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. Chapter I

INTIRODUCT ION

1. The Assignment. The Hydrometeorological Settion has been. requested
by the U. S, Engineer Bepartment Corps of Englneers s bto’evaluate meteorom-
logical conditions causing flobds of recent record in the. Columbia River
Basin,-to prepare an estimate of limiting- meteorologlcal factors in comparison
with those associated with the 1894 flood, and to prepare a tentatlve estimate
of maxtimum poss:;.ble snow-melt rates’ m the bas:m. \

2. In conferences fo llowing this request, a desire. was expressed for
a tentative estimate for the entire basin above The Dalles and for smaller
areas above a number of prospective dam sites. The areas indicated by the
District Offices of the Corps of Englneors as hav:z.ng greaﬁest urgency are
above thg’ smtes llsted~

1.’ Columbia River at Foster Creek dam-site

2., Flathead River, M. Fork at Glacier View dam site

3. Pond Oreille River at Albeni Falls
Flathead River at outlet of Fla thead Lake (Big Rock dam site) °

5+ Columbia River Just above mouth of Kootensi R. (Arrow Lakes
dam-site)

6. Kootenai River at Ioonia (Katka dam site)

7. Coour d! Alene River at Leland Glemn dam site

8. Blackfoot River at Nine-mile Prairie dam site

9. Columbia River at Umatilla dam site

Also, a study of such individual sub-basins is required because the inte~ o
grated discharge from a large river System such as the Columbia may obscure .
the variations and extreme contributions of the smaller trilttaries. .

: 3+ Corps of Engineers personnel, from the Office of the Chief of
Tngineers, the San Frencisco Division Office, and. the Seattle and Portland
District Offices, were detailed to the Hydrome‘beoroloclcal Section for '
assistance on this pmo ject.

Lie Aspects of the Problem. Heretofore, basin studies of the Hydro-
meteorological Section have covered critical periods of only a few days!
duration. Extreme situations could be analyzed synoptically and dynamically,
major meteorological factors determined, and their physical upper limits
evaluated individually and in combination for inclusion in the synthesized
maximum possible storm. The snow-melt floods of the Columbia Basin, however,
result from sequences of meterological events extending over periods of
several months. Such protracted sequences can also be aralyzed synoptically
and, within limits, even dynamically. The synthosis of extreme or optimum
events, hovever, involves a determination of the dynamical limits on re-
currence, as well as the physical upper limits of the factors involved. In
the present stage of meteorological knowledge the former determination is
as uncertain as the long-range forecast and must be approached, like the
long-range forecast, chiefly along climatological and empirical lines.




It is unfortunate that even the climatological approach is beset by

difficulties arising from the inadequacy of hydrometeorological data
in the Columbia Basin. -

S5e- Al‘bhough the maximum flood on the Columbia is almost directly
related to previous snow accumulation, available records fail to de-
fine that accumulation accurately. Many original records permit
identification of precipitation as rain or snow, or as either i‘alln_ng
on a snow pack, but the stations in: general are-not at representative -
elevations. Figure 2L shows the height (1000 to 1500 feet) by which.
the average basin elevation exceeds the average elevation of precipi-
tation stations, which are mostly in sheltered valleys. Recent increases
in snow-survey -courses have not as yet corrected the fundamental inade- -
quacy of records for the determination of snow qual:t.ty, water equivalent,
and distribution. Streamflew records serve as the best available index -
to the melting rates but the changing sizes and locations of the
contributing areas during the melting season are not adequately known. -
Tven the length of the snow-accumulation season varies widely from
point to point within the basin. The seven-month duration used in this
report is only a rough approximation.

6., “"ithout such quantitative observations, it was necessary to
use index relations depending on the available observations of precipi-
‘tation and temperature. Separately and in ¢ombination, their values
at selected stations in and near the Columbia Basin serve as indices
to the extent of snow cover, to the amount of water stored, and to the
melting rates. For the detemmination of the upper limits, the basis
was an analysis of the variations and extreme values at these stations
and combinations of stations. The precipitation analysis was made for
durations of one day to several years, consideration being given to
dynamic and synoptic limitations for the shorter veriods and to the
position of the region in world-wide climatological relationships for
the longer periods.

7. The Canadian portion of the Columbia Basin is similar to the
adjoining United States area, While available Canadian data have been
thoroughly . examined, it has been more convenient to use United States
records for examples in this report.

o R R Ve



* “'Chapter IT ‘
CLIMATOLOGY AND ME’EOROLOGY

8. Role of Iocation and Topography. The climate of the Columbia
River Basin is determined primarily by its location within the zone
of the prevailing westerlies and its proximity to an oceanic moisture
source.* There are striking climatic variations within the bas:.n,
however, wmch can be explalned by the topographw of the region.

9. ‘The obvious effects of locatlon within the zone of preva:.ling
-westerly winds and proximity to the Pacific Ocean are high frequency
of precipitation, especially in winter, and modification of temperatures.

to values higher than th:e average for the latitude in winter and generally
lower in summer. : »

10. The effects of tapography are vama’clon in normal annual
pmcmpafsatlon from about 6 inches to more than 50 inches and variations
in temperature due to dlfferences in elevation, uhlch far outwe:.gh
the effect of differences in lat:.mde‘

11, The most important inpograph:.c effect is pmvlded by the
Cascade Range, which forms the western btoundary of the basin. This
range, which has an average height of 5000 to 6000 feet, reduces the
effective precipitable water within a mass of air mcvlng inland to the
Columbia Basin to less than half of that which such air normally
containd when it arrives at the sea coast . An examination of pree
cipitation records indicates that the ratio of the greatest mean amnual ’
values west of the Cascades to the greatest mean amual values within
the Columbla Basin is nearly the same as the ratio between the effective
 precipitable water values for the two areas, However, it is not to be
expected that the rainfall ratio should be maintained throughout. Because
the frequency of storms is higher on the coast, the ratio of coastal
to basin rainfall is generally higher., The ratic also increases as
the representat:z.ve dew- mlnt in the mi‘lomng a:Lr ma ss decreases.

3_2. Semlpemanent cen'ters of Action. Associated w:nth the band’
of prevailing westerlies in the region are the semipermanent centers,
the Aleutian TLow to the north and the Pacific High to. the south.
Variations in their position and intensity, seasonal and otherwise, are
reflected in the intensity and orientation of the westerly current
‘and hence in varistions of the weather and climate of the Columbia Basin.
Occasionally lying athwart the westerly current, and displacing it or
sharply influencing its-orientation over the Columbia Basin, are two
other pressure centers, more seasonal and also more transient in their
occurrence, the Great’ Basin High and the North American or Canadian
© Polar Anticyclone. Almost wholly cold-season phenomena, they cannot
coex:.st at the same latltude :m an intensive or extensive form.

* See SScmnto Report, i‘igureb 18,




13. In combination, two or three of these semipermanent centers
may dominate the weather of the region for weeks, months, or seasons,.
and it is possible, as will be shown, to use the mean pressure over

the region (or its departure from nomal) as an index to the mean weather
patiern.

1. Because of the dominance of the Aleutian Low in winter, the
greatest precipitation over the area occurs during that season, although
over portions of western Montana the summer precipitation is heavier. .
Typically, the winter season is made. up B @ succession of migratory
cyclonic centers imbedded in the westerly stream and therefore passing
over the region in a generally west-to-east path. In December 1933,

for example, ten centers passed and precipitation occurred at many -
stations on 25 out of 31 days. .

15. Between the low-pressure centers. the anticyclonic development
ordinarily is not pronounced. One exception is the occasional intrustion
westward beyond the Continental Divide of the continental polar air -
mass and its attendant pressure system, the North American Anticyclone.
This is perhaps the most common cause of protracted periods of low -
temperatures in the Columbia Basin, particularly at valley stations,
and it also provides the wedge of cold air over which moist Pacific air
is lifted to produce many of the heavier snowstorms of the region.
Another exception to the limited anticyclonic development over the -
area is the occasional appearance of a pronounced Great Basin High
whose influence extends farther north than usual. Under these circum~
stances most of the basin usually experiences a protracted period of

fair weather, the paths of low-pressure centers being displaced norihe-
ward. ; 4 ’

16, For examples of the various weather types discussed reference
is suggested to the daily weather maps of the Northern Hemisphere for
a hO-year period, on file at Weather Bureau Forecast Centers., High
frequency of cyclonic activity in the region can be found in the series
of charts for November 1909, December 1917, February 190k, or March
1916. The westward extension of the North /Mmerican Polar Anticyclone
which accompanies heavy-snow sequences is shown on the maps for November
12, 1911, and March 27, 1936, when the maximum 2l-hour snowfalls occurred
at Spokane and Kalispell, respec‘bively. For the weather associated with -
Great Basin High development, the series of December 1930 is recommended.:

17+ Mean Pressures. The relationship between monthly mean 1Sobarlc :
patterns and tracks of Low cenbers is indicated in figures 2 to 10, in
which both are charted for the 1893-9l season. It may be observed,
incidentally, that the storm tracks cover the entire basin, :mdlcat:mg
no concentration of activity in any one part of the exclusion of storm
occurrence elsewhere. Figure 5 shows that in January 189 e:.ght or nine .
Low centers passed over or near the Columbia Basin, resulting in a pronounced
low-pressure trough extending eastward across the area on the monthly meanw-
pressure pattern. In February 1894, however, the mean pressures (figure 6)
indicate extensive anticyclonic development over the Rocky Mountain region
with pressures -above normal over the Columbia Basin and adjacent. areas, and

C




" only one storm track crossing. the basin. Tt is especially noteworthy

that available records indicate 150 to 2004 of normal monthly precz,pz.- R

tation for January 189k and only normal or slightly below in February..
- The relationships indicated .are supported in figures 1l to-19, which

show the departures of monthly mein pressure from normal for the  °~ =i B
1893-9l; season.., January 189L, for instance, shows a negative. departureyt L

. while Febriary shows a posz.tive departures

'

18.. Because observatiom of atmOSpheric pressure are. fundamental,-f |

and pressure distribution a feature of, and en index o, the general
circulation contmll:mg storm movements, a further analysis of monthly .
mean pressures in the Co}.mnb:\_a Ba.sin is shown in figure 20, “Here the Y
monthly mean pressure anomalies are graphically correlated with morrbbl?‘;» ’
precipitatisn for the winter season in the water years 1923 to 1943,
Two relations are shown. One is the association of high precipitation
with low pressure; the other is the assocz.atmn of high precipitation
with decrease in mean pressure from the previous month. December 1933
(in the 193k water year) is an éxample of both relations. The first
relationship is metecmlogmcally plausible because both high precipie
tation and low pressure depend on the fmquency of cyclo_r}e OCCUrTrence.
The second relationship lacks meteorologlcal explanation:and has .
therefore been omitted in the. cons::.deratlon of raximum possible precipi- S
~ tation sequences, However, the presure- sequences shown, and also = . . -
* others that have been studied, "suggest no possibility of a season w:rbh
each month having mean’ pressure much below normal. Th positia .
of a synthetic season of months of maximmn prec:.p:x.tatlon 1s thus llmited,




Chapter IIT
PRECIPITATION

19« Outstanding Records. The maximum flood of record at The Dalles
occurred in Juné 189L. 1he hydrograph and accompanying meteorological
record are shown in figure 1. Inadequate station density makes it
difficult to estimate the mean depth of precipitation contributing to

the flood but, from careful analys:t.s of th re ord, it is believed to be
about 1507 of normal. :

20. . The individual occurrences of precipitation shcswn in figure' 1
apparently had very little immediate response in streamflow. The recoerd
of decreasing depth of snow on the ground at these stations also shows
no direct relation to discharge, the relation being obscured by the-

topographic features of the basin and the temperature regime, which,together:
influence the size of the contributing area.

2l. The degree of uniformity in theé temperature anomalies of the.
three stations shown suggests that the temperatures are representative of
areas of considerable extents The temperatures in 1893-9L were not far
from normals It is to be noted that temperatures above normal and above
freezing, at elevations less than 5000 feet, preceded individual peaks
of streamflow by five t» ten days. The broken lines in figure 26, to be
described 1ater, show estimates of monthly mean temperatures in Idaho and
prec:.p:x_tatlon in Southwest Idaho in the 1893-94L season.

22. December 1917 and December 1933 were two of the heaviest monthly
periods of precipitation of record in the Columbia Basin. Ineach of these
months, in a large portion of the basin, about 30% of the mean annuval
precipitation occurred. It is significant that in each instance the ‘
January discharge at The Dalles was about half that of the following June,
and that these were the highest January discharges of record.

23« One of the heaviest storms of record for this area occurred .
during the period December 10~20, 1933, For the 60-hour period ending at
6 p.m. December 19, over a 10,000-square-mile area in northern Idaho and
vicinidy, the average depth of precipitation was 2.7 inches. This value
appears low, but on the basis available moisture (diminished by passage
over the Cascade Range and from a source region with relatively low tempera-

ture§ it compares favorably with record storms for other areas in the
United States, .
2. Figure 23 shows the maximum monthly precipitation of record for
climatological subsections in the Columbia Basin for the months of October
through June, and also maximum precipitation occurring in months with
mean temperature less than 36 F and less than 32 F. In Eastern Washington
and Northern Idaho, it can be seen that the maximum observed monthly precipi-
‘tation has been about 407 of the mean annual ~ but the maximum value

falls to about 307 when only months of mean temperamra of 32 F or less
--are considered.

25, In order to gain perspective, records from other areas have
a.‘.sc- been examined. Alchougn the lack of meteorological and climatological
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homogeneity is recognized, certain broad'x‘ela tionships between
maximum. possible and mean annual precipitation become apparente.

26, Figure 21, from Jarvist tabulatlbn, shows a welln;:ieﬁned

'en?elopment of upper limits of snnual point rainfall as a function -

of the mean annual. The tremendous volume of data represented.lends
great weight to;this particular parameter., A similar relationship
for state areas is indicated in figure 22, where the data are from
U. S. Weather Bureau records. Both charts suggest the use of local .
mean annual precipitation as an effective baszs for ths estamate of
the ms;a_mum possible. :

. 27 For short duratlons . upper lmts of prec:.pl’c»ah.on can

be more accurately defined. In April 1921 a snowstorm in northern
Colorado deposited 159 of the mean annual precipitation at Eryts
Ranch in one day. The same storm deposited an average of 3.1 inches
(water equivalent) over 10,000 square miles in 2L hours. On the

‘basis of theoretical computations, even with the assmnpt:.on of

extreme conditions of lapse rate and moisture content in air flowing
over the Columbia area, such an amount cannot be exceeded in that region.
The theotetical computation was based on the Elba, Alabama, storm of

- March 3.5, 1929, which produced 12,1 ineches of rainfall over 10,000

miles in 2k hours, Extending the comphtation 6 50,000 square mz.les

- (average depth: 6.3 inches in the Elbai, Alabama, stom) gave l.7 inches

over the Columbia area. Another extreme value is given by the record
of 125% of mean annual rainfall which occurred in 2L hours at a point
near Kerrville, Texas, early in July 1932. Some of the storms mentioned
occurred without the "diminishing effect of a barrier such as the Cascade
Range and in a region of much higher possible moisture tontent. Though
not analogous to stomms occurring in the Columbia Basin, they suggest

- values below which the maximum possible values for the Columbia must

fall .

28, Basis of Estimate. A guide to the magnitude of the optimum
seasonal precipitation over the Columbia Basin was obtained by combining
maximum monthly precipitation totals of retord for the months QOctober
through April. To make such a combination, the published Climatological |

Data were examined for the years of occurrence of the three wettest of-

each of the months’ for the four climatological subdivisions involved:

- Eastern.Washington, Northern Idaho, Southwestern Idaho, and Montana

est of the Divide. TFrom a tabulation of the monthly averages,
synthetic season, OCctober through April, was selected on the bas:,s of
the largest positive departures from normal monthly precipitation in

-two or more of the climatological subdivisions. The following sequence

resulteds October 1933, November 1909, December 1917, January 1909,
February 1940, March 1916, and April 1937. The seven-month precipi-

" tation totals thus determined, expressed in terms of mean amual, were:

Eastern Washington -~ 1624, Northem Idaho - 153%, Sou thwestern Idaho -
1}82. > and Hohtana West of the D1v1de - }.36%.

29+ A study of the mean-pressure distribution for the months

.of the synthetic season indicated that the selected months could



reasonably follow in the 6rder nained. Both the 'monthly pressui'e-departure
values and the synoptic charts for the end and beginning of consecutive
months were _considered. in the appraisal.

30, Next, the departures from monthly normal temperatures for
the seasons of 1893-9lL; and 1915-16 were compared with the temperature
departures of the synthetic .season. This revealed temperatures near
normal during the synthetic season as well as durlng the - 1893-9h and
1915~16 seasons. ,

31. The synthet:.c season thus does not v:Lolate any. of the known
limitations imposed by the sequence of pressure patterns. Neither are
the average temperatures of the synthetic season so” high that they would
necessarily prevent the optimum snow accumulation for the late-spring fleod.
Only exhaustive dynamic .and statistical analysis, not now feasible, could
determine whether the total precipitation of the synthet:.c season could»
be exceeded, but higher values would probably involve higher temperatures
and therefore less snow accumulations. The heavy precipitation of
December 1917 and December 1933, for example, was followed by record

January discharges and may have contributed little to the crest when the
snow melted in June.

32 vhile it is true that the monthly unit used in the synthetic ,
season is an accident of calendar and custom, it is also a reasonable unit
for the purpose. 4 consecutive sequence of calendar-day units with
maximum precipitation of record would probably yield too high a seasonal
total because the necessary intervening episodes of fair weather wuld be
eliminated.s On the other hand, use of the maximum 12-month or 7-month
period as a unit would obviously yield too low a total. The unit of one
month falls between these two extremes. A weekly unit was also tested
for one climatological subdivision and yielded an answer of like magni-

tude. The results, however, require checking or corroboration from
other sources.

33+ A check was provided by approximating maximum precipitation’
values for the Columbia area by interpclating among the worldswide -
records showing climatological relationships of season, depth, area,
duration, and location. Comparatively secure anchor points of area—
depth were established at 30=year durations by the convergence: 6f apparent
trends in the data, and at short durations by the adjustment of observed
storms on the basis of dew point, other synoptic data, and orography.
In the area between these two types of anchor points were numerous pairs
-~ of points (at durations of a week, a monmth, etc.) between which the final
curves were locateds Lower limits on the final values were established by
the consideration that the latter must exceed certain recorded values in
the Columbia area. Upper limits were established by the records of
phenomenal precipitation which, it is known, must exceed any possible
values in the Columbia area. For comparable durations, areas, amd values
of mean annual precipitation, the depths in the synthetic season exceeded
by 204 the depths obtained by interpolation among the world-wide records.
Because the latitude involved in the process of interpolation was of the:
same magnitude, the curves derived by the 1nuerpolat10n method were adjusted
by the 209 increase. .
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3ks The Optimum Precipitation. While it is believed that the .
precxps.tatlon values derived as indicated above are maximum for a season
in which depth of snow accumulation is most important, it is not
certain that they are necessarily the maximum for a season on which no
such restriction is placed. For that reascn, it is preferred to designate
these values as optimum precipitation in this report.

35. The curves giving the tentative estimate of optimum precipi=- '
tation for the Columbia area are shown in figure. 25. The estimates are
" for durations 6f one month to one year, all in temms of the mean annual
precipitation. The magnitude of increments of precipitation for periods
of'less than ore month is not believed important for accumulation of snow.
While seven months has been indicated as the optimum snow - -season, and .
it ‘probably is for average elevatlons, a shorter season would apply to
the lowest elevatlons, and a 1onger season to the hlghest elevatz.ons.

36. Table I gives the same mfomatlon as f:.gure 25 w:.*th the
-addition of. areas of other sizes and other values of mean annual precipi-
tation, for greater ease in interpolation., The upper part of figure 26
illustrates the use of figure 25 or table I in designing a hypothetical
season for a basin of S0,0GO square miles having a mean annual precipi-
-tation of 15 inches. It is believed, that as much precipitation as possible
should be:scheduled for the four-month period,” December through March.
Therefore, 125% of mean annual, or 18,7 inches, is distributed during..
this period. While the table and figures show that one’ of.these months-
could have as much as,6l% of mean annual, or 9,1.inches, this would
leave a total of only 9.6 inches for the other three months. There is
no apparent reason for believing that such an extreme distribution would
cause a greater flood than a more uniform and moxe likely distritution
having the samé total accumulation of snow during the four-month periods -
The distribution of the precipitation for the maximum four-month period
shown in figure 26 is arbitrary. The period of maximum seven monthst
precipitation, it is believed, should include the additional months of
October, November, and April. The table shows 170% or 25.5 inches for’
the 'seven montlis. Having used 18.7 inches for the maximum four months, -
6.8 ‘inches remain for distribution among the months of October, November,
and April.. The distribution may be made to meet any hydrologic requlremants,
with the single restriction that the total precipitation for any duration’
should not exceed the. value given in f:z.vure 25 or table I for that duration.
For example, if all the 6.8 inches were scheduled for April, the total
for the five months (December through April) would be 18.7 plus 6.8
inches. This would exceed the permissible S-month precipitation, which
is about 21.2 inches according to the curve in figure 25. :

"

37+ If, in this 50,000-square-mile area, sub-areas are to be dealt
with individually, the total average depth may be distributed in any manner,
provided that the average depth for any portion of the area does not-exceed
the values of flgure 25 or table I for the proper-sized area, mean :mnual
prec:.p:.tatmon in that area, and proper duration.




Table I T

TENTATIVE ES TTY A’I‘ES OF MAXTMUM PRTCIPI mTION, COLUMBIA BASIN

Areas’
ThSdSa
Sq. 1 N

7

256

2L
2h2
239
23h

196
188

180

17k

170

158
1l

13k

128
129

12h

106

95
90

86

98
78

70
65 .

61

For‘Mean ﬁnnﬁal_Precipitation of':
15 In. g
| In.

384

37.0
3643
35.8
35.1

297
28.2

'27;0

26,1
25.5

237
21.6
20,1
19,2
18.8

18.6

ZO‘In.
%'V In,
23 16.8

223 Lh.6
217 L3.h

21k 2.8

209 1.8

178 35.6
169 33.8
163 32,6
157 31.L
150 30.0

1l 28.8
130 26.0
121 24,2
116 23.2
113 22.6

112 22.4

95 19,0
85 17.0

82 6.4

78 15.6

88 17.6
70 1L.0
62 12.4
S8 11.6
55 11,0

3
222
210
20l

202
196

166
158
152
146

140

134

120

112
108
104

103
88
79

- 12
80

S

58

53

50

Ine

5545

82.5
51.0
5045
4g.0
.5
3945
38.0
36.5
350

33.5
30.0
28.0
27.0
26'0

25.8
22.0
19Q8
19.0
18.0

20.0
16,0
1.5
13,2
12 QS

10

3

212
202
197
193

187

160
150
1Ll

139

134
127
113

106

102

98

97
82
7h

71

76
60
53

b7

In

63.6
60.6

59.1

57.9

5641
8.0

L5.0

43,2
L1.7
Lo.2

38.1
33.9

31.8"

30.6

2944 (

29.1
2L.6
22'2
21.3
20.L

22,8
18.0
15.9
1.7
1h.1

Lo

R

202
192
187
18L

179
150

In,

- In.‘

80.8
76 .8
7448
73.6
71.6

60,0
552
53+2
lSl.?
19.6

Lol

.2
38.4
36.8
36.0

’ 35:6

29.6
26.8
25.6

2&.&7
- 26.8

2Lla.2
19.2
‘1706
16.8

SO Ine
54  Ine.
193 96,5
186 93.0
181 -90.5
179 89.5
17h 87.0
1L 72.0
131 65.5
125 62.5.
120 60.0
119 59.5-
109  shes
96 LB8.0
90 15.0
86 13,0
8L L2.0
82 11.0
68  3L4.0
62 31,0
59 29.5
58 29,0 .
62 31.0
Lo  2L.5
L3  21.5
1 20.5

19.0



3. Tis report deals primarlly with the snow-melt type of floods =
It has been- suggested, however, that small basins may experience their -~
~maxixm1m possible floods as a result of heavy rain rather than melting

- snow. 'Tith the emphasis on snow, very little attention has been given' ~ R

to short-duration rainfall, In distributing the optimum precipitation to
provide the maximum possible during the period October through: April, only
about 607 of the mean annual remains for possible occurrence during the ~~ °
‘remaining 5 months. It is estimated that as much as 104 of the mean.
amual could occur on any one day to synchronize with the snow-melt
fleod. The possibility of an. optlm‘tm flood resul‘hlng from more rain and

less snow has no'b been exploredy

39. Limitations of Lstimate. Further stidy mafy indiéate'tha‘b thé |

optimum précipitation Will include some rain at low elevations, the loss =~

to pre~flood streamflow being more than compensated by the snow-fall at
high .elevations exceeding that which could occur with the lower dew points.
The lower dew points, and therefore lower total volumes of" pzec:x.pn.tatlon,
are required for snowfall at low elevatlons. This question will requz_re ]
cons:Lderable hydrologn.c analyszs.

: hG. Autamn preclpltatlon is know to influence the volume and peak
of ‘streamflow in the following season, through its effect on soil .
moisture. Evaluation of this effect is part of the unsolved problem of
the total duration of preclpl’cation wh:.ch s:.gm.flcantly affects the '
seasona}. peak. flow. -~
. In add:.t:x.on to the duratlon-area—-depth funct:wn expressed in :
tems of the mean annual precipitation, further study would probably result.
in a refinement on the basis of elevation, distinction between proporations
of rain and snow in each storm, latitude, normal seasonal varla.tlon durmg :
the year, and other parameterses ‘
42, The meteorologlcal phenomenon of evapo-transpiration from the
snow~covered portions as well as other portions of the basin, during the
long period antecedent to each year's flcod peak, deserves far more study
than available time has permitted. Lack of knowledge of its magnitude
requires the assumption that the evaporation loss is either negl:x.glble
or average, thus including it as a small but probably safe margin in the
‘estimate o;ﬁ' the optlmum meteorcloglcal condltlons‘

b

hB. In a general way, much of the bas:.n is meteorolog:mally homogenecous,

,and conditions observed in one place reflect conditions existing in other = = =

places having comparable elevation, orientation, forest cover, and other
exposure characteristics. However,. it is a fact that more extreme weather
can exist for short periods and over small areas, than for long periods
~ and over large areas.. The optimum season for the entire basin above The- -
Dalles would require more general distribution of snow and of melting -

conditions than could oecur with the concentration required- for the maximum | ; |

,possfble f,!.ood on one of t’he tr:.bntaries.




- Chapter IV |
VMELTING CONDITIONS

ke Air Temperature as Index. For the Columbia Basin above The | -
Dalles, and for many of the sub~basins, it has been observed that the ' o
peak rate of streamflow bears a fairly close relation to the seasonal IR
volume. It has further been observed that variations in this relation o oo
are related to variations in observed mean temperature for short periods- '
prior to each flood peak. It is. recognlzed ‘that &ir temperature is only o
one of the factors influencing rates of heat supply, and that the availe .o
able temperature record is probably inadequate as a sample of the tem-
- perature of the air passing over the basin. However, in lieu of anything

better at this time, temperature observations must be regarded as an index
‘to rate of heat supply.

’

5. Comparison of temperature observations during the melting seasons,
following winter seasons of varying magnitude of snow deposit, indicates _ -
that a cover of extremely deep snow in the Columbia Basin could be followed 2
by extremely high temperatures. Variations, from year to year, of temper-
ature change. in the air passing over the basin show practically no cor- .
relation w:Lth volume of discharge,

L6, One,oi‘ the. requlrements of the maximum possible flood is
synchronous contribution from major tributaries. It is believed that,
while temperature is influenced by latitude, the difference in normal
progress of the melting season due to the: extreme north-south extent of
basin can be overcome by unusual temperature distribution. The greatest
variation of temperature in the basin is associated with difference in
elevation. This has two important hydrologic consequences.s One. is the
variation in- " length of the snow-cover season with ele-
vation, and the other is the variation in size, shape, and location of
the area contributing runoff during the snow-melt season. *Thile in general
the snow-accumulation season for most of the basin may be about seven
months, there is no one date on which the snow pack has accumulated over
the entire basin and is all ready to melt.

L7« It has not been possible to determine adequately the optimum -
variation of temperature with elevation. Further meteorological research
may disclose the possz.blllty of an approach to isothermal conditions over
the entire basin for long periods, thus providing wider melting zones than
ocecur with the normal decrease in temperature with elevation.

L48. Figure 27 shows the maximum and minimum monthly mean temper-
ature of record for five stations in the Columbia Basin, in terms of
departure from mean annual. These stations were selected on the basis of
areal representation and adequacy of records The figure shows a smooth A
variation from month to month of toth maximum and minimum temperatures. It:
is to be noted that the extremes for individual stations are not greatly '~ e
— different from one another. The record indicates that for periods. as long = — — ¢

as a month, marked temperature anomalies prevail over large areas, widely

. scattered stations frequently experiencing thelr extremes of record during
the sane pe‘m.uds. .
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L9, Figure 28 shows tentative estimates of highest and lewest
mean temperatures, for 7- and 30-day periods, in terms of departure
from mean annmual. The curves resulted from envelopment of values
such as those in figure 27. This envelopment of extreme station-record
value represents a tentative estimate of possible extreme temperatures
for large areass It has not been possible to determine extreme meah
temperatures by transposition, extrapolation of controlling elements,
or any other method analogous to those used with maximum precipitation.
Table II shows the same estimate of extreme possible temperatures as
figure 28, with the addition of other durations and areas of other sizes
for greater ease in interpolation.

50. Further study might show that duration and area do not
adequately define the relation of temperature to snow melt and  that -
refinement would probably include such parameters as elevation, aspect,
and forest cover.

51. Optimum Temperature Sequence. A.cold fall and spring, with - .
winter temperatures near Ireezing, will permit the maximum possible depth
of accumulated precipitation, and vill permit the greatéest possible
portion of the precipitation to occur as snow. Further, a cold spring .
will delay the melting until the higher temperatures can occur. Hydro-
logic analysis may detemmine the optimum time of year for the occurrence
of the maximum temperature for that time of year. This optimum time
is a function of the area-elevation curve of the basin, and one of
the isssues involved is the possible occurrence of extreme melting
~conditions at a time when the area of melting snow is at a maximum.

52. The lower part of figure 26 shows a suggested critical
sequence’ of monthly mean temperatures taken from figure 28 and
table IT, for the hypothetical area of 50,000 square miles. October
and April are the coldest possible, the intervening months having
temperatures near freezing. June and July are the hottest possible;
May is normal, but could have any temperature between the limits shown
in fugure 28 and table II. The timé at which the basin air temperature
should rise sharply is determined by the location of the snow line for -
maximum volume of water to be mel ted from the snow.

.0~ 53+ TFor periods shorter than one month, and for areas less than
50,000 square miles, the mean temperature for any size of area and
for any duration may be determined in a'manner explained earlier for
distribution of precipitation. That is, the temperature for areas
of all sizes and for all durations must be within the limits set by
figure 28 and table IT for those areas and durations.

Slie An important question to consider is the rate at which the
temperature can increase in the spring.. In April 1936, in the Columbia
Basin, the mean temperature for the third week of the. month was about
30 F.higher than for the first week of that month. It has not been
pos sible to examine the record completely or to study the possibilities
exhaustively, but at this time there is no apparent reason why a late
spring month of maximum possible temperature could not follow a month of
lowest possible temperature for that time of year. It also appears
possible for the maximum weekly mean temperature to follow the minimum
with only one near-nomal week intervening.

|
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TBIE II

TENTATIVE ESTINATE CT HIGHUST AID mlMS'II‘ POSSIBLE CURFACI-AIR mwmm*“s ’
o e DEPARTURE FROM MEAN ANNUAL

(°F) A ‘ . S -
M@m‘:h; 0 N 3 B Foo M AL M J Jd A S .. N !
Area | ‘ ) ‘ : i
j Maximum ‘ « ;
2,000 19 8 0 -4 0T 8§ 20 30 36 38 36 28
~ 103000 18 7 -2 %6 -2 6 18 28 3 36 35 27
& 50,000 16 6 -3 -8 -3 5 17 26 33 35 3L 26
2 2,000 15 5 -3 -7 -b L 15 24 31 3k 32 2
& 10,000 14 L b -8 -5 3 1k 23 30 3L 32 2k
= 50,000 1 3 -5 -9 =6 2 13 22 30 33 31 23
< 23000 11 1 <6 -10 -8 - ‘10 19 26 31 28 2
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£ 50,000 11 1 -6 -10 -8 -1 10 19 26 31 28 2
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2,000 -28 -4 -5 57 53730 -19 -7 0 3 1 10
$ 103000 -26 -h2 -52 55 51 -33 -18 -6 2 .5 L -7
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2 2,000 -18 32 -4y 50 b6 -29 <15 -3 L 8 6 =L ',
£ 10,000 -16 -31 -43 -h9 -k -28'-1k -3 5 10 8 -2 ~
= 50,000 =15 =30 42 U8 W4l <28 W13 -3 6 11 9 0 1
o 23000 -7 ~21 ~3Lh b3 -0 -24 <10 o 8 1y 12 3
T 10,000 -7 =21 -34 k3 4o 24 .20 O 8 1L 12 3 ’
£ 850,000 -7 ~21. -34 =43 o 24 -20° o0 8§ 14 12 3
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COLUMBIA BASIN

TENTATIVE ESTIMATE OF PRECIPlTATION
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COLUMBIA BASIN

TENTATIVE ESTIMATE OF HIGHEST AND LOWEST
POSSIBLE SURFACE AIR TEMPERATURES
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