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SYNOPTIC PATTERNS ASSOC!A.TED WITH 

BAlL OCCURRENCE l N NORTHEASTERN COLORADO 

• Abstract • 

Ball on the high plains ot Northenstern Colorado is · 

associated with four major types vf synoptic patterns. The first 
and most prevalent Is the cP outbrea!~ . The seeoad .tnost common 

is a fronte.l e!i'ect associated with a lee·slde low. Tlle thlrd pat• 
tern ts that of a strong mT now into a surfa.ee low caused by 

intense surface heating in eastern Colorado and western Nebraska . 
The fourt11 patt-ern is associated with a froJ.ltal effect without a 
lee•s!de low. E.:acn of these types eX:"llbit certain cll::u-ae·terhttics 

wh1cn can be used to help identify the types. These characteristics 
ean genet•ally be de.fiaed by the location and motion of the Polar 

and Tro!)ic hi8'b pressute cell..$. the location and motion of frontal 

activity. the e!dsteace ot a lee-side low. the rela.ti"·e streu.gth 

of the eT low. and the existence of a high pressure cell over the 

Rocky ~!GU!"l"iains . 



OBJECTIVES 
This is a preliminary study ot the types of eyaoptic patterns 

associated with hail occurrence in nortbeastern Colorado. As a part 
of an evaluaUoa study of a full suppression project. answers were 
aouihl for the fcllowf..ng specific questions: 

1. Are there r.;/nopUc types associated with hail cx:currenee 
1.11 northeast-ern Colorado? .. :· •' . 

a. What are some of the cnaracteriat!cs of tlu~se synoptic typ~ ? 

PROCEDUlU:: 

Primary data for this study were tne dates of hail oceurrence 
!n northez.etern Colorado and m~sures of the severity of the hail 
storms. Most of this lntormntlt>n came fr~rn tbe Grent We$tern Sugar 
Compa."ly offices at Ovid, Sterling, rand Fort Morgan, Colorndo. A 
cross-check from 1949•1958 wus obtained frern the Severe \Veather 
Files of ~~e St2te Cllmatologice.l office. Denvel. .. , Colorado. 

A •'Hail Dey" was dei1ned as a da.y that hail tell on beets to. ueas 
near Ovid. Sterling, or Fort Morgan.. 'l'h~ typo of damage. light. 
medium,. a.nd heavy, {recorded in Appendia A) repres~nts an opinion 
on the severity or damage to bee-ts by tb.e field men of the Great \\\~stern 

Sugar Company.. Amount of damage waa recorded as munher of neres. 
but, 1tl order to give a eommcn denominator, the amount of damage for 
each ~anur.ge class was also tabulated in percent o! ·total acres pla.uted 
for that year. Records were available !rom Great Western Sugar 
Compatly from 1929-1958. Records for May tu'ld June for 195~ w-ere 
obtained from the Hail Suppression Evaluation Program carried on by 

Colorado State University. 



Syao~ic data lor this projecl were obtatned from the followL'"lg 
·' · aoureea: 

1-. U;. S. Daily Weather Map, Dept. of Commerce. 1959. 
z. U. s. Surface Charts, Micro•film, 194Z .. 1<)45; 1949 • 1958. 

J. U. s. Surface Charts, Script Mapa .. USWB, Denver, Colo., 
1946- 1948. 

4, U. s. Historical S.eriea, Surface Charts, 1933 • 1939. 
Each u Sail Day•• was examir1ed from these charts in the followi~tg manner: 

1. Principal synoptic features ( btghs, lows~ fronts) were sketched 
for 105 ca.ses. For ea.ch of these cases the e;ynoptic !eaturc:s . 
were sketched trom the 0130 EST o\ll'fa.ce map for the day before, 
the- day durL"lg# and the- day after !he "Ilttil Day." 

J. Maps having similar cllaracteristics were classified into different 

aynoptie t}'Pes 
. ' . 

- -An outline (See Results) was developed to identify each synoptic type. 
. . . 

TMs outti.~e· was ·usedto-·t)rpe "2i:f ~her "Hail · Days • " :'abulatione were 
then pi"epared to show the characteristics of tb.ese types • 

.RESULTS 

SYNOPTIC TYPES • 
~. The first a nd most prevalent typ-e that occurs in the eP outbreak, 

whlch nereafte~ will be given the letter designator of U-1. This is 

identified primarily by a closed hlgil pressure c ell movi.11g from the north 

or northwest. Even though the cell moves over the Great Lakes. this 

pa~~er~ ~ay. ~r~uce_haill~ it e~erts an inflaeuce as far west as the 
Eastern Slope of the Rocky M ountains . Hail occur~. Z4-:- 36. hours after 

' -
frontal passage. Dur.i.."lg thie time interval, the Gnti -cyclonic circulation 
briags back warm, moist air from the Gulf of Mexico. For tnfs U-1 
pattern to produce hall, the clos~d high pressure cell must continue to 
move. Micro-onalysis may show a shallow trough moviug across 

-l-
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Wyomitls. Tne existence of mT air may be verified by the orientation 
e.nd position of the· 60 degree· F dew point iso•line. 

I rhe second non-frontal t.ype is created by intense inlaad beaUng 
in tbE1 vicinity of southwestern Nebraska, .and ta hereafter given the 
deaignation of u-z. This p.atter·n torl!\..S a shallow low to the lee of the 

Rocky Mountains and a s:m.all high pres~ure cell over the Rock3 Moun· 
tainS. Cyclonic flow aro\lnd the low cell will turn mT air lnto t!le viclnity 

of a cap ofsubaid.ing air from the, !11gb pressure cell. The Bermuda High 

lhould be far enough inland to produce a fiow of mT air into north~astern 
Colorado to help <:reate t.bis condition. 

The most prevalent frontal type hereinafter designat~ T.- 2 is that 

•ssoclnted with a lee-side low, either southe:aet or northeast of Sterling. 
Colorado. Tlte lee-side low· has the property ot frequently delaying the 

bail occurrence Z4 hours or more after the !.ormation of the lee-side lbw. 
This type many times bas a s~uall Line associated wltn it and ttle cT low . 

1n southwestern United States is usually below 1006 mb.. A slight varia-
tion of thls pattern is a front north of ~cerling joined with t'ne cT lew. 

Complex lows frequently form on the !ro•lt 1u1d move eastward as uootable 

waves. Tb.is situation will many times precede a long spell of hcd clear 
weather with v.,ty f£w thunderstorms and/ or llailstorms. 

The second frontal type, h¢renfter given tb.• designated T•l .. is 

associated with eiti1er the end of a frontal system or a frontal system 

without a lee-side low. The front moves in very rapidly from the 
northwest and will be accumpani~ by a r apidly moving mP high pressure 

cell breaking off from the Pacific high . Many times t..~e south ei.ld of 

the front will s low down over the mou tains wl'th cooler ait- behl..'1.d 
pushlag past the sarfa ce front gi ving a squall line moving rapidly to the 

east•$outbeast. A t!Ood indication of thla p.atteril is suuth-eoutnenst 

winds over aorthesstern Colorado at 10-15 k.'lots and lowering pressure 
1n northeastern Colorado. 

1A! # . ;::: .. : ' L' 



A verr w:nun.t~ VtirhtUon of ~1the-~r tr\lU.!Dl t,ype (hereafter 
deei,nated T·3) oceure in late ~upst or &lp1emb~r . Thht pattera 1s 
aasoclated Witil a !iurr1cnn~ ofi tn~ southeastern coas-t. or the United 
Ete.te•, Durla: thla sltu~Uon mT t.tr !a brQ:;J~t t-o the ·east(.rt~ $1~~.,~ 

ot 11$.« Ro~~.Y Mo-a,~t!Una on: a. trOijeetory from t'tle Atlantic Oe-ta~. 
S~be_zr~tie dl~::rama 1Uu~t-ratlni fl&Cll or these t.rp-es are t'hren 

on ~ges 6•9 .. 
Q).tUn~s de.!iiliai tbe fQur ~y:oopUc typca ue giv(\fl on pai~S 

10 and 11. · 
.J.pptndi~ .n gi7e3 two e~Bn1p!es of e:acn of the ~ynoptle typ~~. 

•I•· 

. . 
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fa tbe area o! WJ"Cl':lhlJ• Colorado uorth o,f Denver. nAd K~lPC 
•~•t of !:illl City uud~r . hilt Wl\UtQc.e ot a hi~ p:rea~u.re ~eU 
to the Nortf\•Nortb.ea~·EtUH•So-ata~t:st . - --,.. ... . .. .. . . . . --·1" - ... _. 
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.-... • ~ . • ~ 1$ there • . tl"i\_ e~~ory o~/~1. T 
411-aee~ uf0 ' 1"eu. air tb.rou.;;tt Te·Kaa, Ok,l-L,smf!l_. 

H.u t• Utllikely ( ·- ... i 1' - NC'r• • ,, ... ···- Kan~s ~ l:";~tttern Colo~ a~" 
to-~rt!s ~Lt'tb PlJ:.tto.' ~· ~hr-nskA? - ' ' "l ..... -· ' .. ·- ' ... '' ..... . : ......... _ 

r ........ -....... --.... -... -----·-··---·--·-· .... _ ··--· y.r 
Co::niM:ltal Polt.t' Yaritinl'l! Tro ic. lli$1 
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' t 
YES ·Y!!G 
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· tfiweUn.-,. so:1t:1 <{ 0-el'lvt\t.r 
~~,......,....~~~~.,_ . v· _., 

1 YF;S 

!:!?!( .!~~~~<>! ,tb" •• f!?~l!f .'!~\t:>l_~S1, 
-+--~-- "F.:~ I' '> y'l!:~eo - ~~~ ~~ 

~ 
---~- .la th~ prcS>tl'l:t'e hlgner over the 

Rocky ~.~Q'U~to.i® dun~ .artla lu . 
... .,_ _____ NOi«o·---- Co-C.r'~~'l\l :f!aet or Ul~ ~oct<y 

Moantshm 'i · - ·· · ... ~ r ... -..... ....... ... k .. . .. . .. .. . . 
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U•l l.f!}C 

V•l type 
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I 
CHARACTERISTICS OF SYNOPTIC TYPES -

I . rach "Hail Day" and its asso~iated synoptic type is listed in . 

Appendix C. The T-3 type occurred only six times in 16 years. No 

further tabulations were made of this type. 

, The seasonal distribution of synoptic type was determined by 

summarizing the occurrences of each type for the months of May, 

June, July, August, and September. Figure 1 shows the seasonal 

distribution of syooptic types. A tabulation appears in Appendix D. 

A summary of hail damage by sy-.aoptic types for the years 

1937 to 1958 is given in Table 1. 
A graph of Hail Damage by Synoptic type appears in Figure Z. 

A tabulation appears in Appendix E • 

... tz-
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lhll ~ .s l.O Eugav ~~ e b,r S]u.-~p l¢ Typos 
Fot' L~e Pe.rtod 1937 tu Uti& • 

(Sourte of dtt:•· <tn h:Ul dGn;ta_ge: O~a· \V~st~ru S·ur.~ar C~m~<lly) 

•• ! ' ;oe _ _ U•l U·~ T•l T•l 
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Tot~l c!-.am.a~c 
to bee~s t 
pttrc~~~- of 
tot-e\ acres 
plll: ted 

'u.tnber t:~f 
cac~o 

-•u datna~~ 
~.rrutU 
cue 
~ ... · .. li ... I 

101 ~re~u.t Z.ot9 perecat 

•• •• 

• ·e t & -..,. , _ • ,.. t .• .. 1 v " • ·n -- .. n - · • •• -.wr \!J .'-?u•th.._,. • . r w· q}q · 
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1. FoU:r typ$s of syuo-pUc eU·uaUous c~~ 'k 1d·~~unoo ln aseo<:l~tio~ 
~ , 

wttb1tan D~.ra in Nof't'li~<t~.\St ftra C\)l!)r-ado . 

2. 'flt111ill0 t]-p\:S can be determi!l~ from Si;rl:aee data alone .. 
S11 The U•l 1 has its greatest trequ~~cy ot o.cet.n·r~ac-e in ~ ey, 

Ju:le. d; ly .. 
4. Tn• U•Z t~ ~- ita ~at~et t'r~que~l¢)" ol ueeurruttee 1n Ju1y .• 
5. Tllo T•l ty h a lts greatea\ l'ritttuerley of o·ecunenee ln July ~nl'~ 

.Au gut. 
6. Tbc T~% t~· h~t~ 1ta~ tr~at~ot f'r~:"'~eaey of o.c\Wn~mco 1t1 Jv.c1e ~ 

TbU! fr qw. r.:.y is 'ti&t i:t CQttlpari!H>~l witb 'Qtbe-r a~mroer reo!UilS . 

1 • · ,Juno and 3 ty Ql).t~e t-he l!l"'t'tat~sl f:'"e~.~~ . e7 ot ~eurrcuc-e f t}r Bll 

eynopUc 'YP~9. 
1. More aon•front:Al ¢4se.s th:a . frontal C~$ltl$ wel'e ilGt~d tor th\) 

period 1931 tc l~sa. Dudnt tb.ta ~tlvd tail 130 not1·front~l ~~4 
~..Z.J 1/ 93 f:r.;;!l•at e~l'c w re obu-.;r .ee 1 cc~ue-r..U ~, w th r-..t ,:r.tU D ;o.ys . 

9. U•l t;~ ec~t"ed n1ctc h"eq~¢~t ly 3 ~t\Y otll~r type.. Du~i.a~ 

lh~ e.am . pc. o~ Gl U·l ca.n~e wero lihS~rved . wit?t 5Z -cu~ 
of T•J ty~ be~ second. 

l tj. J'ro>''lW ty;~ s 11, .vee. tend~cy hi) pt'oouc~ more damage tb ~ ~oQ• 

lroatn.t. ( ~ ,.,t-eo-at/ e~ae v• 3 perc".tlt / c.~e~) 

11. Tbe T• .a t ..,.:12 pr~1,1c~ c1 rc da .n~tll 0..'1 t .!l~ t. ··er~e ·tt,W'l tJ.rty 

·otheJ~ ay ~t~i~ t.ypo .. 
(4.$(1 pu.c~ ~ § ~'-M"~:~ vii s. 53 p .:;t"C~:ii\ aq~ra,ge f..,.r t he .ne~t bi tthe!it 
!lumbtn~) 

12. Appr:oxtr!:'.atet.y o.>l.• out of ten eases 1Jf 'ae 'T•Z syaQptio typo !n.!Uct 
4an:uase 0 be~ 5 ia exc~~- of 2;) p~rc~i Wit~ all upp~T lbntt of 
Sl perce t. 



13. .Approximatel7 one out of ten cases of the U-1 synoptic type . 
1nfllct damage to beets 1n excess ot 10 percent with an upper 
Umit of ZS p~cent. _ 

14. Approximately one out of two cases of the T•l synoptic type 
. . intlict less· than Z percent damage • 

. . :.· 

. . ' .. .... 

. , . .. .. 

-17-



I DISCUSSION 

/ 
Further refinement to five types could have been made of the 

four Jynoptic types described in this study. The T·Z (frontal with 

lee ... side low) category could have been subdivided into two types: 

one for the frontal system east of Sterling orientated Northeast-... 
Southwest with a lee-side low. and the other with a East•\Vest 

orientation north of Sterling with a lee-side low. This distinction 
was not made in this study because of suitable parameters could not 

be found to make such a distinction. The T-1 category appears to be 

of a cyclic nature. having greatest concentratr"~n in the late 40•s. 
Recent years indicated have fewer T·l types. · 

The frequency pattern over the summer months agreed closely 
with what could be expected from physical reasoning. The U-1 type 

or eP outbreak, appears in the early summer months and declines in 

the late summer months when tbe mnriti~e highs move northward,. 
The U•Z type has its greatest frequency in July and early August 

since it is dependent on the inland surface heating of mid-summer. 

The T-1 type has its greatest frequency in late summer since 

by then storm tracks have moved north a...J.d the usual frontal passage 
would be the southern tip of these sJIS!ems. Another factor favori..."lg 
a maximum frequency of the T•l type in July and August is the positi~n 

of the Pacific High which is further North in late summer. The cause 
for the high frequency of th·e T-Z type in June is not completely under-

' . 

stood. The fact that the greatest frequency of all hail occurrences 

falls in June and July agrees w1th most stuclies of hail . occurrenc~s 

Jn this region. 
In 1959 very few hail days occurred in August. Thi~ may be 

related to the cyclic nature of the T·l type noted previously. 
The topography of the area under study is close to the Eastern 

S1ope of the Rocky Mountains and produces an uP" slope condition from 

•18-



I 
from Easterly win~s. The fact that this up-slope condition can be 

. ' 
b1•ought about by any component of wind from north-northeast through 

I . 
aoutheast. helps to explain the predominance of the U-1 type. 

I . 
The stronger cyclonic circulation associated with the T-Z type 

ta probably the explanation for the greater damage associated with 

this type. 
The D curves shown in Figure z show that most of the damage 

cases are small, with a small number of cases of high hail damage. 
This appears to be· a characteristic of hail s torms in the· region ~tudied. 

This study considered only th.e dates of hail occurrence • not all 

cases. Time did not permit a study of whether these types can exist 
without hail. Hence • additional work is needed before results of this 
etudy can be applied to the problem of forecasting hail. 

Since only surface data was_ used in this s~udy, a further refine-
ment of these types probably could be obtained with additional data 
from upper-air charts and radiosonde observations. 
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APPEND ·,. A• I Tabulation of Casas of Light. Medium 
and Henvy Hail I::ama~e to Beets from . . . 
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Tab'" · lltion of Cas·es of Ught. Madium 
and Ree.vy Hall Demag~ to &~te from 

.f'OttT MORGA'N,. 
... 1 ! ............ ' .... 
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/ 
/ £CORD 0~ TOTAL PLANT&D .ACRES 

192? - 19$8 

l9l9 15161 
1~30 112,9 
1931 l OS9 l 
19)~ ssao 
l~3S 141•6 
l i134 11S3: 
19'5 9379 
1930 12471 
1937 l41Z9 
1938 16?S~ 
1939 15560 
1940 17586 
19'1 14017 
1?~! l ?$14 
1943 t4a7 t 

OVlO DL<.f1'.1UC'I' 

19~ 
194S 
19'6 
19-€7 
19~ 
1 t9 
19~ ,' 

19!·1 
19!i2! 
19~3 
19S·1 
19!-S 
1?fi4. 
19$7' 
1~5 

12265 
13980 
1571Z 
l665Z 
9244 
7439 

101 2. 
9677 
88i9 
91>76 

113 4 
1951 
8715 
9564 

10059 



Yea~ -
1929 
1930 
1931 
193a 
1933 
1934 
.935 
1936 
1937 
1938 
1939 
1940 
1941 
19<4l 
1943 

ftE CORD OF TOTAL PLAN'i"E1> ACR ES 

19a-1 - t ?S9 
FORT MORGAN DISTRICT 

Plant~ .A.ereae, Ye~ P ltl:rtted Aere'I!.~!C -- ........ 
18734 1944 10935 
l10Z3 1945 1393? 
15177 . J'J-46 16693 
1~537 l . 47 18768 
l lS9S l 94S 11776 
14061 194 l303S 
8Z98 19SO 1541Z 

13Jl7 1951 14345 
1Z907 195~ 14~83 
9481 1953 15471 

11398 1954 1S615 
1Z9U 1955 Jl-t17S 
10182 l V$6 14479 
17463 1957 1S~30 
9578 19S9 166 6 
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I 
, . . ~· 

l92t.l 
19~9 
1<)30 
J?ll 
J'l32 
1933 
~')34 
1·}3~ 

1 :u, 
l ·i37 
1933 
J939 
h40 
1~41 

l'4Z 

. - . , . ·· . . 

8l:CORD OF TOTAL PLJ\~ 'T£D cru;s 
- - -. l ?za • 1957 

- ~ · STERLING DISTRICT 

. ·' _ .. 
. . 

• ~lant~~ -r£re!N}'!, 

15450 
J.l ~34 
16869 
l5Z65 
l04ol 
t 57ll 
14381 
10695 
13a74 
1335l 
120'10 
12-686 
ll'i"9Z 
1070'1 
llSOo 

19.41 
19~ 1 
19~i 
19{4 
l9•U 
1?4-S 
l'•U 
175' 
l~Sl 
i!JSZ 
1 '1~3 
1954 

' ' 

9l6l 
1'#00 
9933 
940Z 

11115 
" a36 
7~}8 

93$8 
7u81 
(,163 
8136 
5857 
6670 
8267 
8176 
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DATES/ 
R£MARJ<S 

• 



I 

OAT£S/ 
R~RKS~~hH~--~------~~~--------~~ -0 

1012. 



100" 

t 
IWW All 

0 oo _ ... ;.., 
0 



.. 

··- · . 
. . ~.. ·' 

. \ . ~ 

. ~ •, . . ~ 
. : ·. ~.. : 

CLA!!SIFJCA 'liON 

BAIL DAYS 
BY 
sr~~oPrtc 



/ 
I 

.4~ I 
•· 

1'9:5~ 
I U•l U•2 T•l T•Z T•l 

'. 

16W.Y X 
•• 
IS X 
19 4 

IG X 
as X 
u X 
11 x. so X 

l JUN.'f X 

' X . . . . .· ' ' 11 X 
14 X 
16 X 
17 X . . .. , . . ... . 
lt X 
at X 
lZ X 
~ X 
as X 
l ' X 
2.1 X 
1-!.JUL~ X 
1! X 
t 't X 
l $ X 
a fl X 
ll 
zz .. , 

·rl ... 1~t.L lo 2 • 11 _0 . - --- -



D AT .S ! 1· . 
~ . ' I -_ : ,. 

l~SI U•l .... _ ·T-l T•Z- 1'•3 
--

7 M-Y 
1) X 
15 X 
a~1 

.1! & . 
1.6 X u :X 

I ltr.N'E X , X 

' X 
u X 
IJ ·x 

·t J X 
l.9 X 
11 ·X 
l ' X 
19 X 
24 ::t 
t JULY X 
J X 
4 X 
& X 
8 
9 X 

11) 
l~ X 
J9 · .. X 
'f t"' ... v . 
(;i "*"' A 

2l X 
3$ .. 
.%1 X 
;,t X 

() At1G . X 15 ~- ~t! · • 16 
Z1 
4 S£'PT. X 

12 X 
l fl X 
~i"cmr.. 4 8 ' 1'1 8 0 

-~~ .. . Nt I db . , . .. .. oei . ··~~··,..: .................. 



• l9S1 U•l ·u-z T•l ·T • Z T•3 
- .. 

1 JUNE X 
l$ X 
16 X 
Z6 " j\) X 
1:5 JULY .X 
14 X ' 

a a X 
ao 
!9 X 

7 SAVG. X 
11 % 
z.j X 
23 X 
1.1 ."t .. .. 
3<> $1~FT'. ~ ..., .. 
~~'!.l"'AL s 1 4 6 0 ·" , .. ..... ............. ~· . 

. . 

1956 
H ~. M~Je:. 

5 JtlT,tt; 
6 X 

~ ~ X 
11 X 
J!J X 
as X 
2:6 X 
aa X 
lJULY X 
~ ' 

lt 
& X 
9 X 

11 X 
lo ~' uo X ., X 

'"tc·r·AL • 1 l 10 t) --



/ 
1955 U•l v-a T•l -T· i T•3 

I I APRIL NDA 
12 NDA 
16 MAY 

_, 

X 
11 
14 JUNE X 
21 ' X 
I .JULY "'-"' 

a X 

' 1"" -*" X 

" % 
4.AVG. X 

10 : X 
IS S}SPT~- X 
19 .X 

- - -
".f(ti'A~~ 

-- 0 
--

3 a 8 ) 
--

---
-- - ......... ~,.,......~ 

.... ,- ..... . F i1 . f I " ....... s· r•• • .. ·". I F J t I -· 1,._,~·- P.{ f J __ ... t I if 1 ........... 1 

l 1J:34 
~~ M y X 
lb X 
Z2 X 
1.tt X 
:.9 X 
Jl X 
6 JtTNE X 

l l X 
14 X 
l t-} " 2JVLY X 
J X 

11 X 
11 X 
i 1 X 
9AUO. X 

16 
1 SEYt. X 
8 X 

l ·l X 
!6 X 

_ Tv__rA~ l l 1 1. s a 



~P.T~ · 
.· ' . · .• . .. 

. . 

l i53 U•l U•1 T·•l 1'·~ T•l 
.......,._ 

lJU!ff£ X -
I X : ,, X 

-l ei x; ' 
%1 .X 
~ X 
JJULY X 

lO X 
I.$ X 
t~.) X ' 
all X 
1 AUG. X 
4 X ,, X 

- lo X 
11 X -
IS ; X 
I? X ·. -_!£!~~L 6 s 1 J 0 -- ··· Cl!!lill -- ~ .... ' . -... . 'Uri . ............ 

Ih\Tt:: 
l 95i 

·?J MAY X 
l~ K 
110 X 
2£ X 

'' X 
ll X 
l!>lU m X 
Jl X \ 

2"" !J I X 
z& X 
%1 X Ja X 
13 JULY X 
18 - X 
23 AUO. X 
2Jl X - · z ,. 

l 
'lif.;\ L a 4 z ~ ::=· . - - ··~-· 

.. 
... ~ . ., 

- . 



-19$1 U•J I T•l T .•% T~S 
' 

- .. -.. ·• • 
10 MAY x-

I' .JUNE X 
5 
7 X 
8 X 
9 .. . X 

lO . . X . ,, X 
11 X -as X 
Zl 
2!; X z' X 
iS X 
2'9 X 
1 J 'Ul .. /'1. .... 

A • X 
to X 
I$ a 
J(> X 
a1 X 
21 X 
! AUU. .. 

ta X . 
1a X 
14 ., 
h 
14 X 

' t SEPT. X a X 
. 41 X 
5 X 

._,. li"lle I - -;...,.._, · rrr - · -.~~'A_L IS ~ J ? 0 . ....... .i ' 
- iM . ...... -~ "*' · .. 
..-.~ 1 -

·. 

. . ~ . . . . 



.. : . 

~AT.Z 
a·g~o 1J•l. tf• J T •l 1.'·~ '1·-) 

' · •' 

;e, lit y ·' X ' 

i1 .X 
15 Jt1NE X 
16 X 
J1 X ,, X 
llULY X • X. 

1ft X 
1~ X 
~0 X 
a1 X 
~' X 
~4 X 
J6 lt 
~? z. 
~ X ,. 
Z9 X 
30 
S AVu . X 
~ X 
a 

'l9 X 
2;.1} X 
ir1 ' 

19 X -

lJ s~;n ·x 
14 X 
17 X b 2 l •} X 

'I·(.tr.A t., 1"1 z 3 4 
..... ~ ~· ·· "'2 .. 

.. • - : ~ 

~· .. ! .. .... w~• !lil"l~-.... - . 



1"<) U•l 

i i j;i.A"f 
lt; 
•'11 .. ,., X 

' 
~ 
6 .Jt),ll.E 

:6 
17 
!i 
J::l 
tiA 
~ 
1r. ·;u~Y X 
l:i X 
1<1 P.UG. 
l !f 
~~~ ' 

v X 
a':J 
ti SBF-:1 •J ....... 

A 

-~ •.. ' .. , • i I : .. r r ·'- ~ .%IJ 5 . 
·~;.. . .,..,..,.,. 
~--~ tlr~ .. U JI If (11.,. :t W@ . •r• .. , 

1)4$ 
! ft .. ls.Y 

11 
l5 
sru~m 

13 
14 
~ ~ 
~ llJt .. Y · 

Jl 
13 

; ......... 

X 

X 
X 

U•2 T•l 

. 

.. 

X 

X 
X 

X 
X 

X 
X 
X 

· .. ~ :::t3:: ::, , ... ,.... .... • il" 

, ............. . 

X 

X 
X 

r 

X 

X 

I 

: 

l , I 15 X 
!T X 

I AUG . X 

.... ·-.. ~ ..... ~·~ 

T•! T•l 

X 
X 

' 

lt 
lt 

,. 

a: 

X __ ...,....,. -- - • ¥111_ ............... s I 
~ ._ ..... ..,., 

• ....... :ae • ·t 1 I :ii -;..-.. . 
. A$0Vtltllle.~----4,...1111 J ..... - - 1-lln.-.: -·-

9 _:""":,_* £ W: ffl' 4tl t l :0 !W X 9f " 4 ? A I ; I <JiJ 



PATE I 
-

1941 U•l U•l T•l T•a T•l . 
-

1S l~ P!UL NDA 
Z6 ) lAY X 
•JUNE i X 
5 X 
9 X 

17 X 
21 ' X 
~l X 
.lS X 
2:1 X 
za X 
%9: X 
30 X 
13 X 
l -1 X 
16 X 
21 X 
za : X : 

l:t X 
l Z Al10 . X 
' SEP T . X 

'f L:Tlft. ) 5 - - . 
) 9 0 

~ -.. ·:·-

D ATE .. • -

19-46 
30 APn l L ' 8 li. y X 
19 X 
17 JU .. . t:.. X 
Zl X 
JJULY X 
) X 
5 X 
J AUG. X 

Sl X 
I SEPT . X 

1Z X 
l l X 
'1-u r ;. 1... I 6 4 I 

I 



. .. .- .. . . . 
' 

• ... ... • '! . ' 
.. - .... .... . . . - .. ·.., - ... .... .. _ 

• .. .. : : .. • "! • . .... ,... - .. .. • • .... • - - ,. .. • - • •• 

.. J • 

-
l9Jt U•l U•Z T•l T·a T•J 

19 AY X 
' . 

l J U:ME X 
II X 
13 X 
15 X za X 
zz ' X 
24 X 
zs 
2& X 
JO X 
llULY X ' • .. 0 Z AUO 
6 

18 
19 .. 

1"(,:rr 4\l..S . l z , 3 0' 
I 

,._, 

·.·. 

' ~ 



.. - "': 

DAT E 
1'933 U•l u-a T•l T•Z T •l 

. . ·' .- - . .. .. . . . . . . ~ : 

~MAY X 
4 X 
5 X 

17 X 
19 X '· 

Z4 X 
H X 
$;) X 
SJUNE 
8 

lU 
1~ 

19 

~II :a 
Z3 
l4 
%JULY X 
) X 

1a X 
13 X 
19 X 
Zl X 
14 
l& X .. 
la i\ UG . X 
Z3 UG. X 
31 X 
1 Sl:~ l,T X 

14 X 
.. 

TQTALS 6 5 4 5 0 
~ - --- -



• • 

-
1937 

lfl M.AY 
tS ND 
&JUNE 

ta 
11 
ZJULY 

17 
18 

I AUG. 
3 

l Z 

·~ ~5 

l _$EPT. 
~fnT?\f S v .- ;"' .. __ = :----· - -

U·l 

X 
X 
X 

X 
X 

s 

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

. 
u-z T•l T•Z T •l 

X 
' 

X 
X ' 

X 

X 

X 
X 
X 

u 1 1 u - ·-- ~ 
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APPENDIX D 

SEAS\h~AL I>l Sl'.RlBU'TlON OF 
SYNOPTIC TYPES 

1937 - 1958 

.. 



"' ·O I .. . 
. ~ .. 

~ . 
' 

: 

U-1 . U•Z T•l T•Z T•3 
Y£AR A1 J J A s M J J A s M J J A s M J J A s A ~ 

19S<; 

1958 3 7 s 2. 1 l 1 1 s 1 1 1 • 1 
1951 1 l z 1 1 z z 4 z 3 
1956 I 3 1 1 s 2 3 
l 9SS z 1 z 2 3 1 ' 1 2 . 
1?54 6 3 4 1 z • 1 

t 
I I 

1753 1 1 4 ) 3 2 1 l. l 
19SZ • 4 1 1 1 1 2 r 1 1 
195 1 1 6 3 l 3 2. 1 3 1 1 1 " z 1 
1950 1 3 7 ·3 3 2 · z 1 1 1 1 1 1 1 

1949 1 z 1 1 1 2 1 
rn z I I 2 z 3 1 
I 

1948 1 2 1 4, 1 I l . 1 1 l 1 
1947 1 z 1. 3 I 1 1 t 1 7 1 
1946 1 3 1' I z z .Z 1 

1939 3 z 1 1 1 • 3 

1938 z , l 1 3 1 1 z- 1 s· 
1937 3 z 1 Z- .. 3 1 1 . 

. . 
' . . • 

1' o-r P.L 19 29 33 15 il5 4 14 Z4 12 2. 1 _ll i1 !-i5.. r-4 . t4 41 tc; Q ' 't 'a 

·I Yr l.Z 1.8 l.O . .9 .9 .3 . ) !al.5 .s .2 .s . 8 l~l . 9 .3 .a 2.5 .9 .s .• 1 .l • 

• 1\'Ionthly Totals : May • 44; June- 95 : July • 89 ; Aug. • 51 ; Sept. - 24 • 



. · 

L .. 
I . / . ......... , 

I ( t : 

I 
' 't • • .. ~ 

I 

. I 

; · I • r 
j• • • . : ·4· .! J, :. 

. . 
• • • • • ; • ~ .. • • • ' .... • J • • ' ... 

APPENDIX E. ------
. \ 

SUMI\ttARY 
OF . .. \ . . .. . ' 

. I 

STORM 
DAMAGE 

BY 
SYNOPTIC 

TYPES. 

•. •.t 

Values are percent of total acres of ~eets planted in the Ovid, 

Sterling, and Fort Morgan Districts uf Great Western Sugar Company 

that received light (L), medium (M), and heavy {H) damage from 

hail. The last column gives total (T) damage in all categories of 

damage. 

.. 



T • l 

DATE L II T 

1~58 ' 
iJL z.ea 0.86 4.01 7.7S 

ta s 0.35 o.3S 
1956 
l.C. J 1.69 1 .. 21 3.?6 
1954 
~ 

11 JL 0.16 O.JS 1.09 
21St. o .. &a 1.65 0,.6) 1.86 
195.) ==...:.: la.A 1 .. 35 l.l! 
1•152 _...,..... 
l~ tt 1.17 0.50 0.11 z.,9 
18JL J.oo 0.85 o.zJ J ,07 
Z!A 1.96 0.35 0.63 1.94 
If: A, 1.4~ 0.)0 1 .. 10 
195 1 ' ; ::: 
8J J~ts J .. lS 

211L o ... , 1,.46 l.lS 3.64 
ss 0.08 0.1) O.Sl 

l95Q ' ---Jtiil. -. -llJL O.Z7 0..,27 
19 A 0.07 0.37 0.44 
1949 

-.=a~ 

l.3 J 0.69 ·0.69 
19 A J.4Z 1.8-t 0.85 5 .• 11 
1'94 
~ 

J !.f 0.70 o.·1o 
SJ ... oo 1.« 0.90 6.34 
8JL 1._06 1. 06 

1941 ... - ... 
..... d 

Z11 3.)3 2.33 
16JL J.Ol 0.91 O.lZ 4.30 
IZ A 0.32 o.J9 0.11 



I 
T•l Cont1llue4 

I 
1>1-TE L '* B 

.,46 
--~ o.zo 0,17 0.96 ... ,; eM 
2~M 1 .. 61> 1.11 1-18 ~~YS 
J1 J 0.46 0.4, 
233 0,.36 O~M 
19)9 

~t,~ 

o~os . o.e.• o .• '7! !9 M 
Z-ll J.,!S l.,J~ 0.,9, J<l60-·'' 
liL 349-4 ~l.$7 •~st ._. 

19!$ == l.t) l9JL J.39 o.as s~z1 
18 A 0.3'9 0.3.9 
;.1 A o.11 O.S1 0.50 
7.8 l.73 .),.to $~01 10,0·~ ,. 

1931 
~$'1¥ 

lu lii ... , 4.13 
IZ J o.as ().us 
11 J ).2-4 l.a4 
l A 0.31 0 .. 05 •• 11 0~53 

16 A 0. '98 0.)~ l.3l 
15 A 0.31 0.31 
.19 () .. 4l 0.4~ 

Tv'TAL 29.12 101.01 

-.......-~ ·. . r r • ~ - «'!. ·z · •. .·, -~cr . N 1 1 • - t ..,. ..... ,,.L . 1 · .. •- t.. .......-;... a 

• 

,"'"• 
'· 

-· X • 2..44 
H •41 



• t . .... .. • • ,_,. . , ..... 

.DATE L B T 

1953 
ll M ,40 6 .. 0 s.ov 9 .. 40 
&ltfl .o.so o.J() 
111 o.s1 0.31 
18 J o .• c.n 0.98 1.30 J.ZS 
tJL 0.67 0.54 1.%1 

19 J L 2.88 1.40 i.30 6.5 
1957 
IS J 0.9. 1.30 2~14 

Ul l.ll a.•n s.to 
11 A o.2s 0.45 0.39 1.09 
1956 =-18 J 5.46 1%.97 13.39 )1.8.2 
10 A 5.30 3,0? •• 11 ll. S8 
13 A 3.40 3.40 

1~ss c :::; 11 
17 M l . 33 6.64 8.63 19 .. 65 .. 
9JL G.8) 0.83 
llJL o.t• 0.14 
l~S4 

6J 14.87 'l.to 11.'91 
9 A 1.10 •• 39 1.89 11.38 

l9SS 
SJ o .. o~ 0.&3 0.!5 

10 J 1.17 o.ts 1.32 
ZJL o.ss S.97 0.81 6.93 

1952 
·".is'i- o.3a 1.19 l.Sl 

lSJL 0.97 4.19 "· 9.1 10.13 
1951 ••a" a~= lJ 0.66 0.6~ . 
13 J 1.16 0.13 1.89" 
zs J 1.39 J.39 
Z6 J 1.10 ·0 .. 90 Z.I O 
z·t JL 0.31 o.ll 0-45 
JA 1.03 0."71 0.86 2.60 

., 



-------------------------------------------------

J9SO 
---~ 16M' 

lSI 
13JL 
21 .A 
19'9 
~ 

l.Z M 
19 M 
6J 

Z&J 
1948 

- ·J<';Us::= 
U At 
t•IL 

~Z:. 
l 6M 
.CJ 

: tS 
9J 

11 J 
ll J 
29 J 
9'5 

194& 
~as 

l~ 3t) =o ·::=:-= 
lJ 

15 I 
. !_f) J 

.. _ ... . 

TOTAL 

L 

o.6a 
o .• l9 

.11 
o.1·a 
1.!4 
0.16 
1.16 
0.26 •.• , 
1 .. 53 
l. 3 
0.23 

. l ...... 

0 .. 67 

0.27 
$.23 

0.33 
O.,f5 
0.46 
s.se 
1,.)0 
0.81' .. (,() 
0.-4.2 

1.48 

0. 65 
. 1. 09 
0.15 

1.37 

o .• t7 
-o.aa 
l.,Z3 

0.11 
J,.l1 

0.09 
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1.1a 

1.19 
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M ( fl T D1TS L 

1958 -
' lil 11 O.l o.z :ro ,., o.1 0.6 0.6 1~9 

) 'J . 0.19 ·~, 0,59 
tl 0,.62 o.6z 

16 J o.z• 0.41 J.Z4 1.89 
19J •.a6 1.1'1 1,.39 1.42 
21JL 0.57 0.39 9.1J 1\l.trt 
UJ'L 0. 11 0.54. 0.65 
Jl. JL 0.09 0.37 0.46 
4S 0.96 0.;96 

ta s - o. 16 0,69 o.n.s 
J951 .. ____ ,:;~~~-;~wi~~\.;~~-- .. . ·:_:-i)-:_i-~~:r,:-~·\ . : 

'-"~ ... 91 2.60 1.64 t.ts 
14 .Jt., '1.29 1.29 
JlA 1*44 o .• ~ ).23 4.91 
l~S 0.65 0.45 
19S.6 
~ 1,0& a.9s 5 J L .J.OJ 

9JL 0.2~ 0.4Z o.M 
195:4 
~--- l.61 ).55 .. 

16 M s.aa 
)J~ 0.13 0.51 0.74 

liJL l,oa l ,.oa 
1 s 0.60 0.'73 l,S3· 

l4 s 0~63 1.06' Z..15 4 •. 44 
1953 

~------lJ 14.83 0.2'1 11.11) 
11 A o.3s e.ll o ... , 1.11 

1952 • 
~~ • i I • . , 

t.M J.C6 s.o6 
16M 0.10 0.11 1.45 1.16 
lS M 0.75 0.15 
lOJ a.l4 z.34 
11 J t..tz 4.12 12.04 Z! 83 ,•f\ . 

UJ 0.89 0.61 1.17 z •. t61 
1951 
r;J a.zo J.06 5.Z4 l.Z. 56 

lOJ 0.48 o.z.·~ O.lZ 0.8') 
liJ 1 .. 91 0.1'1 z. oa 
.ZIJ 1~33 1.Z6 1.91 5.50 
l$ J s.1~ .l.l5 1 .. 37 9,44 

Ccntioued to next pt..ge 
.. 
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DATE L M B T -191 '·'' 0.46 0.79 
.. .. ~ ' I JL '·'" ~ ~·~ 3.04 9.00 

• .,li 1 .. 15 . 2.84 ••• 3 t~4% 
lo Jt. 4.90 0.51 O .. J3 s.&o 
lO A 1.64 l.S) ~~99 6.9() 
l2A .61 0~61 
as 1.)7 1 •• 1 1.61 4.;45 
l .S 6.61 S.79 ••• 3 14 .. 83 
•s · o.a4 0 .. 19 \)..;,2,., 

1950 .. -..... - .. . 
$.17 17 ~{ 3.zz o.&6 1.09 

16 J o.?o 0,.70 
1'9 'J I.Zl o.,•s 1.,15 3.41 
IOJL 5.31 1.01 •-sa 10.90 

-zl JL 4.81 0.10 •.. ,J 
J4 JL o.os 0.05 
UJL a.a1 Z.87 
21 JL 0.44 1.67 0.13 1.24 
SA 9.98 o.o6 lG. 04 
6A '·"1 $.-41 

15A 0.33 o.u 0.61 
. 14 s 0.21 0.86 1,07 
·11 s o.ao O.ll o.s9 l.S6 
19 s 0 .66 
1949 

0.4& 0.77 t .. es .. . -"''"' ---Zl M 0.54 0.469 1.18 2.21 
SlJL o. z l .. 64 o.sl 3.29 
21 A 0_.36 0.54 0.27 1.11 
JS 0.66 o.46 

19-lS . .. 
llJ .. ,.. 1.94 
l4J •.st o •. M o.sa 5.83 
1947 ..... . .. 
301 ~.59 l.ll 3.7J 
JlJL 0.73 1.85 1.15 ,.73 
UJL 0.34 o.t7 1.46 l.51 
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• I ·. ·-r ., . iJL 
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l &JL 
J .A 
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1.06 
0.19 

0.11 

o.&l 
1 .. JZ 

0.58 
).13 
0.30 

l.SS 
0.49 
0.39 

0.40 

0 . 1Q 
0.$~ 
0.67 
0.10 
O~l~ 

.. · .. 

" . ...... ti 
• ~_; l',.. . 

0.63 

0.17 

1.68 
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0.14 o.z,, 
0 .. )0 
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19 1-1 o.ss 0 .. 11 1.66 J.9a 
19 J 1 -.~7 0.89 1.16 
261 2.18 I. IS 
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1948 •• ... 
15 J l.OS l.9J '·'" ... 13 
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28A l.3Z 1.)2 

....... i I ·- - !~ ... - .. .. .. !. a :llol • I ••illl -..... ~ il . II ........ .. .. _...._ 
*J.•CJtAL 34.19 32,.0~ 40.11 lo-6. tj >) 
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