 

. s:trictly- the ·graphic data":·.·~ -If £:t·. 'iEi, decided at:· some· future 
date· t'o go .. with 25- -sub -reg1ons fo:t;-:.}:Pa·lmer ina,ex ·values the· 
graphic portrayl of thi·s report rit~y'. neeq to be modified. 
'(see attactllnent'#l}.·":. ,,'· ' 

I••, 
J •.. 

In summary Januart:Y?~ather. conditions ,indiqate a considerable do~ward 
trend in the availabiti ty'.,df. water in 'Co~o~ado and has g'iven raise 
to concern over ,pot~nt·iai ·d~ought conditic:m~. ··.··February and March 
will be the critical month~· in determining just 'what the s'\:atus will ·.'\ 
be going into the. spring ~~off period. , The' 'South Ea~t Corner of the 

·State is still .in a: condition of moderat.e drought_ •. The South Platte 
' is also an· ar~~ o'f: c~rtcern ~nd. :wlli n-ee·d to be' monitored' closely. 

Other 

It .wa'·s decided that· the next meetin_g, sho-µld be. scheduled for Friday, 
18 March 1983, at 0845 hrs. at the S.tate EOC. (Some consideration was 
given to holding this meeting at NWS, but a conflict of schedule 
arose).- See agenda atti!i..Ched. There being no further business the 
meeting was adjourned at':_l2 :15 hrs. · 

>,; -:;;. .. . : . . :. ~. -
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