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1, Introduction

The Hydrometeoroiogical Seetion has been requesﬁed by the UeSe
Enginesr Department, Corps of Enginsers, to supplement the Garrison
Report (1)* with a similar study for the Missouri River Basin between
Garrison and Oghe and between Oahe and Fort Randall Dam sites (figure
1)e Specific requests woreo made for estimates ofi

as TWoter oquivalont of maximum possible acbumula?ed snow

be Weter équivalent of maximum possible snowstorm

ce Averago date of disappearance of snow cover

de Maximum mideMay rainstorm

gs Seasonal variabion of marimam storms, March through
October

fe Minimum recurrence interval bebween maximum storms

Many of the problems of this study were zlso the problems of
both the Columbia (2) and the Garrison Repoerts. Before the issuance
of th@sé réports there had bsen fow, if any, attempis at their solu-
tion. Tho solutions that‘have bown presented in the reporté havé |
beon of necessity based on both dute and thoory which wore inseours,
zlthough the best available at the time. Rrecedonts wore thus
ostablished, but it was felt that thoy shéuld sorve only as %&nt&ti#e
guides to be followed in subsequont reports. The alm was, naburally,
to improve %h@ methods whenover possible.

* Sve list of references, scction 1ll.



Bas%c to all three reports, for instance, are estimatos of
seasonel snd even annual precipitation. Essentially, such an esti-
wmths cannot be made on a physiesal or theoretgoal basis, but rcnewed
gfforts are being made in each succeeding report to develop some
physical checks on the estimate and to.tost the validity of previous
mothods. In the present study, refinements have also been added to
ﬁh@ development of the scasomal variation of the maximum pessible
rainstorm, as well as to the development of the meximum possible
snowstorm and its variatione Thoso changos in tochnique arc the
result of the further study and investigabion invelved in the prepa=-
ration of this report; they ar¢ not arbitrary changes. Any nsw
tochnique which resulted in inconsistenecy with previocus estimates
wos rejocted unless it could be jusﬁifiéd a8 uﬁquestionably‘suporior
to provious methods,.

2. Climate

Climatically the drainage arca of the Missouri River between
Garrison and Fort Randall bolongs to the northern Great Plains. Only
the extrome southwestern portions are subject to the steep crographic
sffects characterizing the castern slopes of the Rockies.

Like the area above Garrison, this region is subject to hiéh
frequoncy of frontal passages, espscially in winter. The frequoncy
here is actually higher than above Garrison bocause the most frequent
path of polar-sir incursions is scutheastward from northesastern
Montare or northwestern North Dekota. Also, as in the Garrison,
runoteness of the rogion from a meisture source and its position in
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the lec of the Rocky Mountains result in comparatively low precipi=
tation totals despite the high storm frequencys

Farther east than the drainage area sbove Garrison, the
Oahe ~FPt.Rondall basins are alsc more frequently subjected to in=-
vasions of tropical maritime air from the Gulf of Mexico. The general
moascon circulation characbterizing the summer months leaves the region
wide open to such invosions, with the result that more then 75% of
the moan anng&l rainfall ocours from April To September, inclusive,
and about 50% during Mey, June, snd Julys. June is the month of
heaviest mean monthly rainfelle Because the area is relatively free
of rugged topogrephy, thoro is rather uniform distribution of pre=-
cipitatione The northwestwnrd flow of the maritime tropical air in
stcrm\situations is indic&ted’by tho average decroese of mean annual
rainfall from about 25 inchss in scutheastern South Dekota to about
15 inches in northwestern North Dokotas. The Bleck Hills are an
exception to this trend; their scutheastward topographic aspect
brings annual averages close to 28 inches hore als0s

In the colder months, however, between Qetober and April, tropi-
cal alr is almost never observed at the surfacé in this regions
According to Willett (B), tropical air is never observed beyond
northwestorn Iowa in the winter months. Durihg this period polar
air overlies tho regions The major precipitation et this %ime, most~-
ly snow, occurs while the polar front is below the southern border
of South Dekotba. ‘Some precipitation, howover,:is foérmed bencath
the front by forced topographic lifting in the westward mobtion of
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the méisten@d air bonoath tho front. The average annual snowfall
is botween 31 and 3% inches, with March thoe poak snowfall month.

The mideontinental position of these basins subjocbs the air
not  only to an extreome range of temperature but also to an extreme
ronge of dewpeoint or moisture content, Studies made by the Hydro-
meteorological Scoetion show that tropical air of high moisturo
csontent can rgaeh the aree in midsurmer, whon isotherms of maximum
possible dewpoint characteristically bulge northward through the
Mississippi and Missouri Valleys. In the wintcr months, however,
the basins lie in a trough of the dewpeint isotherms. On either
sido, east and west, highor doewpoints (when reduced to a common stan=-
dard 1Qvel) are possibles Although data for northern scetions of tho
United States are not complote, it is strongly indicated that in both
North and South Dekota winter dewpoints (reduccd) arc tho lowcst for
the latitude.

3¢ 8torm Typos

Therc are two important differonces between the storm types char-
actorizing tho Missouri drainagoe area sbove Garrison and tho typos
characterizing thé drainage arca imwdiately below (called in this
report the Oaho-Ft.Randall basins, or area):

&+ Tho stoop orographic effect is minimized in the
Onhe=FteRandall dreagfoxcopt in the Black Hills.

be The Pacific socurco of m-isbure, responsiblo in the
Garrison draiﬁago arca for important precipitation
over the Absarocke Range and the portion of the beasin
Just wost of tho Ranpge, mokes only mincr eontributions

—4—



o

to the precipitation anywhere in the Osho-Ft.Randall

aralie
Synoptically, tho min storm types for eithoer rogion boar a close
TUSOWlancsc.

In tho Type I storm, in both arvas, the basin 1s undor tho

influenco of nmodified polar aire Tho sborm centor erosscs thoe
Pacific Const enywhore betwoon Washington and southorn Californiae
but in noarly all cazos a zecondary developmunt follows in Ceolorado
or Now Moxicc. Tho latter coeludes and moves northeastward ﬁhrcugh
or just east of the Dukotuss Deep eyclonie circulation aleft is
associated with thosc stormse On the 10,000-foot chort it first
unpears w8 a trough over the northwestorn states. 4s the trough
spproaches the Dokobes, tho winds oleft beerme southwost and light
procipitetiin - rein cr sniw - falls from the svorrunning Pacific air.
Accompanying tho surfaco seelusion is the devolopmont of aAclosod
eyelonie circulaticn aleft ovor the Dekeotnse Tho flow of slr from
tho scuth boecnos inkonsified, bringing tropleal moritime air aloft
frem thoe Gulf to thoe Drkotass On the iscntrepic chart this flow is
shevey ns a moelst tongue flowing rnorthoastward from tho Gulf in advaneo

of the Low eloft and thon turning nerthwestward and eyelonieally

armand the Low t-ward the Dokotase This is the poricl of hoevy
procipitati eny, persisting cs leng os the roglien is under the influonea
cf tho moist tonpuce During this stage of tho storm, procipleaticn
alsc folls from the lowor polar alr flowing frem the cast up the
sloping berrain boneath the nmulst tengue and the frontal surfiec.

A8 thoe tonguo of overrunning cir is displaced vasbword or northcastward
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with the movemont of the storm, the woathor clears, but rather slowly
sinco the moist tongue can curl completoly about the Low alcefst,
preocipitatisn occurring over the Dokotas on northoast and north winds
behind fho Lowe The northwost winds in the surfuace polar air, howe
over, preclude further orogrophie procipitations. During th§ winter
menths o cold waﬁe is quite likely to follew in the wake of this
sborm types; howover, the storm typo can occur any time of the year.
The storm -f March 1317, 1943, a major snowstorm in tho Dakotas and
a major rainstorm in the Chic Valley, is of this type, and the scquonco
of cireculntions discussed is woll illustrated in the maps accompanying
thoe metoorclopiecel discussion <f the ralnstorm in & Hydrologie Sterm
Supplement (4).

Both above and bulow tho Garrison, the Typc IT storm is what
hes boon describod in tho Garrison Report as a porsistent pressure
sotborn rathor then a storme It is mest preovelent during the summor
scasons The prineipal fostures «f o weathor map of this Type are a
woell=developed wostwoar:l exteﬁxion of the Bermuda Hipgh over the oastorn
half af the country and a trowugh of low pressureo west of it. The
mass of tropieal Gulf air carried northward to the Dakotas by this
circulabtivn extends to high levels, the 10,000-fcot chart shrowing cire
culation features almost idontical with the surfaco charte. General
showors £all ovor the Ophe~FbeRandall basins, with procipitation
seeasicnally intensified by the passage of a wave cyclone éévolcping
in the trough of low pressure. The storm ends when & lobe f the
Paecific Eigh pushes inland inte tho Great Basin, displacing the trough
sastward. The displaeccment is reflected on the 10,000~ of chart,
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which indicates Pacific anticyclonic circulation extending te high
levels cvor tho Dakotas. The flow of tropical air is halted by the
resulting wind shift aloft from south to northwests The sterm of J
Soptomber 5«14, 1938, is an example of Type II, as are many northorn
Minncsote and northern Wisconsin storms.

The Type IIi storm over the Oahe-Ft.Randall area resombles
Type III over the Garrison drainsge besin in that it is alsb 8 Nnone
occluding system within the longitudes considercd. However, its path
is south of the aroa of intorost rather than north of ite. The sources
of molsturc for this storm typo are the same as for Type I. Vory
cold polar air and high pressure prevell over the basin, with the
polar front far to the souths A Pocific front’advancing castward
across}tho Southorn Rockiecs deforms the polar front, tho resulting
porturbation thon moving onstward o8 a sbable waves South end southe
west winds dn advan;c of‘thc uppcr trough zssociated withkthe Pacific
front bring tropical air over the polar air ot the surface, and wido=
spread rains or snows over tho Dakotss follow, augmented by orographie
precipitation in the cast winds bringing polar cir up slope 2eross
the Dakotass In this storm Btypo no closcd cyelonie circultation aleft
devolops over the Dakotas but may dovelop over the castern Lako
regions Continued southward advance of the polar front and its asso-
ciated arcn of overrunning onds tho procipitatinn. The storm of
Jenuery 16«17, 1936, belongs to” Type IIIe Principally a winter-type
storm, Typo III can alsc occur at any Oﬁhcr timc of the years

A mincr type, lebeled IV, is o local stornm, rostrieted ﬁostly
te the Black Hills aroa and assccinted with tho passage of an‘intense
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polar Canadian cold front scutheastward across tho basine Heavy
snowstorms of short duration may result in westorn S~uth Dakota.
The storm of January 20-21, 1815, is an oxamplcs |
Although it is simpleor to discover and specify the charactor-
istic storm types of o rogion, it is worbth while to determine what
storm types can be cxeludod from the projeet arca, even though they
are knovm to be impertent rainfalleproducers elsowherc. Since the
detormination of tho maximum possible sterm must be basod ot lcast
i part on transpositicn of storms from other rogicns, suoh a knowl-
sdge sorves as a definite restricticn on cortaln transpositions.
On tho basis of o synoptic study of the 40-ycar roccrd «f Northern
Hemisphore Historical Westher Maps (5), the following storm types
wore dofinitely excluded from eonsidoraticn for the Qahe~Pt.Randall
basinss
as The toupical storm or hurricane, or the storms
associated with the topical storm eithor s foro-
runnors in invortod Veshape troughs north of the
tropical-storm centor or as aft@rmﬂthé in tho form of
decadent cyeclonic Systoms; The line soparating such
voourrences fr m the rogion of their NIN=CCCUrTenc c
has been only roughly defined but it is dofinite that
both Nerth and'Scuth Dokota are considorably northwest
of such & lines
b Thé nonfrontal storm in the wintor monthse This follows
frem the oh%réctopistic position of tho polar front
“south of tho arca during thesc uonths. Obscrvance of
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this synoptic fact oxeludos from considar&tgon for
tranSpositién many outstending wintor storms that

have occurred at lower latitudes, noctably the phe-
nomenal Elba, Ala., storm of Mearoh 11-16, 1929,

Ca Stofms securring outside f a region of m&toorélogical
hemogponoity roughly comprising the plains arca betweon
the Rockies and the Appalochians but net including the
Gulf States. In particular, many stormé,which both by
proximity and synoptic pattorn scom tru séisable to the

roegion nust neveortheloess bo exeludod boeause their

seourronce on the vastorn slopes of the Rockics makes
thelr reinfall primerily cropraphice.

4, Thoe Maximum Possible Genoral Rainstornm

In the Guarrison Report a maximum possible mid-Moy storm was do=

termined by transposition anl moisture adjustment ~f . fow available

storms, consideration also being given to the envelopning valuecs of
meximum reinfall for tho Unitoed States. For the voriation of the
maximum storm from.March throurh Octobor the mid-Moy storm was adw
justed to occurrencs in cothor months by uso of moisture rutios,
Wy=oorrection facters, and & wind=variation factors. The last two were

derived from o study of meosn monthly data, the assumption boing that
{

<

the relation botween the mean valuos conld bo applicd satisfactorily

to the extrems or maximum cascs. It was chiefly to avsid such a

questicnable assumption that a difforont method of deternining the
soasonal variation of the maximum rainstorm was used in the proscnt
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This method, essentlally, is to derive the meximum storms for
as meny dates as possible independentlye The pattern of tho sea«
sonal variati5n of the maximum storm is impiicit in tho results,

Cindopendent of assumpbions concerning tho naturc of the phonomona
governing the variaticn end, morecver, indopendent of the data
choson a8 the best available indication of the veriction. A suffi-
ciont number of enslyzed storm instuncos, ccourring in ¢r transposable
to the arca, are requirod, to glve assurance that o meximum Jeter=-
minaticn ean bo made within prectieally every month.’ A combing of
tho availabio storm date indicotoed thab for nest months sufficient
storms worebavailablo, allowing « reasonable intorpclotion of the
valuos within the months with scantior data. In all, 102 storms
woro usod, the nnﬁb@rkwithin & oalondar month varying from 20 in
June tc 3 in February. Thesc storms arc listed belew, by date and
UvLSQ Enpincor storm assipnment Aesignaticon; for those marked with
an astorisk only proliminary dopthearea date were avellablo. Storms

discarded for syneptic reasons arc not included.

Sterm Date Assignment Numbor
Jan. 1=3, 1907 LMV 1-16
Jan. 4=b, 1917 : LMV 3=-3
Jone 6-11, 1930 LMV 2=22
Jane 18«21, 1935 LMy 1-19
Jane 21-24, 1920 OR 6~23
Febe. 9«14, 1938 GL 2-27
Fobe 14~19, 1938 sw 2-17
Fube 1923, 1922 GL 4-17
Mer. 9=12, 1939 VIV 4-16
Hor. 13-14, 1918 GL 2-17
Mar. 23-27, 1913 : OR 1~15
¥ore 3l-Apre. 2, 1917 , UMV 3-4
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Apr .
Apr e
AP e
Lpr e

May
Yay
Mazr
ey
Moy
May
May
Moy

May

I~lay
May
Moy
May

Jure
June
June
June
June
June
Jurne
June
June
June
June
June
Juno
June
Juno
June
June
June
Junc
June

Jul e
Jule
Jul.
Jule
Jule
Jula.
Jule
Jule.
Jule

Storm Dato

5-9, 1938
5-11, 1919

12-15, 1911
17-21, 1927

2-6, 1898
6-9, 1927

6-11, 1943
10-12, 1914
1012, 1920
15-19, 1930
17-19, 1927
19-22, 1912
25-29, 1915
25-29, 1929

27=June 2, 1938
29=June 3, 1929

3031, 1938

2-6, 1898
26, 1932
2-7, 1908
3-4, 1940
5-5, 1904
3-8, 1905
6-8, 1906
6-12, 1913
8-11, 1922
9-10, 1905
10-11, 1938
1013, 1944
11-12, 1915
12-15, 1930
12«18, 1935
17-21, 1921
2326, 1942
25-26, 1935
28-29, 1933

29-July 1, 1938

1-6, 1901
4=T, 1909
5-8, 1928
9.12, 1922
11-16, 1937
13-15, 1927
13-16, 1907
13-17, 1916
18-21, 1905

- 11 =

Assignnont Numbor

GM 2-25
GL 2~19
LMV 1«8
SW 2«4

SW 1-2
MR 4=25
SW 2-20
GL 2-15
MR 417
LMV 2-24
UMV 412
GL 3~1
MR 2«7
MR 4-27

MR 3-28B

MR 325
MR 3=29

UMV 1-3
8w 27
MR 1=24
MR 4=5
MR 4~8
GL 2=~12
MR 5-13
SW 1-14
6L 2~21
MV 2=5
UMy 317

"MR 6-15

¥R 4=-15
UMV 2«14
8% 2«13
MR 4=21
¥R 6«1
UMV Bl
UMy 2-156
GL 3-11

UMV 1-8
UMY 2«8
UMV 1-18
¥R 2=~29
UMy 1-20
SwW Zw=b
IR 1-23
UMV 1«16
SW 17



S

Jul-
Jule
Jule
Jul.
Jule.
Jul.

Aug.
Aug e
AUE e
Augo

# ;{ug‘;c

Aug.
AUg e
Mg
Aug.

Sept‘
Sept.
Sept.
S@pto
- Sepb.
Sept.
S@ptc
Sept.
S@pto
Sopt.
Sept.
Sapt.
'S@ptu
S@pto

Octe
Octe
Octa
OC?Q
Octe
Octe.
Octe

Nova
Novs
Nov .
Nove

Deea
Dac.
Doc,
Dec.

torm Dato

18-22, 1897
18-23, 1909
1024, 1912
21-23, 1917
24-28, 1892
2527, 1897

1-2, 1029
36, 1924

15-17, 1932
18-20, 1924
19-22, 1918
24-28, 1903
28-31, 1941
3l-Sept. 3, 1937
3l-Sept. 5, 1926

2=5, 1926
2-6, 1940

8-0, 1915

6-10, 1937

8-9, 1926
11-16, 1915
11-16, 1926
12-19, 1905
1320, 1923
15-19, 1942
16=19, 1919
23-26, 19256
27-0cts 1, 1923
28=0ct. 2, 1927

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

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

8~14, 1932
16-20, 1895
26-28, 1942
27, 1922

Assignment Nurber

UV 1-2
UMy 1-11
GL 2-290
GL 2-30
UMy 1-1

. GL 4=5

UMy 2-17
GL 2-22
S 2-8
UMV 4-11
MR 4-16
MR 1-10
UMV 1-22
GIL &=b
MR 3-8

S 1-30
SW 2«18
MR 2-11
3w 2«15
OR 422
UMV 1-15
SW 2wl
UMV 2-18
S 1-26
UV 1«25
MR 2-23
SW 1-22
MR 4=23
MR 3-14

OR 4-8

MR 6-2

g 1-11
LMV 1=134
UMV 1=TA
UMy 1-78
1MV 1-13B

IR 1-29
IR 3-20
W 124
LMY 1-4

Gi 2«11
MR 11l
T 3-22
UMV 3~10



Bach storm in tho list was adjusted for moisturc content on tho
basis of a comparison of the dowpoints characterizing the inflow
into the storm with tho maximum possiblc dowpoints that would charace
‘terize inflow into the storm if it oscurred over tho Oaha-?t.ﬁandall
arons im excessi;e tronsposition in time was avoided by confining
the adjustment to those maximum dcwpéints possiblc within 15 duys on
githor sidce of the ceoutal storm datos

Two types of dewpolnt adjustmont wore usocde. Ono, bascd on &
thunderstorm-type flow model, was uscd for tho months May to October,
inclusivos For the months Novembor to April, inclusive, the adjﬁstw
mont was hosed on &,cyclcnic flow model suggostoed by tho Scetion's
oxperiments in roproducing storm rainfell in the rogion of thé Osage
River. UWhilec tho mechenisms or flow models arc hypothotical and sub-
Juet to rovision as more data boeomo availablo, the mcisture adjuste
msntg nevertholess romain scoure becausc model changos have relatively
little offcet cn the ratic of adjustmont from cnc dewpeint to cnothor.
Fuller discussicn «f fundomontal modols must, however, be loft to a
later reporta

All adjusted storm values wore plotted, at morth and day of
oeourrcnce, on o cne-yoar time seale and ecurvos drevm onveloping all
values, with scme oxceptisng, for spocified arcas and durations.
The values not cnveloped belonged to two types. In oﬁe casc those
valuos wers considored oxeessively high boecuse thoy como from storms
that woere intonsoly cregraphic - an intonsity, which, it was doelded,
could not be duplicated by the non=crographic foaturoé of & storm
wver the Oahe=Ft. Randall arcae Theso were’storms which should have



boon excluded frem transposition becausc thoy cecurred oubside the
rogion cf moteorolorgical homogerieity, as dofined in the last section,-
but. were nevertholoss oxperimontally transposed and adjusted because
of deubts arising in ths initial solecticn. The sborm of Septomber
27-October 1, 1923, which had an important uso in the Garrison study,
wes of this typos Thoe other type of valuc not envelopsd cane
dofinitoly from a morce local, short-dwration type of storm than can
bo considored oritienl for the project basins. In goncral, this was
’a l1Z~hour value which was about egual tc the 24~h~ur value iﬁ the
same sborm and usually closc to the 24-hour onvoloping valus dorived
in this study. The Bonsparto, Iowa, storm of June 9-10, 1905, is
Suoh’a;storm.' Values derived from.such storms could not ccour in the
meximun sterms over areas like 20,000 and 60,000 squaro miles and so
were oxcluded from the envelopment.

The meximum depthe-arce values, s~ dorived, for the milddle of May
arc as followss

MAXTIEUN POSSIBLE’HID~HAY GENERAL RAINSTORE

OVER THE MISSOURI RIVER BASIN BETVEEN
GARRISON AND FORT RLNDALL

~ (INCHES)

Lroa Duration (hours) '
(square 12 24 48 72 96
uilos) : '

2000 64l 8ud 11.0 1244 1340

5000 - Ted 1040 1142 1.9
10,000 GaT 646 gl 1042 0.8
20,000 440 547 7.8 849 945
50,000 249 443 547 6.7 742
60,000 246 4,0 5,2 641 646



Thé depth area curves from 2000 to 60,000 squarc miles are given in
figura 2

Tt is encouraging thot mest of the enveloping values throughout
the year wore debermined by storms occurring in Minnesobta, Wisconsin,
the Dakotas, end Towe rather than by storms bransposad from states
ferther south. The secasonal variastion from March through October
shown by this eavelopment is presented in figure 3 as a Tunction of
the mid-May valucs. The figure shows that this scasonal variation
has itself an importent veriation with area, although only for a
portion of the years Metecrologically, the variation with area is to
be expected. Even the widespread storm of midsummer is essentially
“composad of thunderstorms or icodl storms, mony of which can proéucé
high peaks éf rainfall over smaller creas like 2000 squarc miles.
However, when the precipitation is averaged over fully 60,000 square
miles, the localized nature of the pesks reduces their effect on the
60,000=squarc-mile average depths The spring storm, hawever, is a
more wuniform type of storm in which, although the pesks are individe
ually lower thon in midsummer, each controls a greater area and so
these peeks have & greater effeet on the aversge depth over the larger
arsas. Thus the variationvbatﬁeen the May and the midsummer deopths
is largest for the 2000-square-mile area and smallest for 60,000
‘square miles. Ares is apparently not significant in the variation
between fall and springe Tests were also made for a variation with
duration, but that was found neither large enough nor systematic
gnough for further investigation,



5, The Maximum Possible Snowstorm

The major snowstorm of the region is the Type I storm previousiy
described. Importent examples are the storms of March 13-17, 1943,
and November 9-11, 1940, In such s storm, for computation purposes,
two important precipitation mechanisms are present. There is fronmtal
lifting of tho warm moist air flowing from the south, and there is
orographic lifting of the cold moist alr flowing from the sast below
the frontael surfaca.

The storm of March 1942 is of special intercst beocause it oeccurrcd
over tho projoct basins and was also one of the groatest of record
for the region. Only proliminary dopth-area data wore available,
~ based on the total isohyeﬁal map occomponying Part I of the storm
study;’a 24~hour breakdown over the tobal arca of primery interest
(93,000 square miles) was basod on the automatic rocords within the
storme.

|

By using all available moteorological data, ineluding the radio=-
sondes at Bismarck, Inbernational Falls, and St. Paul, it wes possible
to make satisfactory ostimates of moisture content in the air flowing
above the front and in the air flowing below the front, as well as an
estimato of the frontal slopo itsolf. The latter is constant neither
in time ner in spoce, but for purposes of simplifying the computae
tions & mean slope was assigncd to the frontal surface over the area
for each poeriocd, the magnitude of the slopc boing an invorse function
of the distonce of the surfacc position of the front from the area.
The slopc was found to vary lincarly from 1/100 when tho surface
front was at the basin boundary to 1/250 when tho surface front was
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300 miles away, usually measured in an approximately north-south
direction. This is the frontal slope meusured in the same dirsction,
legs, nornal to tho swface position of the fronte , Comsidersed in an
sust-west direction, for purposss of orographic computation, the
frontal slope was assumed to be constant and parallel to the topo-
graphic slopse, which’runs from an elovation of 1500 fect on theo east
side of tho basins to about 4000 feet on the west sidoe
Given the data described above it was poésible to compute, for

cach 24~hour period, the effective precipitable waber Wi produced by
frontal lifting ond also theiwg orographically produced. These can
be called the observed {rontal Wy and the observed orographic Wpe

By substi%uting for the moisture content in the eir above the front
the highest possible moisture content consistent with a pseudom
adiabatic lepse rate in saturated air and temperatures no highof than
32°F at all elevations over the arca of intorest, it wes then possible
to compute for ‘sach 24~hour period a moximum possible frontal Wye £
maximum possible orographic WE was also cgmputed, this based on the
assumption of saturation and an isothermal lapse f&to at 32°F in the
air below tho frombe Sﬁch layers, isothormal and seturated, with
temperatures close to 32°F, were obscrved in the regions. In the
fronﬁ&l case the air flow was rostricted to the space between the
frontal surface snd the 300~-mb surface; in the orographic case the flew
was restrioted to the spacc betweoen the ground and the frombal surfaco,
both having the same slope.

. Bofore adjustment of the observed storm to its maximum velue for
increassd meisture content, it was necessary to soparate the frontal

©
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from the orographic precipitations This was dén@ by assuming that
they'boye the sane ratio to eaqh other as tho obaeryed frontal and
orographic Wy values. For every 24=hour period esch of these Two
procipitation compononts (fronbal and orographic) was thon increased
to its maximum by multiplying it by the appropriste ratio of the
meximum to the observed Wé. The results, in inches of wator equiva=

lent over 93,000 square miles, are tabulated belows

Dete / - (Observed Procipe. Adjusted Precipe
13 . 0.07 Oe12
14 0.14 0.28
18 0.30 0448
16 O34 048
17 C.12 0439
rotal 0.97 1.76

The adjuétad storm is thus 180% of the obsorved. Ad justod by the
seme percentage, the value cover 60,000 square‘miles is 242 inches,
%over 20,000 square miles 3.1 inehes,‘aad over 2000 squeare miles 4.3
inchose

However, this is not necessarily the maximum possible snowstorme
It would be if it eould be assumed that the dynsmic structuro »f the
March 1943 storm was at & maximum, thet i1s, if the moist asir had been
processed at the greatoest possible rate. Bocause no theoretical
mothod of extrapolating wind structures %o théir upper limits is
available, the best security is in a moisture adjustment cof a large
number of majcr storms and envelopment of the values cbtaineds. For
this purpose seven storms in all were subjected to the analysis and
ad§ustmeht deseribed above. Thoy wore:



Dates Assigmmont numbers

March 23-27, 1913 OR 1~15
March 10-~12, 1939 UMV 4-16

. % March 13-17, 1943 MR 6-11
April 17-21, 1927 ' SWw 2-4
April 12-15, 1911 LMV 1-8
Feb., 14«19, 1938 G 2=27

x Nove 9=11, 1940 (to bo assigned)

Only proliminary depth~area data were available for thosc storms
marked with an asteriske |

All but the 1943 storm roquired transposition to the arca, and
these wers oxamined motcorologically o dotermine the propriety of
such trenspositions Some woro originally rainstorms; somo were ro-
duced in the transposition and ad justmente. The final onﬁolcping dop th-
arca valuos for a duration of 96 hours arc shown in figurc 4. This
curvo is dominated by values from the March 1913 storme In that
storm the adjustment was on tho basis of & 80,000-squarc-nilo arca.
To obkain the values for smaller arcas tho observed values for all
aercas in the 1943 storm wore increasod by the ratio of the adjusted
depth over 60,000 squorc milos in the 1913 storm te the obsorved
dopth over 60,000 squarc miles in tho 1943 storme The final values
are considorod to be the moximum for a snowstorm occurronce in mid-
March and the curve is so designated in figure 4. To obtain the
mid-May maximun snowstorm values, also shown in figurc 4, it was
nocgssary to consider the scasunal variation cof the maximum snow-
storme

Figurc 3 shows the scoasonel variastion of the maximum genoral
rainstorm. BEssentially such & voriation is compounded of two scpar-
ato variations -« ono of moisture content and the other of storm



dynemicss Tho latter is only roughly o variation in wind speed;

it invelves a chango in wind structuroc which rosults in a change

of storm iniﬁaity evon whon the eir-mass moisture contont is
oonstants The wariation of moisture content is available as data
basgic to the report in the scasonal march of the moaximum possible
dewpeint tomperaturcs in the regions Tho dewpoint variation can
alsc be stated es a variation in intonsity of procipitation per unit
not=inflow wind if o definite rainfall mechanism is postulated.
Such a mochanism has been postulated in eostimating the maximum
mid-March snowstorm, snd alse in the detormination of the maximum
possible roainsturn by transpesition and aljustmont ~f storms to the
proejoot arca. The seasonal variation »flthé dynemie or wind factor
is qualitatively eovident in oll hyilromoteorological sbudies bub
hithorto 1t has boon impossible to oxpress it quentitatively in any
satisfactory nmamnorid ’

Within the limits of the accuracy of tho data and assumptions
usod in this roport, it now beoecomes possible to moke such o guanti~
tativo statemont. Tho seasonal merch of meximum possible dowpoint
can, o8 has boon said, be oxpressed as a cwve of scasonal variation
of storm intonsity or Wgps that is, the éurve also states the seasconal
changos in o theoreotical maximum storm if such a storm wore solely a
function of the dewpolint cr Ve Tho maximum storm would be solely
such & funetion if the wind factor worc constant. That the wind
factor is not constant is eovidenced by the fact that tho curve of
actual meximum storm variation (figure 3) diffors from tho curve of
the dewpoint function. Howover, since twe »f tho throe scasonal
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variations are avallable, 1t 1s possible to derive the third, or the
veriation of the wind factor,

The facts can be stated as follows: The ratio of the meximum
July storm (SJ) to the maximum May storm (SM) 1s equal to the
product of the ratio of the maximum July moisture content (MJ) to the
maximm Mey molsture contemt (M) times the rabio of the maximum July
wind factor (WJ) to the maximum ivie.y wind factor (WM), or

Sy/oy= (M5 /My) (izfiy)

and, therefore, WyfMy= (85/8y) /(M5 /My)
Since all terms on the right-hand side of the last eguation are known,
the variatlon of the wind factor can be derived. For example, suppose
the dewpolnt curve indicates that the July storm can be 150% of the
maximum mid-May storm while the maximum-storm curve shows the per-
conbage to be 135, Then the ratio of the July wind factor to the
mid-May wind factor is 135/150 or 90%.

The maximum snowstorm differs from the maximum rainstorm in that
1t occurs st what is for all practical purposes a consbant dewpoint
or a constant set of dewpointe, Assuming saturated conditlons (in
the mﬁximn case), the storm must occur at dewpolnts such that no
berperatures above 32°F occur over the stomm area. If such dewpointe
can be achieved over the area throughout the season, the maxirmum snow-
storm over the roglon can have no seasonal variation due to molsture
éontent s because higher molsbture content - and hence higher dewpoints -
will chonge the precipitation from snow to rain. Except in the alr
below the frontal surface in January and February, the maximmm
dewpolnts required for tho maximum snowetorm conditions-cen be
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achloved in the Oshe-Ft, Randall area. ZEven in the months mentioned
the Jewpolnt deficiency is smnll enough to be neglocted,

Lowever, »ﬁhe maximum snowstorm will vary with the wind factor,
The wind variation, derived as described above from the independent
variations of the maximum dewpolnt and the moximum raingtorn, hasg
beon cpplied to the maximum mid-Morch snowstorm in order to obbtoiln
most of the variotion of the moximum Qnowstom ag shown by the
curves in figure B, whore the values have been converted into terms
of the mid-May snowstorm., As in figure 3, for the maximum rainstornm,
the varlaebtion 1taeelf varles with areca. Only the 2000~ and the
60 ,OOO—square-milé variations are shown, and linear interpolation le
suggested for obtalning the percentages appliceble to Intermediate
areas, The absolute values of the nid-May snowstorm, derived from
this figure, are shown in figure k.

One other important factor was considered in developing the
seasonal variation of the snowstorm. BEven if dewpointe higher than
32°F can be achicved almost all the time, it does not follow that
dewpointe or temperatures os low ng 32 can be achieved or, if achieved,
son tast the total duration of the maximum snowstorm, which is 96
hours. An examinntion of the temporature records in the reglon,
conglsting mostly of maximm and minirmum values, did not provide a
gatisfactory criterion for determining the possidle duration of snow-
gtorn condi’sioné. The occurrence of congecubive doys wilth snow wos
finally used as the criterion for the snowstorn duration. A study wos
mado of cooperative-station records in the region to degemino the
seasonal variation of the munmber of consecutlve days onﬁwhich snow
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cowid fall, For the times of year at which it was doclded that less
then four consecutive days of snowfall could occur, the percentage
indicated by the wind-factor variation curve wag applied to o less-
than-four-day total, but the less-than-total amount was always the
moxirmm for the duration, TFor a one-day storn, for Ingtance, the
maximum 24-hour amount was used. The four-day duration was reduced
linearly to zoro from May 15 to July 15 on the apring-sunﬁér gide ond
from October 15 to August 15 on the fall-surmer side. The curves os
glven in flgure 5 have incorporated these trends,

6, Storm Recurrence

The 40 yoars of published Northern Hermisphere surface synoptic
charts (5), and also the U,S. Engincer Department 's storn-ossignmont
lists, wore studied to evaluate storm frequencies and minirmnm storm-
rocurrence intervals over the Oghe -f;‘t. Randall area, It was Jqualita-
tlvely debermined that the minirmm recurrence inberval beotween
moxirmm possible storms is also subJect to a seasonal variation, In
terms of the longth of interval; the seasonal variation is the reverse
of the variation of the moximum possible rainstorm.

The shortest recurrence interval is at the time of the maxirmm
ralnstorm, approximntely Avgust 1, Its length is five doys, measured
as the lapse of time betwecn the ending of the moximunm 24 hours of
roinfall of the first storm and the beginning of the mexirmm éh hours
of roinfall of the second storm. Illustr?ting such & reCurrence
intervel are the mojor storms, July 18-22, 1897 (UMV 1-2) and July
25-27, 1897 (GL Lk-5), the first occurring over northern Mimmesotao and
the secondksver norbhern Wisconsin, This ninimm time interval is
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longer than the minirun interval in more southern latitudes and along
the Atlonbic Coast becouse, Minnesota and Wisconsin being at a grectoer
dietance from the oceanlc and Gulf sources of moisture, o longer
pei‘iod 1ie requlred to reestadblish a sbrong current of roieb sir

after each storm occurrence,

The interval increases asg the season becomes cooler. The
polar-air thruste which end the storms reach lower and lower latitudes
and the period required to reesgbablish strong currents of tropical
meritime alr ls Increased. Furthermore, the relation between cold
alr temperaﬁ;urés alnft and heavy preocipitation becomes more definite
in the conler rmonbhs, The relatlon is such that excessively cold
air is accompanied by a strong south or southeadt curront east and -
nertheast of the low pressure in the coid alr aloft. The strength
of the nolsture-boaring south or southeast current depends on the
potontial energy manifest in the temperature grodiont from the warm
t’c: the ¢old alr, Examination of intense cold Lows such as the cne
accompanying the Dekota snowstorm of March 1943 indicates thgt, while
o succeseion of cold Lows can advance fron the west or northwest with
about the same periodiciﬁy a8 indicated by the minimum surmer-storm
interval, the aucceoding cold Low 1s not as intonse as 1ts prede-
ceagor, The bemperaturcs in the new invasion of cold alr may be as
low or ‘lowe‘r but the older cold alr, although modified, still per-
glets in advance to weoken the temperature gradient, In general,
the more intense the first storm the weaker the following temperature
grédient and thereforc the woskor the following storm, On this
basis, necesscrily qualitative and derived from limited study of
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limited upper-air data, the midwinter maximm storm of February is
given o minimum recurvence interval of 12 days, defined ag the
intefval between meximum 2k-hour precipitation periods, os before,
Tigure 6 graphs the sensonal variation throughout the yoar betweon
the midwinter and midsummer values of 12 and 5 days, respectivoly.
The é&me recurrence intervel can be applied to maximun snowstomms,
It ig alac the inberval between the maxlimum snowsberm followed by
the moximem roinsgtorm and vice versn.

The poscibility of coincidenec of runoeff from severe storms be-
twoer Goarrisson and Fort Randall with the peok cutflow from the flood
above Gorrilsmn is thus definitely indicated, However, in using the
ninimum recurrence intervals for such a purpose, the naximm rain-
gtorm pogbulated below Garrvison Dam site must bhe considored ags occure-
ring on ground covered by lese thon the mexirmum péssible accumula-
tion of snow (discuessed in section 7), The previcus occurrence of
the moximun roaingtnrm above Goarrison will hove beon accompanicd by
gufficient wormth to melt a substantial portion of the enow cover
pelow Garrison, Although, during the occurrence of the meximm roain-
gborm above Garrison, the area below Garrison mey very well be
bencath the frontal surface ond not within the moist tropical air
producing the rainfall above Garrison, the lower layer of air will
always be a greably modified polar alr moss, modified sufficiently
to cause substantial melt., The determination of the minimun possible_
melting in such a situation would rquire a great deal more research
than is practicable before the promised completion date of this
preliminary report.
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Although seme of the snowpack is lost in the combination of
events outlinGd above, 1t is metcoronloglcally gsound to have & nmaxi-
man sndwstormyover the Oahe-Fb. Randall Bagins inborveone bebwoen the
moximum rainsborme above and below Gerrison., Since the somoe recur-
rence intervel applies to the maximm snowstorm as to the neximum
reingtorm, the usc of an intervening snowstorm would, however, double
the minimum time interval bebwoen the maximum rainstorms sbove and
below Garrlson, | |

Another possibility In the trial sequence of floods and storms
below and above Garrison is suggested., The snow cover (that is,
maxirum snow accurmletion plus late spring snowstorm) above Garrison
can he melted while gtill retaining the maximm snow accurmilaticn
bolow Gorrison, if the maximun ralnstorm is onitted from the Garrison
fleood sequence., I% is the surge of troplcal alr from the southcast,
necessary to produce the maxirmm Garrison ralnstorm, which helps to
melt the anow cover below Garrison., If the storm ls omitted, a
snow-melt {lood above Garriseon Just proceding o critical sedquence of
events below Garrison can be combined with the flood resulting from
any combinati~n of events below Garrison consistent with the restric-
tions imposed by the minimum recurrence interval,

7. Moximum Seagonsl Accumulation of Snow

By compubtations independently male, the average snowfall over the
hagin between Garrison and Oshe Dan sltes, and also over the basin
between Oshe and Fort Randall Dam sites is 3.5 inches of water equiva-
lent, The value for each basin was obtained from a statistical
regression relating,meaﬁ'monthly‘temperaturo, mean monthly precipitation,
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¢h a,lt ituﬂe st‘ tiona. ) Eence the a.vorage snow:f‘all vu}.ues g,ive‘

or the basin bolvw Garrison. |
An exact physical basis for computing the u:pper limit of the
6 éimual snowfall or of the possi‘b},e snow accnmulation ‘i riot
,,}mwn?. The est m&ts of pmctical upper lmita must therefore be
«ica},, based on a moro or 1ess sub,jective exbrapelation of :a ﬂom
m‘ively short perioé. of reco:z'é Three methoc‘s for arriving, kat
i ostimate have been nsed ’ o |
N thé firsﬁ method o m&ximum percentage Jf nomal is a.pplie %
mmal or mean armual snowf&ll. ; ‘I‘he yeroentage tc ‘be apé}.ie
seléc ed- from seveml possi‘b}.e v&luees ranging irom one based a)
’tualﬂrrecoxd fo one maxixmm seagon. to a percentage comyﬁ‘b
syn etic snow season o‘btained by cnm’bining maximam shart ~period
it_tiﬁon“values'. The fo}.}.dwing ta‘ble demonstmtes thee razige

po ] i‘ble gercen’cages of nomal*

"‘ttest ca.lenaar year for sectl ong . of lh3% of Ncma},
North z:md South mkota in su'bject baain :

year compossd of wet‘best




Syn c year composed of wettest . 229% of Normal
«mmﬁ:hs of Z’ecord I T ERR
"'/~‘S;ynthetic' snow geason éoﬁposed of . 258% " |
wettest monthe, September through
Mam over the basin -

“Synthetic yoar composed of wobtest 363% "
weoks of record

The porcentage detormined for the synthetic snow se;ison) 258,
fwas'sélectea as the nost re&sonable s sinc‘:a it excludes the effect R
: of thc non-snow-contri’bn’oing months. App;.ication o:f:‘ this selccted

percnntage 3 258 to the mean annmual woater eqxﬁvalent of snowfall,

33"6 inchos y yielded a maximum accumlation of 9. 3 inches for t’qe

‘basin ag a whole.
) ALY the stobtes which extend inko the b&sin have experionceé

: state«wi&e oe&sona,l procipitation greater than 200% of normal
Fux'tnermore, there is no knom physical reason why wettest periods |

: as Lwng as a month cc;uld r;o‘b occur in ‘sequence. Examination of "&he
'synop‘tic foatures of the particular months combined in the syn*hhesis
;:geveals« no x;gtecrologioal éiscontinuity to be bridged. Even the: cpm‘-;
_i:‘:ina*;i\bn of wettest morﬁ:hs includes dry periéds of recurrence o
nnue; vals sufficiently long to permit reesta‘blishing the moisture
'inf‘low. Tt is not necessary that a comparatively dry month follow a
: i‘vet month* 1t 1s only the operation of r&ndom chance which ma.kes this "‘
‘the usual case, gince the months with far less th&n maximum recordezl
k:ra,inf 211 have the much higher frequency. This argument cannob. be

' fxten&ed to the combination of wettest wooks and days becange of the :

necessity for pericds of moisture mp}_enishment




e snowfall proble ] ‘aiso indicates that such a synthetic ﬁ
s,well wi nin tho realm o:f‘ poqsibility. Some of tha wettest mﬁnt;zs
ere also the coldest months of rscord, and those whieh were not t}:e

calﬁ.esﬁs monshs of record experienced tota.l preoipitation amcunts not‘
ateriallv different from the colé.est months of the same name, A

s"bii@y sh‘swe‘d. that the 5ynthe’sic aéason composeé of ‘éhe coldest

mon’c 15 of record since 1892 was only slightly colder than the .sever@‘ Y

*winc r of 1880-81, historically “bhe winter of the gc‘eatest ref‘orded i

sncw:all and snow'@ack, This cQIﬁp&r:?.eon is shown g’raphically‘ in

Another phynical check was made on the reli&bil:i‘by of us:'mg é,
sar or season syn’chesized from the wettest nmonthe of record, Thye“ |
a%emge weekly precipita‘bion amounts for the calendar year 1915 for
- the combined area of Middle North Dalota and Middle end Westem So}’zth ’
R Dako%a (& combination approximating the basin area. and. chamcteristics)'l
were used as stom amounts and adjusted upwa,rd on ‘bhe basis of' maxi» -

é‘*rz mssi‘ble mois’care con’tent, in approximately “t;he same way as storms
d;}naﬁe& upward for the éeﬁemination of the maximm possibla |
s‘:,om. The weekly amounts were c‘btained from the WPA weekly rainfall :
k'ta‘bulations for state sections ané. 1915 was used because it was the ‘
calendar year of maximum precipitation for the period of WPA ta’bula.~
: kf“'*i@ns 1.906 5. The annual. r&inf&ll a,d.;}usﬁed. 1n thils menner was 228%
;@ normal, a percén’cage practically identical with that of the syn-'
£hetic year composed of the wettest months of record This value ,

incidenﬁally, is considered tc be a reasonable es‘cimate of the







thé moaximum snow accumulation for arens of all sizes. While for
the basin as a whole » 80,000 square miles, 10.1 inches of water
equivalent was obtained, for 25,000 square miles the value is 1k,0
iné‘hcs, for 5000 square miles 17.4 inches, and for 2000 squars miles
17.8 inches, Thess areal relaticnships, exprossed im porcemt of o
mean annual value of 17,34 inches, are shown in figure 8. The
accumulations are to the end of June.

Tor continuity with the Gorrison rveport, figure 8 has been
labeled maximum possible snow accumulation, However, Just as in the
}Garrison report, the values reprosent accummlations of snowfall in
thoe same sense as accumulation of precipitation, rather than depth
of snowpack, The probable losses from the snowpack previous to the
critical sequence of meteorologlcal events accompanying the Tlood are
beyond the scope of this preliminary report.

8, SBnow-Melting Rates

In order that the forogoing estimates of maximum possidble snow
accumlation may be translated into eostimates of the volume of snow
melt; temperature information similar to that provided in the Garrison
raport has been included, Flgures 9 and 10 glve the mean monthly
temperature varlation with stotion elevation for the areas between
Gorrison and Oszhe Dam sites and between Oahe and Fort Rendall Dem
gsites, respectively, Figure 11 shows the moximum deviabtions from
normal which may be applied to mean monthly temperatures in order to
synthesize a critical snow-melt year, The double mass curves of
percent of total snow melt versus degree-doy accumulation shown in
figure 14 are envelopments of the curves of figurcs 12 and 13, which
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woere based on the A’cen yoors of record which experlenced the greatest
saow ~melt volume, Flgure 15 shows the average degree-day accurmulations
at the temporatvre index stobions based on the same data as figures
12 and 13. A1l of the forsgoing figures parallel similar figures in
the Gorrison Report and are presented here as a continuaticon of that
repore .,

9., Average Dste of Disappearance of Snow on the Ground

It 1s difficalt in en arca such as the Missourl River Basin
botwaen Garrison and Fort Randall Dam sites to fix the exact date of
disappearance of snow on the ground. Usuolly there are os many dates
of disappearance as thore are sencwstorms, The typlcal situation is
cne in which a thaw nmelts the enow from the latest snowstorm before
“ne next snowstorm begins. Occasionally, in the higher elevations,
snow from several sbtorms does accumulate and remain on the ground for
a pericd of weeks or even months, but o general seasonol snowpack of
the type that beglins to accurmlate in the fall and continues to grow
until the spring thaw 1g the oxcepbion rather than the rule. The
winter of 1880-1881 1s 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 Mlssouri
Valley. The date of disappearance of o snowpnck of that magnitude
can be Tixed with some reliability., Fixing the date of disappecrance
of snow during a pericd of recurring snowstorms is & more arbitrary
mabtter., Figure 16 shows the varlation with station elevation of the
average date of disappearance of snow on the ground and also the
varlation with elevation of the latest date of disappéar&nce of snow
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on tre ground, The date of disappearance was arbitrarily taken aos
she flrst dote following Jonuary 1 on which there was no snow on the
ground, and after which thers wns no two-wesk poriod of snow on the
ground, In other words, the selected date marked the end of the
lagh period of snow on the ground which waog two weeks or more in
duration, In dry, warm ycars the snow may disappear as early as a
month before the everage date given, In wot ,pold:years disappear-
ance of the snow over the basin. a9 o whole may be delayed as much as
two monthe ., At Individual stations the possidle range is even
broader, varying from 65 days boefore average date of disappearance
to 96 days after the average date of disappearance., These valuss
are of slight import over the total basin however,

iJ, Qualifications and Restrictions

The hydrologic trials of combinations of events involving melt of
seasonal snow accumtlation, late snowstorms, and maximum rainstorms
are subject to a few restrictions and qualifications, some of which
have alrendy been sbated:

a. The minirum recurrence intérval between rainstorms or
snowsborms 1s spplicable to the area above Garrlson as
well as to the area below Garrison,

b. The non-melting temperatures accompanying the snowstorm
gshould be given a minimum duration varying from four
days, before May 15, tc zero on July 15, the decrecase
during that period boing lincar with time.

¢. Peak outflow from a flcod above Garrison can be synchro-

nized, subjJect to the restrictions of the storm-recurrence '
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a.

T

interval, with the flocd resulting from & cambination
of maximm seasonel accumuletion of snow, maximum snowe
storm, and razimun reinstorm #n tho basine below
Garrison orly if the combimation of events contributing
to the flood abeve Garrison does not include e mexirmum
rainstorm. The occurrence of the letter implies the
disanpearance of a portion of the snowpack below
Garrison,

If the comdination of events contylbuting to the flood
above Garrison includes the maximum reinstorm, then the
soow cover céntributing to the ensuing flood below
Garrison mist be reduced,

As in the Garrison Report, the meximum snowstorm cen be

-addel to the meximum snow accurmlation., This eddition

cen be thought of as a type of snowfali which (because
ﬁ oceurs at lov as well as at high elovations) must
be utilized for almost immediate snow melt because it
carmot be expécted o remain as an eddition to a long-
accumuleted snowpack,

Thers 16 no kiown physdcal ¥estriction on the addition
of two or more maximum snowstorms to the maximum seasonal
accumilation any more than there is on the sddition of
one meximum snowstorm to the seasonel accumulation.
However, the procedure 1s not recommended. If a prelimi-
nary snowstorm is used in the hydrologic tﬁals , it is
recommended that it be used only as a fresh-snow
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sabstitute for ite water Aequivalent in the accumiziated
snowvack. For eo-omple: If an April 1 sfémystom Iie(
allowed to occur before a May . snmowetoxrm; then the
wator equivalesnt of the April 1 sto.u should be cub-
tracted from ths snow accumulation that would otherwige
havs been un2d 23 of May 1, the date of tke fincl
snowstorm, Witihin the limits of tho given mexiram
enowctorm values and minimum intervals of recurrence,
it 1o vermlissible to compress the snow accumilation into
the lattor part »7 the season instead of ainering to
the mass curve ol snow accumulation,

In entering for a value of given dato in the curves of

seasonal veriaticn a leeway of 15 days from date is

‘ allovable,

The poriod ¢f record available for study of snow-melt
runoff was necessarily iimited to those years for which
stream-gege reedings were avalleble for the principal
sub-basins, Although in each sub-basin the ten years
having the largoest show melt weore selected, no season
of exceptionnl snow accumlstion was availadble for study.
In using the curves which relate percent of total snow-
melt runoff to degree days it should therefore be
remenmbored that the number of degree days which account
for the melting of, for example, 90% of the largest
snowpack studied will very likely not account for the

seme percentage melting of the maximum possible snowpack.

« 35 -



i,

Such en asoumpt ibh; hbwévef*; would cerﬁainij be on the
safe slde, ‘

Because some rise of tempéx*a.ﬁﬁ:’e mist intervene betweon
the subfreezing temperatures that aucompany the snow-
storm, or serve to maintain the acounulated snowpack,
end the onset of the maximum rainstorm, e-mé snow melt
is to be expected before the reinstorm. However, cone
sideretion of the delays in runoff arising from the
shewr-ripening process ard the lag between nelt oud
runoff to ntreamflow, permite the synchrouzation of
runoff froa melt and runoff from rainfall into a criti.
cal combination. IExceph for the neceseary shorh poriod
of yreliminery waining coneldered ahove, 1t is mete-
orclogically possible for the maximum ralnetorm of the
season to occur onrthe meximum snow accumulation for
the esme date. Hcwever, vhere the sequence of events
consists of snowstorm followed by reinstorym the minimum

recurrence Interval must elapse.
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