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1. Introduction 

The Hydrometeorological Section has been requested by the u.s. 

Engineer Department, Corps of Engineers, to supplement the Garrison 

Report (1)* with a similar study for the Missouri River Basin between 

Garrison and Oahe and between Oahe and Fort Randall Dam sites (figure 

1). Specific requests were made for estimates of: 

a. Water equivalent of maximum possible accumulated snow 

b. Water equivalent of maximum possible snowstorm 

c. Averago dato of disappearance of snow cover 

d. Maximum mid-May rainstt<:lrm 

e. Seasonal variation of rna:ximum storms, March through 

October 

f • Minimum recurrence interval betwGEm mnxL"num storms 

Many of tho problems of this study were c.lso the probl<:lms of 

both the Columbia (2) <.md the Gc.rrison Reports • Beforo tht:; issuance 

of those reports there had been fow, if any, attempts Si. t thoi r so lu• 

ti on. Tho solutions that have bo,m pros<,nted in tho reports have 

beon of necossi ty based on both data and theory which wore insecure, 

r,.lthough the best o.va.ilable t;.t tho time. Frecodonts were thus 

c:stftblished, but it was felt thn.t thoy should sEJrve only as tentative 

g:uideG to be followod in subsequent r8ports. The rom 1Nf'.s, naturally, 

to improve the methods -whonover possi blo • 

* Soe list of references, soction 11. 



Basic to all three reports, for instance, are es tima tos of 

seasonal and oven e,nnual precipi ta ti on. Essenthdly, ~mch em osti

tr£\. to cennot be made on a physlcal or theoretical basis, but ronewed 

efforts are being made in each succeeding report to develop somo 

physical checks on the estimato and to test the validity of previous 

m&thods. In the present study, refihements have also boEm added to 

tho development of tho seasonal variation of the maximum possible 

rtdnsto:rm, as well as to tho dovoloproont of the maximum possible 

snowstorm and its variation. Thcso ohangos in toohniquo are the 

result of the further study and investigation involved in tho prepa

ration of this report; they ar0 not arbitrary changes. Any now 

tochniquo which resulted in inconsistency 1rt.i.. th previous estimates 

was rejected unless it could be justified as unquestionably superior 

to previous methods. 

2. Olime.te 

Climatict\lly the drainage c,roa of the Mbsouri River betvreon 

Garrison ~d Fort Randall bolongs to the northern Groat Plains. Only 

thB extreme southwestern portions are subject to the steep orographic 

effects characterizing tho cas·tGrn s lopos of the Rookies • 

Like the area above Garrison, this rogi on is subject to high 

frequency of frontal passages • esp0cially in winter. The frequency 

hore is actually higher than above Garrison bocauso the most frequent 

path of polr~-air incursions is southeastward from northeastern 

Mnncan.1. or northwestern North D!:'kota. Also, e.s in tho Garrison, 

rc.·:not6n.ass of the rogi on from .a mf'isture .scJurco and its position in 
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the leo of the Rooky Mountains result in comparatively low precipi

tation totals despite the high storm frequency. 

Farther east than tho drainage area above Garrison, the 

Oahe-F't.Randall basins are also more frequently subjected to in

vasions of tropical maritime air from the Gulf of Mexico. The general 

mc:1soon circulation characterizing the summer months leaves the region 

INido open to such invasions, with tho rosult that more than 75% of 

tho moan annual rainfall occurs from April to September, inclusive, 

and about 50% during May, June, and July. Juno is the month of 

heaviest mean monthly rainfall. Because the area is relatively freo 

of rugged topography, thero is rather uniform distribution of pre

cipitation. Tho northwestward flow of the ma.ri timo tropical air in 

storm situations is indicated by tho o:verngo decroase of mean annual 

rainfe,ll from about 25 inches in southeastern South Dakota to about 

15 inches in northwestern North Dokota. Tho Bl~tck Hills are an 

exception to this tr(md; their southec.stward topographic aspect 

brings annual averages close to 25 inches horo also. 

In tho colder months, however, be~Neon Ootobar and April, tropi

cal air is almost never obsorvGd at the surface in this region. 

According to Willett (3), tropical air is never observed beyond 

northwestern Iowa in the winter months. During this period polar 

air overlies tho region. Tho major precipitation at this time, most

ly snow, occurs vmile the polar front is below the southern border 

of South D~.J:cota. Some precipitation, however,: is formed benoath 

the front by forced topographic lifting in tho westwar4 motion of 
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tho moistened air bonoath tho front. Tho average annual snowfall 

is between 31 and 3tiil inches J with March tho peak snowfo.ll msnth. 

Tho midcontinental position of thoso b~sins subjects tho air 

not only to an extreme r[mgo of temperature but also to an extreme 

range of dowpoint or moisture content. Studios made by tho Hydro

meteorological Sootion shc,w that tropical air of high moisturo 

content can roach the area in midsunmer, whon i,sothorms r-;f maximum 

possible dewpoint ehnraoteristically bulge northward through the 

Mississippi and Missouri Valleys. In tho wintor months, however, 

tho basins lie in a trough of tho dewpoint isotherms. On either 

sido, east and west; higher dowpoints (when roduood to a common stan• 

dard lovol) are possible. Alth:)ugh data for northern sections of tho 

United Str.tos aro not comploto, it is strcngly indicat0d that in both 

North nnd South Dc.kota vd.ntor dowp:>ints (roducod) arc tho lowest for 

tho lo.ti tude, 

9• Storm Typos 

Th1.>ro are twc :i.mportrmt differences between tho storm t;Ypes char

act\Jrizing tho Miss r;uri drainage o.ren c;bc:ve Garris on rmd tht:; typos 

cha.ra.cterizing the drai no.ge t\roa imm.odia toly below (called in this 

n1port the Oaho•Ft .Randall basins, or o.roa): 

a.. Tho stoop orographic offoct is minioizod in ~he 

Oa.he-Ft•Randall area., oxcopt in tho Black Hills. 

b. Tho Pacific sourco of m··,isture, responsible in the 

Garrison drninngo nroa f~)r important precipitation 

over tho Absa:roku Rcmgo end the portion of tho br.sin 

just west of tho Range, mc~kos only miner c•mtributions 
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to the precipitation anywhere in the Oahe-Ft.Randall 

arou. 

Synoptically, tho :cn<:tin storm typos for oithvr region boo.r a close 

Ir. tho Typo I storm, in both o.rous, tho baa in is undor tho 

lnfluonco of r:todifiod polar air. The storm cantor erossos tho 

Pe,cific Cottst anywhoro botwoan Washington and southurn C:..1.lifornia 

but in nearly n.ll ca8os n socondc.ry dovclopm:mt follows in Colorado 

or Novv H0xico. Tho latter occludes e.nd movos northoastwo.rd thrcugh 

I c'r just east of tho DoJ.coto.s. Deep cyclonic circul[t ti:Jn f~lcft is 

o.ssocio.ted with those storms. On the 10,000-fo·;!t chu.rt it first 

U.;Jpor:trs hS n. truu~;h cvar the n< rthvvostvrn st~\t·3S. L.s tho tr ;ugh 

alrc,rc,nchos tho Dckc,te.s, tho winds c,lcft boc:'mo S·.·uthwost <md light 

pr0cipi tr,ti' n - rc.in c:r sn• w - falls f'rc'm tho ·:;vurrunning Pe.cific uir • 

Aceonpanying th.:; sur faco :,cclufiiL:-n is tho dovolq:mont c.f o. ol osod 

eyclonie circulu.ticn n.lcft over tho Drckcto.s. Tho flow c~f air fr:.m 

tho at uth boccr,1v& intcns.ifiod,. bring;inf: tropical 411..'.-l:"ll.ti:mo a.ir nloft 

f:rr.£1 thJ Gulf tD tho DcJc;)to.s • On tho isontrr'Fio churt this flow is 

shcv11n f\S a mcist t·">ncuo flowing n>,rth,Jt,~twr..~.rd from tho Gulf in advance 

')f tho L'w cloft o.nd thon turnint; ncrthwo&twu.rd ond eyolc:nically 

hoe;vy 

prvcipito.ti en, pvrsi sting !:.s lcr.r c.s tho rogi:m is un:lor th~ influom.lo 

cf tho moist ton[TI.Oe During this star;o of tho storm, procipieaticn 

o.lsc ft:.lls frc·m the low·or polar o.ir flowinr fr~-m tho oe.st up tho 

:;;lopin[; torrrtin bonot>.th the n i~r>t tongue c:.nd tho frontal Jurf~u:'o!t 

,\.s tho tcnruo of ovorrunnir1t; cdr is displ£cccd oastwnrcl 'Y!' nort.hoastward 
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with tho movement of the str:rm, tho woathor clears 1 but rath0r slowly 

sinco tho moist tonr:uo cn.n curl c·.~mpletoly ab:mt the Low n.lcft, 

procipitati :m occurrinr; over tho D.·J<:otas on northeast and north winds 

behind tho Low~ The northwost winds in tho surfo.ce polar air, how

over~ precluJo further orogro.phic prGcipitation. During tho winter 

mcnths £• cold wave is quite likely to fellow in tho wako r,f this 

storm typo; howovor, the stcrm typo can occur any timo of the year. 

Tho storm f March 13-17, 1943, a major snowstc-r:w in tho Dakctas and 

a rru:,jc·r rainst:lrm in tho Ohic VL\lley, is cf this typo, nnd tho soquonco 

'-'f circuhti •Jns discussed is woll illustrated ln tho naps accompanying 

tho motoc:rc loricP.l ::liscussicn ·~f the rainstorm in a Hydr:;lor:;ic Stcrm 

Sur,plemont (4). 

Br·th abcvo o.n:~ bolow tho Garrison, tho Typo II st;:'lrm ic, who.t 

hr~s boon deGcribod in tho Gc.rrison Rorort as a ;'ursistont pros;:;ure 

;::c..ttorn re .. thor than st'crm. It is ll].('St rrovc.lent durin[ thEJ su:mmor 

season. Tho principal fcH_~turos r f o.. woathvr mo.p of this typo are a 

woll-ievol·,pod westward oxton:xion of the Bermuda High over the oa.storn 

hE,lf of tho ccuntry an~1 a tr mEh of l.:Nt pressure v1ost of it. Tho 

mass of trc ical Gulf air curri ud nnrthwar::l to tho Dakotas by this 

circulatiun extends to high lovols 1 tho 10,000-fc·ot chart shnwing cir·

culn.tirm foaturos a.lmnst ic:onticc.l with tho surfaco chart. General 

sbmors fc\ll ovor tho Oahe-Ft.Randall basins, with rrooipitcLticm 

occa.si'.•nally intonsifiod by tho pc.ssaf'e of a wave cyclone devolcring 

in the trour;h ·.'f low rrossuro. Tho ste:rm ends wh<m a lebo ·f tho 

Pr~cific Hi~:·h pushes inlrm:l i:nt•· tho Groo..t Basin, 1isplacinc tho trouch · 

GD.stward. Tho d:i.splacomont is rofloctod on tho 10,000-f ct chart, 
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which indicates Pacific anticyclonic circulation extending to high 

levels rver tho Dakotas. Tho flow (;f tropical air is lk'1.lted by tho 

resulting wind shift aloft from south to nc)rthwost. The stc,rm cf 

Soptomber 5-14, 1938, is on example of Typo II, as are many northern 

Minnesota ctnd northern Wisc~msin storms. 

The Type III storm over the Oahe-Ft.Randall area resombles 

Type III over the Garrison drainage basin in that it is also a non

occluding systemwithin the longitudes considered. Howovor, its pe:lih 

!.s south of tho area of intorost rather than north of it. The sources 

of moisture for this storm typo are tho scuno as for Typo I. Vory 

cold poln.r uir und high pressur0 prevail over the basin, with the 

poh~r front far to tho south. A Pn.cific front udvancing eastwc.rd 

u.cross tho Southorn Rockies deforms th0 polc,r front, tho ro sulting 

pvrturbation thon moving oastws1.rd ~,s a stable wo.vo• South and south

"<rest winds ,in advance of tho upper trough associated vd th tho Pacific 

front bring tropical air ovor tho polar air ct tho surface, o.nd w:i.do

sproad rains or sno1;vs over the DcJcoto.s follow, aug;montod by orographic 

precipitation in the cast ·winds bringing polar c.ir up slope c.cross 

tho Dakotl.\s. In this storm type no closed cyclonic circultat~on aloft 

develops over thv Dakoto.s but may dovolop ovor tho eastern Lako 

region. Continuod southward advance of tho polar front and its D.sso

ciatcd rcroo. of overrunning onds tho precipitation. Tho storm of 

,Tccnuo.ry 16•17, 1936, bolongs tf'l' Type III • Principally a vvinter-type 

storm, Typo J:II can t:dsc· occur at any othor time of the year. 

A minor typo, la.bolod IV J is u loce.l storm, restricted mostly 

tc tho Black Hills aroa and [~ssocic,tod with thG pass ago of an intense 
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pole.r Canadian cold front sc·uthonstward o.cross tho bE,sin• Hoavy 

snrnvstorms of short duration may result in wcstorn Snuth Do.kota. 

Tho storm cf January 20-21, 1915, is an oxrunplo. 

Al.though it is simp lor to di scovor and specify tho character

istic storm typos of [, ror;ion, it is 11110rth while to ictormino what 

storm types cw.n bo excluded from tho project area, oven though thoy 

c,re knnvm to bo important rainfall-producers olscv<horo. Since tho 

dctormino.tion of tho mc..xiraum possible strrm must bo basod at least 

1.n part on transpositicn uf strirms frcm cthvr region<> 1 suoh a knowl-

St;rvos as €\ dofinito rostricticn on corte.in tr~:mspositions. 

On tho basis of c. sync,ptic stucly ;:,f tho 40-y,:;ar roocrd c.f Nc;rthorn 

Hemisphoro Historicc,l l;'Jor,thor Mn.ps (5), tho follovving stcrm typos 

,sore :lofil1itoly excluded fr,;m cnn.::ddort~tic.n fJr the Oaho-Ft.Rn.nd;:..ll 

basins: 

a. Tho topical stc.rm or hurricc..no, or tho storms 

associ atod with tho topicC'>l st';rm eithor \S fcoro

runnors in invurtod V-shapo troughs north rf tho 

tropical-storm contc,r ('r l.'l.S aftor:Llo.ths in tho form of 

decadent oyclc·nic systoRs. Tho lino separating such 

ooourronces fr m the region nf their nnn-occurronco 

has boon c:nly roughly defined but it is dofinito that 

both Ncrth and South Do.kota are c·;nsidoro.bly n1rthwost 

of such r. lino • 

b. Tho n·mfr•ntr•l stc·rm in tho 1Nintor mcmths. This follcvr~ 

frcm tho characteristic position of tho poln.r frnnt 

south c·f tho arva during tho so r,1cnths. Obsorvanco of 
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this synoptic fact oxoludos frora consideration for 

transposition mo.ny outstandint; winter storms that 

havo occurred at lovror latitudes, notably tho pho-

rv'menal Elba, Ala.; storm of M&rch 11-16, 1929. 

c. Storms occurring outside · f a reg:ion c;f mutoorolorical 

hompconoi ty rouchly cc)mprisinr the phins aroa between 

the Rockio s f.md tho .l\.ppu-lo.chians but not incluJinf the 

Gulf Sta tos. In rarticu lar, many storms which both by 

proximity rmi synJptic patto:rn so om tru.nspcsablo to tho 

rori on must nevortholotw bo oxcludod boeauso their 

•;ocurronco on the oastorn sl os r-,f tho Rc1ckio$ makes 

'!:;heir rainfall primcrily cro;::raphic. 

4. Tho Maximum Pc.ssiblo GvnGrul Rainstorm 
·--.. - '<-~ .... ' -· ... -~------

In tho GLlrri son Rorort a r11uximum possible mid-:Mo.y storm was do-

tormined by transp•)SJ.tion 8...111 moisture adjustmont r;f .-, fow t:Waih~blo 

storms, consirlorc..ti on nl so being fi von to the onvolo=;ing values of 

mn.ximum rainfall fr,r tho Uni tod States • Fur the V::'orin.tion ,,f tho 

maximum storm from J!l[c,rch throuch October tho mid-:~.ky storm was ad-

justoi to occurronco in ether months by uso of mr;isturo r'~.tios, 

1Nn-ccrrection fo.ctcrs, anJ e. windO..'<fariatinn fa.ctc.1r. Th!D last two were 
.l 

d0:r:i.vod fron t-:.. study of mo£m m•Jnthly date,, tho assumption boinr that 
I 

tho rolaticm botwoen the ffi0Et11 valuos 001\ld bo arrliod satisfnctorily 

tc tho extromo c;r r:tn.ximum cc'.sos. It wt~.s chiefly tc c:.v:-:dd such D. 

questionable assum11tion the.t o. different method of detormininr the 

soo.snnal variation cf tho maximum rainstorm v,ras used in th0 prosont 

r0port. 
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This mothod, essentially, is to dorive the me.ximum st0rms for 

as ID?J'lY datos L\S rossi ble in.!opencl.ontly. Tho puttorn of tho sea.-

sonal vuriatir;n of the maximum storm is implicit in tho rosults, 

inc~opondont of asaumptions concernint: tho natura of tho Fhoncnnono. 

govorninr: tho vrtrinticn end, morocvur, indop0ndont of tho dL:.ta 

chosen e-.s tho bost available ind.icstticn of the vu.rL.tion. A suffi-

ciont nu.rnbor f o.:no.lyzod storm instcmcos, (;ccurri.nr in cr trnnaroso.blo 

tn tho :1rou, ':l.ro roquirod, to vo assur,-;,nco that a me.ximum Jctor-

mino.ti. en con be mc.J.o within practically ovury mrmth. 1. combinr:; of 

tho available storm data in:::.ico.tod that for r:lc,st nonths sufficient 

storms woro available, nllowing a reasonable intcrr:rle.tion cf tho 

vo.luos within tho months wj.th :;cuntior dr.1.tu. ·In all, 102 stc·rms 

wuro usc(~, tho number within ~:, oulonrlar mcmth varying: from 20 in 

Juno tc 3 in Fobruary. Those storms arc listed bo1cw, by do.to und 

u .. s. Enrinoor st<:>rm assig.J:J.nlGnt "los:i.gnation; for thr>so lTh."trkod vr.ith 

an asterisk only preliminary th-urea :lata wero avai lablo. Storms 

discarded for synoptic rottsons aro net included. 

Storm Dato 

Jan. 1-3, 1907 
Jan .• 4-5; 1917 
Jc .. n. 6-11, 1930 
Jan. 18-21; 1935 
Jr.1.ll. 21-24, 1920 

Fob. 9 ... 14, 1938 
Fob. 14-19~ 1938 
Fob. 19-23, 1922 

!!tar. 9-12, 1939 
:Mn.r. 13-14, 1918 
Mar. 23-27, 1913 
Mttr. 31-L.pr. 2, 1917 
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UN 1-15 
UEV 3-3 
LMV 2-22 
Ui!V 1-19 
OR 6 ... 23 

GL 2-27 
sw 2-17 
GL 4··17 

UMV 4-16 
GL 2-17 
OR 1-15 
mw s-4 



Storm Dato i~s s i g:nnont Numb or 

f,_pr. 5-9, 1938 GM 2-25 
.i:..pr. 5-11 .. 1919 GL 2-19 
J~pr. 12-15' 1911 LMV 1-8 
li.pr • 17-21, 1927 S11\f 2-4 

Hay 2-6, 1898 sw 1-2 
* ~·!lay 6-9, 1927 r,m 4-25 

* Nay 6··11, 1943 sw 2-20 
r~iay 10-12, 1914 GL 2-15 

* May 10-12, 1920 rm 4-17 
l~ay 15-19' 1930 LMV 2 .. 24 
tfay 17-19, 1927 UMV 4•12 
May 19-22, 1912 GL 3-1 
]!:ay 25-29, 1915 r,m 2-7 

* May 25-29, 1929 NR 4-27 
May 27-Juno 2 I 1935 ~m s-2BB 
rKay 29-June 3, 1929 ~m 3-25 
~·In.y 30-31, 1938 HR 3-29 

Juno 2-6, 1898 UNV 1-3 
June 2-6, HJ32 SYf 2-7 

* Juno 2-7, 1908 HR 1-24 

* Juno 3-4, 1940 t'ffi 4-5 

* June 3-5, 1904 ]iiR. 4-8 
June 3-8, 1905 GL 2-12 
Juno e .. a, 1906 ]ffi 5-13 
Juno 6-12, 1913 SV{ 1-14 
Juno 8-ll, 1922 GL 2-21 '!' 

Juno 9-10, 1905 UHV 2-5 
Juno 10-11, 1938 mw s-11 

* Juno 10-13, 19·14 MR. 6-15 

* Juno 11-12' 1915 ~Jffi 4-15 
Juno 12-15, 1930 UMV 2-14 
Juno 12-18, 1935 S1H 2-13 

* June 17-21, 1921 MR 4·21 
Juno 23-26, 1942 J>JR 6-1 
Juno 25-26, 1935 UEV 3-14 
Juno 28-29, 1033 mw 2-15 
June 29 ... July 1 1 1938 GL 3 .. 11 

Jul. 1-6, Hl01 UMV' 1-8 
Jul. 4-7, 1909 UNV 2-8 
Jul. 5-8, 1028 mw 1-18 
Jul. 9-12, 1922 iYlR 2-29 
Jul. ll-16, 1937 UiJiV 1-20 
Jul. 13-15, 1927 sw 2-5 
Jul. 13-16, 1007 llR 1-23 
Jul. 13-17, 1916 UI:!V 1-16 
Jul. 18-21, 1905 sw 1-7 
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Storm Dtl.to 

Jul. 18-22, 1897 
Jul. 18-23, 1909 
Jul. 10-24, 1912 
Jul. 21-23, 1917 
Jul. 2<1:-28, 1892 
Jul. 25-27, 1897 

Aug. 1-2, 1929 
Aug. 3-6, 1924 
Aug,. 15-17, 1932 
Augo 18-20, 1924 

* Aug~ 19-22, 1918 
Aug. 24-28, 1903 
Aug. 28-31, 1941 
Aug. 31-Sept. 3, 1937 
Aug. 31-Sept. 5 , 1926 

Sept. 2-5, 1926 
Sept. 2-6, 1940 
Sept. 6-9, 1915 
Sept. 6-10, 1937 
Sept. 8-9, 1926 
Sept. ll-16, 1915 
Sept. 11-16, 1926 
Sept. 12-19' 1905 
Sept. 13-20, 1923 
Sept. 15-19, 1942 
Sept• 16-19, 1919 
Sept .. 23-26, 1925 

*'Sept. 27-0ct. 1, 1923 
Sept. 2s .. oct. 2, 1927 

Oct. 3-6, 1910 
Oct. 18-22, 1941 
Oct. 19-24, 1908 
Oct. 25-28, 1919 
Oct. 27-30, 1900 
Oct. 30-Nov. 1, 1900 
Oct. 30-Nov. 1, 1919 

Nov. 10-161 1909 
Nov. 15-17, 1928 
Nov. 16-19, 1921 
Nov. 17-21, 1906 

Doc. 8-14, 1932 
Dec. 16-20, 1895 
Doc. 26-28, 1942 
D8C. 27, 1922 
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Assit;nment N~ 

m::v 1-2 
mw 1-11 
GL 2-20 
GL 2-30 
m~ 1-1 
GL 4-5 

U1't1V 2-17 
GL 2-22 
SY! 2-8 
UMV 4-11 
MR 4-16 
I11iR 1-10 
UMV 1-22 
GL 3-5 
J\iffi. 3-8 

sw 1-30 
sw 2-18 
MR. 2-11 
sw 2-15 
OR 4-22 
UMV l-15 
sw 2·1 
mtN 2-18 
SYJ 1-26 
mw 1-25 
]!JR 2-23 
sw l-29 
MR 4-23 
NlR 3-14 

OR 4-8 
MR 6-2 

l-11 
LMV 1-13il. 
UMV 1-n. 
UEV l-7B 
UW l-13B 

l'R 1-29 
l'R 3-20 

1-2<1 
uw 1-4 

GH 2-11 
!::iR 1-1 
mw s-22 
mN 3-10 



Each storm in tho Hst was adjusted for moisture oontont on tho 

basis of a comparison of the dowpoints characterizing tho inflow 

into the storm with tho maximum possible dowpoints that v;ould charM• 

torizo inflow into tho storm if it oocurrod over tho Oaho-Ft.Randall 

aroa. An oxoossivo tro.nsposi t:ion in time wns avoided by confining 

tho ndjustment to those mo.ximum dov;points possiblo llithin 15 d:.ys on 

oi thor side of tho c,cutal storm date. 

Tvro typos ':lf dow·point adjustmont wore usod. Ono, bnsod on a 

thunderstorm-typo flow model, vms used for tho months Mn.y to October, 

inolusi vo. F'or tho months Nov0tnbor to i1pril, inclusi vo, tho adjust-

mont was bc:.sod on c. cyclonic flow model suggostod by tho Section •s 

oxporimonts in reproducing storm rninfnll in the region of tho Osage 

River. Yfuilo the, moche:lllisms or flow models o.ro hypothot.ical and sub-

joct to revision as more data boc')nlO avnilr,blo, tho mcisturo adjust• 

n10nts novortholuss remain s ocuro becauso model cho.ngos havo relt'.ti voly 

li ttlo off oct en the r£~ti c of adjustment from '·no dovvpoint to '"-nnthor. 

Fuller discussi('n r f fund:::.monte .. l modols must, hcwvvvr, bv loft tc· a 

later report. 

11.11 o.djusted str.m v~luos wore plotted, D.t ID·':nth and do.y of 

occurrcnco, nn ''· c,no-yoa.r timo sc~'..le and curvos drr .. 11m onvoloping all 

vo.luos, with sc,me o:x:copti:.:ns, frT spocif'iod areas and duro.tions. 

Tho valuos nc.t onvolopod bolongod tn tw') typos. In one or .. so those 

valuos worv considorod ox:cGssivoly high bocc.usEJ thoy oo.mo from storms 

the.t wcro intonsoly crcgro.phic - an intonsi ty, which, it wo.s docidod, 

could nc't bo duplicatod by tho non .. orogro.phio fon.turos rJf e. stcrm 

0vor tho Oo.he .. Ft. Rn.ndnll D .. roe.. Thoso woro storms which should have 
' 
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boon oxcludod from. transposition boc~:.uso thoy cccurrod outside tho 

region rf moteorolngicul hom.ogenoi ty, as dofinod in tho lnst socti on.; 

but. wore novortholoss oxperimontally transposed and adjusted because 

of dcubts ~:.rising in tho initial soloction. The storm of Septornb0r 

27-0ctc~bor 1, 1923, which had o.n important uso in th0 Garrison study, 

was of this typo. Tho other typo of vnluo not enveloped crumo 

definitely from o. moro local~ short-duration typo of storm than can 

bo c0nsidorod critical for tho pr ojoct bQsins. In general, this was 

a 12-hour va.luo which was about oqual to tho 24-hnur valuo in tho 

srunc storm and usually close to tho 24-hour enveloping ve.luo dori ved 

in this study. Tho Bonaparte, Iowa, storm of June 9-10, 1905, is 

such a storm. Values dorivod from such storms could not occur in tho 

maximun storms nver areas like 20,000 rmd 60,000 squa.ro miles and so 

wore oxcludod from tho envelopment. 

The maximum dopth-aroa. values, sr· uori vod, for the micldlo of May 

nro as follcws' 

L:roa. 
(squu.ro 
railos) 

2000 

5000 

10,000 

zo.ooo 

50,000 

60,000 

£.U.XIi\JUN POSSIBLE MID•i\rJW GENER!.J.. RAINSTORM 
OVER THE MISSOURI RIVER BJJ3IN BET'7EE~T 

GARRISON JJ.JD FORT RL.NDii.LL 
(INCHES) 

Duration (hours) 
.12 24 48 72 96 

6el 8.4 u.o 12.4 13.0 

5.4 7.4 .10.0 1U2 11.9 

4:..7 6.6~ 9.1 10.2 10.8 

4.0 5.7 7.8 8.9 9.5 

2.9 4.3 5.7 6.7 7.2 

2.6 4.0 5.2 6.1 6.6 
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Tho depth' area curves from 2000 to 60,000 square n1les are given in 

fi guro 2. 

It is encouraging tho. t mcs t of the en vel oping values throughout 

tho year wore determined by storms occurring in Milmesota, ;,~1sconsin, 

tho Dakotas~ and Iowa rather than by storms transposed from states 

fe.rthor south. 'I'he soasonol variation from March through October 

sho;vn by this envelopmont is presented in figure 3 as a function of 

the rcd_d-May val uc•s. The figure shows that this seasonal variation 

has itself an importa.nt varia.ti on with area, althoug/1 only for a 

portion of tho yee:r. Metecrdogico.lly, the variation with area is to 

bo expected. Evon tho widespread storm of midsur:1mer is essentially 

'compos0d of thunderstorms or J.ocal storms, mcmy of which can produce 

high peaks of ru:i.nfall O'Ter smaller c.reas like 2000 squ9..ro m:i.les. 

Hcwever, when tho precipi·tati on is av0ragod over fully 60,000 square 

miles, the localized nature of tho peaks reduces their effect on the 

60 ,000-squaN-mile aver nEe depth. Tho spring storm, hcvvever, is a 

more uniform typo of storm in which, although the pouks are indi vid

ually lower than in midsummer, each controls a greater area and so 

these peaks havo a greater effect on tho a.verago depth over the larger 

aree.s. Thus tho varia:bion between tho May and the midsummer dopths 

is largest for the 2000-squaro-mile a.roa and smcllost for 60 1 000 

squ.we miJ.es. .Area. is apparently not significant in the variation 

between fall and spring. Tests were also made for a. variation with 

durtttion, but that vYaS found nei thor le.rt;o enough nor systematic 

enough for further investigation. 
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5o The Maximum Possible Snowstorm 

The major snowstorm of the region is the Type I storm previously 

described., Important examples are the storms of March 13-17, 1943, 

and November 9-11, 1940. In such a storm, for computation purposes, 

two important precipitation mechanisms are present. There is frontal 

lifting of tho warm moist air flowing from the south, and there is 

orographic lifting of the cold moist air flowing from tho east below 

tho frontal surface. 

Tho storm of March 1943 is of special interost because it occurred 

over tho project basins and was also one of tho groatest of record 

for tho region. Only preliminary dopth-area data wore available, 

bctsod on tho tota.l isohyetal map £lCcompn.nying Part I of tho storm 

study; a 24-hour breakdown over tho total aroa of primary interest 

(93,000 square miles) was bnsod on tho automatic rocords within the 

storm. 

By using all available motoorologioal data, including the radio

sondes at Bismarck, International Falls, and St. Paul, it was possible 

to make satisfactory estimates of moisture content in the air flowing 

above tho front and in the air flowing bolow the front, as woll as an 

ostimato of the frontal slopo itself. Tho latter is constant noithor 

in timo nor in spaoo ~ but for purposes of simplifying the oomputa•• 

tions a mean slope was assigned to tho frontal surface over tho area 

for each pGriod .. tho magnitude of tho slope boing an inverse function 

of tho distance of tho surface position of tho front from the area. 

Tho slope was found to vary linearly from 1/100 when tho surface 

front was at the basin bGundary to 1/250 whon tho surface front was 
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300 miles away, usually measured in an approximately north-south 

direction. This is the frontal slope measured in the same direction, 

i.e., nornal to tho surface position of the front. Considered in an 

east-west dirootion, for purposes of orographic computation, the 

frontal slope was assumed to be constant and parallel to the topo ... 

graphic slope, which rune from an eloVf.l.tion of 1500 feot on thp east 

side of tho basins to about 4000 feet on the w0st ·side. 

Given the data described abovo it was possible to compute, for 

oaoh 24-hour period, the effective preoipi table water WE produced by 
~ 

frontal lifting <:md also the WE orographioally produced. Those can 

be called tho observed frontal WE and tho observed orographic WE• 

By substituting for the moisture content in tho air above the front 

tho highest possible moisture contont consistent with a psoudo-

adiabatic lapse :rate in saturated air' t::.nd temperatures no higher ·chan 

32°F at all elevations over the area of intorest• it was then possible 

to compute for 1each 24-hour period a maximum possible frontal WE• li. 

maximum possible orographic WE was also computed, this based on the 

assumption of saturation and an isothermal lapse rato at 32°F in the 

air below the front. Such layers, isothermal and saturated, with 

temperatures close to 32°F1 wore observed in the region. In the 

frontal case tho air flow was restricted to tho space between the 

frontal surface ~nd tho 300~mb surface; in the orographic case the flow 

was restriotod to the space between the ground tU1d the frontal surfaco, 

both having the same slope. 

Boforo adjustment of the observed storm to its maximum value for 

increased moisture content, it was necessary to separate the frontal 
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from tho orographic precipitation. This wo.s dono by assuming that 

they bore tho same ratio to ouch other as tho observed frontal and 

orographic WE values. For every 24-hour pori od each of the so tvro 

procipite.tion components (frontal o.nd orographic) was thon increased 

to its maximum by multiplying it by the appropriate ratio of tho 

!(][;,Xim.um to the observed wE. The results, in inchGS of water equiva

lent ovor 93,000 square miles, are tabulated below: 

De,te Observed Procip. Adjusted Procip. 

13 0.07 0.12 
14 0.14 0.28 
15 0.30 0.48 
16 0.34 0.49 
17 0.12 0.39 

Total 0.97 1.76 

Tho adjusted storm is thus 180% of tho observed. Adjustod by the 

swne percentage, tho value over 60 1 000 square miles is 2.2 inches, 

over 20,000 square milos 3.1 inches, and over 2000 square miles 4.3 

inchos. 

However, this is not nocessr.rily the maximum possible snowstorm. 

It would be if it could be e.::;sum.sd that tho dyne.mic structuro ;f the 

March 1943 storm was at a maximum, that is, if the moist air had been 

processed at the grout est possi blo rate. Bocaus e no theoretical 

mothod of extrapolating wind structures to their upper limits is 

available, tho best security is in a moisture adjustment of a large 

· number of maj cr storms and envelopment of the vulues obtai nod. For 

this purpose seven storms in all were subjected to tho analysis and 

adjustment described above. They wore: 
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Datos 

March 23-27, 1913 
March 10-12~ 1939 

* Ho.roh 13-17, 1943 
April 17-21, 1927 
April 12-15, 1911 
Fob. 14-19, 1938 

* Nev. 9·11, 1940 

~signmont numbers 

OR 1-15 
UMV 4-16 
MR 6-11 
SW' 2-4 
LMV 1-8 
GL 2-27 

(to bo assigned) 

Only preliminary dopth-aroa data woro cwailable for those storms 

marked v.ri th an c.storisk. 

All but tho 1943 stc rm roquirod trc,nsposi tic:n to tho n.roa, .rmd 

those woro examined motoorologico.lly t•) determine tho propriety of 

such transpcsition. Somo woro originally rainst,,rms; somo woro ro-

ducod in too transposition and adjustment. Tho fino.l onvoloping dopth-

aroa va1uos for a duration of 96 hours aro shewn in figure 4.. This 

curvo is dtlminatod by values from tho March 1913 storm. In that 

stc>rm tho adjustment vras on tho basis of e. 60 1 000-squaro-milo uroa. 

To obtain tho values for smaller aroas tho obsorved values f0r all 

aroas in the 1943 storm woro incroasod by tho ratio nf tho adjusted 

depth over 60,000 squo.ro milos in tho 1913 storm tP tho observed 

depth ovor 60,000 square miles in tho H143 storm. Tho final values 

nrc considered t0 bo tho nnximum for a sn~1storm occurronoe in mid-

Mn.rch and the curve is so designated in figure 4. To obtain the 

mid-May muximurr. snowstorm values, also shovnn in fiG~ro 4, it was 

necessary to consider the soas,~nal variation cf the me..ximum sn"W-

storm, 

Figure 3 sh0ws tho seusonal variation of tho mc,ximum general 

rainstorm. Essentially such a variation is compounded of two sopar-

ato variations - ono of moisture content nnd the other of storm 
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dynamics • Tho l9,ttor is only roughly a variation in wind spood; 

it involves a chango in wind structure which results in a ohongo 

of storm intnsity avon whon tho air-mass moisture content is 

constant • Tho VJ.riation of moisture content is available as data 

basic to tho report in tho seasonal m."trch of tho :mt'.ximum possible 

devvpnint teraporaturo s in tho region. Tho dowpdnt variation can 

also be stn.tod e.s a variation in intensity d procipitati on per unit 

not-inflow wind if o. dofinito :rainfnll mechanism is postulatod. 

Such u moohnnism has boon postulatoJ in estimating tho maximum 

mic~-J,aarch snovrstnrm# nod also in thu Jotormino.tiun of tho maximum 

possible rninst·.;rra by transposition and a~tjustmont ,,f storms to tho 

projoot area. The seasonal varia titm :f tho dynumic or win1 fo.ctor 

is quuli tn.ti voly evident in o.ll hy:1romotoorological studios but 

hithortr> it has boon impos~iblo to u:x:pross it quantitatively in any 

satisfo.ctory mannor' 

Within the limits of tho o.ccuracy of tho do.to. and assunptions 

us0d in this roport, it n:;w bocom0s possible to make such a quanti

tc,ti vo statolTlOnt • Tho seasonal me.rch of m£:.Ximum possible dowpoint 

ocm, ~:;:s has boon said, be expressed as a curve ;;f seasonal vario.tion 

of storm intonsi ty or WE; that is, tho curve o.lso statos tho seasonal 

changes in o. theoretical maximum storm if such o. storm wore solely a 

function r,f the dowpuint cr WE" Tho mo.ximum storm would bo solely 

such o. function if tho wind fo.ctor wore constant. Tho.t tho vnnd 

factor is not conste.nt is ovidoncod by the fact that tho curve of 

actual maximum stcrm vo.rio.ti on (figure 3) diffGrs from tho curve of 

tho dowpoint function. HOW'ovor, since two •Jf tho throe soo.sonal 
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vari~tions are available, it is possible to derive the third, or the 

variation of the wind factor. 

The facts can be stated as folloW's: The ratio of the maximum 

July storm (SJ) to the maximum May storm (SM) is equal to the 

product of the ratio of the maximum July moisture content (M ) to the . J 

maximum May moisture content (~) times the ratio of the maximum July 

wind factor (W J) to the maximum May wind factor (WM) 1 or 

SJ/Bvt= (MJ/~) (W;r/WM) 

and 3 therefore, WJ~= (SJ/SM)/(MJ/~) 

Since all terms on the right -hand .side of the last etj_uation are known, 

the variation of the wind factor can be derived. For example, suppose 

the dewpoint curve indicates that the July storm can be 15CP/o of the 

maximum mid-May storm while the maximum-storm curve shows tho per-

cent age to be 135, Then the ratio of the July wind factor to the 

mid-May wind factor is 135/150 or 90%. 
The Ilk'lXimum snowsto:rm differs from the maximum rainstorm in that 

it occurs at what is for all practical purposes a constant dewpoint 

or a constant set of dewpoints. Assuming saturated conditions (in 

t.'.1o JJ .. a:x:innun case), tho sto:rm must occur at dewpoints such tho.t no 

temperatures above 32°F occur over the storm area. If such dewpointe 

can be achieved over tho nroa throughout the season, the mo.x:lnum snow·· 

storm over tho region can have no sensonal variation duo to noisture 

content, because higher moisture content - and hence higher dewpoints -

w:i.ll change the precipitation fro:r.1 snow to rain. Except in the air 

bolm.r the frontal surface in January and Fobruo.ry, the ma:x:i:m:um 

dewpoint s required for tho mnx:i.rmmt snowstorm conditions ,oo.n be 
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acld~ved in tho Oaho-Ft. Randall area. Evon in the months mentioned 

the '-1F:¥point deficiency is smnll enough to be neglocted. 

Eowover, the maximum snowstorm will vary with tho wind factor. 

Tho wina. variation, derived as described above from tho independent 

variations of tho ma:x:im:um dew:point and the ma:x:imum rninstom, has 

boon c.pplied to the ma:x:im.ur.l mid-March snowstorm in order to obtain 

most of tho variation of the ma:x:imum snowstom as shown by the 

curves in figure 51 whore the values have been converted into terms 

of the mid -May snowstom. As in figure 31 for the maximum rainstorm, 

tho v-ariation itself varies with area. Only the 2000- and the 

60,000-square-mile v~xintions are shown, and linear interpolation is 

suggested for obtaining the percentages applicable to intermediate 

areas. Tho absolute values of the mid-May snowstom1 derived frOI!l 

this figure, are shown in figure 4. 

One other important factor was considered in developing the 

seasonal variation of the snowstorm;. Even if dew:points higher than 

32~ can be achieved almost all the tilne 1 it does not follow that 

dewpoints or temperatures as low as 32 can be achieved or1 if achieved, 

c;~"n :Last the total. duration of the ma:x:imum snowstorm, which ia 96 

hoTcrs, An e:xDl!lination of the terrporature records in the region, 

consisting mostly of nnximum and minimum values, did not provide a 

satisfactory criterion for determining the possible duration of snow-

storr:1 conditions. The occurrence of consecutive days with snow was 

finruly used as the criterion for the snowetom. dura.tion. A study wo.s 

ma.de of cooperotive-sta.tion records in the region to determine the 
~:; 

sea.sonnl variation of the number of consecutive days on which snow 
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could. fall. For the tines of year at which it was d.ocided that less 

thf'.n four conc;ecutive ctayo of snowfall could occur, tho percentage 

indicated by the wind-factor variation curve wao applied to a less

than-four-clay tot.al, but the less-then-total amount was always the 

muxit11.111l for the duration. For a one -day atom, for instance, the 

muxi:cr<.ll!l 24-hour anount was used. The four-day cluration wns reduced 

linearly to zoro from May 15 to July 15 on the spring-S'Ul2li'ler side and 

from October 15 to August 15 on tho fo.ll-sUI!JI'le:r side. The curves as 

given in figure 5 have incorporated these trends. 

6. Storm Recurrence 

The 40 years of published Northern Henisphere surface synoptic 

charts ( 5), and also the U ,S. Engineer DepartriOnt t s storn-assign.ment 

lists, wero studled to evalu1:.te storm frequencies and ninii:Iur:l. stom

rocur:rence intervals over the Oahe-Ft. Randall area., It was -l,Uillita

tively determined that the ninimum :recurrence interval between 

n~imum possible storms is also subject to a seasonal variation, In 

toms of tho lenghh of interval, the seasonal variation is the reverse 

of the variation of the maximum possible rainstorm. 

Tho shortest recurrence interval is at the time of the naxi:mum. 

:rainstorn, approximately August 1. Its length is five days, measured 

as tho lapse of tine between the ending of the maximun 24 hours of 

rainfall of the first stom and the begiming of the nax:Lnu.m 24 hours 

of rainfall of the second storm. Illustrating such a recurrence 

interval are the major storms, July 18-22, 1897 (UMIT 1-2) and July 

25-27, 1897 (GL 4-5), tho first occurring over northern Mimesotn and 

the second over northern Wisconsin. This ninirrrul::l tine interval is 
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longer than tho nininun interval in nore southern latitudes and along 

the Atlantic Coast because, Minnesota o.nd Wisconsin being at a greater 

dictance fran the oceanic and Gulf sources of moisture, n longer 

period is required to reestablish a strong current of moist cdr 

nft.or ench sto:rm occurrence. 

'T!:lo interval increases as the seanon becooes cooler. The 

polar-air thrusts which end the atoms reach lower and lower latitudes 

and tho period roquirecl to reestablish strong currents of tropical 

~:J.aritii:to air is increased. Furbhen1oro; tho relation between cold 

air temperatures o.lo:ft and hoavy precipitation becooes noro definite 

in tho cooler nnnths. Tho rolat:l.on is such that excessively cold 

air is ncconp~~ied. by a strong south or southoadt current east and 

norbheast of the low prossuro in the cold air o.lo:ft. The strength 

of the moisture-bearing south or southeast current depends on the 

potential energr oanifest in the tenperoturo grndiont fran the warn 

to the colrl air. Exominat ion of intense cold Lows such as the one 

accompanying the Inkota snCtt.rston'l of March 1943 incLicates thQ.t 1 while 

a succession of cold Lows can advance fran tho west or northwest with 

about the same periodicity o.s indicated by the nininun sunnar-ator.n 

interval, the succeeding cold Low is not as ~tonse as its :prede

cessor. The tenperaturea in the new invasion of cold air may be as 

low or lower but tho older cold air, nlthougb modified, still per

sists in advance to weo.kon the temperature gracliont,. In general, 

tho nore intense the first ato:rm the weaker the following tel:lporaturo 

gradient and therefore tho woa.kor the foliowing storm. On this 

basis, nooesscrily qualitative and derived from limited study of 
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limited. upper-air data, the m.idw·inter :rnaxilnum storm of February is 

gi von a minimum recurrence interval of 12 days, definoo. as tho 

interval between maximum 24-hour precipitation periods, as before. 

Figure 6 graphs the ser~sonal variation throughout the year between 

tho miclwintor ancl midsu:mm.er values o:t' 12 anrl 5 clays, respect i voly. 

The f'L1I:le rGcurronce interval can be applied tn nax:imun snowstorms. 

It io also tho interval between tho :rna:x:i:m:un sncrwotc:rr:J. follcJWecl by 

tho maxi..m.um rainst-orm anrt vice vorsP .• 

The posoibility of cninciclonoo of runoff from severe storms be

twoer. Gccrrisnn nn~l Fort Randall with the peak outflow from tho flood. 

above Gurris>n is thus definitely indicatocl.. However, in using tho 

mlnimwn recurrence intervals for such a purpose, the maximum rain

stc:rm. postulated below Garrison lht1 s:Lto must be cc-nsidorecl an occur

~:-ing c:n gr(mncl ccvorod by loss than tho maxinum possible accumula

t.icm of Sn0W (discussed in section 7). The pre•ri0us occurrence of 

tho maximum rainst0rm nbove Garrison will hc:ve 11eon accompanied by 

sufficient wo.rmth to melt a substantial portion of tho snow cover 

·oolnw Garrisn.n. Although, during tho occurrence of tho ma.xi:rnun1 rain

stnrm above Gc.rrison, tho nroa below Garrison mD-y very well be 

bonoc,th the frrmtal surface and. not within tho m':)ist tropico.l air 

pro(lucing the rainfall above Garrison, the lower layer of air will 

always be a greatly moclifiecl polar air mass, modified sufficiently 

to cause subotantial melt. Tho d.otomination of tho minimur1 possible 

molting in such a situati0n wc,uld. require a groat cloal more research 

thnn is practicable boforo tho pror1ised c0mpletion date of this 

prel~inary report. 
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Although some of the snowpack is lost in the comM.nat ion of 

events outlinocl above, it is meteorologically sotm(l to have a m.r1xi

m:rn1 snowstonn over the Oaho -Ft. Ranc1_all Basins intorvono between tho 

ffi8.Xim.um. rainstorms above and below Ge,rrison. Since tho sene recur

ronco interv£:.1 applies to tho maximum snowst;;m. as to the me..xinru.m 

rainstorm, the uso 0f nn intervening snowoto:nn would, however, clouble 

the minimum. time interval between the m.axil11Ul21. rf:l.instnrmo above e.ncl 

bol0w Garrison. 

Another possibility in the trial fJequonce of floods anc1 storms 

belovr and above Gurrison is f.JUggested. Tho sno;.r cnver (that is, 

m.axtrm:m snow accum.ulc,tion plus late spring snowstorm) above Garrison 

can he moltccJ. while otill retaining the !ll!lJCil:'ID.ill snow nccumulo,tic'n 

below Gc.rrlson, tf the ma::dm.u.n rainstorm is onittecl from the Garrison 

floo(l sequence. It is tho surge of tropical air from tho southeast, 

necessary to procluco the llk'l.Xinum Garrison rainstorm, w·hich helps to 

melt tho snow cover below G<':lrrison. If tho storn is, onittecl, a 

snow-melt flood. above Garrison just procof~ing a crttical sequence of 

events below Ge,rrison can bo combined with the flood resulting from 

any combinc,ti~"'·n of events below Garrison consistent with the restric

t i·::>ns :i.mposorl by tho minimu.l"l recurrence inte!'"lml • 

7. ~1aximum See~.sonal Accumulation of Snow 

By computations innepenclently made, the average snowfall over tho 

hasin bet,,;een Garrison ancl Oahe Dam sites, and also over tho basin 

1)etwoen Oahe ant Fort Randall Do..m. sites is 3.6 inches of water e.:}.Uiva

lent. The value for each basin was ohtainocl fro!:l a statistical 

regression relating me~ nonthly temperature, moan monthly precipitation, 
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of the average 

:percentages· of D,onli!ll: 



year com.J.losed ofwettost 
of record , 

Synthetic snow season composed of 
wettest months 1 September thl"'ough 
May, over the basin · 

Synthetic year composed of wettest 
weeks of record 

tl 

11 II 

The porcentnge.determined for the synthetic snow season, 258, 

selected as the most reasonable, since. it excludes the effect 

of tho non-snow-contributing months. Application of this selected 

258, to the mean annual water equivalent of snowfall, 

yielded a~~ accumulation of 9.3 inches for the 

basin as a 'rhole • 

All the states which extend into the basin have experienced 

state-wide seasonal precipitation greater than 20Cf'/o of normal. 

. " Furthermore, there is no known physical reason why wettest periods 

as long as a month could not occur in sequence. E:x:m:uinntion of the 

synoptic features of the particular months combinecl in the synthes~s 

rev-eals no meteorological discontinuity to be bridged. Even the 

'b:tna~ion of wettest months includes dry periods of recurrence 

inte~vals sufficiently long to permit reestablishing the moisture 

It is not necessary that li comparatively dry month follow. n 

wet month; it is only the operation of random chance which makes this 

· the usual case, since the months with far less than maxi:mtl.m recorded 

rainfall have the much higher :frequency. This argument cannot be 

extended to the combination n:f wettest weeks and days because 

of moisture replenishment. 
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sn,)'rvl~alJ. problem, o.iso indicates that such. o. syrtthetid se!ilaop. 

well wi~:::hin the :ret'.!J.m of possibility.. So!ll,e of· tim wettE}st IJl(!llt~~ 
i 

also the coldest months of record, and those whichwere not tthe , 

morr~ha of record experienced total precipitation amcunts n0t 

d.if'fe::rent front the coldest .months of the same ·name~ A 

season composed of the coldest 

months b:r record since 1892 was only slightly colder than the seve;re 

wirrt,,r o:f 1880-81, historically the wint.er of the greatest recorda~ 

anow-:pack. Thir; cotnp8.1•:tson is shown graphically in. 

Another physical check was made on the reliability of us:big a 

year 6r season synthesized from the wettest months of record., The 

average weekly precipitation amounts for the calendar year 1915 for 

the combined area of Middle North Dakota and Middle and Western Sop.th 

· Dakota (a combination approximating the basin area .and characte-rist ice) 

were. used as storm amounts and adjusted upward on the basis of maxi..: 

m ... :.:rn :y)ssible moisture content, in approximately the same way as storms 

~re~·e adjusted upward for the determination of the maximum possible' 

storm. The weekly amounts were obtained from the WPA weekly raih:f'~l:l 

tabulations for state sections and 1915 was used because it was the 

¢alendar year of maximum precipi~ation for the period of WPA tabula .. 

]!;ion} 1906-35. The annual rainfall aitjusted in this manner was 22~ · 

of normal, a pel"Centage practically identical with that of the syn-

·. thetic year composed of the wettest months of J;"ecord. This value, 

is considered to be a :reasonable estimate of t;he 

... 29 -





the nnxim'tu:t snow a.ecumulat ion for oreas of all sizes. While for 

the bn.ain as a whole, 8o,ooo square miles, 10.,1 inches of water 

e(luivalont was obto.lned, for 251 000 squc.re miles the vo.lue is 14.0 

1nchvs1 for 5000 square m.ilee 17.4 inches, and for 2000 square miles 

17.8 inches. ft.ese e.renl. J~elAtionsbips, expreaaed iD percet2:t ot a 

mean OJm.uc.l value of 17.34 inches, are shown in fi@U'e 8. The 

accU!ll'IJ.lations o.re to the end of June. 

For continuity with the Garrison report 1 figure 8 has been 

labeled IllllXimum. possible snow accumulation. However, just as in the 

Garrison report, the values reprosont accumulations of snowfall in 

tho same sense as accumulation of precipitation, rather than depth 

of snoWJ?ack. The probable losoes from the snowpo.ck previous to the 

critical sequence of meteorological events accompanying the flood o.re 

beyond the scope of this preliminary report. 

8. 3nc>W·Melting Rates 

In order that the foregoing estimates of maximum possible snow 

accumulation mo.y be tronslated into estimates of the volume of snow 

melt, temperature information aimilo.r to tbo.t provided in the Gnrriaon 

r-.:rpo:ct bas been included. Figures 9 and 10 give the mean monthly 

temperature variation with station elevation for the areas between 

Garrison and Onbe Drum sites and between Onhe and Fort Randall ~ 

sites, respectively. Figure 11 shows the maximum deviations :from 

normal which may be applied to mean monthly temperatures in order to 

synthesize a criticnl snow-melt year. Tho double mnss curves of 

percent of totol snow melt versus degree-day accumulation shown in 

figure 14 are enveloJ?m.ents of the curves of figures 12 and 13, which 
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wore based on the ten years of record which experienced the greatest 

,,-ac,.;-:':'lelt V':'>lUl!le ~ Figure 15 shows the average degree-day rwcumulations 

at the te::r!pornture index stations based on the some data as figures 

12 a~;.d 13. All of the foregoing figures parallel sirlilar figures in 

the (~'>rrison Report and are presented hero as a continuation of that 

ropo::.--t.. 

~~verago D8te of Disappearance of Snow on tho Ground 

It is diffic~11t in an area. such as the Missouri River Basin 

botwe1€:m Garrison and Fort Rnndall DID sites to fix the exact date of 

disappearance of snow on the ground, Usually there aro as many dates 

of disapJ?oarance as thoro are snowstorms. The typical situation is 

one in which a thaw molts the onow from the lateot snowstorm before 

~~e next snowstorm begins. Occasionally, in tho higher elevations, 

snow from several storms does accumulate and remain on the ground for 

a period of weeks or even months, but a general seasonal snowpadk of 

tho type that begins to accumulate in the fall and continuos to grow 

until tho spring thaw is the exception rather than the rule. The 

winter of 1880-1881 is such an exception. Then, according to news

paper accounts, snow which fell in October lay on the ground the 

following spring and four feet of snow blanketed the entire Missouri 

Valley. The date of disap:Pearanco of a snowpack of that magnitude 

can bo f:J.xed with some reliability. Fixing the date of disa:Ppearance 

of snow during a :Period of recurring snowstorms is a more arbitrary 

matter. Figure 16 shows tho variation with station elevation of the 

average date of disa:P:Pearance of snow on tho ground and also the 

variation with elevation of the latest date of disappearance of snow 
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on t:r.e ground. The date of disappearance was arbitrarily taken as 

<he f~.rst dnte followinG January 1 on which there was no snow on the 

ground, anct after which there -.:ms no two-we31c :pG::iod of snow on the 

ground. In other words; tho 0electod data marked the end of the 

lasb period of snow on the gr.:-1und which was two weeks or more in 

(luro:tion. In dry, warm years tho snow may disappear as early as a 

month before the average date given. In wet, cold yours disappear

ance of tho snow over tho basin as a whole may be delayed as much as 

two months, At inctividual stations tho :possible range is oven 

broader, varying from 65 days befo~e avero.go date of disappearance 

to 96 days after tho average date of disappearance. Those values 

are of slight import over the total basin however. 

LJ. Quali:f'icat ions and Restrict ions 

Tho hydrologic trials of combinations of events involving melt of 

seasonal snow accumulation, late f?nowstorms, and maximum rainstorms 

are subject to a few restrictions and qualifications, some of which 

have already been stated: 

a. The minimum recurrence interval between rainstorms or 

snowstorms is applicable to th,e area above Garrison as 

well as to the area below Garrison. 

b. The non-melting temperatures accompnnying the snowstorm 

should be given a min1~ durntion varying from four 

days, before May 15, to zero on July 151 the decrease 

during that period being linear with time. 

c. Peak. out now from a flood above Garrison con be synchro

nized, subject. to tho res-trictions ()f tho stozn-l~Ul'rence 
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interval, with the flood reault1ng from a combination 

ot maximum eeaso:tel. accumulation o:f snow, maximum snow

storm, and rx:e~:au!'l rainstorm ~!l. +h~ ,basins belmT 

Garrison on':..y if the comb1net1on o:f events contr:t.buting 

to the flood abc7e Garrison does not include a mrudmum 

rainstorm. The occurrence of the le.tter implies the 

dieappearanc«t of a portion of the snowpack belmr 

Garrison. 

d. If the combination of events contributing to the flood 

above Carrleon includes the maximUm ra1nstom., then the 

BI!OW CO't'Or contributtns to the enautDs flood below 

Garrison must be reduced. 

e. As 1n the Garrison Report, the maximum snowstorm can be 

adde~l to the maxilltgm snow accumulation. This addition 

can be thought of as a type of enowfalllrbicb {because 

it o6c\ire at lm-r as t·rell as at high elevations) must 

be utf:if~ed for almost immediate snow melt because it 

cannot 'be expected to remain as an addition to a long· 

accumulated eno11J?fi0k; 

f. There 113 no ~ pbysfcal rest:rfctfeitl on the ad.d.ftion 

of ttm or more maximum snmrstorme to the maximum seasonal 

accumulation any more than there is on the addition of 

one maximum snowstorm to the seasonal accumulation. 

Rot-rever, the procedure is not recommended. If a prelimi· 

nary snmrstorm is used in the )lydrolog1c trials, it is 

recommended t:bat 1t be used only as a freeh-snow 
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mt.bstitute for ita water equivalent in the accumulated 

snowyaok. For Ef~ample: If an. A:pri:t 1 enat.fstorm be 

eJ.lowed to coeur before a May ;, sn.Jt·rstormp ·&hen the 

't·ratar equivaie~~ii of the April 1 st·x.•:r.. should be PUb

tracted from th3 snow accumulation +..hat trou.ld othel:"tdfle 

have been \HJ?cl :'1,1 of ~Y 1, the da:to of tr.E: finel. 

sncr.mtorm. \·ritl;'J.n the 11Inits of tho given me.xil.mnu 

snO':·rntorm values and minimum intervals of recurrence, 

it :to perml~sible to compress the BnO't.r accumulation into 

the latter part ryf the eeason instead of b.dherine to 

the mast! curve o:~ snow accunr..:tlation. 

g • In ent'Gr1ng for a value of gi van date in the curves of 

seasonal vnriat :J.on a lee'tray of 15 days :from dato is 

allm•1able • 

h, The period of record available for study of enm\1'-melt 

runoff <tras necessarily limited to those years for 't-Thich 

stream-gage readings were available for the principal 

sub-basins. Althoush in each sub-basin the ten years 

having the largest snatr melt 'trere selected, no season 

of except tonal snow accumula.t ion 't·tas available for study. 

!n ueing the curves 't·th1ch relate percent of total snmr

melt runoff to degree days it should therefore be 

remembered that the number of degree days 't-thich account 

for the melting of, for example 1 9CYf:> of the largest 

snowpack studied will very likely not account for the 

same percentage melting of the maximum possible sn()'{fl)ack. 
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safe side. 

1. :Because some rise. of temperature In?l~ intervene bettreen 

the subfreezing temperatures that a:.:compa.ny the snow

storm, or se~ve to maintain the a.ceu.muiatnd snot-tpaolc, 

and the onset of the maxhnum rainstorm, s•)lne snm~ inel.t 

is to be expected befcre the reirurborm. }Io,.,reve:t":> con• 

side~etion of the delays in runoff arising from ~he 

shmr~ripen:tng process tmd t:he. lag between melt 011d 

run.::>f:t to nt.rearnflO'\<r, permits the synchrou:' zati:;:-,;. of 

runoff froa melt and :ru.noff from rainfall into a eriti-

caJ combination. Except for the necessary snort poriod 

of p't'eliminary tTarning considered above, it is mete-

orolosically possible for tlle maximum rainstorm of the 

season to occur on the maximum snow accumulation for 

the same date • Ho~<Tever, 1-1here the sequence of events 

consists of snow~tor.m follO'\<Jed by rainstorm the minimum 

recurrence interval must elapse. 
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