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) ·.Chapter l. · 

DT'IRODUCT ION 
' :, ' 

1. lhe Assignment. '!he. Hydrometeorological Seetion has been, requested 
by the U. s. Engineer Department, Corps of. Engineers, to· evaluate ·me teoro;;.. · .. 
logical conditions causing floods'ofrecent record ih the.Colu.mbia River· 
Basin, ~to prepare an estimate of limiting· meteorological factors in comparison 
with those associated with the 1894 ~load, and to prepare a tentative estimate 
of maxj.munr possible snow-melt rates· in the basin~ 

2. . In conferences following this request, a desire was e~ressed for 
a tentative estimate for t.."le entire basin above The Dalles and for smaller 
areas above a number of prospective dam sites. '!he areas indicated by the · 
District Qffices of the Corps of Engineers as having greatest· urgency are 
above the? ·si tea listed: · .. · 

1. Columbia H.iver at Foster Creek dam·site 
2. Flathead River, N. Fork at Glacier View dam site 
3. Pond Oreille River at Albeni Falls 
4. Flathead River at outlet .of; FJa thead Lake (Big Rock dam site) · · 
5.. ColUmbia River just above· mouth of Kootenai R. (Arrow Lakes. 

dam--site) · · · · · · · · 
6 •. Kootenai River at I,oonia (Katka dam site) 
7. Co our dl Alene River at Leland Glenn dam site 
8. Blackfoot River at :Hine-mile Prai:de dam site 
9. Columbia River at Urna.tilla dam site 

. Also, a study of such individual sub-basins is required because the inte­
grated discharge from a large river ~3stem such as the Columbia may obscure . 
the variations and extreme contributio.ns of the smaller tribUtaries. · 

3. Corps of Engineers personnel, from the Office of the Chief of 
?.ngineers, the San Fr~ncisco Division Office, and. the Seattle nnd Portland 
District Offices, ·were detailed to the Hydrometeorological Section for · · 
assistance on this project. · .. 

4. Aspects of the Problem. Heretofore, basin studies of the eydro­
meteorological Section have covered critical periods of only a fevif dayst 
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 synth~sized · 
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 synthesis of extreme or optimum 
events, hew ever, involves ·a detennination of the dynamical limits on re­
currence, as well as the physical upper limits of the factors involved. In. 
the t)resen.istage of meteorological kn·owledge the fonner determination is 
as uncertain as the· long-range forecast and must be approached, like the 
long-ran,ge forecast, chiefly along climatological and empirical lines. 



It is unfortunate that even the climatological approach is beset by 
difficulties ari§ing from the inadequacy of hydrometeorological data 
in the Columbia Basin. · ' . 

5. · Although the maximum flood on the Columbia is almost directly 
related to previous snow accumulation, available record,s fail to de-
fine that accUmulation accurately. Many. original rec.ord$ permit.· , 
identification· of precipitation as rain.or snqw, or as either falling 
on a snow pack, but the stations. in,;g~lf~ra;l~~r::l not at representative 
elevations. Figure 24 shows the heiglit (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 rincreases 
in snow-survey courses have not as yet corrected the fundamental inade-: -
quacy of records for the determination of snow quality, water equivalent, 
and distribution. Streamflow 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. 
Even the length of the snow-accumulation s~ason varies vridely from 
point to point within the basin. The seven-month duration used in this 
report is only a rough approximat~on. 

6. 1-~ithout such quantitative observations, it vras ~ecessary to 
use index relations depending on the available observations of precipi- . 
·tation and temperature. Separately and in combination, their values 
at selected stations in and· near the Columbia Basin serve as indices 
to the extent of snow cover, to the a:r.:ount of w'ater stored, and to the 
melting rates. For the detel1nination of the upper limits, the basis 
was an analysis of the variations and extreme values at these stations 
and combinations of stations. The precipitation anal;y·sis was made for 
durations of one day to several years, consideration being given to 
dynamic and synoptic limitations for the shorter periods a.nd 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 area4 Tfuile available canadian data have been 
thorough~ examined, it has been more convenient to use United states 
records for examples in this report. 

.,. 

, .. 



' ' Chapter II 

CLllM.TOLOGY .t\ND ME'IEOROLOGY 

8. Role of Location and Topography. The climate of the Columbia 
River Basin is determined primarily ijT its location within the zpne · 
of the prevailing westerlies and its proximity :to an oceamc moisture 
source.·· . There are st'rild.r,g climatic variations within. the basin, 
however, which can be explaineP. by th~ topograpey of 'the region • 

. - ~ . .. . \ . ' . 

9. 'The obvious e.ff~(?.t.s· of locationWi thin the zone of p,revailing 
· westerly wirids and proxi.riJ.i ty to the Pac'ifio Ocean are high frequency 
of precipitation, especially in winter, and modification of temperatures. 
to values higher than the average for the latitude in winter and generally 
lower in summer. · ; 

10. The effects of topography are: variation in normal annual 
precipitation· from about 6 inches to more than· 50 inches and variations 
in temperature due to differences in el-eva tmn, vh ich far outweig!t ': 
the effect of differences in latitude. . . . 

11. Tha most important topographic effect is provided by the 
cascade Range, which forms the western ooundary of the l:asin. This 
range, which has an average height of 5000 to 6000 feet, reduces the 
effective precipitable water within a mass of ai:::- moving inland to the 
Columbia Basin to less than half of that which such air normally 
contains when it arr~ves at the sea c,oast*. .An examination of pre­
cipitation records indicates that the ratio of the greatest me::m annual · 
values west of the Cascades to the greatest mean annual values within 
the Columbia Basin is nearly the same as the ;ratio between the effectl.ve 
precipitable water values for the· two areas. However, it is not to be 
expooted 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 ratio also increases as 
the representative dew point ~n the inflowing air mass decreases. 

12. Semipermanent Centers of. Action. Associated· with the band· 
of prevail1ngwesterlies in the region are the semipermanent centers, 
the Aleutian Low to the north and the Pacific High to. the south. 
Variations in their position ~d intensity, seasonal and otherwise, are 
reflected in the intensity and orientation of the weSterly current · 
and hence in variations 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 
coexist ·at the same latitude in an intensive or extensive form. 

," -· ' . .. 

* See sScrainento Report,· figure 18. 
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13. In combination, two or three of these semipermanent centers 
m~ dominate the weather of the region for weeks, months, or seasons, 
and it is possible, as will be srown, to use the mean pressure over 
the region (or its departure from nonnal) as an index to the r.1ean: weather 
pattern. 

14. 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 pr-ecipitation is heavier •. 
Typically, the winter season is made 11P"Olt'i''~sn'ce'ession 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 
wesU.vard beyom· 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 law ' 
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 north;.. 
ward. 

16. For examples of· the various ·weather types discussed reference 
is suggested to the daily weather maps o·f the Northern Hemisphere for 
a 40-year period, on file at Weather Bureau Forecast Centers. High 
frequency of cyclonic activity in tt."le region can be found in the series 
of charts for November 1909, December 1917, February 1904, or l.Jiarch 
1916. The westvrard extension of th,.e North J,merican Polar Anticyclone 
which accompanies heav,r-snow· sequences is shown on the maps for November 
12, 1911, and March 27, 1936, 'Nhen the maximum 24-rour snowfalls occurred 
at Spokane and Kalispell, respectively. For the weather associnted with · 
Great Basin High development, the series of December 1930 is recommended •. 

17. Mean. Pressures. The relationship between monthly mean iSobaric 
patterns and tracks ol Low centers is indicated in figures 2 to 10; in 
which both are charted for ~he 1893-94 season. It may be observed, 
incidentally, th~t the stor.m tracks cover the. entire basin, indicating 
no concentration of activity in any one part of. the exclusi-on of stonn 
occurrence elseWhere. Figure 5 shows that in January 1894 eight 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 mean- ·· 
pressure pattern. In 'Februazy 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 
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only one storm track crossing. the ba·sin. It is especially notewortey 
that availahle re.cords indicate 150 to _2QQ% o:t nonnal monthly precipi­
tation for January 1894 and onJ.Y normal ·or slightly below in February •. · 
The relationships indicate_d.are. supporte!f in figures ll to •19, which 
show the depart\lres o£ monthly mean pressure from normal for the · · 
1893-94 season ... , January 1894, for instance, shows a negative departure 
while February shows a positive departure. · · , .. 

i8 ... Because observat:ions .ci£ atmospll.eri.c pressure are. fun~ental,. 
and pressure distribution a feature of,~ and '6n index to, the general 
circulation centro lling storl!J. movei!len ts, a furt,her analysis .of.. monthly. 
mean pr~ssures in the Co:J.'I.lill.l;).ia Basin is ·shown in figure 20. Here the 
monthly mean pressure anomal~~s are g+aptucally. correlated with month.ly 
precipitatiOn for the winter sea~on ~n the "Whter years 1923 to 1943. 
Two relations are shown.. One is ~e association of high precj.pitat:ion 
-with low pressure; the other is the association of high precipitation 
with decrease in mean pressure from the previous month. December 1933 
(in the 1934 water year) is ~n example of both relations. The first· 
relationship is meteorologically plau;sible pecause both high precipi-- :: 
tation and low pressure depend on the frequ~ncy of cyclo_ne occurrence. 
The second relationship lacks meteoro:Lqg;J.ca:I. explanationiand has -
therefore been omi-tted in the cn)nBtd$ration of naximum possible precipi-

. tatum sequences. However,, 'Ghe P..:m13s~e se~ences shown, and also . __ .. 
- others that have been'9tudi~1 ·sugg~st no _possibility Qf a season with 

each month. Jtaving mean· pressure much below normal. ·I,ba.,comoo§i!iio.n. . _ - .­
of a synthetic sea;mn of months of ma~~ .... ~r?cil?~tati9n is ,thus limit~:l: • 

... 

• 

j'-
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Chapter .III 

PP.EC IPI TA TIO N 

19. Outstanding Records. The maximum flood of record at The Dalles 
occurred in June 189li. '1he hydrogra.ph and accompanying meteorological 
record are shown in· figure 1. Inadequate st:at:lon density m~s it 
difficult to estimate the mean depth of precipitation contributing to 
the flood but, from careful analysis. o! .... the record, it is believed to l:>.e 
about 15~ of normal. . '· H)ih:ti,j.-, ,~ .. ,j, . · · 

20 .... 'Ihe individual occurrences of precipita.tion shown in figure 1 
apparently. had ve:ry little immediate response in streamflow. The record 
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. 

21. The degree of uniformity in the temperature anomalies of the 
three stations $hown suggests that the temperatu~are representative of 
areas of considerable extent• The temperatures. in 1893-94 were not far 
from normal. 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::1 ten days. The broken lines in figure 26, to be 
described later, shaw estim:a tes of monthly mean tempera. tures in Idaho and 
pre·cipi tation ·in i::iouthwest Idaho in the 1893-94 season~ 

.,. 
22. December 1917 and December 1933 were two of the heaviest monthly 

periods of precipitation of record in the Columbia Basin. In each of these 
months, in a large portion of the basin, about 30% of the mean annual 
precipitat:ion 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 
vicinity, 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
tura:) it compares favorably with record storms for other areas in the' 
Uni ted,States. 

24. Figure 23 shows the maximum monthly precipitation of record for 
climatological subsections in the Columbia Basin for the months uf October 
through June, arid 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 m~mum observed.month~ precipi­
. t~tion has been about 40% of the mean annual - but· the maximum value 
falls to about 30$ when only months of mean temperature of 32 F or less 
:are considered. 

25. In order to gain perspective, records from other areas have 
also been examined. Although the lack of meteorological and climatological 

"' f - • - ·. •.• •'. l . " 
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homogeneity is recognized, certain broad raJa tionships between 
maximmn. possible and mean annual precipitation become apparent. 

· 26. Figure 21, from Jarvist ta'bul.ation, shows a well-defined 
envelopment of upper H.mi·ts of annual P?int rainfall as a funct-ion 
of the mean annual.. . .The tremendous volume of clata represented.lends 
great weight to, this particular parameter;. A . similar relationship 
for state areas is indicated in figure 22, where tb3 data are from 
U. S. Weather Bureau records. Both charts suggest the use of local 
mean annual precipitation as· an effective basis for the estimate of 
the maximum possible. 

27. For short durations, upper l:¥nfts of precipitation can 
be more accurately defined. Iil April"l921 a snowstorm in northern 
Colorado deposited 45% of the mean annual precipitation at Fry's 
Ranch in one day. The same storm depoSited an average of 3.1 inches 
(water equivalent) over 10,000 square miles in 24 hours. On the 

·basis of theoretical computa tioris, even with the assumption of 
extreme conditions -of lapse rate and m~Ji.sture _content in air flowing 
over the Columbia area, such an. amount ~annat be a~ceeded in that region. 
The theoretical computation was based on the. Elba, Alabama., st6rm of 
I1arch 15,.;il.929, which produced 12.1 i~hes o:f rainfall over 10,000 
miles in 24 hours. EXtending the compUtation t6 50,000 square miles 
(average depth.: 6.3 inches in the Elba', Alabama, storm} gave 1.7 inehes 
over the Columbia area. Another extreme value is given by the record 
of 125% of mean annual rainfall which occurred in 24 hours at a poi~t 
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 content. Though 
not analogous to storms 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 Ip.onthly precipitation totals of reeord for the months 9ctober 
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 
West of the Divide. From a tabulation of the monthly averages, a 
synthetic season, Octo bel"_ through April, was selected on the basis of 
the largest positive departures from normal monthly precipitation in 

. two or more of the cli.tnatological subdivisions. '!he· following seqo.ence 
resulted: Oct6ber 1933, November 1909, 1)3cember 1917, ..ranuary 1909, 
February 1940, Harch 1916, and April 1937. The seven-month precipi-

. tation. totals thus determined, expressed in terms of mean amual, were: 
Eastern Washington - 162%, Northern Idaho - 153%, Southwestern Idaho -
148%., and ·uontana west of the Divide - 136%. . ' ""' -

29. A study of the mean-pressure distribution for the months 
_of the synthetic season indicated that the selected months could 
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reasonably follow in the order named. Both the monthly pressure-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 norma). temperatures for 
the seasons of 1893-94 and 1915-16 were compared with the temperature 
departures of the synthetic .season. '!his revealed temperatures near 
normal during the synthetic season as well as during the 1893-94 and 
1915-16 seaso:r;ts. 

31. .The synthetic season thus .does not violate any. of the known· 
limitations imposed by the sequence of pressure patterns. Neither are 
the average temperatures oft he synthetic season so' high that they would 
necessarily prevent the· optimum snmr accumulation for the late-spring flood, 
Only exhaustive dynamic and statistical analysis, not now feasible~ could 
determine whether the total precipitatiOn of the synthetic season could 
be exceeded, but higher values would probab~ 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 v-rhen the 
snm~ melted in June. 

32. "7hile 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. A consecutive sequence of calendar-day units with 
maximum precipitation of record 1\0uld probably yield too high a seasonal 
tot~l because the necessary intervening episodes of fair weather vo )lld be 
eliminated. 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 checY.ing or corroboration from 
other sources. · 

33. A check was provided by approximating maximum precipitation 
values for th~ Columbia area by interpolating among the world.;..wide ' 
records showing climatological relationships of season, depth, area, 
duration, arid location. Comparatively secure anchor points of area-
depth were established at 30~year durat:ions by the conver-gence- of 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 betv1een these two types of anchor poi~ts were numerous pairs 
of points (at durations of a week, a month, etc.) between which the final. 
curves were located. Lovler 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, ~t is known, must exceed any possible 
values in the Columbia area. For comparable durations, areas; and values 
of mean annual precipitation, the depths in the synthetic' season exceeded 

. \. 

by 20% the depths obtained by interpolation among the world-wide records. 
Because the latitude involved in the process of interpolation was of· the 
same mag~itude, the curves derived b,y the interpolation method wer~ adjusted 
by the 20% increase. 
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34. The Optimum Precipitation. While it is believed that the 
precipitation values derived as indicated ·above are maximum for a season 
in which depth of snow accumulation is most important, it is not .. 
certain that tney are. p.ecessarily the maximum fo.r a season on which no 
such restnction is placede For that reason, it is preferred to desig:gate 
these values as optimum precipitation in this report. 

35. The curves giving the tentative estimate of optimum precipi­
tation for the Columbia area are sh0vm· in figure 2$. The, est:iiDates are 
for durations of one month to one year, a·ll in terms of the mean annual 
precipitation. '!he magni rude of ~crements of precipitation for periods 
of ·less than orle month is not believed important for accumulation of snow. 
While seven months has been. indicat~d· as the optimum snow .season~ and 
it ·probably is for average elevatioqs,. a shorter .season ·would apply to 
the lowest elevations, an<;l_a longer .season to the hi~est e~evations. . .. ; . 

36~ · Tab;te I gives the same inf.ormation as· .figure 2$ with the 
addition o~ areas of otber sizes and other val~es of mean annual precipi­
tation, for greater ease in interpolation. The:. upre r part of figure 26 
illustrates the use· of figure 2$ or :table I. in designing a. hypothetical · 
season for a basin of 50,000 square·miles having.a mean annual precipi-

. tation of 15 inches.. It is believed·, that ~s much precipitation as possible 
should be' sch~duled for the four-month. period,"December through·Ma.rch. 
Therefore, .125% o£ mean ai:mual, or 18•7 inches, is distributed during. 
th;is .period. 1;1hile the table and figures show that one· of.these months­
could have as .thuch as,61%" of mean annual, or 9.Linches, this wo.uld 
leave· a total.of· only 9.6,.inches for the other three months. '!here is 
no apparent reason for beiieving that such an extreme distribution would 
cause .a greater flood than. a more uniform an~ more likely distribution 
having the same total accUmulation of snow during the four-month period •. 
'lhe distribution of the precipitatiol} for the maximum four-month period 
shown .in figure 26 is arb:i.trar;Y. The period of maximum seven monthst 
precipitation, 'it· is believed, should include the additional months of 
October, Novemeer, and April. The table shows l~O,t or 25.5 inches for' 
the. ·seven months. F!avirig ·used 18.7 inches .for the maximum four month~, · 
6.8 'inches reaonain for distribution among the months of October, November, 
and April.~ The distribution may be made to meet any hydrologic require.rnehts, 
with the single restrict~oh. that the _total precipitation for any· duration' 
shorrld- not exce·ed the, value given in figure 2$ or. table I for that duration. 
For -example, if' all the 6.8· inches we.re scheduled for April,, the total 
for the f'i ve months .(December through, April) would be 18.7 plus 6.8 
inches. This would exceed· the permissible $-month precipitation, ,Nhich 
is about 21.2 inches_according to the curve in figure 2). 

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 figure 25 or· table I for the proper-sized area, mean annual 
precipitation in that area, and proper duration. 
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Table I 

' 

'IENTATIVE .ESTIFATES OF MAXTI~UM PR~IPITA.TIOr.J, COLUMBIA BASIN . ... . t,:. 

For Mean Annual Precipitation of: ;-, 

Areas 1.5 in. 20 In. ·;~>zsL:in:~,. f~gp-,:In. 40 In. 50 In. 
Thsds. 

,_ 

Sq. Mi. % In. % In. % In.- % In % In. 5% In •. 

2 256 38.4 234 46.8 222 55 .s. 212 63.6 202 80.8 193 96.5. ' 
~5 247 37.0 223 h4.6 210 5.2.r) 202 60.6 192 76.8 186 93 .. 0 
~0 242 36.3 21 'l 43.4 204 51.0 197 59.1 187 74.8 181 . 90.5 
~20 239 35.8 214 42.8. 202 ;;a.;; 193 57.9 184 73.6 179. 89.~ 

50 234 35.1 209 41.8 196 49.0 . 187 56.1 179 71.6 174 87.0 .. 
2 198 29.7 178 35.6 166 41~5 160 48.0 150 60.0 144 72.0 

• 5 188 28.2 169 33.8 158 39.5 150 45.0 138 .5.5.2 131 65.5 t 
0 180 27 .. 0 163 32.6 152 38.0 144 43.2 133 .53.2 12.5 62".) ~10 
r-20 174 26.1 157 31.4 146 36 • .5 139 41.7 128 . .51.2 120 60.0. 

50 . 170 2.5 • .5 150 30.0 140 35.0 134 40.2 124 "49.6 119 59.>' 

2 158 23.7 144 28.8 134 33.5 127 38.1 116 46.4 109 54.-.5 
• 5 144 21.6 130 26.0 120· 30.0 113 33.9 103 41.2 96 48.0 

0 
134 20.1 121 24.2 112 28.0 106 31.8. 96 38.4 90 45.0 :::t'!lO 

_;:j-20 128 19.2 116 23.2 108 27.0 102 30.6 92 36.8 86 43.0 '· . 50 125 18.8 113 22.6 104 26.0 98 29.4 90 36.0 84 42.0 

2. 124 18.6 112 22.4 103 2.5.8 97 29.1 89 35.6 82 41.0 .~ 

~ ., 106 15.9- 95 19.0 88 22.0 82 24.6 74 29.6 68 34.0 
""' """10 95 14.2 85 17.0 79 19.8 74 22.2 67 26.8 62 31.0 
N2Q 90 13 • .5 82 J6 .4 76 19.0 71 21.3 64 2).6 59 29.5 

so 86 12.9 78 15.6 72 18.0 ·68 20.4 61 24.4. 58 29.0 . 

2 9e 14.7 88 17.6 80 20.0 76 22.8 67 26.8 62 31.0 . • 5 78 11.7 70 14.0 64 16.0 "60 18.0 53 21.2 49 24.5 0 
70 10.$ 62 12.4 58 14.5 53 15.9 48 43 21.5 ::::uo 19.2 

r-12.0 6.5 9.8 58 11.6 53 13.2 49 14.7 44 . 17.6 41 20-.5 
so ql 9.2 55 11.0 50 12.5 47 14.1 42 16.8 38 19.0 
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.38. lhis report· deals primarily with the snow-melt type of flood-. 
It has been ·suggested, however, that small basins may experience their · 
maximum possible floods as a result of heavy rain rather than melting 
snow~ ,Tith the emphasis on snow, very little. attentiop has been given·· ~ 
to short-duration rainfall. In distributing the optimum precipitation to 
proVide the maximum possible during the period Octob'er through -April, only 
a rout 6~- of the ·mean annual remains for possible occurrence during the· ·· ·· 

·remaining 5 months. It is estimated that as much as 10$ of the mean. · 
amlUal couJii occur on aey one day to· synchronize with the _sncm-mel."t · · · 
flood. The possibility of an optinium flood resulting from more rain and 
less snow has not been explo~ed,.; · · 

.39. Limitations of Estimate. Further s-tudyniay indicate·that the 
optinium precipitation will inclUde ooine rain at low elevations' the loss . 
to pre-fiood streamflow being mo·re 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 precipitation, 
are required for snowfall at law elevations. This quest1on ·will require 
considerable lzydrologic analysis. · 

. 40. Autumn precipitation is . know to influence the volume and peak 
. of ·streamflow in the follmrlm season, through its effect on soil 
moisture. EValuation of this. effect is part of the unsolved problem of. 
th~ total duration of precipitation which ·significantly affects the 
seasonal peak_ flow. · · 

41. In addition to the duration..:area-depth function expressed in 
tenns of the mean annual precipitation, further stuey 1Nould probably result. 
in a refinement on the basis of elevat:i.on, distinction between proporati.ons 
of rain and snow in each storm~ latitude, normal seasonal variation durjng 
the· year, and o~er parameters. · 

42. The meteorological phenomenon of. evapo-transpirati6n from the 
snow-covered pol,'tions as well as other portions C>f the basin, during the 
long period antecedent to. each year• s flood peak, deserves far more study · 
than available time has penni tted. Lack of knowledge of its .magnitude 
requires the assumption that the evaporation loss is either negligible 
or average, thus including it as a small but probably safe margin in the. · 
estimate of the ·optimum meteorological conditions. 

• • • , <¢.: # •. 

43. In a general way, much of the basin is meteorologically homogeneous' 
,and conditions observed in one plae~ reflect conditions exist1ng 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 ent-ire basin above The· 
Dalles would require 1110~ general distribution of snow and of melting · . 
candi tions th:m could. occur with the concentration required· for the maximum· 
possible floo<:l on qne of the tributaries. 



Chapter IV 

MELTI1U CONDITIONS 

44. .Air Temperature as Index. FOr the Columbia Basin above The : 
Dalles, and for many of the sub-basins, it has been observed that the 
peak rate of streamflow bears a fairly dlose relation to the seasonal 
volume. It has further been observed:that Va.riaitions in this relation 
are related to variations in observ~d mean 'tein:Pera,ture for short periods · 
prior to each flood peak •. It is rec'ogriizeci.that,ah temperafure is mD.y 
one of the factors influencing rates of ·heat supply, and that fue avail­
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. 

· 45. 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 
b.1 extremely high temperatures. Variations, from year to year, of temper­
ature change. in the ·air passing over the basin show practically no cor­
relation with volume of discharge. 

46. One-of the. requirements 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 8Xtent' of 
basin can be overcome qy unusual temperature distribution. The greatest 
variation of temperature in the basin is associated with difference in 
elevation. This .has tvm important hydrologic consequences.- 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. ''fhile 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 reaqy to melt. 

47. It has not been possible to determine adequately the optimwm 
~ation of te.m~rat~~~~-~.Y'..i~~-~~-t?.Y?.:.~.~-Q:P• Further meteorological research 
may disclose the possibility of an approach to isothermal conditions over 
the entire basin for long periods, thus providing wider melting zones than 
occur w~ th the normal decrease in temperature with elevation. 

48. Figure 27 shows the maximum and minimum monthly mean temper-
ature of record for five stations in the Columbia Basin, in tenns of 
departure from. mean annual. 1hese stations-were selected on the basis of 
areal representation and adequacy of record.. The figure shows a smooth 
variation from mon·t;h' to month of both maximtml and minimum temperatures. It 
is to be noted that the extremes for individual stations are not greatly 
different from one another. '!he-record indicates that for periods as long­
as a month, maiked temperature anomalies prevail over large areas, widely 
scattered stations fx:equently experiencing their extremes of record during 
the same pe"riods. 
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49. Figure 28 shows tentati.ve estimates of highest and lowest 
mean temperatures, for 7- and 30-day periods, in terms of departure 
from mean annual. 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 areas. It has not·been possible to determine extreme meafi 
temperatures by transposition, extrapolation of controlling elements, 
or any other method analogous to those used with maximum precipitation. 
Table II shows the sap1e 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 
refinementwould probably include such parameters as elevation, aspect, 
and forest cover. 

51. Optimum Temperature Sequence. A cold fall and spring, vdth 
winter temperatures near freezing, will permit the maximum possible depth 
of accumulated precipitation, and rrill permit the greatest 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 detennine 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 o·f 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 II, for the h;ypothetical ·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, rut could have any temperature between the limits shown 
in fugure 28 and table II. 'Ihe tinie 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 f:rom the snow • 

.. :. .. .. 53. For p3riods 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 durat:ions must be within the limits set by 
figure 28 and table II for those areas and durations. 

54. 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 
possible 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-nonnal week intervening. 

I 
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TABLE II 

TENTATIVE ES?TI7A':IE r·F ~UGtCS7 AliD :u:rr:S'II' POSf.IBIE [,URFAC:C-AIR ·m~PEPJ~1.URSS , 
DEPARTURE FROM llEAU ANNUAL 

(OF) 

He nth 0 N .·D J Jj'·. ·M A, ·M J J A s 
Area 

.. 
. ' 

Sq.:Ii. . ,, 
Haximum· (~ 

2;000 19 ·8 0 -4 0 8' 20 30 36 38 36 28 
..':::: 1o;ooo 18 7 -2 -6 -2 6 18 28 34 36 35 27 
Q) 50,000 16 6 -3 -8 -3 ~ 17 26 33 35 34 26 Q) ... ;c:: 

:'i 2',000 15 5 -3 -7 -4 4 15 24 31 34 32 24 :>. 
8 1o;ooo 14 4 -4 -8 -5 3 14 23 30 34 32 24 
-~ 50,000 14 3 -5 -9 -6 2 13 22 30 33 31 23 

fj 2;000. 11· 1 -6 -10 -8 .:.1 '10 19 26 31 . 28 21 
>::: 1o;ooo 11 1 -6 -10 -8 -1 10 19 26 31 28 21 
~ 50,000 11 1 -6 -10 -8 -1 10 19 26 31 28 21 

~rir.imum 
2;000 -28 -44 -54 -57 -53 -34 -19 -7 0 3 1 -10 

~ 1o;ooo -26 -42 -52 -55 -51 -33 -18 -6 2 ' 5 4 - 7 Q) 
Q) 50,000 -23 -39 -50 -53 -49 -32 -16 -5 3 7 6 -4 ~ 

·o:.~. 2;000 -18 -.'32 -44 -50 -46 -29 -15 -3 4 8 6 - 4 
1o;ooo -16 -31 -43 -49 -45 -28 '-14 -3 5 10 8 - 2 
so,oco -15 ..:.30 -42 -48 ..;44 -28 -13 . -3 6 11 9 0 

2;000 -7 -21 -34 -43 -40 -24 -10 0 8 14 12 3 
10;000 ;.... 7 -21 -34 -43 -40 -24 ·-10 0 8 14 12 3 
50,000 - 7 -21 -34 -43 -40 -24 -10. 0 8 14 12 3 

,~) 
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U.S. DEPARTMENT OF COMMERCE WEATHER BUREAU HYOROM ETEOR OLOGICAL SECTION 

DEPARTURES FROM NORMAL PRESSURES (INCHES) 
May 18~4 
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U.S. DEPARTMENT OF COMMERCE WEATHER BUREAU HYOROM ETEOROLOGICAL SECTION 

DEPARTURES FROM NORMAL PRESSURES (INCHES·) 
June 1894 
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U.S. DEPARTMENT OF COMMERCE WEATHER BUREAU HYDROMETEOROLOGICAL SECTJON 

MONTHLY MEAN PRESSURE DEPARTURE FROM NORMAL 
WASHINGTON, OREGON, IDAHO AND WESTERN MONTANA 

(WATER YEARS) 
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M~XIrvtUM RECORDED ANNUAL PRECIPITATION AT WORLD-WIDE STATIONS 
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U.S. DEPARTMENT OF COMMERCE WEATHER BUREAU HYDROMET~OROLOGICAL SECTION 

MAXIMUM AND NORMAL RECORDED ANNUAL 
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COLUMBIA BASIN 

SYNTHETIC SEASON OF MAXIMUM POSSIBLE 
PRECIPITATION AND MELTING TEMPERATURE 
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