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FOREWORD 

1. In a letter dated May 21, 1941, the U. S. Engineer 

Corps of , requested that 11 upcn completion of the basin studies 

to d.etermine limiting precipitation rates and sno1,1r melt conditions for 

the areas above Fittsburgh, ra., ••• the Hydromete 

Section undertake similar studies for the Sacramento River Basin, 

!I . Work on the netnf assig11..ment was begun abmrt August l, 

investigations by the U. S. Engineer 

had nine critical storms of record, from the 

Under a cooperative plan the detailed rainfall 

of 

s was 

by the Sacramento District for five of these storms, by the 

Francisco 

three. 

for one, and by the Hydrometeorol Section fer 

3. This report on the Sacramento Basin follows the ion 

of t11ro reports, nov.r to be given "lfrider distribution, in which 

certain hydrometeorological techniques were and 

their theoretical bases developed. These reports (No. l and· 2, 

respect 

above 

and llMaximum 

are llMaximum :Possible Trocipi tat ion over the Ompompanoosuc 

on Village, Vermont, 11 originally issued March 1940, 

sible Precipitation over the Ohio River above 

:Pitt Pennsylvania,!! originally issued June , both reports 
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prepared by the Hydrometeorological Section in cooperation with the U. S. 

Engineer Department. In the current report many references are made to 

material developed in the previous reports, which will be called the 

Ompompanoosuc Report and the Pittsburgh Report, respectively. 

4. The report presents, in a logical sequence, the facts and the 

methods that are the basis for the derivation of the maximum possible 

storm over the Sacramento Basin. The arrangement of details differs 

slightly f.rom previous reports. The physical characteristics of the 

basin are briefly discussed in Chapter I. In treating the climatology of 

the region a new approach was preferred which justifies the title of 

Chapter II, 11 Dynamic Climatology. 11 The usual citation of the averages 
/ 

and extremes of meteorological elements was found to be an inadequ~te 

des_cription of the climate of so topographically complex a basin. 

Furthermore, it was felt that, for the purposes of the report, a clarifi-

cation of the position of the basin in the general circulation of the 

atmosphere 'lfrould lay the proper foundation for the meteorological de-

scription of the mCJ.,jor storms. It follows, then, that there is more than 

the usuCJ.,l amount of 11meteorology 11 in the chapter on the climatology, but 
c . 

it is obvious that there can be no sharp demarcation between the two 

sciences. 1\fCJ.,turally, also, the vertical distribution of the climatic 

elements is stressed. 

5. The special methods of r(:j,infall analysis used in this report 

are explained in Chapter III, with pCJ.,rticulCJ.,r emphases on the use of the 

normal seasonal precipitation map developed by the Sacramento Engineer 

District CJ.,nd the subdivision of the region into zones of similar rainfCJ.,ll 

character. In the next chCJ.,pter the flood record of the Sacramento Valley 

- 2-



is examined exhaustively and tables are l)resented which make the floods 

comparable on the basis of representative percentages of normal seasonal 

precipitation for specific subdivisions of tl~e basin. 

6. .As a preliminary to the synoptic analyses of the major storms 

in Chapter V, the Sacramento 11 storm type 11 is defined and the use of the 

normal seasonal precipitation as the basic distribution pattern meteoro-

logically justified. The major ~torms are found to rank in the same 
( 

order both in cyclonic intensity and 72-hour maximum depth of rainfall • 

. Becau~e of their historical importance, a short analytical description 

of the January 1362 storms is includec1, although the data are scant. 

7. In Chapter VI on 11Maximum Possi ole Precipitation" the com-

putation methods developed in previous reports, particularly the Pitts-

burgh Report, are further refined for use on e. basin \V'i th high orographic 

boundaries.. Three types of orographic precipitation are defined and it 

is sho\nTll that one combination of types would be most critical for the 

Sacramento. After development. of the basin constants for various direc-

tion~ of inflmllf, the formula for the computation of maximum precipitation 

is derived. At this point the validity of the formula is tested by 

comparison of the intensities of rainfall in eac.h major storm,· as com-

puted from the rainfall data and as computed from the formula using the 

actual wind and de11r points observed in the storm. It should be pointed 

out that the computations were made independently of each other, and were 

made, in fact, in order to derive a correction coefficient to be applied 

to the formula. The agreement is good enough, h01,rever, to justify the 

use of the formula 11ri thout a coefficient. It is n.ecessary only to find 

the maximum possible values of wind and de11r point, This is done before 
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the ion is corrrputea .. , 

S. In Chapter VII the sno'Jir melt factors are evaluated, the basin 

constants modifying the theoretical formula determined, and the most 

critical anteceo.ent ,distribution of snow· cover justified from past 

records. In the final chapter, the values obtained in the previous two 

by meteorological considerations. The results are the maximum possible 

storms for the basin as a whole and for the tributary basins as 

individuals. 

9. The glossary, which follows the last chapter, includes no 

terms are not used. within the report. Since its readers 1ll}"ill 

include hydrologists, and meteorologists, it was felt that a 

worthy purpose would be served in acquainting one group with the termi-

nology of the other. 

10. A bibliography is added to this report on account pf the 

extraordinary 1'1!ealth of material available for the region. The 

list includes, of course, all the works, general or specific, to 

which reference is made in the text of the report. The textual 

references are indicated by 'underlined numbers enclosed ;,.Jithin 

parent he se s. In addition, it was decided to include 1<fithin the 
I 
I 

bibliography selected material which has specific bearing on the 

Sacramento Basin. 

11. For facility in reading, all the appear within the 

text of report, excep~ that all synoptic charts (referred to in 

Chapter V) are relegated to the Appendix. 

12. Reports prepared by the Division and District Offices of the 

4-



U. S. Engineer Department, containing precipitation data, isobyetal maps, 

and mass rainfall curves for a large number of major storms have formed a 

broad basis for the study of storm patterns and precipitation character-

is tics. In addition to published records, such reports include all 

preCipitation data and miscellaneous information on storms obtainable 

from the manuscripts of original records, files of municipal agencies, 

newspapers, testimony of witnesses, and similar sources. Data assembled 

and organized by the Engineer Offices are reviewed by the Hydrometeoro- . 

logical Section and are supplemented by meteorological analyses. There 

has been profitable collaboration with representatives of the Office of 

Chief of Engineers and with personnel visiting the Section from District 

and Division Offices of the Engineer Departmen·t. The following members 

of the Hydrometeorological Sect~on contributed to the preparation of the 

final report: 

Collaborat 

A. K. Showalter, Meteorologist in Charge 
P. Light, Assistant Hydrologic Engineer 
C. Woo, Assistant Hydrologic Engineer 
G. l'if. :Brancato, Assistant Heteorologist 
P. R. Jones, Assistant Meteorologist . 
A. L. Shands,~ Assistant Meteorologist 
S. B. Solot, Assistant Meteorologist 
D. J. Stevlingson, Assistant Neteorologist 
H. K. Gold, Junior Meteorologist 
J. R. Rosenthal, Junior Meteorologist 

Consultants 

ivierrill :Bernard, Principal Hydrologist 
H. C. S. Thom, Associate Hydrologic Engineer 
vV. T. iHlson, Assistant Hydrologic Engineer 

The above were ably assisted by the sub-professional and clerical staff. 
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OnAPIJIER X 

PHYSICAL CF.l~EL~CTERISTIOS 

13. Location. The Sacramento River :Basin occupies the northern 

third of the Great Central Valley of California, lying between the Coast 

Range on the i!'Test ancl the Sierra Nevadas on the 

the location of ·the basin and ouUines the tributary basins for 

study. Th,ese tribu'Gary basins, as \orell as the total 

below·: 

are listed 

:Basin Above Area 

Sacramento Stony Creek 11,500 

Stony Creek Orland 772 

Yuba Marysville 1,330 

Feather Oroville 3,640 

American Fa.ir Oa,ks 1, 

Sacrafllento Latitude of Sacramento 25,200 

It should be noted that for the purposes of ·this report the Goose La..~e 

in the 1XJ?per Sacramento region is exclucLecl from the total basin 

area although Goose Lake has been known to floi!'r into the Pit River. 

14. Topography. Except for a narro~or gap in the Coast Range 
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I 

through which the San Joa~uin and Sacramento Rivers flow into the Pacific 

Ocean, the Great Central Valley is completely enclosed by mountain 

ranges. The Tehachapi Mountains, forming the southern limits of the 

valley, connect the Coast·and Sierra Nevada :Ranges. The latter, forming 

respectively the western and eastern borders, converge in the north to 

complete the mountainous circuit through the Klamath Mountains (including 

the Trinity group), Mt. Shasta, the upper Pit River Plateau and the Warner 

' Range. Figure 2 sh011>/S the location of profiles, plotted in Figures 3 and 

4, of the mountains surrounding the Great Central Valley. It should be 

,---,------------------OREGON--------------~----~ 
122• 121• 120• 119° ns• 

,..-::C7:"'":="='"',..._..,._(,Mr. HOFFMAN 
~ IOOmi. from MI. Shosto 'T' 

41° -r--llt----+--'---'+ .......... ....}.J----+----+-----r-----t- 41° 

200mi. 

117° 

Figure 2 

Location of profiles of 
·coastal Ranges adjo 

Valley of California 

Sierra Nevada and 
the Central 

see Figures 3 and 4) 

- g 

noted that both pro-

files begin at Mt. 

Shasta and end at 

Double Mountain. The 

distances indicated 

are measured from Mt. 

Shasta along the 

course of 

the pr a.s shown 

in the plan view of 

2. The 

floor is comparative-

ly level, 

from an elevation of 

60 feet at Sacramento 

in the south to 330 

feet at Red Bluff in 
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Stream profiles of the Sacramento River System 

the north. It is 150 miles tapering from an approximate 50~mile 

width at Sacramento to a 'bout a 20-mile w·idth at Redding. The stream 

s are steep in the mountainous areas and flatten abruptly on 

reaching the valley floor, as shown in Figure 5,. 

The native vegetative cover in the 'basin is 

distributed as follOI!>JS: 

a. 

h. 

Marsh grassland, 20 miles \<Tide, in 
mento to Marysville. 

Bounding the marsh grass, in a large 
south, 'bunch grass -- over-all width 
ing 150 .miles north from Sacramento. 

valley from Sacra-

open at the 
60 miles and extend-

c. On the periphery of the U7 shaped area a strip of chaparral, 
10 to 30 miles in ~vidth, vddest on the east. 

Next. a concentric 'band of ~!estern Pine forest, 20 to 40 
mile.s loTi de. 

e. A of desert shrub in the u:pper Pit plateau. 
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f. Surrounding this desert shrub, as 
woodland. 

of coniferous 

Western Pine forest at higher elevations in the north­
eastern portion of the basin. 

Except in the Upper Feather and t , tho area above 2,500 

occupi by dense forest. Below that elevation, excluding the valley 

is 

flo.or, the on may be designated as open-forested area and woodland. 

On the whole, forest density increases with elevation through the zone of 

maximum precipitc:1tion which is roughly between 4,000 and 6,000 feet (4"5). 

16. Hydrologic Features. The Sacramento River Basin is probably 

unique among basins of its size in its -varied hydrologic characteristics 

and in its hydraulic structures built to control floods. Only a brief 

description of these features will be pres For more extensi-ve 

treatment of the subject the reader is referred to a paper by Otto H. 

Meyer ( 66). 

17. The main tributary streams of the Sacramento have their 

:headwaters in the moU-11tains the Sierra Ne-vada and the Range. 

These streams concentrate their flood flows rapidly and deliver large 

volumes of water to the main channel of the Sacramento Ri-ver which flows· 

the comparatively flat bottom. A system of and 

bypasses has been constructed to protect the natural overflow land along 

the lower reaches of the stream, end several itieirs are situated at 

strategic points to di-vert water during flood periods from the Sacramento 

Ri-ver into the two main bypass channels, Gutter and o. 

18. Numerous storage reservoirs for flood control, irrigation, 

power, na-vigation, etc., serve to regulate flood runoff. During the 

December 1937 flood 480,000 acre-feet, or 15% of the total runoff, irlaS 
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stored in this manner (65). The completion of Shasta Dam on the Sacra­

mento River near Kennett will add 4,500,000 acre-feet to the total 

artificial storage ca:pacity in the basin. In terms of average over 

19. Major inflows into the Sacramento River are contributed by 

the Upper Sacramento River in the northern por·tion of the basin, by the 

Feather, Yuba, Bear, and River Basins of the Sierra sec-

SACRAMENTO RIVER TRIBUTARY 
ABOVE SACRAMENTO, CALl F. 

42" OCRA~I~-·- (WITH OUTLINES OF ZONES) 

BASINS 
I 
I 

----~'l.-- 42° I NEV. 

FeATHER RIVER BASIN •••••••••••. Ii, o1 
YUBA RIVER BASIN •••••••••••••• H, C 
AMERICAN R/VEII8ASIN ••••••• I), O, 

=r--STONY CREEK BASIN... E 38° 
SACRAMENTO RIVER) K, K«. L,L 
ABOVE STONY CREEK Lu M1 tv, Y 

Figure 6 
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tion in the east, and 

by the Stony Creek and 

Cache Creek of 
the Coast in the 

west. Critical areas 

from the hydrologic 

standpoint can therefo~e 

be outlined from the 

above considerations to 

at Sacramento. To 

facilitate 

of storm rainfall, as 

explained in er III, 

the basin was further 

subdivided. These sub-

divisions are sho~m in 



Figure 6 and defined in the follo;,.ling table: 

TABLE 1 

IDENTIFICATION OF Z01~S 

Zone A Area of Cache Creek Basin above t4e 1000-foot level 

Zone B Lower Sacramento Valley below 1000 feet 

Zone cl Area of Yuba River Basin above Spaulding Dam 

Zone Cz .Area of Bear River Basin above 1000 feet 

Zone Dl American River Basin above 2000 feet 

Zone D2 .American River Basin at Fair Oaks below 2000 feet 

Zone E ony Creek Basin at Orland 

Zone F Area of Butte Creek Basin above 1000 feet 

Zone G Lower portion of Feather River Basin at Oroville 

Zone H Yuba River Basin at Marysville 

Zone J Upper portion of Feather River Basin 

Zone K1 Eastern slope of Coast Range above 1000 feet in 
Sacramento Basin above Sacramento River gaging 
station near Red Bluff 

Zone K2 Eastern slope of Coast Range above 1000 feet in 
Sac ramen to Basin between Sacr.amento River gaging 
station near Bluff and Stony Creek 

Zone L
1 

Upper Sacramento Valley below 1000 feet above 
Sacramento River gaging station near Red Bluff 

Zone L2 Upper Sacramento Valley belO'N; 1000 feet between 
Sacramento River gaging station near Red Bluff 
and Stony Creek 

Zone M Western slope of Sierra l'levada in Upper Sacramento 
Basin above 1000 feet 

Zone N Lo·wer portion of Sacramento Basin above Shasta Dam 

Zone P Upper portion of Sacramento in above Shasta Dam 
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CHAPTER II 

DYlTAMIC CLIMATOLOGY 

20. The Semipermanent Centers of Action. Although it is obviously 

the topography which is responsible for the specific and varied features 

of the climate within the confines of the Sacramento Basin, the general 

and over-all nature of the climate is dependent upon the basinls latitude 

and position on the west coast of a continent. This is so because the 

semipermanent pressure centers over the ocean that develop from the 

general circulation of the atmosphere are the dominating influences on 

the climate of the entire west coast. In the mean pattern these centers 

are located 1•rithin the belts of comparatively low and high pressure that 

extencl around the earth at about lati tuctes 55° N. and 35° N., respective­

ly. Follo1dng the annual march of solar al ti tucte, the pressure belts are 

farthest south in the winter of the Northern Hemisphere, farthest north 

in the summer. The number of anticyclonic and cyclonic systems (chiefly 

the latter) wi th,in each belt depends largely on the mean speed of the 

l'·resterlies between the hro latitudes ( 83). Characteristic of ocean areas 

lying to the 1.vest of continental masses in the J:Jorthern Hemisphere are 

the Aleutian Low and the Pacific.(sometimes called the California or 

Ha1vaiian) High of the North Pacific Ocean. 
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21. The 11 permanencell of these two centers is statistical, rather 

than actual, but of the tllro, the Pacific anticyclone is more 

permanent. Most Highs are the cold type, thermal in and 

tory, 'IIlith anticyclonic circulation seldom extending upward beyond three 

kilometers. The Pacific High, ho1'iiever, is chiefly dynamic in origin 

(83), remaining app.roximately statione"ry for long periods of time and 

retaining its anticyclonic circulation throughout the troposphere. Its 

'0 i' 
center generally J?ersists in the region betlflreen 140 -150° 'lv. longitucte 

and 30°-40° N. latitude. Gradually increasing in strength and extent 

during the summer months, a maximum is reached in August, with the center 

then displaced farthest north and This is follolflJect by a decline to 

a minimum in January when the center is usually farthest southeast. 

Occasionally in winter months the anticyclone exhibits an east1lllard en-

sion past the Sierra Bange, where it is reinforced by radiational 

cooling and resultant air drainage to form the Great Basin High 83). 

22. The development of the Aleutian Lollr is dependent upon the out-

flow of cold polar air from its source over the interior of Asia (83). 

It foll01N"S that this Lo11r attains its maximlJ.m intensity and geographical 

e~cpanse during January when it is displacec1 farthest south,Jllard. As a 

center of action it is practically none~dstent during the summer and not 

·an important factor in California weather bet,,reen May and September. 

23. It is of course possible that the summer distribution of these 

centers of action may occur during 1rdnter or vice versa. The latter 

situation does not persist because the source of cold air is limited; but 

"rhen the former occurs and persists throughout the major portion 

of the season, an abnormally dry ~~rinter over California ensues. It is 
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also interesting to note that the final clearing front which ends a 

series of winter rains in this region is often follo'lfred by the re-estab-

lishment of the 

24. The 

from the basin1 s 

side of the 

anticyclone in midsummer strength and position. 

summer of the Sacramento Basin results, then, 

on beneath the deep current rounding the northeast 

Over the mainland the current is from 

the northwest up to 1500 meters, but above that level it backs to south­

west as it travels around the upper-air standing wave that is troughed at 

approximately 130° W. · , pp. 152-153; 107). :Regardless of the direction 

from ·which it crosses the coast line the current is, nevertheless, 

generally from the north side of the anticyclone, traveling down slope 

and diverging as it the eastern edge of the cell. The result 

is a dry and stable air mass , p. 147). In the more southern lati-

tudes the trades have moved northward for the season. The ,,rinds aloft at 

Pearl Harbor, for 

from this source, or 

thus excluded from the 

are northeast to high levels. Tropical air 

r modified by a sojourn over this region, is 

a coast. Occasionally a simultaneous 

westward shift of the centers of the Pacific High and the summer conti­

nental high-level (71, 75, 76) brings tropical air aloft to 

California from the 

in San Diego 

source. But even this air, sometimes found 

been partially dehydrated in its west-

\'lard passage across the mountains of Mexico and stabilized by subsequent 

do\11/rl-slope motion toward the ramento Valley. In New Mexico and 

Arizona and northward it is this current, as :Reed has sho,,in (76), that is 

responsible for the summer rains of that region. In southern California 

it is the cause of so-called Sonora summer rains (93, pp. 151-152; 
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15). Local in character, the convective showers occurring in this air 

are generally confined to the area south of the Tehachapis and east of 

the Sierras. the Great Central Valley :of California rain rarely 

occurs during the summer months. 

25. The southward displacement of both semipermanent centers in 

the winter alters the prevailing air flow over the Sacramento Basin •. 

\rfuile the Aleutian Lmv has deepened and strengthened, the anticyclone has 

diminished not only in central pressure but also in size. The trade 

winds have followed the thermal equator southward,,as have the polar 

front and the mean storm track. The south\vest current preceding each 

storm now travels around the western side of the anticyclone, up slope 

and direct from tropical latitudes (72, p. 147). During this season 

California thus appears more often in the path of tropical (or polar 
I 

becoming tropical) maritime.air aloft and, by the same token, also more 

often in the path of the C.fclonic systems moving inland from the Pacific. 

The result is the rainy season. 

26. Proximity of the Pacific Ocean. The nearness of the basin to 

the ocean, in conjunction 1:li th the prevailing \'resterly direction of· the 

wind, means that the most frequently recurrent air rrasses are brought in 

from the ocean and will, hence, usually exhibit maritime charac.teristics. 

As shown. in the Ompompanoosuc Report (.!,), the temperature of the water in 

the source region over which the air mass obtains its moisture properties 

will determine the upper limit of the amount of precipitable ~nrater in a 

moist column of air over that region. For the tropical maritime air 

affectir:g the Sacramento Basin, the southern limit of the Pacific source 

can be considered to be itude 25° N. For the area extending 5° north 
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of that latitude, and bounded by the meridians 145° and 165° w., the meq;,n 

sea surface temperature for the months of Decemb.er to March, inclusive, 

is 69 F (59). That would be the average surface dew point of a satu-

rated air mass over that region during the bulk of the Sacramento Basin r s 

rainy season. Its maximum value 1'rould limit the maximum value over the 

basin. However, a more adequate determination of the maximum dew point 

teMperatures and their distribution, applicable to the basin, was ob­

tained from land station observations made through the tropical air 

masses. The data used are presented in Chapter VI, entitled 11 Maximum 

Possible Precipitation." During the colder .season of the year the , 

isotherms of water temperature of the North Pacific Ocean are parallel to 

the circles of latitude, with gradient directed northward. In the summe~ 

months this gradient is disturbed by the upwelling of the cold bottom 

water along the coast, an effect that extends west111ard about 370 miles 

off Cape Mendocino and. 1300 miles off San Diego, California (21, 56). 

The stabilizing effect in the region of these water surface temperatures 

is therefore st in summer >vhen the ocean temperatures are compara-

t lower, and least during the winter season. 

27. ·In general, cold polar air masses invading the Pacific Ocean 

from continental areas are made unstable and increasingly moist by >varm-

ing from belOv1l. Tropical air masses moving northward are cooled from 

below, becoming stabilized in their lower layers and losing some slight 

moisture by condensation into surface fog. The amount of modification 

undergone by a k-type air mass varies directly \<lith the length of its 

trajectory over the '\'!Tater, but the most convectively unstable air mass 

~vill not be the one with the longest trajectory. Byers, in his 11Air 



Masses of the North Pacific" (18, p. 320) states; II the rate of 

change of eE (equivalent potential temperature) i'Ti th elevation varies 

inversely as the length of the maritime trajectory. n Since the lapse 

rate. of equivalent potential temperature is the index of convective 

instability, the short trajectory of arctic or polar continental air from 

British Columbia to north and central California by way of the ocean 

results in the creation of the most convecti vely un,stable air and often 

provides the last sharp cold front rainfall of the winter storms over the 

basin. At the other extreme, an air mass with a long sojourn over lower 

latitudes will develop a lapse rate of eE that is not as , and con-

se~uently less convectively unstable. Most of the storm rainfall over 

the Sacramento Easin falls from air, often designated as mPk becoming mTk 

(see Chapter V), whose properties are between the two extremes. 

28. In the modification of the cold air masses as they pass 

southward over the iflarmer waters of the Pacific Ocean, the air tempera.:. 

tures in the lower layers are raised to such an extent that freezing 

temperatures in this air do not· on the average occur belmv four thousand 

feet. The mean elevation of the snoifr line on the Sierra Nevada slope 

thus becomes a function of the oceanic modification. It is obvious that 

in the most intense type of storm, however, the freezing isotherm can be 

at so high a level that rain will fall at almost all elevations· in the 

basin, with flood consequences that are fully discussed in Chapter V on 

11Major Storms 11 and Chapter VII on . 11Snow Melt. It 

29. Topography. The large-scale factors alryady discus 

determine the basin 1s gener~l climate. For the specific :variations in 

that climate within the basin, the variations in the topography are 
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respons The nature of that topography has already been discus.sed in 

the previous chapter (see Figures 2, 3, and 4). It should be pointed out 

that while the profiles in Figures 3 and 4 follow the drainage 

divide, they also indicate the elevations to which air must rise on 

and leaving the Sacramento Valley. These profiles show that th® 

prevailing westerlies. can enter the valley at sea only by way of 

the Golden Gate; therefore the delta region of the basin experiences 

somewhat cooler summer temperatures (see Figure 9) than the remote areas. 

northvrard over the Sacramento :Basin, this stream of maritime 

air becomes the prevailing low level south wind. 

30. The elevation of·a station within its surrounding air mass 

will determine its temperature. In other ~ords, the station tem-

perature will correspond, more or less closely, to the temperature of the 

free air at the stationls altitude. Some effective modification of the 

expected mean value will result from the leeward or windward position of 

the station, from sheltering afforded by mountains and, as shown above, 

from to the San Francisco :Bay area. Air masses moving up the 

slopes of the Coast Range 1vill be cooled by adiabatic expansion. Moving 

down into the basin they will undergo a rise in temperature due to 

adiabatic compression. Were these the only effect.s, the resulting tem-

peratures would be the same on either side of the level for level. 

:But if 

the 

moisture is present, as it often is, it will be condensed 

process and the rate of cooling after saturation decreased 

by the release of the latent heat of condensation. In short, the process 

will be partly pseudo-adiaba.tic and the potential temperature \'\Till be 

increasE:Jd. On the dmm-slope side the process will remain adiabatic, and 
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the temperature will increase at the dry adiabatic rate. The result is 

that, level for level, there will be higher temperatures in the lee of 

the mountains. The down-slope effect, sometimes knm.nrn as foehn, is 

especially noticeable in the infreq_uent cases 1nrhen continental air, 

initially of low relative humidity, is forced to flow into the basin from 

the east .and north. This produces the dessicating heat waves of summer 

in the valley. 

31. The secluding effect of the surrounding ranges allo11rs stagna-

tion of the air trapped in the basin. During some winter situations, 

cold continental air pours into the basin from the north and east and, if 

the atmospheric flow pattern is favorable, helps maintain a q_uasi-

stationary front along its southern limits. During the surrimer the effect 

of continuous solar heating of the trapped air is the 11 heat low11 which 

elongates as a pressure trough northward from the southern deserts, 

,following the valley contours with surprising exactness. 

32. The topography practically determines the distribution of pre-

cipitation. The mean seasonal precipitati0n over the basin increases 

with elevation and is greatest above four thousand feet. The orographic 

effect· is such, however, that it varies not only with elevation but also 

\•rith slope, air flo"tnr, and the thermodynamic characteristics of the air 

masses in each synoptic situation. The distribution of orographic 

effects in the idealized storm will be discussed in Chapter V, 11 Maj or 

Storms, 11 and the theoretical aspects of orographic rain in Chapter VI, 

11 Maximum Possible Precipitation. 11 Here we can consider the orographic 

-influences imposed upon the moisture-bearing winds as those effects are 

made visible in the mean seasonal isohyetal pattern (Figure 7), or, as 
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, ... will be sho~m later, in 

NORMAL SEASONAL PRECIPITATION the individual storm1 s 
oRE. SACRAMENTO R.IVER TRIBUTARY BASINS 

4
2" CALIF: . 1 

I 

... 
isohyetal pattern. From 

I the well-marked windward 

isohyetal maxima of the 
.,. r--···---+--

0 oas t Range there is a 

rapid decline on the 

eastern, leeward slopes .• 

Within the basin the 

principal points of max-

imum rainfall are found 

on the west slopes of 

the Sierra Nevada Range. 

Over these areas, 

, ... .... drained by the American, 

Yuba, and Feather Rivers, 
Figure 7 

the mean seasonal 

isohyets clearly sho~r the lifting effect of the high mountains on the 

moist southwesterly winds which have crossed the comparatively low hills 

in the vicinity of San Francisco Bay •IITith only slight loss of prec 

table moistur_e. Farther north, where southwesterly winds are lifted to 

moderate elevations over the higher ridges of the Coast Range, a greater 

depletion of moisture occurs and rainfall diminishes somewhat along that 

portion of the west slopes of the Sierras \'Ihich lies in the path of this 

part of the south\lresterly current. Over t.he upper reaches of the Sac:ca-

men to Valley, and particularly above the confluence of the Pit and 
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Sacramento Rivers, other rainfall peaks are apparent on the isohyetal 

charts. They result from the combined orographic and convergent effects 

upon the air at lower levels which has been deflected from its north-

eastward path by the Sierra Nevada Range and is forced northward along 

the rising floor of the valley. This air is 11 piled uptl toward the 

northern end of the valley where its escape ts impeded by the relatively 

high mountains. A 11 dome 11 is built up, over V'Jhich southc-Jesterly winds at 

higher levels must gradually rise, producing the relatively high rain-

fall in the low-lying Red Bluff-Redding sector of the Sacramento Valley. 

33. Distribution of Climatic Elements. While the qualitative 

distribution of temperature and precipitation has already been discussed, 

the quantitative variations in climatic elements can best be described 

over such a heterogeneous region by- the classification of the basin into 

regions climatically similar. Since it was necessary to divide the 

basin into zones in order to make the rainfall analyses (see Figure 6), 

combinations of these zones have been gr.ouped into such climatic 

regions. Data for a comprehensive study of any one climatic element du · 

not exist, but the data are more nearly acleguate for precipitation than 

for any other element. 

34. Because the California rainfall regime occurs during the 

winter months, the precipitation that falls during the twelve-month 

period, July through June, is referred to as the seasonal precipitation. 

The mean seasonal isohyets for the basin, shown in Figure 7, are based 

on data gathered by the Sacramento District Office of the U. S. Engineer 

Department (~). The areal distribution of the average depth of normal 

seasonal precipitation for each of the five climatic regions is plotted 
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Figure 8 

Area-depth curves, normal 
seasonal precipitation 

Sacramento :Basin. (divided into 
climatic regions by zone grouping) 

on Figure 8. The nature 

of.the curves, indicating marked 

differences in average precipi-

tation within each region, may 

be ascribed to the effect of 

elevation. Similarly, differ-

ences between the regional 

curves can be attributed to the 

effects of the elevation 

characteristics and topographic 

aspects of different regions. 

HmoJever, areal variations of 

seasonal precipitation cannot be 

expressed exclusively in terms 

of elevation. The curve repre-

senting the 11 high plateau11 of the Sierra Nevadas should, for instance, 

plot higher than it does, if considered solely on the basis of the 

region's mean elevation. Along the Sierra slope regions, the llhigh 

thunderstorms during the summer months. The regions of least frequency 

are the coastal slope and the valley floor, where summer showers rarely 

occur. 

35. Sno~rr surveys of the basin have been too few to permitde-

scription of the specific variations of this element. Generally, 

however, that portion of the mean seasonal precipitation which falls as 

sriow is naturally distributed with elevation, the depths at the 
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higher elevations. The greatest annual amount occurs over the Sierra 

Nevada slope regions. Summit- in 1879-80 recorded a total seasonal fall 

of 783 inches. Except in the shaded portions of the higher peaks, 

ravines and canyons, and on the northern s of the higher mountains, 

where snow is found in the late summer and fall, the mountains as 

a whole are not covered \vi th snow the year round. A more detailed dis-

cussion of normal and ical distribution of snow cover l•rithin the 

"basin is contained in Chapter VII on llSnow Melt. 11 

3 6. Al thuugh the \vinter months the temperature is prac-

tically uniform throughout the valley, there are probably fe1o,r places in 

the 1,vorld v1here exists so marked a gradient as obtains 

during the summer months over the Sacramento Basin. The July averages 

are 25 F higher in the valley "bottom 

than in the high Sierras. As else-

1ivhere in the state, the isotherms 

have mostly a north-south instead of 

the usual east-1vest trend, following 

topographic contours rather than the 

parallels of latitude (90). Average 

temperature values for January, July, 

and the year, have therefore "been 

ted against elevation for each 

of the climatic on Figures 9 

to 13. Again, because of the paucity 

of data and the sified nature of 

oxposure, no temperature-elevation 
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correlation has been attempted. The mean t lapse rate in the 

free air, as by Dines (25, p. 258), has been plotted on each 

figure as a guide. It will be noted that fit the curves 

~rmll in every case exc for July in Figures 9 and 13. In the former, 

the lowest elevation represents stations· in and near the delta region, 

where the maritime cooling effect is felt. the latter case, the most 

probable explanati-on is that the station are not represen-

tative of the free air. It should also be noted that the vertical scale 

is changed between Figures 10 and 11 to accommodate the higher elevations. 

37. The 

in the lower 

movement of the air over the basin is southerly 

shifting to westerly with elevation. Strong 

southerly indrafts at all elevations occur the months of Novem-

ber, December, 

disturbances 

, February and March, whenever strong cyclonic 

the coast. Of the elements, sunshine, humidity, 

and wind, there is unfortunately no adequate continuous and systematic 

record from 'V'Jhich to compute the regional variations, which are obvious­

ly great. The maximum values of the wind and humidity constitute a 

separate problem, which is treated in Chapter VI. 
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CHAPTER III 

RAINFALL ANALYSIS 

38. In this study, rainfall is analyzed in order to discover its 

distribution in area and time within the storm period. From such an 

it is possible to derive the maximum depth-duration-area values 

for the various subdivisions of the basin. To accomplish this, the 

described in supplementary bulletins of the U. S. Engineer 

Department (~) was utilized. In brief, the process involves the 

following steps: 

As 

~· Compilation of basic precipitation data. 

];1.. Preparation of mass-rainfall curves •. 

Q. Preparation of total isohyetal map. 

~. Tabulation of contemporaneous rainfall ~uantities scaled 
from mass-rainfall curves. 

~. Computation of accumulated precipitation values repre­
senting average depth of rainfall over selected areas. 

f. Computation of maximum depth-duration-area data. 

ed to the Sacramento study, the method the construction, 

of average mass curves of precipitation for segments of the basin area 

and then adjustment of the, curves to give total storm values that corre-

spond to average rainfall amounts from the total isohyetal map. The 
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mass curves may be determined by an arithmetic average of station rain-

fall within the if sufficient gages are present, or by averag-

ing station weighted according to area derived from the 

Thies.sen polygon surrounding each station (96). Such a procedure makes 

the storm isohyetal map and areal breakdown of the basin especially 

important. These items will therefore be discussed in detail. 

39. The Total Storm Isohyetal Map. The usual method of preparing 

an isohyetal map is to plot all the rainfall values and draw isopleths 

by linear interpolation beti1Jeen neighboring stations. The available 

meteorological information is then used to refine the precipitation 

pattern in areas sparsely covered by rain gages. However, in the area 

under study, the on is so irregular that spatial interpola-

tion with the present density of gages is wholly inadequate. The 

topograpliy influences the precipitation to a degree and rainfall 

is intimately related to elevation within a area, although a 

sufficient number of anomalies exist to discourage the use of rainfall 

depth-elevation relationships exclusively. 

4o. A study a number of storms revealed the existence of a 

recurring characteristic rainfall pattern in the Since seasonal 

precipitation is the sUmmation of successive storms during the rainy 

period, it was decided to use a normal or mean seasonal precipitation 

map as a guide in defining the precipitation tern of the individual 

storm. The meteorological justification for such a practice is 

in Chapter V. normal seasonal map (Figure 7), developed by the 

Sacramento District Office from considerations of precipitation, runoff, 

and physiographic data (4), was introduced in Chapter II in connection 
- -
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vdth the over-all precipitation features of the basin. It is herein­

after referred to as the N.S.P. map. 

41. To develop the total storm isohyetal map from the observed 

rainfall values and the N.S.P. values, the procedure is as follows: 

Both values are tabUlated for each station and ratios of storm rainfall 

to N.S.P. calculated in percentages. Isopercental lines are then drawn 

on the N.S,P. map. The N.S.P. values are multiplied by corresponding 

percentages at unmeasured key points and translated to an isohyetal 

plotting map together with the observed rainfall values. Both the im­

plied and actual rainfall amounts are then used to plot storm isohyetal 

lines which are drawn so as to be consistent with the N.S.P. map, 

topography, and the meteorology of the storm. 

42. Zonal Subdivisions. The usual procedure in rainfall analysis 

re~uires a breakdown of the storm area into contiguous sub-areas or 

zones, and separate maximum depth-duration-area computations for each 

zone, In this study each assigned basin is divided into zones having 

homogeneous rainfall characteristics. ·These zones, identified in Table 

1 and located as shown in Figure 6, are fixed and form the basis of all 

rainfall computations for the major storms studied. The zones may be 

roughly grouped as follows: c1 , 02 , D1 , D2 , F, G, H, and M represent 

the vvestern slope of the Sierra Nevadas, showing a marked increase of 

precipitation with elevation. The eastern slope of the Coast Range con­

sists of A, E, K1 , and K2 , also characterized by rapict increase of pre~ 

cipitation with elevation. J an,d P form the Sierra Nevada plateau 

section cll!here the rainfall is deficient. B, 11 , and 12 are the light 

rainfall areas of the valley, and N is the mountainous area of heavy 

- 30 -



rainfall in the north1·1est section of the basin. As the study progres 

it became apparent that some of the subdivisions could be combined 

out the sacrifice of accuracy. In making such , listed below, 

the original nomenclature was adhered to as far as possible, in order to 

avoid confusion in future storm studies: 

H was combined with 01 to form H0
1 

·was combined with D2 to form D 

was combined with K2 to form K 

Ll was combined with L2 to form L. 
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CHAPTER IV 

HYDROLOGIC .HISTORY 

There is no accurate basis for comparing 

the early floods in the Sacramento Valley with those of the present day. 

Records of river stages prior to 1853 do not exist. :Bet>veen 1853 ani 

1879 casual and unrelated gage readings were made the Sacramento 

By that time the S Corps began such observations but not 

May 1906, when the Weather Bureau established an organized river 

service, did any accurate reference marks become available. 

44. Slickens accumulations caused by uncontrolled hydraulic min-

operations prior to constituted a factor in the 

channel structure. Since the occupation of the , levee construe-

tion, .first sporadic but later organized, ·has acted to raise the water 

For such reasons river gage heights, even if accurate by them~ 

selves, are unreliable for comparative purposes. It v.ras decideo_ there-
' 

fore that, within the limits of available data, representative rainfall 

depths would serve as the most useful index. 

45. Historical Notes (1805-1862). For records of the earliest 

floods, however, it was necessary to resort to historical references. 

These allowed a tabulation of dates and provided information 
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for an estimate of the flood 1s severity. In the notes that all 

gage readings, 

at Sacramento. 

ss otherwise identified, are of the Sacramento River 

Also, unless otherwise specified, the 11 river11 referred 

to is the Sacramento River and the 11 city 11 mentioned is Sacramento. 

46. (1805) The earliest flood mentioned by historians occurred 

1805. The e~act dates are not known but Willis (109) states that 

n. . • the great flood of 1805 formed an epoch in Indian history from 

which they still speak of subsequent events.n Traditionally, this flood 

is said to have covered lithe entire, Sacramento Valley 

ville Buttes. 11 

the Marys-

47. ( The winter season of 1824-25 was marked by an 

"unprecedentedll fall of rain. Flood 1tras extensive throughout the 

populated areas of that time. Historical accounts describe only the 

region from San Francisco to San Diego and the intePior of the 

southern portion of the state as sustaining extremely severe flood 

damages, but it can be assumed that flooding conditions prevailed 

throughout the Great Central Valley. The simultaneous occurrence of a 

Sacramento River flood is further indicated by evidence, in Bancroft's 

account (47), of in the lower San Joaquin eyen than those 

of 1861-62. Only an approximate date is given, but Willis also 

mentions a flood of 1825 which 11 is often referred to by the older 

Indians. n 

48. (1846-47) The winter of 1S46-47 is mentioned by Willis (109) 

as a period during which the Sacramento River overflowed. At that time 

the only white settlement in the was at New Helvetia (Sacramento). 

No information as to severity or extent, of the flood is available. 
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49. (December 1849) Not until the following winter season was 

the first Smithsonian observer, Dr. T. M. Logan, established at Sacra-

mento; however, it is from his ~uotations of the California State 

Medical Journal that the following description is paraphrase(!_ (53). The 

entire winter season was one of almost continuous precipitation, with 

the first rain occurring on September 23. The rain continued more or 

less regularly through October, November, and/December, increasing in 

average intensity and accompanied by some1;vhat colder temperatures. The 

culmination was the flooding of the lower portion of the city of 

Sacramento on December 25. 

50. (January 10-17, 1850) On January'S, 1850 the Sacramento 

River rose rapidly and from the lOth to about the 17th nea:dy the entire 

city was flooded. During this period the Sacramento River reached a 
I 

stage of 20.3 feet above low water. 

51. ·(April 7, 1850) After subsiding from the January overflow 

the river apparently remained within its natural banks until April 7, 

when another rise caused flooding of the lower part of Sacramento. A 

temporary levee system was promptly constructed to protect the city from 

further damage. 

52. (March 7, 1852) During the first part of the 1851-52 winter 

season, conditions were like those of 1849-50. About ten inches of rain 

fell at Sacr'a¥\ento during the last four months of 1851, contemporaneous 

rainfall over the basin raising the Sacramento River to within four feet 

of its natural banks by December 30. However, the first flood of the 

season occurred during the heavy rains of the first week of Mar.ch 1852. 

As a result of breaks in t~e levee system at Sutter's Lake, as well as a 



I 

crevasse in the American River system, part of the city was flooded on 

March 7· The inundation covered practically the whole city oefore suo­

siding aoout a 1veek later. The highest stage reached on the Sacramento 

during this period was 20.0 feet aoove low water. 

53. (Decemoer 25, 1852) The oasin's Decemoer rainfall, of which 

Sacramento's twelve inches was representative, caused the Sacramento 

River to rise "seventeen inches higher than the flood of 1850 11 (53). 

The city remained almost entirely suomerged from Decemoer 25, 1852 to 

January 24, 1853, when the flood waters oegan to recede. Willis (109) 

lists Decemoer 19 as the date on which the first flooding occurred, 

stating that the city was flooded to a depth of several inches oy the 

water that came through oreaks in the levee on the American River. 

54. (January l, 1853) Thompson and West (97) give January 1, 

1853, as the date the city was next flooded. A stage of 21.7 feet aoove 

lo1nr water was recorded and it was assumed that the major discharge was 

from the American River. 

55. (April 2, 1853) During March 1853 rainfall was heavy once 

more and the Sacramento rose rapidly during the latter part of the 

month. On March 29 the river rose aoout twelve feet in 24 hours, soon 

overflowed its natural Danks and then, from a oreak in the levee at 

Sutterville, again inundated the greater portion of Sacramento on April 

2. Some portions of the city remained flooded from the first of April 

until the last of May. Seventeen inches of ~ain fell at Sacramento 

during the first five months of 1853. 

56. (March 1854) A stage of 20.3 feet aoove low water was 

recorded during March 1854 oy Logan (53) out no mention was made of the 

- 35 -



city 1 s being flooded. 

57. (lYiarch 28, 1861) On March , 1861, the Sacramento rose at 

the rate of 7 feet in hours. The highest stage reached ~vas 21.7 feet 

above low water. The lowlands were flooded but the city was apparently 

untouched. A consideration of the precipitation and temperature recor~s 

' at Sacramento indicates that snow melt must have been the major contrib7 

uting factor. 

58. (December 9, 1861) All historians consulted agree that the 

floods that occurred during the winter season of 1861-62 were by far the 

greatest and most disastrous on record. As in prior floods, the winter 

rains set in The first storm period began at Sacramento on 

November 9, 1861, and rainfall was ~uite persistent through December 7. 

On this.d:ate the rainfall was described by the observer as !!almost 

tropical. 11 Two and one-half inches in 36 hours at Sacramento and 

Logan (53) estimated that the fall in the mountains 1·1as nearly six times 

i 
as grea.t. Critical snow melt conditions accompanied the rainfall. With 

the Sacramento River already at a level, the American rose very 

rapidly, overflo\•red its banks and cau,sed severe flooding in the foot-

hills and valley. The American rose to 22.7 feet above the low water 

and a break in the system at Eurnst Slough caused nearly ail 

portions of the city of Sacramento to be inundated. 

(December 28, 1861) Precipitation was light and intermittent 

from December 9 to the 21st; however, on the 22nd, steady rain began 

again and on the 26th 2.44 inches' in 18 hours at Sacramento. This 

was the highest intensity of rainfall that had .ever been recorded at the 

station. The can River again rose very rapidly and the lower 



portion of Sacramento was flooded. On December 28 a of 22.6 feet 

above low water was recorded at Sacramento, exceeding all prior flood 

stages. 

6.0. (January 9-12, 1862) Precipitation over the basin had ceased 

shortly before the December 28 stage 1r1as reached but began on the 

morning of January 5. Moderately intense precipitation occurred on the 

5th and 6th over the lower portion of the basin, falling as rain showers 

over valley stations but as severe sno11r showers over the foothill 

ons. Although all the precipitation fell as rain at Sacramento, 12 

to 30 miles to the northwest, in a region seldom accumulating snow, 

there were snow depths ranging frQm 6 to 12 inches. Warm and heavy 

general rains followed the period from the 8th to 11th, the 

Sacramento River reflecting each period of heavy rain, The highest 

stage reached was 24 feet above low water, on the 9th. The Alta 

Californian described the resulting flooded areas as 11 extending from 

Tehama, SO miles above Marysville, to a point in the Sa~ Joaquin at 

least 50 miles south of Stockton, forming a lake 20 miles wide by some 

250 miles long. 11 . 

61. (January 15-17, 1862) The preceding storm 1 s meteorological 

pattern,, although it can only be inferred from meager data, is of 

special interest in the consideration of conditions antecedent to major 

floods and will be discussed in that connection in Chapter V, 11Major 

Storms. 11 The pattern was apparently reproduced during the period 

January 15-17, 1862, resulting in similar precipitation intensities and 

distribution. The effect 'iiTas to prolong the severe flooding of the 

lower portion of the. basin, and to extend flood conditions over the 
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upper basin near Red Bluff. 

62. The available precipitation data for the 1861-62 floo.d period 

are tabulated below: 

TABLE 2 

PRECIPITATION - FLOODS OF 1861-62 

Jan. 5-ll, Jan. 5-22, Dec. 21, 1861, to 
11:562 11:562 Jan. 1862 

Total % of Mean Total % of Mean Total % of Mean 
Station Inches Seasonal Inches Seasonal Inches Seasonal 

Sacramento 6.54 31:5 ·71:5 86 20.65 121 
Marysville 3.88 19 1:5.23 40 

·Benecia 6.22 4o 10.52 68 12.70 82 
San Francisco 12.72 58 23.01 101 
Alcatraz 4.17 19 11.74 53 ·51 62 
Ft. Crook 3.19 7 8.14 11:5 13.46 30 
Ft. Gaston 13.00 24 .55 45 39·95 73 

Additiona.l untabulated amounts are: 

Nevada City, Dec. 26 to Jan. 12-26.00 inches, 54% of mean seasonal; 
Red Dog Jan. 10-11- 11.32 inches (48 hours). · 

63. Storm Tabulation The selection of the storm / 

• 
periods chronologically listed in Tables 3 and L~, which follO\V", was 

based on California precipitation records used in conjunction with 

Sacramento River stage and discharge records. During some of the 

periods the primary flood factor V~ras snow melt, and those cases are so 

designated. In doubtful instances the rainfall values 1'rere tabulated. 

64. The actual precipitation values in all cases were converted 

into percentages of the mean seasonal amounts. In the tables this con-

version is c~lled the llstorm index,ll On the a~slimption that station 

rainfall can be representative of its region's rainfall, the storm index 

was computed for a station in each of the indicated sub-basins. The 

station ill[as chosen because of its location, exposure, elevation, and 
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length of record. For the storms occurring prior to 1900 such a selec­

tion could not be made for each sub-basin on account of the limited data 

available. In Table 3, v.rhich is for the period 1864-1899, the index 

values are merely such as are available and cannot be considered par~ 

ticularly representative. In Table 4, for the period 1900-1941, the 

stations selected represent basin features and appear under sub-basin 

headings. Whenever the record became discontinuous, a proper substitu­

tion was made, if possible, and the substitution indicated in the table. 





TABLE 3 (Cont.) 

Storm Period Station and Storm Inclex 

1892 Iviay -30 Snow melt 

1892 Nov. 28-Dec. l Ft. :Sidwell 23 :Sluff Sacra,mento 36 Susanville 56 Nevada CitY 22 

1392 . 24-27 Ft. :Sidwell 5 Red :Sluff 4 Nevada City 13 

1893 Mar. 19-21 Red :Sluff 1 Sacramento 6 Nevada City 10 Placerville 15 

Dec. Cedarville 5 :Sluff- 6 Hevada ty 10 

1894 . 2-22 Cedarville 3 Red :Sluff 9 lifevada City 5 

J 1896 Jan. 25-27 Red :Sluff 14 Quincy 10 Sacramento Nevada City g 
-!=' 
1-' 

1897 Jan. 28-30 Snow melt 

1897 . 3-5 Cedarville 5 :Sluff 10 Nevada Ci 7 

'1899 Iviar. 22-24 Sisson 2 Cedarville 6 Orland 14 Colfax 

1899 Nov. 27-29 Snow melt 

1399 . Snow melt 



TABLE 4 

STOBlYlS .Al\JD FLOODS: 1900-40 

:BASINAl~ REPRESENTATIVE STATION1 S STOB1Yl INDEX 

Sacramento :Basin Stony Creek Feather River Yuba and American 
above Stony Creek :Basin :Basin :Basins 

Storm Period Cedarville' Orland Quincy Colfax 

1900 Jan .. 30-Feb. l Snow melt 
1900 .Nar. 6-3 6 3 5 12 3 

Nov. 20-21 2 14 13 11 
1900 Dec. 19-21 2 .l 2 .3 2 

Fruto 
I 

+ 1901 Jan. 3-5 13 3 24 19 f\) 

Feb. 13-20 9 4 9 10 12 
1901 Dec. 2-5 4 9 2 3 8 
1902 • 24-26 20 4 29 13 ll 

Mar. 3 1 2 3 6 
1902 Apr. 5-7 7 4 3 4 4 
1902 Nov. 8-10 24 2 17 9 5 

Dec. 25-27. 4 0.4 8 6 
1903 Jan. 24-26 0.8 7 3 3 5 

Nevada City 

1903 Mar. Snow melt 
1903 Nar. 23-30 7 2 ' 5 13 12 

Co1fax 

1903 Nov. 19-21 8 5 13 12 



TABLE 4 (Cont.) 

Sacramento Basi,n Stony Creek Feather River Yuba and American 
above Stony Creek Basin Basin Basins· 

Storm Period Sisson Cedarville Fruto Q,uincy Nevada City 

1903 Dec. 16-17 0.6 2 0.8 9 4 

La Porte 

1904 Feb. 14-16 3 8 5 7 8 

Colfax 

1904 Feb. 22-24 3 13 ll 15 4 

Q,uincy 
I 

-!=' 1904 lviar. 8-10 8 2 14 6 2 I...N 

1904 J.vlar. 17-19 3 7 - 8 18 
1904 April -- -14 Snow melt 
1904 lviay -- -13 Snow melt 

Nevada City 

1904 Oct. 8-ll 15 4 16 10 11 

Colfax 

1904 Dec. 29-31 8 6 ll 18 7 
1905 Jan. 21-23 12 l 15 9 6 
1905 Jan. 31-Feb. 2 2 8 2 4 6 

Nevada City 

1905 Mar. 12-14 12 2 10 5 3 



T.A:BLE 4 (Cont.) 

Sisson Fruto Nevada City 

1905 Mar. 18-20 0.9 3 3 7 5 
. -- -29 -snow melt 

c-- -24 Snow melt 

Colfax 

Jan. 16-18 14 8 18 21 21 

Nevada City 

1906 Feb. 21-23 3 2 3 5 4 
I 

+ Colfax 
-!=' 

1906 Mar. 22-'-24 7 2 6 5 8 
1906 lliiar. 30-31 7 5 10 6 8 
1906 April -- -23 Snow melt 
1906 May 26-28 1 10 5 10 12 
1906 Snow melt 
1906 Snow melt 
1906 ll 4 12 12 

Nevada City 

5 4 4 5 5 
• 27-29 8 0.5 3 4 4 

Colfax 

1907 . l 21 l 6 12 



TABLE 4 (Cont.) 

Sisson · Cedarville Fruto Qp.incy Colfax 

. 17-19 14 10 6 43 
4-6 Snow melt 
-- Snow melt 

1907 2 6 0 8 6 

1908 Jan. 19-21 9 2 2 5 5 
1908 Feb. 1-3 5 2 20 6 5 
1908 Feb. 6-8 15 0 11 0.9 2 

+ 1908 April 13-15 Snow melt 
\.J'l 

1909 Jan. 13-15 7 - 4 20 24 

In skip 

1909 . 24 1 15 7 2 
. 10-12 4 3 5 9 8 

3 - 0.8 6 3 
Sn;;l,f melt 
Snow melt 
Snow melt 

4 8 0.8 5 6 
7-9 7 2 5 12 9 

. 22-24 6 3 5 7 4 
22-24 4 1 2 7 2 

1910 Mar. 21-23 2 6 17 7 9 
1910 April-- -11 Snow melt 
1911 Jan. 12-14 3 14 16 8 21 



TABLE 4 (Cont.) 

Storm PerioCJ. Sisson Cedarville In skip 

1911 Jan. 28-31 4 4 13 18 16 
1911 Jan. 31-Feb. 2 3 4 6 9 7 
1911 Feb. 11-13 2 3 1 6 2 

March 5-7 14 2 19 13 11 
April 4-5 3 9 2 8 7 
IYiay - -5 Snow melt 
June - -3 Snow melt 

1912 Jan. 25-27 5 4 4 12 5 
Jan. 16-18 5 5 6 12 2 
April -- -27 Snow melt 
!Jiay 8-9 Snow melt 
Dec. 29-31 13 20 17 22 6 
Jan. 24-26 3 6 9 12 10 

+=' Feb. 19-21 12 - 18 16 12 0"1 

March -- -19 Snow melt 
1914 April 4-5 0.7 1 4 T 2 
1914 !Jiay -- -5 Snow melt 
1915 Jan. 7-9 4 2 18 8 8 
1915 Jan. 31-Feb. 2 5 0.6 24 15 10 
19 March 27-29 14 2 17 10 5 

April - -3 Snow melt 
A-pril -- -20 Snow melt 

1915 May 9-11 Snow melt 
1915 June - -8 Snow melt 

Dec. 12-14 2 1 15 11 11 
Jan. 2-3 7 11 13 13 10 
Jan. 22-24 8 0 13 13 9 
Feb. 9-10 5 0.8 0.6 7 2 
March 4-5 2 0 2 5 6 
A-pril -- -11 Snow melt 



TABLE 4 (Cont.) 

Storm Cedarville East Park Colfax 

1916 ]~Iay - Snow melt 
1916 Dec. s 7 s 12 9 
1917 Feb. 11 - 15 11 
1917 Ma:rch Snow melt 

McCloud 

1917 April 2 1 0.6 s 4 
1917 IY!ay - Snow melt 
1917 June- Snow melt 
1918 Feb. 7 3 10 8 4 
1918 March 8 - - 7 7 

I 1918 l-'Iarch 2 4 - 6 1 
-!='" 1918 8-9 3 1 - 3 2 --.J 

I 

Ft. :Bidwell 

. 4 5 - 6 10 

Madeline 

• 1-2 4 2 - 2 0.5 

Sisson 

5 2 - 6 6 
10 11 - 14 15 

. 2 2 3 - 7 5 
melt 

-2 Snotr,r melt 



TAELE 4 (Cont.) 

.Storm Period Sisson East Park In skip Colfax 

1920 April 14-15 2 10 - 7 g 
1920 Nov. 17-19 11 4 - 15 5 

25-26 - 2 - 5 2 
1920 Dec. 9-11 4 3 - g 7 
1920 Dec. 18-19 4 5 - 9 4 
1921 Jan. 17-19 8 - 14 12 
1921 Jan. 29-30 2 3 - 9 3 
1921 Feb. 14-15 - - - 4 2 
1921 Feb.· 20-21 1 7 . - 6 4 
1921 :March 12-13 3 2 - 5 5 
1921 April - -3 Snow melt 
1921 JYiay -- -15 Snow melt 
1922 Feb. 17-19 6 5 - 11 9 

+ 1922 April -- -27 Snow melt 
Q';l, 1922 May 19-20 3 1 - 2 3 
I 1922 June- -5 Snow melt 

1922 Dec. 10-13 3 4 - 10 13 
1923 April 4-6 3 4 - 7 9 
1923 IYiay - -10 Sno'"' melt 
1924 Fe"Q. 6--s 3 7 - 14 7 
1924 April 3-4 3 4 - 2 3 
1925 Feb. 3-5 5 3 - 11 16 
1925 Feb. 11-12 6 1 - 6 4 
1925 J:-pril 15-16 5 1 - .2 1 

Mt. Shasta 

1926 Feb.· 2-4 g 2 - 16 11 
1926 April 5-S 12 7 - 15 16 
1926 Nov. 22-25 15 11 - 21 14 
1926 Nov. 26-29 12 9 - 10 9 



T.A:BLE 4 (Cont.) 

Mt. Shasta In skip 

6 10 - 2 1 
: 

5 3 - 8 9 
1 5 - 4 4 

2 9' 5 - 9 12 
Snow melt 
Snow· melt 

- 1 - 4 7 
1928 1-3 8 2 - 5 5 
.1928 lYiarch 10 11 - 22 22 
1928 Al?ril 4 1 - 6 .6 
1928 May -- -1 Snow melt 
1929 Feb. 2-4 8 4 10 9 6 

I 

-!=" 
1...0 

I 
12 5 12 23 7 

8 10 9 13 
. 16 6 13 17 
. 5-6 1 4 5 2 5 

1:-'iar. 14-20 Snow melt 
-- -12 Sntl'\ilJ melt 

26-28 13 1 3 5 
-- -30 Snow melt 

28-30 9 2 19 7 6 
3 4 2 4 3 
5 7 4 2 

--,-9 Sno1.'1T melt 
-- -23 SnmiiT melt 

. 13-15 7 2 10 10 
Feb. 19-21 7 5 6 11 4 
Auril -- -17 Sno11! melt 



TABLE 4 (Cont.) 

Storm Perio.£: Mt. Shasta Cedarville East Park Colfax 

1936 . ~~y -- -14 Snow melt 
1936 June 6-7 4 1 5 3 3 
1937 Feb. 11-13 3 6 13 3 9 
1937 Mar. 10-12 5 1 11 4 3 
1937 J.li~r. 19-21 7 1 3 7 1 
1937 April 13-15 3 2 - 3 
1937 A-pril -- Snow melt 
1937 J\IIay -- Snow melt 

Nov. 18-20 8 2 8 10 1 
1937 Dec. 9-12 16 42 26 
1938 Feb. 10-13 16 4 -
1938 Mar. 11-13 5 2 12 5 5 
1938 IYiar. 17-19 l 6 1 4 3 
1938 A-pril 4-5 2 6 4 3 4 

I 1938 Anri 1 -- -21 Snow melt 
1938 lviEty 1tf-16 Snow melt 
1938 Ma.y -- -June l Snow melt 
~1939 March -- Snow melt 
1940 Jan. 21.!--26 8 4 15 9 7 
1940 Feb. 26-28 18 6 28 16 
1940 March 28-30 11 2 8 15 
1940 Dec. 21-23 7 l 9 7 8 
1940 Dec. 2h-26 16 1 16 9 8 



CHAPTER V 

JfJAJOR STOR!VIS 

65. The Sacramento Storm Type. The rainfall of flood~producing 

storms over the Sacramento Basin is released from moist unstable air 

1.l1Thich originates over the polar regions of the northwest Pacific area, 

travels southeashrard across progressively warmer vvaters to about the 

vicinity of the Hawaiian Islands and then northeastward over somewhat 

cooler waters and onto the continent. Heat and moisture are rapidly 

added to the.air from the sea surface·during much of its journey. The 

instability, produced by thtl rapid increase in temperature of the air at 

the surface, results in vertical motions which carry heat and moisture 

to greater and greater heights. In flood-producing storms the height to 

which this moist unstable layer extends is approximately 10,000 feet 

before moving inland. In the final stages of its movement to1.r1ard the 

coast the air passes over cooler water and becomes 'stable in a shallO'Irl 

layer next to the sea surface. This stable retards release of the 

potential energy in the moist air until orographic, frontal or isen­

tropic lifting is encountered. As the air is borne inland from the 

south\Orest it is acted upon by the unchanging and efficient rain-producing 

mechanism of the Sacramento Basin's topography. Because the circulation 
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described is impossible with summer pressure distribution the storms are 

naturally confined to the colder half of the year. 

66. The weather maps analyzed, the theoretical and statistical 

climatology of the region, the opinions of authorities consulted -- all 

point to the paramount importance of the southwest.current. Storms of 

flood magnitude have occurred in which the pressure gradient necessary 

for a strong southwest current was not often discernible) but during 

most storms the rains were usually heaviest when the gradient was 

st. And, for the basin as a whole, the greatest rains have 

occurred with the strongest and most sustained southwest windp. For 

that reason it. would not be improper to call the critical Sacramento 

storm type the 11 Southwest Type 11 but, if so named, it should not be con­

fused 1-rith the ty-pe similarly designated by Reecl (79) in his discussion 

of I•Jeather types of the northeast Pacific Ocean .. Because he was con-

sidering the entire west coast of the United States, his 11 Southwest 

Type 11 '!Jiras .restricted to the storms of Oregon northward. With Reed's 

theoretical pressure distributicn and his lobe. or 11head11 of the Pacific 

anticyclone displaced southward, the ty-pe adequately describes the 

Sacramento storm. In the next chapter it will be shown that the partie-

ular constraints imposed by the basin serve to magnify the rainfall 

effectiveness of the .southwest wind, apart from any considerations 
. ! . 

purely meteorological. 

67. Once the southw·esterly current of moist unstable air .is 

established over the basin the occurrence of a flood is dependent on.the 

persistence and intensity of this flow. A duration of two or more days 

is necessary. Minor fluctuations in trajectory are unimportant as long 
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as the general northeastward movement of the air remains undisturbed. 

Frontal passages across the region during flood rains may be frequent, 

but they are relatively unimportant when they do not appreciably disturb 

the southwesterly current of air. The passage of a well-marked front, 

bringing a definite shift in wind to west or northwest, is often the 

immediate precursor of the storm's ending. It is followed by compara­

tively cold and dry, subsiding air which settles in the region of the 

mean position of the California-Hawaii anticyclone. Though the dynamics 

of the process are debatable, it is apparent from purely synoptic 

studies that the new cold anticyclone now establishes itself as the 

dynamic, stationary type which results in cessation of rainfall for the 

Sacramento ·:Basin. .It is of special importance in the theoretical con­

sideration of the maximum possible storm that the cold thrust responsi­

ble for the re-establishment of such a control is most likely to follow 

shortly after the strong sou th\>J'est current. The pressure gradient 

required for the latter is part of the intense cyclone that, by virtue 

of its intensity, must also have a strong gradient on its '\1rest and 

northwest side 1nrhich will produce the rapid influx cf new cold. air. The 

maximum rainfall intensity, in other words, tends to limit its own 

duration. 

68. It was pointed out in Chapter II, 11 Dynamic Climatology, 11 

that the distribution of rainfall within the basin, as shown by the 

isohyetal pattern, is the result of the orographic effect, HO\'i'ever, 

the occurrence of the rainfall maxima, although primarily orographic 

in origin, is nevertheless not simultaneous. If we consider the 

idealized storm it can be seen that the orographic .intensities and their 
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. contemporaneous distribution will vary with the storm sector. At any 

selected point, that is, the orographic effect will reach its peak of 

efficiency at a particular stage of the storm's progress or. development. 

The sequence can begin with a relatively cold but stable air mass fill­

ing the valley, overrun by ai.r that has become maritime tropical over 

the Pacific, with the 1varm sector of the cyclone visible on the surface 

som!;lwhere south1<Vest of San Francisco. As the surface 1J'larm front, or its 

occluded phase, approaches the coast, the cold air in the valley becomes 

a current from the south or southeast. Above it the trajectory of the 

overrunning ;,rarm air is from the southwest. The cold air in the basin 

will flow fairly parallel to both coast and Sierra ridges but, as pre­

viously indicated, definitely up slope. in the northern part of the basin. 

In that portion the warm air is not only moving up slope along the 

frontal surface but is being given additional lift because the cold 

wedge beneath is being lifted. To the warm air aloft in this section 

there will be imparted an additional up,,rard ·displacement not present in 

the warm air to the south. The rainfall intensity will be increased 

(12). Some moisture may be precipitated out of the cold \vedge itself as 

a result of lifting and convergence. 

69. The warm sector of the cyclone will rarely move inland, but 

when it does, it is likely to occlude against or straddle the coastal 

According to Bjerknes it is in this section that the 11 pure" 

orographic effect will be most noticeable and the intensities of the 

very highest kind (12). However, the orographic effect of the Coast 

Range on the warm sector air will be one that cannot be observed in the 

deeply occluded storm. Depending on the velocity of the wind in the 



warm sector there will be some carry-over to the Sacramento sid.e of the 

coast ridge. (Precipitation sometimes attributed. to carry-over may 

actually be caused by convergence of valley air against the leeward. 

mountain slope.) At this point in the sequence, though, the cold. air in 

the valley will be at its shallov.rest, and. the warm air can flow from the 

south.,rest across the exceptionally lo"'I ridges east of the Golden Gate 

(around. 2,000 feet) and impinge directly against the Sierras in the 

Bowman-Fordyce area, accounting for another peak of intensity. 

70. The final frontal effects in this schematic outline will 

also vary. In a warm type occlusion the warm sector will be lifted. 

along the old. cold. wedge -- which is itself lifted in the north, the 

flow in it being from the south or southeast. Ad.d.ed. to this will be the 

effect of orographic slope on the air in the warm sector aloft. A cold. 

type occlusion, hOi•rever, ··will lift the old cold air against the north­

south ridge as well, imparting an added lift to the warm air. Along the 

frontal. zone in either type dynamic convergence in the warm air will add 

to the rain 1 s intensity. The movement of this final front is from the 

"rest or north1.orest, its orientation usually being north-northeast to 

south-soutbrest, and it is this compounding of factors that causes the 

late, heavy rain in the head.1n~aters of the American. This is usually the 

last important rain of the individual cyclone, what follows being mostly 

snow in the high Sierras. The new cold air becomes. quickly stabilized. 

by mechanical and. d.ynamic subsidence. The re-establishment of the 

Pacific High follows. Since such a reappearance of a stable pressure 

distribution rarely follows the warm front type occlusion, it is possible 

to say that the meteorological sequence just schematic13,lly outlined. is 
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.more likely to be repeated if the occlusion is of the warm type. Any one 

total storm can cons.ist of one or more such seq_uences, although the only 

demonstrable evidence of the entire seq_uence may be the oc.cluded or upper 

front. 

71. For all storms of the Pacific Qoast .of the United States, the 

seq_uence of fronts is similar. The air masses involved do not differ 

greatly, and then only by reason of the varying lengths of trajectory 

from their source region, resulting in more or less modification. In 

origin and structure the storms are all essentially one type. What dis­

tinguishes the Sacramento storm is first, of course, the migration of the 

semipermanent centers of action so as to superpose upon the Sacramento 

Basin r of the optimum moisture content and velocity of flow. But the 

true i.ndividuali ty of the storm is the result of the physical structure 

of the basin. In other reports the Hydrometeorological Section 

usually concerned vnth the effect of the storm upon the region. 

the concern is with the effect of the region upon the storm. The. 

isohyetal is the imprint of the basin on the storm. It is a 

characteristic function of the Sacramento Basin. It cannot be transposed 

from the basin~, nor c.an any other pattern be transposed to the basin .• 

72. In every such storm there occur practically all the frontal 

and types that can occur in any other Sacramento storm of 

moderate magnitude. Differences in pressure distribution and 

variations in speed of air floV>r do not change its basic character. It 

follows then that, except for negligible instances of unimportant 

tude, the Sacramento storms are all essentially of the same type, differ­

ing only in orientation and intensity. Because the rainy season consists 
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of a series of such storms it can, for practical purposes, be considered 

as one continuous storm differing chiefly in.duration from the individual 

storms of which is the summation. This is why the isohyetal tern 

of the individual total storm can be considered as representative of the 

mean seasonal pattern. It is important to note that such representative-· 

ness cannot be true of the one-day rainfall pattern,· or of the isohyetal 

pattern for any od less than the total storm period. Use of any 

fraction of the storm period will naturally stress frontal activity or 

air-mass characteristics at that stage in the storm 1 s existence-- minor 

variations in the general northeastward movement of the air. Only con-· 

sideration of the total life of the storm will properly weight all the 

factors of all its stages. 

73. In the follo~>ring sections of this chapter the major storms of 

the basin are treated individually. , e the source of all the storm~ 

is the Pacific Ocean, the reliability of the meteorological analyses was 

dependent .on the density and accuracy of ship observations. Although 

never ideal in number or distribution, these observations were considered 

adequate from March 1928. Synoptic charts for the four storms from that 

date are included in the appendix. Symbols used are explained Figures 

6SA and 6BB. No maps have been reproduced for .the storms occurring prior 

to March , but the analyses are briefly discussed except in the case 

the 1911 storm, which ilras not considered important. For each storm, 

except 1911, there are presented three tables of rainfall values. Two 

are for accumulated P!ecipitation -- one by zones and the other by combi­

nations of zones representing assigned sub-basins. These can be con­

sidered average mass curves of rainfall. The third table shows maximum 
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cturation-depth values, representing average depth of rainfall for ma1dmum 

periods vd thin the storm. The times indicated in the tabulations are 

Pacific Standard while all map time.s are Eastern Standard. 

74. Before proceeding to the individual analyses it should be 

stated that the air masses which usually produce flood rains in the 

Sacramento Easin may properly be called modified polar air which has 

acquired tropical characteristics, as distinguished from th.e more stable 

tropical or equatorial air which sometimes visits the In consid-

ering the synoptic charts reproduced in conjunction 1rdth the meteoro­

logical analyses it should be remembered that the air masses variably 

designated on the charts as mPk or mTk often have very much the same 

character. The first is being modified into the second. In the border­

line circumstances which these charts usually depict, the distinction 

between mPk and mTk becomes more or less arbitrary. It should also be 

borne in mind that even when the air mass is labelled mTw, it is stable 

only in the lowest layers and identical with mTk aloft. The important 

fact is that a :pressure distribution which permits extensive. modification 

of polar air, and then persists so as to produce continuous southwesterly 

winds over the basin for a :period of two or more days, is requisite for 

storms of the Sacramento type. 

75. Storm of Feb~uary 24-29. 1940. The ssive rainfall which 

resulted in the Sacramento floods of February 2-f-J.Viarch 6, 1940·, was con-

fined to the five-day period, February 25-29. Ho1o1ever, the antecedent 

rainfall, snow cover, and ground condition over the basin were important 

contributing factors to 'the flood. During January and February intense 

cyclonic systems developed at frequent intervals over the Pacific Ocean 
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far south of the normal position in the vicinity of the Aleutian Islands. 

These centers moved east\,rard over the ocean but curved northeastward ?,S 

they approached the Pacific Coast. This seg_uence of events resulted in 

the intermittent invasion of the area by '\o.rarm moist air which produced 

moderate rains to high elevations. It accounts for the deficiency of 

snow cover over the mountains and the high elevation (about 5,000 feet) 

of the snow line. Thus, prior to the beginning of the period of exces-

sive rainfall, conditions favoring rapid runoff and the development of a 

flood prevailed. The soil .,_,ras thoroughly saturated, stream and bypass 

levels were high, and runoff up to over 5, 000 feet in the mountains .,_,ras 

unimpeded by the presence of the normal snow pack. 

76. The five intense cyclonic disturbances which developed over 

the ,,restern Pacific and then moved eastward and northeastward to.,.,rard the 

Pacific Coast during the period February 25-29, Figures 69 to 73, were 

similar to the intermittent storms "-'Thich occurred during January and the 

earlier part of February. The close succession of these centers, each 

associated \orith a '\•rell-marked frontal system, produced almost unbroken 

southwesterly flo"r of moist unstable air over the basin. In general each 

frontal passage was preceded and accompanied by a temporary increase in 

rainfall intensity and followed by a temporary deqrease. 01o.ring to the 

fact, ho.,.,rever, that the air following the fronts, like the air in 

advance, was also moist and unstable after its long trajectory over ~orarm 

~orater, continued orographic lifting caused practically continuous rain 

over much of the basin. 

77. The 1o.reather map for February 25, Figure 69, '\o.ras characterized 

by the cold continental anticyclone that usually follows or accompanies 
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a period of low zonal circulation (~). The high pressure and cold air 

extended from Alaska through central United States to the Gulf of Mexico. 

Such a stage in the circulation pattern is fairly typical of the major 

Sacramento storms in their early stages. A belt of low pressure with 

four intense centers stretched along middle latitudes from the Pacific 

Coast westward and northwestward toward the Aleutians. South of these 

centers mPk air iPJas being transformed into mTk as it traversed the '!Prarme:lt' 

waters. The thrusts of cold air (more apparent on the isentropic charts~ 

Figures 74 to 78) .behind th~ low centers in the trough maintained the 

temperature contrast which, supplemented by the realized heat of conden­

sation, supplied the energy necessary for the individual developments.· 

they began to occlude~ the potential energy of mass distribution '\!lras 

released to intensify the centers. The maps for the following o~ys 

indicate that each center moved northeast\nJard toward the coast, became 

completely occluded and then began to fill. Their close succes'sion 

to maintain, except for short intervals, the steep pressure 

gradient along the coast. 

78. The isentropic charts, Figures 74 to 78, show the passage of 

·.each front accompanied by a northward surge of warm moist air, accounting 

for the increased intensity of rainfall. The isentropic charts are not 

synoptic with the surface weather maps, but the proper position of each 

front is indicated and the front identified by letter. The solid isobars 

are similar to the contours of a topographic map and indicate the eleva-

tiona of the isentropic surface. The dotted lines represent saturation 

pressures, .. which means that the air along such a line would have to be 

lifted to the indicated pressure before saturation could occur. They a~e 
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therefore also lines of equal specific hw~idity or mixing ratio and thus 

outline the moisture distribution along the isentropic surface (20). The 

value of mixing ratio for each condensation pressure is shown in the 

table included in each chart. These charts portray each tongue or valley 

of up-gliding warm moist air associated ~pJith a front follo~<Jed by a ridge 

of colder, drier air. Note\v-orthy, too, is the steep slope of the final 

cold dome advancing into 'California on the morning of the 29th (Figure 7S). 

79. The surface pressure gradient over the Sacramento Basin was 

steepest bet'\olreen February 26 and , Figures 70 to 72. It was during 

this period, 1nrit.h the passage inland of fronts B, 0 and D that an average 

of about 7 inches of rain fell .over the entire basin. From the isen­

tropic charts for February 27 and 2S, Figu.res 76 and 7.7, the saturated 

condition the air preceding frontsO and D can be noted. Convergence, 

plus orographic lifting of this air v.rhich was flo'l'ring into the basin at a 

rapid rate, resulted in 12. inches of rain at Kennett in L~S hours, 

16.55 inches at Hobergs, and 15.20 inches at Stirling City. 

SO. It will be shown from thermodynamic considerations in the 

follo~<ring chapter that the winds aloft in such deeply occluded systems as 

occurred in February 1940 are likely to be of the strongest kind. Never­

theless, a comparison of the surface pressure gradient. 1nrith the pressure 

gradient at five kilometers as indicated on the five charts, Figures 79 

to 83, demonstrates that even then the gradient decreased 'l'rith altitucte. 

The fact should not, of course, be interpreted to mean that the 1nrind 

velocity decreased vdth elevation, since vrind speed iV"ould also be in­

versely proportional to the air density which naturally decreases aloft·. 

Apart from this, the fixed-level charts,· which are synoptic ~'lith the 

61 -



isentropic, show. the characteristic flow pattern to be maintained to 

higher .lev.els. 

81. The storm ended w·ith the passage of front E on February 28, 

Figur.e 72. The wind shifted to a westerly direction, the flow of moist 

air into the intense cyclonic system was cut off, the pressure gradient 

along the northern California coast decreased considerably as the system 

filled and mpved northeastward, and rain ended except for a few scattered 

instability showers. Figure 73 for February 29 shows the re-establish­

ment of the Pacific High follolnring the invasion of the area by colder 

air. By the evening of that day the pressure at the center rose to 

1028 mb. Tables 5, 6, and 7 give the rainfall values of this storm, 

whose maximum 72-hour value is exceeded only by the 1937 storm. 

82. Storm of December 9-11, 1937. Of all the major storms 

studied, the most truly ·representative of ·the maximum Sacramento type is 

that of December 1937. It 11lJas characterized by the persistence of a 

steep southeast-north'lftrest gradient that produced southwest 111rinds of. 

l?-early gale velocities over the basin for about two days. llfith the 

exception of the final clearing front, the frontal passages over the 

basin were not as well-marked as in the February 1940 storm. The pro­

cession of moist tongues, in other 1.vords, .was so briefly and immaterially 

interrupted by the colder and drier. tonglies that the storm could .be 

described as characterized by the persistence of a moist tongue over the 

basin. As in the February 1940 storm, the region of principal activity 

was between a cold, occluded Low and the warm, southeastl•rardly displaced 

Pacific High. Between the two the temperature contrast was great but, 

a.s 1.1l]'ill be indicated in the next chapter's section on maximum winds, 
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still not great enough to cause an increase of pressure gradient with 

in the critic~l first 10,000 feet. 

83. ·The V>reather map for December 9 (Figure 8'4) bears a close 

resemblance to the first map of the Februa~ry 1940 series (Figure 69). 

The cold continental anticyclone extending by way of the central states 

from Alaska to the Gulf was again in evidence. Westward and northV>rest-

1,,rard from the coast v1ere t~vo intense cyclonic centers dominating the 

circulation over the Pacific. South of the centers mPk air was bei;ng 

transformed to mTk. During the day the centers advanced eastward and 
I 

continued to deepen and strengthen. So south did the huge cyclonic 

circulation VJ~~=a~ that the temperature and moisture content of the air 

brought over the basin V>rere near the maximwu values for December. On the 

lOth, in fact, San Francisco reported its maximum point for any 

winter season of record. · 

84. The combined result of the persistent gradient, the south\,rest 

wind and the high moisture content is presented in the rainfall tabula-

tions of Tables 8, 9, 10. Except (Luring a short period follovring the 

passage of the occludecL front on the morning of December 10 (Figure 8'5), 

there was little diminution ofrainfall intensity throughout the storm. 

For the maximum 72--hour duration over the whole basin, it is the most 

intense of record. Although of comparatively short total cluration its 

total accumulated rainfall exceeds that of m~ny flood-producing storms 

of much longer dDxation. The st amounts fell in the Feather-Yuba 

section at elevations 3, 000 ancl 6, 000 feet. Except on a f e;,,r of 

the peaks, the precipitation was entirely in the form of rain. In 

the ~.g hours at 6 p.m. (P.S.T.) of the 11th about 19 inches 



rain fell at Scales on the North Fork of the Yuba and about 18 inches at 

Inskip and Brush Creek Ranger Station in the North and Middle Forks of 

the Feather respectively. 

85. Snow conditions antecedent to the storm period were somewhat 

like those preceding the February 1940 storm. Heavy rains had oc.curred 

over the upper Sacramento Basin as early as the first \lr.eek in October and 

;;. long-protracted heavy rainfall followed in November. Snm'IT cover had 

receded to high elevation§:!, the ground was well saturated, but stream 

channels and bypasses \'ITere not carrying much water. On account of the 

abnormally high temperatures and heavy rainfall of the storm, most of 

the prior snow cover that did exist, such as the 12 inches above the 

6,0.00-foot level in the headwaters. of the American, melted during Decem-

. ber 10., releasing t\1ro to three inches of water. Following the passage 

inland of the cold front on the morning of December 11, Figure 87, the 

heavy rainfall ended and the Pacific High was re-established with the 

influx of colder air. 

86. Storm of December 8-16, 1929. Of all the storms subjected to 

synoptic analysis in this chapter, the storm of December 1929 was the 

onl.Y one which did not produce a major flood. However, antecedent con­

ditions, not the lack of prolonged heavy rains, were the chief factors 

acting to prevent flooding of the Sacramento River and its tributaries. 

During the month of Novembe~ only one Dalifornia station, out of a total 

of more than 250, reported measurable precipitation, and during the first 

111eek in December only scattered light rains were reported. Summit ( ele­

vation 7017 ft.) in Placer County reported no snow on the ground on 

December 7, 16 inches on the 12th, and 11 inches on the 16th. McCloud 
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(3270 ft.) in skiyou County reported. no snovr on the ground. during the 

entire month and. Portola (4832 ft.) in Plumas County reported. snow on the 

ground. on one day only, 2 inches on December 10. 

87. The circulation pattern which had. resulted. in the drought con­

eli tions and. which iflas characterized. by the persistence of high pressure 

along the west coast, suddenly gave way to a new pattern on December 8. 

the morning of the 9th the. synoptic chart showed. the familiar cold. 

continental High, this time farther east in the United. States than in 

the first days of the storms previously described.. .Again this High 

stretched.northward. into Canada and. Alaska, but from Alaska it bulged. 

southward. to the 45th parallel in a large anticyclonic wedge. South of 

the wedge a comparatively narrovll belt of low pressure extended. from mid­

continent westward. into the far Pacific. The warm, semipermanent Pacific 

High, somewhat stronger and. more extensive than in 

storms, rested. southeast of its mean position. 

1940 and 1937 

88. Under the ne\'T regime the gradient winds over northern Cali-

fornia settled. into southwest, there to remain for several d.ays,little 

disturbed. by the passing fronts. The polar front, with its family of 

wave cyclones, lay in the belt of lo;,r pressure • .Although most of these 

\'laves occluded., none occluded. as completely as the major developments in 

1940 and 1937.· Some persisted. as stable waves throughout the period. 

while others .were· damped. out (Figure 89) as they entered. the field. of the 

warm, dynamic anticyclone. The basic temperature contrast across the 

front in this storm, it is important to note, was often between warm air 

in the low pressure along the front and. the cold. anticyclone to the 

· northwest. In such a situation, as 11Till be shown in the next chapter, 



the pressure gradient mp.st decrease with height. 

89. In adyance of the first of the cyclones to approach the coast, 

the air flowing into northern California ,was tropical Pacific, i.e., air 

which had traveled around the periphery of the semipermanent Pacific 

anticyclone. The current of tropical air remained undisturbed by the 

passage inland of this cyclone as its portion of the polar front recurved 

sharply westward from the Low center over Washington and reached the 

Siskiyou Mountains as the southern limit of its movement. The second 

wave cyclone, partially occluded and more intense, swung its portion of 

the polar front directly across northern California on December 10 

(Figure 88) as the center moved into the region off Vancouver Island and 

stagnated. Heavy rains fell during the period from the evening of Decem­

ber 9 to about noon (P.S.T.) of the lOth as nearly every factor which can 

act to produce intimae rainfall was brought into play -- increased south­

westerly winds in advance of the front, convergence in the frontal trough, 

and the lifting action of the cold front itself. Only the inherent 

stabi1i ty of the tropical air prevented the higher rainfall intensities 

possible for the given temperature and moisture conditions. 

90. There followed next a period of light rains as the isobaric 

pattern changed temporarily to anticyclonic, but the rate of fall 

increased again during the afternoon of December 11 and continued strong 

until the next front (a rather ~reak occlusion of limited extent) passed 

across the basin by the early morning of the 12th (Figure 89). Air flow­

ing over the basin was now predominantly modified polar air. During the 

following two days another pair of occlusions, moving to\>rard the coast, 

dissipated before reaching the continent as they entered the southwesterly 
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current of the ic High. · Gradually the tropical air returned to 

northern California as the primary scene of action shifted to the cyclone 

which had stagnated off the northwest coast. Temporarily.the head of the 

Pacific High extended northvmrd to cause a cessation of rain over the 

southern portion of the basin. It is 

of this anticyclonic circulation in produc 

to note the influenc·e 

marked stability. Not only 

did the rain cease, but ,cloudiness decreased noticeably despite dew point 

readings of 60 F or more at San Francisco and Sacramento on the ternoon 

of the 13th. 

91. Southwestward from the cyclonic center near Vancouver Island 

the lmv pressure trough became on December the scene of s 

between the fresh air and the modified pol~r air to the south. The 

newly formed front moved into Washington and Oregon and trailed westward 

along the 40th (Figure 39). A wave on this front moved north-

eastward on December 13 into the region so recently vacated by the parent 

disturbance, but its influence "'as not felt in California where the 

southwest winds around the high ridge still held sway. On the 13th 

frontogenesis again occurred in the south\..restward extension of the low 

pressure, this time intensifying the and producing a \..rell-marked 

front which rapidly moved inland to northern Idaho by the evening of 

December .14 (Figure 90). Once again wave development over the ()Cean 

prevented a marked frontal passage in California, the southward advance 

of the cold front being checked just south of the Siskiyous. Rains con-

tinued spasmodically for another four or five as pressure in 

the Aleutian~Gulf of Alaska region and the Pacific anticyclone simul­

taneously but gradually resumed a more normal size and position. The 
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major part of the rain had. fallen by the evening 0f the 14th. Table 11 

shows that the maximum 72-hour rainfall for the.entire basin occurred. up 

to 6:00a.m. (P.S,T.) c.if the 12th and also indicates the percentage of 

the mean seasonal rainfall to be substantially below the 1940 and 1937 

values. Tables 12. and. 13 accumulated. precipitation amounts by zones 

combined zones, respectively. The Feather and. Yuba basins received. 

the highest amounts, although Kennett in Shasta County recorded the 

heaviest total point rainfall for the storm period: 35.29 inches from 

December 8 to December 16, inclusive. The e~lanation for this extremely 

large total in the Kennett area probably lies in the relative stability 

of the air, which in this storm was predominantly tropical Pacific. 

]ecause stable air resists lifting, there is a very marked tendency for 

the air to be deflected northward along the valley floor rather than to 

escape across the Sierras. Eventually, of course, its movement is 

blocked. in the landlocked upper portion of the ·basin and, with the 

force of the pressure gradient continuously feeding the air into that 

bottleneck, ascent must take place with the consequent condensation and 

precipitation. 

92. Storm of March 22-27, 1928, It is only by coincidence that 

the four most recent major storms, and therefore the four for which 

synoptic charts are reproduced in this report, can be ranked in such a 

manner as to make their synoptic and rainfall values significantly com­

parable. On the basis of 72-hour maximum duration-depths for the total 

basin, they rank in the following descending order: 1937, 1940, 1929, 

1928. An examination of the synoptic charts will show that the intensity 

of occlusion, as exhibited. by the depth of the cyclonic center and the 
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surface pressure gradient, varies in exactly the same order. The storm 

of March 1928, in both categories, is at the bo-btom of the list. It is, 

in :fact, at the bot tom of a list which includes the major, .basin-1dde 

storms yet to be discussed. 

93. As shown in 91 and 92, throughout most of the storm 

period under consideration the polar front; V>ras <:Luasi-stationary from the 

Great Lakes to the vicinity of Ha,,raii. From March 22 to March 25, 

several non-occluding waves traveled along the front across northern 

California resulting in variations in position and orientation of the 

front (87) over the Sacramento Basin. Until Jt:ihe passage of the final 

front (Figure 93) on March 26, the surfe,ce ssure gradient v.ras never 

steep and, since the temperature contrast across the front vms from 

Low to cold High, the pressure gradient aloft could not increase. The 

southwesterly 11rinds therefore did not atta,in velocities except for 

the brief period the final front 1,rhich accompanied the 

occluded system of the series. It is insJGruct;ive to compare the map of 

March 26, 1928 (Figure 93) with the a.m. nap for December 10, 1937 

(Figure 85) and see that during this final period the 1928 storm ~oras a 

smaller version of the 1937. 

94. Despite the presence of a quasi-stationary polar front across 

the basin dv.ring much of the period, this storm ctid not differ essential­

ly from the Sacramento storm type. The rain-bearing 1.oTinds were from the 

southwest and the air had acquired its moisJmre and instability in .about 

the usual manner, \ITi th the difference that the cdr haC!. remained in 

the more southern lat;i tudes. It had thus acquired a character more 

nearly tropical than usual, t;he air in the prefrontal 



incursions of the 1929 storm. Scattered rains began over the northern 

portion of the state on March 21, follmving a week 1nrhen little or no rain 

occurred throughout the state. On the 22nd rains became general over the 

basin and continued vvi th varying intensity through March 27. With the 

passage of each wave, rainfall intensities increased_ as the attendant 

convergence augmented the orographic influences in proo_ucing the vertical 

motions 1./\fhich wring from the air its load of moisture. It can be assumed. 

that an upper trough and. 11rarm moist tongue accompanied. each wave crest 

along the front, much like the tongues accompanying the occluded fronts 

of the February 1940 storm, as shown on the isentropic charts. In the 

non-occluded. case, such as 1928, the tongues would. be smaller and. the 

rainfall of lesser magnitude. 

95· The '"'eather map for 8:00 p.m., March 23 (Figure 91) illus-

trates the large number of waves on the polar front. Another interesting 

feature of this map is the appearance of an incipient cyclone at about 

latitude 33° N. and. longitude 148° W., which later developed. into a 

vigorous center and. carried \IIi th it . the cold front that s11rept across. the 

basin to end the flood-producing rains. The path of this Low is plotted. 

on all the maps. The a.m. map of March 25 (Figure 92) shows a later 
- -

stage in its o_evelopment. Following this, the Low deepened rapidly and. 

moved. 1.nri th increased. speed into the region off Vancouver Island. The 

attendant colcl front moved. across the basin on March 26·· (Figure 93) and. 

the colder air following it displaced the moist southwesterly current. 

Immediately in actvance of the cold front '!:;he souU1.westerly 11rinds reached 

maximum velocities for the storm and. o_uring the period. from noon to 6 p.m. 

(P.S.T.) of the 26th the greatest 6-hourly increments of rainfall were 
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recorded for the entire basin. Instability showers continued for some 

time in the unstable cold air but, as usual, tb.e definite shift to 1:vest­

erly 1'1inds ended the storm. 

96. The rainfall records (Tables 1l~, 15, and 16) and river stages 

clearly indicate. concentration of precipitation the west slope of 

the Sierras in this storm. The Feather, Yuba, and particularly the 

A:rr:erican o.rainage systems contributed heavily to the flooding of the 

lower Sacramento River. The isohyetal peak at Kennett, common to most of 

the other storms and to the N. S.P., \'las missing in this storm. The cold 

air at lo1'11' levels in the basin, especially the northern portion., was 

partly responsible for this.departure. It preventecl the north~.rard 

deflection bf lo~r level air .from the south and its subsequent convergence 

and lifting in the landlocked northern end of the valley. The usual 

circumstances in the Sacramento storm type have been described in the 

first section of this chapter. In March 1928, with a quasi-stationary 

front across the basin, the lo\v-level "rinds to the north of. the front 

1,vere · actually northerly whereas in the usual storm they 1.<rould have a 

southerly component. In addition, as has already been noted, the south­

west winds were seldom as strong in this storm as in some of the others 

studied. Also acting. to prevent the heavier rains in the upper portion 

of the basin and producing a concentration along Sierras was the 

anticyclonic deflection of the overrunning moist air (22, pp. 112-114). 

97. SnOinr melt contributed very little to the runoff in this floocl .• 

According to Taylor (95), 11 at no time during the 1rJ'aters ''~as there 

any sno\v on the flanks of the mountains, cmd that on the ground '~Pras con­

fined to the e~;:treme altit,~des, 1.<rb.ere there was much less than usually 
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has accumulated at this season of the year.u 

98. Before ending the discussion of the March 1928 storm it is 

well to point out that it illustrates another fe~.ture of the Sacramento 

storm type. Those acquainted with previous reports of the Hydrometeoro-

logical Section should 'be struck by the resemblance between the chief . 

synoptic feature of the March 1928 storm and the chief feature of many 

other major storms that have occurred elsewhere in the country; In par-

ticular, a comparison can be made of the p.m. map for· March 23, 1928 

(Figure 91) with the maps for March 24-26, 1913, reproduced in ,the 

Pittsburgh Report (g). The latter was, of course, an Ohio Valley storm, 

but both storms are distinctly the quasi-stationary frontal type. · In the 

Ohio Valley, and in other regions where thEi orographic influence is not 

marked, this type produces a definite and recognizable isohyetalpattern. 

The isohyet13 are elongated ellipses with their majoraxes parallel to the 

mean position of the front. In the case of the Sacramento Basin, 

hov,rever, the occurrence of the quasi-stationary front does not produce 

its characteristic pattern. The general isohyetal pattern of the March 

1928 storm is the pattern of all the other Sacramento storms. . In this 

'"' storm, as in all the others, it is the basin that produces the isohyetal 

pattern -'-- which is a variant· of the N.S.P. map. 

99· Storm of "December 29, 1913, .to January 3, 1914. In its 

general meteorological aspects this storm was similar to the February 

1940 storm. The number of days in the storm period was six in each case. 

The number of fronts 1ii/as four ih this storm and five in 1940, which 

accounts in part for the-difference in total storm rainfall. The 

patterns of frontal and cyclonic systems were markedly similar, 
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although an analysis of the few ship reports available indicates that the 

cyclonic centers were approximately 5° farthernorth in the 1913-14 storm 

than in 1940. This greater distance betwE>en the 'basin and the Low 

centers resulted in lmver average gradient '\i!Jinds over the critical area 

and alsc in a north1nrard displacement of the warm sectors of the cyclones 

which, on one or two days during the storm, were far enough north to per­

mit an ingress of tropical air at +,he surface. 

100. An examination of Tables lS and 19 reveals that the total 

storm rainfall, although smaller, wa.s distributed. in much the same manner 

as in Februa'ry 1940. Figures for percentage of N. S .P. of the maximum 72-

hour rainfall (Tables 5 and 17) follov.r much the same pattern, z.one 'by 

zone, for the two storms. In only two of the zones did the 1913-14 storm 

exceed that of 1940. Prior tc the general, heavy rains of the storm 

period there had been widespread precipitation of moderate intensity over 

northern California from about the 20th to the 25th of December, followed 

by widely scattered. small amounts of rainfall on the 27th and 2Sth. It 

is reasonable to suppose then that the ground over the drainage.'basin 

was nea:r.ly saturated and, with river stages at relatively high levels, 

conditions were favorable for high runoff and resultant flood stages 

during the. storm period. The snow mantle had been increased during the 

period December 20 to 25. Records indicate an accumulation of snow at 

elevations somewhat below 5000 feet in the southeastern portion of the 

'basin and at considerably lower elevations in the northern end of the 

drainage system where McCloud (3270 ft.) reported a depth on the ground 

of 23 inches on the 29th. This sno1nr cover at McCloud decreased to 5 

inches during the st.orm period and at Emigrant Gap ( 5230 ft.) a snow 
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depth of 46 inches on the 29th decreased to 9 inches. by January L. The 

records show tha.t even at Summit (7017 ft.) in Placer County there was a 

marked. diminution of the cover during the height of the ·storm. A depth 

of 101 inches was reported on December 30, and 80 inches on December .31 

and Ja:nuary 1. The observer's notes indicate that rain fell on the 31st. 

101. Storm of January 23-31, 1911. This 111as a minor storm in 

comparison with others studied. It was not critical for the basin as a 

whole. The hea;,;:iest rainfall and flood conditions were confined to the 

southeastern portion. Two tables of precipitation data (Tables 20 and 

21) are reproduced and .both are limited to the southern zones. Although 

total storm'rainfall was high for these zones, the 72-hour amounts were 

relatively light, as shown by percentage of the mean seasonal 1'11'hich in 

this storm FJ,veraged considerably below other storms in t:b.is series. On 

account. of the limited area of critical rainfall there is no table of 

accumulated precipitation by combined zones. 

102. Storm of January 12-16, 1909. The month. of January 1909 was 

one of almost continuous rain in California, the average precipitation 

for the state being 6 inches above the normal of 10.17 inches. The 

interval January 12-16 was selected for study, not because the flood 

rains had so definite a beginning or ending, but rather because the high­

est stages on the Sacramento River were reached during· that period. The 

rainfall for the five days ranged from 20 to 40 per cent of the monthly 

total. 

103. Both in rainfall values and principal synoptic features the 

storm ranks bet\'1/"een the 1940 and the 1929. Just as in the others, its 

opening phase was characteri by the co],d continental High extending 
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in an arc from the Gulf of Mexico to Alaska and 'then, as in 1929, bulging 

south\vard over the Pacific. In the orientation of the polar front and 

the number of systems on it' the 1909 storm most closely resembles the 

1929 pattern, with the important difference that .the front is farther 

· south and the occlusions on it more intense. The warm Pacific High was 

naturally farther southeast. As a result of such a displacement the 

•11 tip 11 of each occlusion (i.e., the apex of each occluding 'ltJarm sector) 

generally passed a short distance south of the basin. The successive 

passage of such crests, which are areas of maxiilTUlll convergence and 

accompanied by the usual moist tongue aloft, made the concentrati<J.n of 

rainfall greatest over the southern part of the critical area, particu-

lady in such a basin as the Americ~n. · In this item the storm differed 

from the 1929 storm, 'irvhich had an exceptional peak at Kennett in the 

north.· An additional factor causing the 1909 distribution was the south-

waro_ displacement, along vlith the other synopt~c features, of the 

Canadian pdrtion of the continental High. · Extremely .cold air flowed 

southward into Washington and Oregon and appeared, though modified, in 
' 

northern California with northerly winds, as in the 1928 storm 'Which also 

lacked the northern isohyetal peak. 

104. At the beginning of the storm period.a belt of low pressure 

lay approximately along the 40th parallel, extending from Colorado west-

ward into mid-'-Pacific. Within this belt there were t\'1fO cyclonic centers, 

each associated with an occlusion on the polar front which lay along the 

30th parallel. A developing wave appeared southwest of the second 

cyclonic center. By the morning of January 13 both occlusions had passed 

east,,ard beyond the basin and .the wave, having deepened rapidly ard 
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re.~:tched the occluding stage., was moving northeast,oTard toward the l?u.get 

Sound region. The following 24 hours saw increasing southwesterly winds 

across the basin as this third system reached its maximum intensity and 

the occlusion approached the coast. Rainfall climinished in intensity for 

a time after the occluded front had crossed the basin and caused a slight 

veering of the winds, but resumed its greater rate during the evening of 

the 14th as the winds backed slightly and increased in speed with the 

approach of still another frontal system •. This time the Low center moved 

inlard even farther north than its predecessor. The front, oriented 

northeast-southwest, crossed northern .California during the night. of the 

15th and early morning of the 16th. The winds veered sharply and brought 

the familiar cessation of continuous torrential rains. Frontal activity 

continued for some days after the 16th but, at least for several succeed-

days, rainfall was lighter because the polar front gradually moved 

farther north and the air following each cyclonic disturbance had not 

been carried.southward far enough to attain maximum moisture content. 

105. Snowfall r~cords from Emigrant Gap (ebvation 5230 :ft.) indi­

cate on .January 11 an accumulation of 10 inches which disappeared com­

pletely by. the 15th. Summit (7017 ft.) reported an accUmulation of 121 

inches on the 11th which increased to 127 inches on.January 14 and fell 

to 89 inches by the 17th. These.records, coupled with a knowledge of 

temperature conditions (average of 5 degrees above norinal from .January 11 

to 17 for six stations selected at random) indicate a large contribution 

of snow melt to the storm runoff. The precipitation values are given in 

Tables 22, 23, and 24. 

106. Storm of March 16 to 20, 1907. Several prolonged periods of 
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precipitation during January, February, and the early part of March had 

produced some flood stages on the Sacramento and its tributaries. Each 

succeeding storm added considerably to the accumulation of snow in the 

high Sierras above an elevation of about 6000 feet. Most significant was 

the osition onto bare ground of a fresh snow cover down to an 

tion of about 2500 feet during the period from March S to 12. 

depths slowly diminished during the next three days but, when the heavy 

rains set in on the 16th, rapid melting of the fresh snow cover began. 

Outstanding among records examined were those of Deer Creek (3700 ft.) 

and Emigrant Gap (5230 ft.). At the former station a sno"lJlr cover of 29 

inches on the 12th disappeared by the 18th, and at the latter station 49 

inches of snow on the 12th diminished to a trace by the 19th. On the 

basis of available records it can be conservatively estimated that the 

snow line, which was near 2500 feet at the beginning of the storm period, 

receded to an elevation of about 5500 feet the 19th. Nu attempt was 

made to determine the contribution of this snow melt to the runoff for 

the basin because snow depth records are concentrated mainly in the 

American and Yuba systems while little is definitely know~ about 

other portions of the basin. Nevertheless, it is certain that the con-

tribution of snow melt to runoff was far in this stGrm than in 

any of the other storms studied, with the possible exception of the 1861-

62 storm for \,rhich even fewer records are available. 

107. In orientation and position of the major frontal system the 

1907 storm resembled the storm of March 1928. On March polar 

front moved southeastward across the coastal states and by the morning of 

the 16th had become practically stationary across California near the 
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southern end of the San Joaquin Valley. Rain began on the 16th as 

tropical Pacific air overran the cooler air nor·lih of the front. Three . 
\vave cyclones moved across the Sacramento the 

evening of the 16th and the night of the 19th. As each partiy occluded 

wave crossed the basin the frontal rains augmented the continuing oro-

graphic rainfall, peaks in intensity. With the approach of 

each cyclonic center the tropical air moved into the southern end 

of the Sacramento and with the passage of the ~>ras replaced 

by modified polar air which had traveled southward to about 30° latitude 

before returning as a southwesterly wind behind the wave. In 

this storm a considerable amount of rain fell from Pacific air, 

although maximum rainfall intensities occurred whenever the modified 

polar Pacific air the occluding waves across the basin. 

lOS. According to Scarr (86), this period ofheavy rainfall 

ll was accompanied unusually warm \vea ther, at the higher 

altitudes, causing melting of the soft snow and a runoff probably 

-
All previous er records were surpassed at all points on the 

Feather, Yuba, and Eear Rivers, also at all points on the Sacramento 

River, except Red Bluff and Sacramento •..• Undoubtedly this flood was 

the greatest since the lowlands of the Sacramento and San Joaq.uin Valleys 

have been reclaimed to any considerable extent. It is probable that the 

volume of 1vater di v>Tas equal to if not er than that of 1862, 

referred to as the t flood'. 11 The storm's rainfall values are given 

in Tables 25, 26, and 

109.' During storm period 
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phenomenal amounts of rain fell over much of the Sacramento Basin. The 

stations reporting the largest amounts were: Mine 38.13, Magalia 

35.29, Stirling City 33.32, La Porte 29.32, Fordyce Dam 28.08, Pilot 

Creek 27.56, and Creek .06 inches. These are totals for the 

entire storm period which, it can be seen, ~oras uncommonly long. The 72;... 

hour maxinmm depth 1s percentage of N.S.P. was only 15.6 for the total 

basin (Table 28). Only the March 1928 storm has a lower corresponding 

value. 

110. Prior to the storm period the season had been unusually 

and cold ancl conditions were not favorable for. rapid runoff~ In addi-

tion, above the 5000-foot level, most of the storm precipitation occurre.d 

in the form of sno\,J. In the American Basin, from January 10 to 19 the 

2no\v depth increased from 23 inches to 157 inches at Smmnit (7017 ft.) 

but at Blue Canyon (4695 ft.) it increased from 5 to 12 inches and then 

decreased to 2 inches. At Fordyce Dam ( 6500 ft.), in the Yuba, it 

increased from 31 to 99 inches and from 28.5 to 4o inches at La Porte 

(5000 ft.), also in the. Yuba. The antecedent conditions, the small con­

tribution from melting snow, and the storm nnow.fall at the higher eleva­

tions prevented more than moderate flooding of the basin. 

111. Because of the scarcity of oceanic and Canadian observations 

the meteorological pattern of this storm is not too clearly defined. The. 

usual cold anticyclone in the central states 111as evident in the early 

stages. It is also apparent that during most of the storm period the 

persistence of a lm.v pressure center of varying intensity off the Wash­

ington.coast governed the circulation over the coastal states. The air 

generally flowing over northern California 1vas moist unstable polar air 
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which had assumed tropical characteristics and its direction was predomi­

nantly s outhtr1esterly. 

112. From the llth through the 16th three periods of extended 

light to moderate precipitation preceded frontal passages on the 

of the 12th, the evening of the 13th, and the morning of the 16th. 

Precipitation started well in advance of each of the fronts but, as usual, 

was heaviest for several hours just prior to the frontal passage due to 

increased transport and convergence of thy moist unstable air. At each 

passage the wind shifted to a more westerly direction and, as in the 

other storms, the precipitation ceased temporarily except for light 

amounts due to the orographic lifting over some of the high regions. 

the 17th and 18th a wave on the front which then lay south1r.rest of 

the Sacramento Basin developed into a major cyclonic The pres-

sure gradient over the basin steepened considerably and '1\rith the usual 

results 5 to 10 inches of precipitation in 24 hours over the western 

slopes of the Sierra Nevada Mountains. 

tained in Tables , 29, and The rain 

increments by zone are con­

ad ended on the morning of 

January with the passage of a well-marked cold front and the invasion 

of the area by cold air that. re-established the Pacific 

113. Storms of January 1862. In the preceding chapter an account 

was given of the rains of the winter of 1861-62~ In this section an 

attempt is made to reconstruct the meteorological pattern of the January 

storms 1r1hich v,rere responsible for the hig..'llest s observed at Sacra-

menta up to that date. Meteorological data were, of course, extremely 

limited. Tridaily observations 1..rere available from California 

stations, located from San Francisco northward, and operated the 
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Smithsonian Institution and the Surgeon General's Office. Supi>lementary 

information was obtained from accounts of travelers through the 

to Basin and from histories of the period. From these meager clues it is 

possible to infer certain broad features of the meteorological situation. 

114. On January 5, 1862, the polar front was located some distance 

south of San Francisco, extending east-northeastward and westward as a 

~nasi-stationary front much like the one in the March 1928 storm (see 

]'igures 91 and 92). The important differences between the two storms are 

'that in 1862 the front V>ras farther south and the temperatures north of 

it, particularly in the Sacramento Basin, were lol}Ter. Bet\!lreen 

and 7, 1862, wave action on the quasi- front caused rain near 

Sacramento and snow to moderate depths but a short distance northward. 

By the 7th a cyclone had developed on the front over the Pacific. 

As a result there was increased over;running of moist air northeashrard. 

Warm rains and rising temperatures occurred over the basin as the 

front east of the new cyclone receded north\!lrard in advance of the 

5 

cyclone Is northeastl'l!ard progress. This final sequence also bears a close 

resemblance to the final stages of the March storm (Figures 91 to 

93). 

115. As in the 1928 storm, there is little evidence of a strong 

southwesterly current except in the latter of the final cyclonic 

development. In both storms the quasi-stationary frontal pattern is 

sharp enough to induce northerly winds in the cold air in t~e valley, 

always an unusual circumstance. The most important conclusion to be 

dra-wn from the 1862 sequence of events is the possibility of rapid 

transition from s snow cover over most of the basin-- with the 
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concomitant of saturated or frozen soil to warm, heavy rains. Follo11r-

ing stages already ban._kful, such a combination of events vdll naturally 

produce an extreme flood. 

116. By the morning of January 

invaded the basin. The front vJas 

stable air P~d again 

displaced southward and, so 

far as can be determined, the frontal and cyclonic pattern of the earlier 

storm repeated -- at least bet,.,een the 

snowfall information is available. 

and 17th. For this period no 

as late as 29, a 

snov,rfall of three inches in 18 hours was recorded at Sacramento. Up to 

that date there l!Jas no definite cessation of either precipitation or 

flooding. 
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TAJ3LE 5 

SACRAMENTO :BASIN STUDY 

.MAXIlVIUlVI VALUES 

) N. S.P. ( 
hrs. 

6 12 18 24 48 72 96 120 N.S.P. , P.S~T.) 

A 1.9· 3·3 4.7 4.9 7.4 9-3 10.3 10.5 10.8 35.4 ·5 
]3 0.8 1.5 2.0 2.3 3-1 3.8 4.1 4.6 4.7 20.7 19.8 
02 1.1 2.0 2.8 3-8 4.9 5-7 7-6 8.8 9.4 49.6 ·3 
D 1.6 2.8 4.2 5.4 6.7 7-6 9.8 10.8 11.6 .8 18.9 
E 1.9 3·7 4.8 s.o 6.S 8.4 9.0 9-5 9-5 .6 .2 

00. F 2.5 4.7 6.4 7-5 10.4 12.3 14.2 15-7 16.7 59.6 .8 
'vi G 2.3 4.1 5.6 7-0 9-7 12.1 14.5 15.8 16.6 71 20.3 

J 1.3 2.0 3·0 3.8 5-5 6.6 8.3 8.6 9.0 33-2 .o 
K 2.8 4.4 5-5 5-7 8.8 10.2 10.8 11.6 11.8 49.7 21.1 
L 0.9 1.7 2.4 2.5 3·8 4.6 4.9 5-3 5.4 27.4 ' 17-5 
M 1.3 2.4 3-3 3.8 5.6. 6.7 7·5 8.2 8.8 43.8 17.1 
N 2.4. 4.0 5.6 5-9 8.9 10.8 12.2 13.4 14.4 63·7 18.7 
p 0.7 1.3 1.6 1.7 2.7 3-1 3-5 3·7 4.0 22.9 15-3 

1.6 3-1 4.1 5.2 .0 8.4 11.0 12.3 13.2 57.8 19.0 
1.5 2.5 3-6 4.6 5 8.1 10.0 10.7 11.1 43.9 22.8 
1.3 2.1 2.8 3.0 4.9 5.8 6.4 6.9 i.4 .6 .9 
1.1 2.0 2.8 3.4 5-1 6.4 7-4 7-9 8.4 .1 19.9 

Max. Period 

(P. S. T.) 
M/26 6A/27 6A/27 6P/27 6A/28 6A/29 M/28 N/29 

* Applicable only to the total basin. 



TABLE 6 

SACRlU~ENTO BASIN STUDY 

ACC~IDLATED PRECIPITATION EY ZONES 

February 24-29, 1940 Storm 
(6-Hour Periods) 

Zone A E 02 D E F G J K L M N p 

Period 
Ending 

(P.S.T.) 

N/24 0 0 0 0 0 0 0 0 0 0 0 0.2 0 
6P/24 0.1 0 0 0 0.2 0 0 0 0.3 0.1 0.1 0.8 0.2 

M/24 0.3 0.1 0.1 0 0.4 0.3 0.2 0 0.5 0.3 0.3 1.3 0.3 
<Xl 6A/25 0.3 0.3 0.5 0.5 0.5 0.9 0.7 0.2 0.7 0.3 0.6 0.3 ..):::"" 1.5 

N/25 0.4 0.5 1.3 1.1 0.5 1.3 1.2 o.4 1.0 0.6 0.7 1.9 0.5 
6P/25 0.4 0.6 1.5 1.2 0.7 1.6 1.6 0.5 1.1 0.6 0.9 2.0 0.5 
M/25 0.4 0.6 1.6 1.4 0.7 1.8 1.7 0.5 1.2 0.6 1.0 2.1 0.5 

6A/26 0.7 0.6 1.7 1.5 0.9 2.4 2.0 0.6 1.3 0.6 1.3 . 2.5 0.5 
N/26 1.5 0.9 2.0 2.0 1.4 3·5 3-2 1.3 1.6 0.7 1.7 3.0 0.6 

6P/26 2.6 1.4 2.8 2.8 2.5 5.2 4.7 1.8 3·4 1.5 2.8 4.4 1.2 
lVl/26 4.1 2.1 3.8 4.0 3-9 7-7 6.5 2.4 5-2 2.3 4.1 6.5 1.9 

6A/27 5.1 2.9 4.8 5.6 4.5 9.9 8.8 3-7 5.8 2.7 5.0 7.4 2.2 
N/27 5-3 3.1 5-5 6.6 4.5 10.9 9.9 4.4 6.0 2.8 5-5 7-7 2.3 

6P/27 6.7 3-7 6.6 .. 8.2 5.6 12.4 11.7 5.4 7.6 3-6 6.3 9-3 2.6 
M/27 8.6 3-8 6.8 8.5 7-5 13.9 12.8 6.2 10.4 4.5 7-3 11.7 3·3 

6A/28 10.0 4.4 7.4 8.9 9-3 14.7 14.1 7-2 11.5 5.2 8.0 13-3 3.6 
N/28 10.1 4.4 7-7 9.6 9.5 15.2 15.0 7-9 11.6 5-3 8.2 13-3 3·6 

6P/28 10.3 4.5 8.1 9.8 9-5 15.3 15.3 8.1 11.7 5-3 8.3 14.2 3·7 
M/28 10.7 4.7 8.8 10.6 9-5 15.8 15.7 8.4 11.8 5.4 8.5 14.3 4.0 

6A/29 10.8 4.7 9-3 11.3 9-5 16.6 16.5 8.9 11.8 5.4 8.8 14.4 4.0 
N/29 10.8 4.7 9.4 11.6 9-5 . 16.7 16.6 9.0 11.8 5.4 8.8 14.4 4.0 



TABLE 7 

SACRAMENTO :BASIN STUTIY 

ACCUMULATED PRECIPITATION :BY COMBINED ZONES 

February , 1940 Storm 

Periods) 

Period Yuba 
Ending (HC1) . 

(P.S.T.) ( KLJ.'\lNP ) 

N/24 0 0 0 0 
6P/24 0 0 0.3 0.1 

M/24 0.1 0.1 0.5 0.3 
6A/25 0.7 0.3 0.6 0.5 
N/25 1.4 0.6 0.8 0.8 

6P/25 1.7 0.8 0.9 0.9 
Ivl/25 1.9 0.8 0.9 0.9 

6Aj26 2.0 1.0 1.1 1.0 
N/26 2.8 1.8 1 1.5 

6P/26 3.8 2.6 2.2 2.3 
M/26 5-3 3·6 3·4 .4 

6t/27 6.9 5.1 3-9 3 
N/27 7-4 5·9 4.1 4.7 

6P/27 9.0 7-2 4.9 5·7 
"'r:I/27 9.8 8.0 6.2 6.6 

6.Aj28 10.4 9.1 6.9 7.4 
N/28 10.7 9-9 6.9 7-6 

6P/2S 11.4 10.1 7-2 7.8 
M/28 12.3 10.4 7· 8.2 

6.A/29 13.0 11.0 '( 8.4 
N/29 13.2 11.1 7-4 8.4 



TABLE 8 

SACRAMENTO BASIN STUDY 

¥illXIMLn~ DURATION-DEPTH VALUES 

December 1937 Storm 
Percentage 

(Durati ) N.S.P. (72 
hrs. ending 

6 12 18 36 48 96 N. S .P. 6A/12, P.S.T.) 

A 2.7 4.2 5-9 7-4 10.0 11.1 11.5 11.5 35-4 
::B 0.8 1.5 1.7 2.3 3-2 3·9 4.2 4.2 20.7 .8 
02 1.4 2.6 3·8 L~. 2 6.3 7 8.4 8.4 .6 15!7 
D 1.9 3-6 5.0 5.6 ~L3 10.5 11.5 11.6 .3 21.4 
E 1.7 3·4 3.8 5.0 6.8 9.0 -5 9-5 31.6 29.8 

m. F 2.7 5.4 6.4 7·3 11.5 14.1 -9 15.0 59.6 .0 m 
l G 2.9 5.0 6.3 8.3 12.9 15.4 16.7 16.8 71.3 ·3 

J 1.3 2.5 3·8 4.6 6.3 8.0 8.7 8.7 .2 .2 
K 1.6 2.9 4.1 5.2 6.9 3.2 8.9 8.9 -7 -7 
L 1.5 2~4 3-1 3·7 5-2 6.0 6.1 6.1 27.4 22.3 
M 2.7 4.6 6.2 8.1 10.8 12.2 12.7 12.7 43.8 29.0 
N 2.0 3·7 5-5 7.0 9.1 . 10.8 11.3 11.7 63.7 18.0 
p 1.2 2.1 3-1 4.2 5.4 6.0 6.2 6.2 22.9 26.2 

1.9 3-9 6 5-7 8.7 10.4 11.3 11.4 .8 .o 
GJ 1.6 3.1 4.5 5.4 8.2 10.0 10.8 11.0 .9 6 

KLlVlNP 1.3 2.5 3·6 4.8 6.8 7.8 8.1 8.2 31.6 25.6 
Total . 1.3 2.4 3·5 4.6 6.8 7.9 8.5 8.6 37-1 22.9 

Vlax. Period. 
N/10 N/10 N/10 6A/l1 6A/ll N/11 6A/12 N/12 

*Applicable to the total basin. 



TABLE 9 

SACRAMENTO :BASIN STUDY 

ACCUMULATED PRECIPITATION BY ZONES 

Zona A J3 c, D E F G J K L lvi N p 

od 
Ending 

(P. S. T. ) 

6A/9 0 0 0 0 0 0 0.1 0.1 0 0 0 0.2 0 
N/9 0.1 0.2 0.1 0.1 0.7 0.1 0.4 0.4 0.5 0.3 0.4 0.7 0 

6P/9 0.9 0.7 0.4 0.5 2.2 l.O 1.5 1.2 1.4 0.3 1.2 2.0 0.2 
M/9 2.3 1~1 1.6 1.9 2.3 3·7 4.0 2.5 2.5 1.5 2.9 3-5 l.O 

I 6A/10 3-5 1.6 }.0 3·3 4.0 6.4 6.5 3-7 3·7 2.4 4.3 5-3 1.4 
N/10 5-2 2. 4.2 5-5 5-2 7-4 8.3 5.0 5.0 3-9 6.4 7-0 2.5 

6P/10 6.7 2 4.6 6.1 5.6 8.0 9.3 5·8 6.6 4.5 3.3 9.0 3·5 
M/10 9.4 3-1 5-7 7.0 7-3 9-9 11.5 6.6 7.4 5.2 11.0 9.3 4.4 

6A/11 10.9 3-9 6.7 3.9 9.0 12.5 14.4 7-5 8.2 6.0 12.0 11.0 5·6 
JI/11 11.2 4.1 7 .f) 10.3 9.1 .2 15.3 8.4 8.7 6.1 12.6 11.4 6.0 

6P/11 11.2 4.1 7.3 11.0 9.1 14.6 16.3 8.6 3.8 6.1 12.6 11.5 6.0 
M/11 11.5 4.1 7-3 11.1 9.4 14.9 16.6 8.7 3.8 6.1 12.7 11.5 6.0 

6A/12 11.5 4.2 '8.4 11.5 9-5 14.9 16.3 8.7 8.9 6.1 12.7 11.6 6.0 
N/12 11.5 4.2 3.4 11.6 9-5 .0 16.3 8.7 El-9 6.1 12.7 11.7 6.2 



TA:BLE 10 

SAC~illNTO BASIN STUDY 

PRECIPITATION BY COwffiil{ED ZONES 

December 
' 

Storm 
(6-Hour Periods) 

Period Upper Entire 
Ending ( GJ) Sac. Easin 

(P.S.T.) ( KLlViliiP ) 

6A/9 0 0.1 0 0 
N/9 0.2 0.4 0.3 0_.3 

6P/9 O.B 1.2 1.0 0.9 
M/9 2.6 2.8 1.9 2.0 

6A/10 4.5 3 3·0 3-1 
N/10 5.4 5-7 4~2 4.4 

6P/10 6.5 6.6 5-5 5.4 
M/10 7-9 7.3 6.7 6.4 

6A/ll 9.5 9.4 7.8 7-7 
N/11 10.6 10.4 3.1 3.2 

6P/11 10.7 10 6.1 8.4 
M/11 11.0 10.6 3.1 3.4 

\ 6Aj12 11.3 10.9 6.1 3.5 
N/12 11.4 11.0 8.2 8.6 



TABLE ll 

SACRNvffiNTO BASIN STUDY 

V~I~~I DURATION-DEPTH VALUES 

December 1929 Storm 
Percentage 

(Duration-~Hours) N.S.P. (72 
hrs .. ending 

6 12 18 24 36 48 72 96 120 N. S .P. 6A/l2, P.S.T.) 

A 1.6 1.9 2.8 3·2 4.2 4.5 6.2 7-2 15.3 35.4 17-5 
B l.O 1.2 1.4 1.7 2.4 2.5 3·0 4.0 4.4 20.7 12.6 . 
02 1.6 2.7 3-3 3·6 5.6 5.6 7·6 9-7 11.3 49.6 13.9 
D 1.6 2.8 3-3 3·8 5-l 9.8 7.8 10.1 11.6 51.8 13-3 
E 1.6 2.0 2.4 2.6 3-l 3-2 5·0 5.15 6.15 31.6 15.8 
F 2.1 3-9 4.8 5.6 7-7 15.5 13.2 15.4 16.7 59.6 22.1 

OQ 
1...0 G 3-2 5.6 6.8 7.4 9.0 10.3 15.4 19.1 21.3 71.3 21.6 

J 1.5 2.6 3.0 3.15 4.6 5-7 15.7 10.2 11.9 33-2 26.2 
K 1.5 2.3 3-0 3·3 3.6 4.4 7-l 8.2 9.1 49.7 14.3 
1 0.15 l.O 1.2 1.4 2.1 2.4 3·0 3·5 4.1 27.4 ll.O 
M 0.9 1.6 2.3 2.7 4.1 4.4 6.2 7-3 9.0 43.15 14.2 
N 2.5 3-5 4.5 4.15 5.15 7.1 10.3 12.6 13-9 63-7 16.2 
p 0.5 0.7 1.0 1.2 1.5 1.7 2.2 2.6 2.9 22.9 9.2 

HC1 2.4 4.1 5.0 5.8 15.4 9.9 11.2 14.3 16.3 57.8 18.5 
GJ 1.15 3-4 4.1 4.7 5.8 6.7 10.6 12.9 14.5 43.9 24.1 

KLMNP 0.8 1.2 1.7 2.0 2.4 2.7 4.7 5-4 6.2 31.6 14.9 
Total l.l 1.6 2.1 2.6 3.4 4.0 5-9 7.1 8.2 37-l 15.9 

Max. Period 
Ending* lVI/ll 

(P. S. T.) 
6A/l2 6A/10 6AjlO 6AjlO 6Pj10 6A/l2 6A/l2 6A/l3 

* Applicable only to the total basin. 





TABLE 12 ( . ) 

Zone A B 02 D E F G J K L M N p 

Period 
Ending 

(P.S.T.) 

6P/13 7.8 3·9 11.3 11.6 6.0 16.9 21.6 11.9 9-3 3·6 8.2 14.1 2.9 
M/13 8.1 3-9 11.3 11.6 6.0 16.9 21.6 11.9 9 3.6 8.2 1 2.9 

6A/14 8.8 4.0 11.4 11.7 6.4 .9 21.6 12.0 10.1 4.0 8.5 -7 3·0 
N/14 9.2 4.5 11.4 11.7 8.0 17.8 .4 12.3 11.1 4.6 9.4 .1 3-2 

6P/14 10.1 4.8 11.5 11.7 8.2 19.6 25-5 13.2 11.5 4.7 10.0 .8 3~4 
M/14 10.4 5.0 11.5 11.7 S.6 21.1 26.4 13.6 11.6 5.0 10.8 .s 3-5 

6A/15 12.0 5.2 11.5 11.7 s.s 21.5 27.0 }J.9 12.1 5-3 11.1 17.6 3.8 
N/15 12.2 6.2 11.9 12.1 9.1 22.9 26.6 14.3 12.9 5-7 12.0 19.0 4.1 

6P/15 12 6.4 12.7 .0 9.2 .6 30.0 14.8 .2 5-9 12.6 .6 4.2 
I M/15 12.3 6.4 12.8 .2 9.2 23-7 30.2 14.9 6.0 12.6 19.7 4.5 

6A/16 12.3 6.4 12.8 .2 9.4 ·1 30.2 14.9 6.0 12.6 .8 4.6 
N/16 12.3 6.4 12.8 .2 9.4 23.7 30.2. 14.9 6.0 12.6 .6 4.6 

6P/16 12.3 6.4 12.8 .2 9.4 23-7 30.2 14.9 6.0 12.6 .8 4.6 
M/16 12.4 6.4 12.8 .2 9.4 23-7 30.2 14.9 6.0 . 12.6 .6 4.7 



TABLE 13 

SACRAMENTO EASIN 

ACCuMULATED PRECIPITATION EY COMBINED .Z01lliS 

December 8-16, 1929 Storm . 

(6-Hour Periods) 

Period Yuba Feather Upper Entire 
Ending (HC1) ( G-J) Sac. Easin 

(P. S. T.) (KIMNP) 

6A/8 0 0.1 0" 0 
N/8 0.1 0.4 0.3 0.3 

6P/8 o.s 0.5 0.4 o.4 
rJI/8 1.6 1.5 0.6 0.9 

6A/9 3·4 1.7 0.7 1.2 
N/9 4.2 2.2 1.3 1.7 

6P/9 5.0 4.0 L9 2.4 
M/9 6.7 5.6 2.4 3.2 

6A/10 9.1 6.3 2.7 3·8 
Nj,lO 10.0 6.9 2.9 4.2 

6P'/10 10.2 7.2 3.1 4.4 
M/10 10,3 7·7 3·2 4.5 

6A/ll 10.7 8.5 3·4 4.8 
Njll 10.7 9.0 3.8 5.1 

6P/ll ll.O 9.6 4.2 5.5 
H/ll 12.8 11.4 5.0 6.6 

6Aj12 14.1 12.3 5.4 7.1 
N/12 .4 12.5 5.6 7.2 

6P/12 14.6 12.5 5.6 7-3 
M/12 .8 13.7 5.8 7.8 

6A/13 ·3 14.6 6.2 8.2 
N/13 16.4 14.6 6.3 8.2 

6P/13 .4 14.6 6.3 8.2 
M/13 16.4 14.6 6.3 8.2 

6A/14 16.4 14.7 6.6 8.5 
N/14 .4 15.4 7·3 9.0 

6P/14 .1 16.6 7·6 9·5 
N/14 ·3 17.2 7·8. 9.8 

6A/15 17.4 17.6 8.3 10.1 
N/15 ·3 18.4 8.9 .10.8 

6P/15 ·3 19.0 9.2 11.2 
M/15 .6 19.2 9.3 11.3 

6A/16 .6 19.2 9.4 11.4 
N/16 19.6 19.2 9.4 11.4 

6P/16 .6 19.2 9.4 n.4 
M/16 .6 19.2 9.4 11.4 
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SAC~lliNTO BASIN STDJ)Y 

MAXIl.VIUM DUBATION~DEPTH VALUES 

Storm 
Percentage 

(Duration--Hours) N. S.P. (72 
hrs. ending 

6 12 13 24 36 48 72 96 120 N. S .P. 6P I 26' p . s. T. ) 

A 1.4 1.3 1.9 2.2 2.6 3-2 4.2 5-3 6.1 35.4 11.3 
] 0.6 1.0 1.3 1.5 1.9 2.1 2.5 2.9 3-5 20.7 7-7 
02 2.6 3·3 3-9 4.1 5-7 7.0 9.1 10.9 12.5 49.6 17-7 
D 2.7 3-6 4.4 4.8 6.2 7-3 9.9 12.1 ·7 .8 16.3 
E 1.9 2.2 2.2 2.5 2.8 3·5 4.0 5.2 5-7 6 12.7 
F 2.0 2.5 2.9 3-7 5.4 6.8 8.9 11.7 13-3 59.6 14.1 
G 2.3 3-3 4.3 4.8 6.6 8.4 11.1 15.2 .6 71.3 15.6 
J 1.2 1.9 2.4 2.6 3-5 4.5 5.8 6.9 8.0 33-2 . 16.6 
K 1.2 1.6 1.7 2.4 2.9 3-4 4.2 5.0 6.0 49.7 8.4 
L 0.8 0.9 0.9 1.2 1.5 1.7 2.5 3.2 3-9 27.4 9.1 
M 1.8 2.3 2.4 3·0 L!-.3 5·3 6.6 8.3 9.5 43.8 15.1 
N 1.9 2.3 2.4 4.2 4.6 5-3 5-7 7.8 9.2 63.7 8.9 
p 1.5 1.8 1.9 2.0 2.6 2.7 3-4 3-9 4.5 22.9 14.0 

HC 1.9 3-2 4.1 4.3 6.1 8.4 10.8 13.5 15.2 .8 17.1 
GJl 1.5 2.2 2.8 3·0 4.4 5.6 J.l 9.2 10.7 .9 16.2 

KLMNP 1.4 1.7 1.9 2.4 3·0 3.4 4.1 5.1 ·6.0 .6 13.0 
Total 1.2 1.5 1.8 2.1 2.9 3-8 5-l 6.6 7.4 .1 13-7 

Max. Period 
Ending* 6P/26 M/26 6Pj26 M/26 6P/26 M/26 M/26 
(P. S. T.) 

* only to the total basin. 



T.AJ3LE 15 
SACRAMENTO BASIN STUDY 

ACCUMULATED PRECIPITATION BY ZONES · 
-

March , 1928 Storm 
(6-Hour Periods) 

A l3 D E F G J. K L M N. p 
·period 
Ending 

(P. S. T.) 

6P/21 0 0 0 0 0 0 0 0 0.1 0.1 0 0.2 0 
M/21 0 0 0 0 0 0 0 0 0.2 0.1 0.2 0.3 0.1 

6Aj22 0.1 0.1 0.1 0.1 0.3 O.J 0.5 0.3 0.7 0.4 0.5 0.9 0.3 
N/22 0.3 0 .. 2 . 0.5 0.3 0.4 1.2 1.3 0.5 1.1 0.8 1.2 1.5 0.5 

6P/22 0.7 0.4 1.2 1.1 0.5 1.5 l. 0.6 1.1 0.8 1.2 1.6 0.5 
M/22 0.8 0.6 . 1.5 1.5 0.5 1.8 2. 1.1 1.2 0.9 1.3 2.0 0.7 

6A/23 1.0 0.8 1.9 1.8 0.6 2.3 2.9 1.3 1.5 1.1 .1.6 2.6 0.8 
. N/23 1.7 1.1 2.5 2.5 1.1 3-2 3·9 1.3 1.5 1.1 2.1 3-2 0.8 

6P/23 . 2 . .0 1.7 3.6 3.8 1.7 4.8 5.8 1.8 1.9 1.5 2.9 3-7 1.1 
M/23 2.0 2.1 4.7 4.8 '1.6 5-5 7-2 2.3 2.1 1.9 3.4 3-9 1.2 

6Aj24 2.0 2 .. 2 4.8 4.9 1.8 5-7 7-5 2.4 2.1 1.9 3.4 3-9 1.2 
N/24 2.0 2.2 5.0 5-2 1.8 5.6 7-7 2.4 2.1 1.9 3.4 3-9 1.2 

6P/24 2.8 2.4 5.6 6.0 2.2 6.4 8.5 2.8 2.7 2.3 4.2 4.1 1.6 
M/24 }.4 2.5 8.2 8.7 2.8 7.6 9.5 3.9 3·2 2.6 5-1 4.8 1.9 

6A/25 3-5 2.6 8.9 9.6 2.9 7.8 10.5 4.3 3·3 2.6 5-2 4.9 2.0 
Nj25 3-5 2.6 9.0 10.0 2.9 8.2 11.0 4.5 3-3 2.6 5.·3 4.9 2.0 

6P/25 3.8 2.6 9.5 10.6 3-2 9-5 12.4 5.2 ·7 2.8 6.5 5-2 2.3 
M/25 4.2 2.7 10.6 11.4 3·5 10.7 .4 5.6 5 3-1 7-2 7-1 2.7 

6A/26 4.2 2.7 10.6 11.4 3-5 10.8 13-7 5.6 4.5 3-1 7-2 7-1 2.7 
N/26 4.6 2.7 11.1 11.7 3.8 11.2 14.6 6.1 4.9 3-2 7-7 7-7 2.8. 

6P/26 6.0 3·3 11.7 12.5 5-7 13.2 16.9 7-3 6.1 4.0 9-5 9.4 4.3 
M/26 6.1 3-5 12.4 13.6 5-7 13-3 .6 8.0 6.2 4.o 9."6 9-5 4.6 

6A/27 6.1 3-5 12.6 13.6 5-7 13-5 .8 8.2 6.2 4.0 9.8 9.5 4.6 
N/27 6.2 3-5 12.6 14.0 5.8 13.5 18.1 8.2 6.2 4.0 9.8 9.6 4.6 

6P/27 6.3 3-5 12.7 1 5.8 ·5 18.1 8.3 6.4 4.1 9-9 9.8 4.8 
.M/27. 6.3 3-5 12.7 .2 5.8 13-5 18.2 8.3 6.4 4.1 9.9 9.8 4.9 
6A/28 6.3 3·5 12.7 14.2 5.8 13.5 18.2 8.3 6.4 4.1 9.9 9.8 4.9 
N/28 6.3 3-5 12.7 14.2 5.8 13.5 18.2 8.3 6.4 4.1 9.9 9.8 4.9 



T.A131E 16 

SACRAMENTO BASIN STUDY 

ACC~WLATED PRECIPITATION BY COMBINED ZONES 

lViarch 21-28, 1928 Storm 

(6-Hour Periods) 

Period Yuba Feather Upper Entire 
Ending (HC1) (GJ) Sac. Basin 

(P. S. T.) (KLMNP) 

6P/21 0 0 0.1 0 
M/21 0 0 0.2 0.1 

6A/22 0.2 0.4 0.5 0.3 
N/22 0.7 0,7 0.8 0.6 

6P/22 1.4 0.9 0.9 0.8 
M/22 1.7 1.5 1.1 0.9 

6A/23 2.1 1.7 1.3 1.4 
N/23 . 3. 2 2.0 1.5 1.7 

6P/23 4.7 2.9 1.9 2.1 
M/23 6.0 3·7 2.2 2.8 

6A/24 6.2 3.8 2.2 2.9 
N/24 6.4 3·9 2.2 2.9 

6P/24 7·3 4.4 2.6 3.4 
M/24 9.2 5·5 3.1 4.1 

6A/25 10.5 6.0 3·2 4.5 
N/25 10.7 6.3' 3-2 4.6 

6P/25 11.6 7-3 3.6 5.1 
M/25 12.5 7.8 4.3 5.6 

6A/26 12.8 7.9 4.3 5-7 
N/26 13.8 8.5 4.6 6.0 

6P/26 14.6 10.0 6.0 7.2 
M/26 15.2 10.7 6.2 7·5 

6A/27 15.4 10.9 6.2 7.6 
N/27 15.6 11.0 6.2 7·7 

6P/27 15.8 11.0 6.4 7.8 
M/27 15.8 11.1 6.4 7-8 

6A/28 15.9 11.1 6.4 7.8 
N/28 15.9 11.1 6.4 7.8 
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BASIN STUDY 

MAXIMUM DURATION-DEPTH VALUES 

1914 Storm 

(Durat ) 
Percentage 
N. S.P. (72 
hrs. ending 

6 12 18 24. 36 48 72 96 120 N.S.P. 6.Aj 2, P. S. T. ) 

A 1.5 . 2.9 3-5 4.2 6.1 6.4 7-0 7-9 8.1 35.4 19.8 
]3 Q.9 1.6 2.0 2.2 :;:.9 3-2 3-8 4.0 . 4.2 20.7 16.4 
02 2.1 3-2 3-9 4.7 6.3 7-2 8.4 9.1 9-5 49.6 16.1 
Il 1.5 3·0 4.1 4.8 7-4 8.0 9.6 10.3 10.8 .8 .4 
E 1.9 3-7 4.7 5.0 5-5 6.4 6.7 7-5 7-7 .6 19-3 

\.() F 3-9 6.0 7-5 8.6 10.6 11.6 6 15-7 1§.9 .6 24.5 m G 3-9 6.1 7-9 9.2 11.3 12.7 .6 17.1 17-5 3 21.9 
J 1.1 2.0 3-1 3.8 4.9 5-5 .6 7-3 7-6 33-2 .9 . 
K 2.5 4.6 6.3 6.5 7.6 7-9 10.2 11.5 11.9 49.7 20.5 
L 1.1 2.1 2.7 2 .. 8 3-3 4 4.2 4.8 5.0 27.4 ·3 
M 2.0 .6 4.1 4.4 5-5 5-9 7-7 8.9 9.2 43.8 1 
N 2.8 9 6.0 6.4 7-5 8.6 10.3 11.7 12.3 6).7 .2 
p 1.2 1.9 2.3 2.3 2.5 2.5 3-7 3-8 3-9 22.9 14.8 

2.6 4.0 5-2 6.1 8.3. 9.2 10.1 11.4 11.7 57.8 17-5 
1.8 3.0 4.2 5-2 6.7 7-5 8.9 10.0 10.4 43.9 20.7 

KLMNP 1.4 2.9 3-5 3·8 4.4 4.7 5-9 6.8 7-d 31.6 18.6 
Total 1.4 2.7 3-3 3-9 5.0 5-5 6.6 7-5 7-7 37-1 17.8 

Max. od 
Ending*· 

(P. S. T.) 
M/30 M/30 _ N/30 6A/31 6P/31 M/31 6A/2 U/2 6A/3 

* Applicable only to the total basin. 



TABLE 13 

SAC~DITNTO BASIN STUDY 

ACCUMULATED PRECIPITATION BY ZONES 

December January 3, 
Periods) 

A B 02 D E F G J K L M N p 

Ending 
(P. S. T.) 

N/29 0.2 0.2 0 0.3 0.6 0.2 0.2 0.2 0.4 0.2 0.3 0.6 0 
6P/29 0.4 0.4 0.4 0.8 1.4 0.8 0.8 0.4 1.1 0.6 1.0 1.3 0.1 
M/29 0.5 0.5 0.5 0.8 1.4 ·0.8 0.9 0.5 1.1 0.6 1.1 1.4 0.1 

1..0 6A/30 0.6 0.6 0.5 0.8 1.4 1.1 1.3 0.6 1.3 0.6 1.2 1.4 0.1 -.! 

N/30 2.1 1.0 0.7 1.0 2.4 2.2 2.6 1.0 3.0 1.6 1.5 2.5 0.1 
6P/30 3-5 1.9 1.4 2.4 4.2 4.3 4.8 1.7 5-5 2.7 3.1 5-3 0.8 
M/30 4.1 2.6 3-5 3.6 6.1 8.2 I:L7 2.8 7.6 3-3 5.1 7.4 2.0 

6A/31 4.8 2.8 4.6 4.3 6.4 9-7 10.5 3-7 7-8 3-4 5.6 7.8 2.4 
N/31 5-7 3-1 5.0 5.4 6.6 10.4 11.3 4.3 l:S.3 3.6 5-9 8.1 2.4 

6P/31 6.7 3-5 6.1 6.9 6.7 11.7 12.6 5-5 8.9 3-9 6.7 8.9 2.6 
M/31 6.9 3-7 7-0 8.4 6. 7 ' 12.4 13.6 ' 5-9 9.0 3-9 7·0 9-7 2.6 

6A/1 7.0 3.8 7-7 8.8 6.7 12.5 13.8 6.1 9.0 3-9 7-0 10.0 2.6 
N/1 7.0 3-8 7-8 9.0 6.7 12.7 14.0 6.2 9.0 3-9 7-0 10.1 2.6 

6P/1 7-1 3-8 7-9 9.0 6.7 13-5 14.9 6.4 9.4 4.1 7-2 10.2 2.7 
M/1 7-3 3-9 8.1 9.0 7·3 15.0 16.2 6.7 10.4 4.4 7-9 10.7 3-1 

6A/2 7.6 4.0 8.5 9.3 7-5 15-7 16.9 7-2 11.5 4.8 8.7 11.7 3·5 
N/2 8.1 4.2 9.1 10.6 7-7 15.9 17-3 7-5 11.8 5.0 9.2 12.2 3·8 

6P/2 8.1 4.2 9.4 10.8 7·7 15.9 17.4 7.6 11.8 5.0 9.2 12.2 3·8 
M/2 3.1 4.2 9.4 10.8 7-7 15.9 17.4 7.6 11.8 5.0 9.2 12.2 3.8 

6A/3 8.1 4.2 9.4 10.8 7-7 15.9 17.4 7.6 11.9 5.0 9.2 12.3 3·8 
N/3 8.4 4.2 9.5 10.8 7-7 16.1 17.7 7-6 12.2 5-2 9-5 12.9 3-9 



T.A:BLE 19 

SACRAMENTO BASIN STUDY 

ACC~rnLATED PRECIPITATION BY CO~ffiiNED ZONES 

December 29, 1913 - January 3, 1914 Storm 

(6-Hour Periods) 

Period Yuba Feather Upper Entire 
Ending (HC1) (GJ) Sac. Basin 

(P. S. T.) (KLMNP) 

N/29 0.1 0.2 0.2 . 0.2 
6P/29 0.5 0.5 0.6 0.6 

M/29 0.6 0.6 0.6 0.6 
6Aj30 0.7 o~8 0.7 0.7 

\..0 
N/30 1.3 1.4 1.3 1.3 00 

6Pj30 2.7 2.6 2.7 2.6 
M/30 5-3 4.4 4.2 4.0 

6Aj31 6.5 5.6 4.5 4.6 
N/31 7-3 6.6 4.6 5.0 

6P/31 8.8 7·5 5.1 5-7 
M/J1 9.6 8.1 5·3 6.1 

6A/1 9.9 8.3 5-3 6.2 
Nj1 9-9 8.4 5·3 6.2 

6P/1 10.0 8.8 5-5 6.4 
M/1 10.3 9.4 6.0 6.8 

6A/2 10.8 9.9 6.6 7-3 
N/2 11.5 10.2 7.0 7-7 

6Pj2 11.6 10.4 7.0 7·7 
1\ii ,,........ .,., c "1 r\ \I 

7 " 
7 7 , .. ,/ c:. ..LJ....U ..LU."'"t ( .v I· I 

6A/3 11.6 10.4 7.0 7-7 
N/3 11.8 10.4 7-2 7·9 



T.A.BLE 20 

SAC~rnNTO BASIN STUDY 

MAXUITJM DURATION-DEPTH VALUES 

January Storm 
Percentage 

(Duration--Hours) N.S.P. (72 
hrs. 

6 12 36 48 96 120 N. S.P. 6Aj31, P.S~T.) 

B 0.5 0.9 1.1 1.3 1.8 2.0 2.8 3·6 3·8 -7 13-5 
02 1.2 2.0 2.6 3·4 4.2 5.4 6.6 7-9 3.2 49.6 13.1 
:0 1.4 2.0 2.6 3·5 4.6 5-7 6.9 8.4 8.9 8 13.3 
F 1.6 2.4 3-2 3-9 4.5 5.1 7.0 9.8 11.2 .6 10.9 
G 1.8 3·3 4.4 5-3 5-7 6.4 3.0 10.4 11.3 71.3 11.2 

1..0 J 0.8 1.4 1.7 2.2 2.9 3·6 4.5 5.4 6.1 .2 13.6 
1..0 

I 1.3 2.5 3·6 4.3 5.0 5.3 7.8 9.4 10.0 .8 13.2 
1.0 1.9 2.6 2.9 3·5 4.3 5-5 6.3 7-7 -9 12.5 



TA:BLE 21 

SACRAMENTO BASIN STUDY 

ACCUMULATED PRECIPITATION BY ZONES 

January 23~31, 1911 Storm 
(6-Hour Periods) 

Zone B 02 F G J D HC 1 GJ 

Period 
Ending 

(P.S.T.) 

6P/23 0.2 0.1 0.3 0.2 0.1 0.1 0.1 0.1 
M/23 0.7 0.6 1.0 1.1 0.5 0.2 0.8 0.4 

6A/24 1.1 1.4 1.8 2.2 1.0 1.6 1.9 1.3 
1T/24 .1.2 2.2 3.4 4.0 . 1.6 2.1 3.1 2.3 

6P/24 1.5 3.1 4.2 5-5 2.1 2.8 4.4 3·0 
M/24· 1.8 4.0 4.3 5·7 2.1 3·7 5.0 3.1 

6A/25 1.8 4.2 4,.3 5·7 2.1 4.0 5.0 3.1 
N/25 1.8 4.3 4.3 5·7 2.1 4.0 5.0 3·1 

6P/25 1.9 4.6 4.6 6.0 2.3 4.5 5.4 3·3 
M/25 2.0 5.0 4.6 6.1 2.6 5.4 6.0 3·6 

6Aj26 2.0 5.0 4.6 6.2 2.6 5·5 6.0 3·6 
N/26 2.0 5.0 5.0 6.5 2.6 5·7 6.0 3-7 

6P/26 2.0 5.1 5.1 6.6 2.7 5.8 6.0 3·8 
M/26 2.1 5.2 5·3 6.9 3-1 6.2 6.4 4.2 

6A/27 2.2 5·3 6.0 7.6 3·3 6.2 6.5 4.5 
N/27 2.3 5·3 6.9 8.0 3·4 6.2 6.6 4.7 

6P/27 2.5 5.4 7.2 8.2 3·5 6.4 6.6 4.8 
M/27 2.9 5-7 7.8 8. 9 . 3.8· 6.8 7.2 5.2 

6A/28 3·0 6.2 9·3 10.0 4.2 7·3 7·7 5.8 
N/28 3.1 6.6 9.8 10.3 4.3 7·7 8.2 6.0 

6P/28 3.2 6.6 9.8 10.4 4.3 7.8 8.2 6.0 
M/28 3·7 7·1 10.3 11.1 4.7 8.3 9.1 6.5 

6A/29 4.0 7.6 10.8 ll. 7 5·2 8.6 9.9 7.0 
N/29 4.1 7·8 10.9 11.9 5.4 8.9 10.1 7-2 

6P/29 4.5 8.5 11.3 12.5 5-9 9.6 11.0 7·8 
M/29 4.5 9.4 11.8 13.2 6.2 10.9 11.6 . 8.2 

6A/30 4.8 10.3 12.7 . 14.4 7-0 n.4 12.4 9.1 
N/30 5.0 10.6 13.8 15.7 7·6 12.0 13.4. 9.9 

6Pj30 5.2 10.7· 13.9 16.0 7-8 12.4 13·7 10.1 
M/30 5·7 11.5 14.8 17.0 8.3 13·3 14.2 10.7 

6A/31 5.8 12.7 15.8 18.0 8.7 14.2 ·3 11.3 
N/31 5.8 13.2 16.0 18.3 8.7 .6 15.9 11.4 

6P/31 5.8 13.2 16.0 18.3 8.7 14.6 16.0 11.4 

- 100 -





TABLE 

SACRAMENTO EASIN STUDY 

ACCUMULATED PRECIPITATION EY ZONES 

A E 02 D E F G J K L lVl N p 

6P/11 0 0 0 0 0 0 0 0 0 0 0 0 0 
lvl/11 0 0 0.1 0.4 0.1 0.2 0.2 0.2 0 0 0 0 0 

f-' 6.A/12 0 0 0.1 0.4 0.1 0.2 0.3 0.2 0 0 0 0 0 
0 N/12 0 0 0.1 0.4 0.1 0.2 0.3 0.2 0 0 0 0 0 f\) 

6P/12 0.1 -o.3 0.4 1.6 0.2 0.4 0.6 0.2 0.2 0.1 0.1 0.1 0 
'JII/12 0.8 0.6 1.7 3.4 0.5 1.5 2.2 0.6 1.0 0.4 0.8 1.2 0.5 

6A/13 0.9 0 .. 6 1.8 3-5 0.5 2.3 3;0 0.8 1.1 0.5 1.2 1.3 0.5 
N/13 0.9 0.6 1.8 3.6 0.5 2.4 ·3 0.8 1.1 0.5 1.2 1.3 0.5 

6P/13 1.5 0.9 3-2 5·9 1.3 3-2 4 1.2 1.8 0.5 1.5 1.8 0.6 
]11/13 2.6 1.0 4.2 8.3 2.0 4.9 6.4 2.5 2.7 0.9 2.3 2.9 1.5 

6A/14 2.15 1.0 4.7 9.4 2.0 6.5 15.2 2.9 2.7 1.1 2.9 3-4 1.6 
Nj14 -5 1.4 6.0 10.0 2.3 7-1 9.6 .2 3-2 1.4 3.6 4.3 1.~ 

6P/14 5 1.4 7-3 11.5 2.9 7.6 10.7 2 3·7 1.4 3·15 4.3 1.9 
M/14 5-2 1.15 15.2 13.0 3.8 9.1 12.5 5-1 4. 7 1.9 4.5 5.2 2.3 

6.A/15 5-9 2.0 9.2 14.0 4.0 9.9 .8 5.8 5-3 2.2 5.1 .6.0 2.7 
N/15 6.2 2.1 9.6 14.4 4.3 11.1 6.5 5.6 2.4 5.6 6.1 2.7 

6P/15 7.6 2.3 10.3 15.5 5.2 12.0 6.3 6.5 2.6 6.1 J.O 2.15 
Mf, r .., 1"\ 2.5 11.1 15.-9 ~ \, 

.l 7-1 7-3 3-3 
r r ,., r 

3-0 J.'J./ .LJ I • ':J ).'+ o.o 1.).0 
6.A/16 8.3 2.9 12.0 17.2 5.15 ·3 7.4 7-5 3·4 6.9 8.6 ' 3-2 
N/16 9.2 2.9 12.3 17-7 6.2 .9 15.1 8.0 3.4 7.2 9-3 3·3 6P/16 9.2 2.9 12.3 17-7 6.2 .9 8.1 3.1 3·5 7-2 9.4 3-3 



TAELE 24 

SACRhl~TO EASIN STUDY 

ACC~ruLATED PRECIPITATION EY CO~IDINED ZONES 

January Storm 

(6-Hour ods) 

Period Yuba Upper Entire 
Ending (H01) Sac. Easin 

(P. S. T.) (KLMNP) 

6P/11 0 0 0 0 
M/11 0.2 0.2 0 0.1 

6A/12 0.2 0.2 0 0.1 
f-' . N/12. 0.2 0.2 0 0.1 
0 

\...N 6P/12 0.5 0.3 0.1 0.3 
M/12 2.1 1.0 0.7 1.0 

6A/13 2.9 1 0.8 1.2 
N/13 2.9 1.5 0.8 1.2 

6P/13 4.4 2.1 1.0 1.8 
M/13 5-7 .6 1.8 2.7 

6A/14 6.4 4 2.1 3-1 
N/14 8.2 5-0 2.5 3-7 

6P/14 9.6 6.0 2.6 4.2 
M/14 10.7 7-2 3-2 4.9 

6A/15 12.4 8.0 3-7 5-6 
N/15 13.2 8;9 3-9 5-9 

6P/15 13-9 9.4 4.3 6.4 
M/15 14.7 9-9 4.9 6.9 

6A/16 15-7 10.5 5.1 7-3 
N/16 16.1 11.2 5-3 7·6 

6P/16 16.1 11.2 5.4 7-7 



T.A:BLE 25 

SACRAMENTO BASIN STUDY 

MAXI~~l DURATION-DEPTH VALUES 

March 1907 Storm 
Percentage 

) N.S.P. (72 
hrs. 

6 12 24 48 72 120 N. S.P. 6A/19, P.S.T.) 

A 1.6 3.1 3·5 3-7 4.2 5.4 6.8 7-6 7.6 35.4 18.4 
B 0.6 1.0 1.3 1.4 1.6 1.9 3.0 3-5 3-6 20.7 14.5 
02 1.7 2.3 3-5 4.3 5-5 6.6 8.6 9-9 10.3 49.6 16.5 
D 1.9 3-1 4.3 5-2 6.3 7-5 9-7 11.4 12.5 51.8 18.7 
E 1.3 2.4 2.6 2.8 3-2 4.1 5.1 5.8 5~8 31.6 15-5 

1-' F 2.0 3-9 5-7 6~7 9.4 11.4 16.0 .2 19.1 59.6 26.2 
0 

G 2.2 4.3 6.2 7.6 10.6 13;-7 H5.8 22.5 22.8 71.3 26.4 ~ 

J 1.4 2.3 3-2 3-9 6.9 8.9 10.4 10.4 33-2 26.2 
K 1.3 2.3 2.8 3-2 5.2 7-0 8.0 8.3 49. 12.9 
L 0.7 0.9 1.0 1.1 1.4 1.8 2.4 2.7 2.8 27 8.0 
M l.I 2.1 3-1 3-5 4.9 6.3 9.0 10.0 10.5 . 43.8 19.6 
N 1.7 3.1 3-7 4.5 5.4 7-5 9-7 11.5 12.4 63-7 12.9 
p 0.7 1.2 1.5 2.1 2.9 3-4 3.8 4.1 4.3 22.9 16.6 

H01 1.7 3-4 5.0 6.2 8.0 9.5 12.7 .o 15.8 57.8 21.8 
GJ 1.6 2.8 4.0 4.8 7-1 8.8 11.7 .9 13.9 43.9 26.2 

KLMNP 0.7 1.3 1.7 2.1 3-2 4.0 5·3 .2 6.5 31.6 16.1 
Total 1.0 1.8 2.4 2.8 3-9 4.9 6.6 7-9 8.2 37-1 17.8 

Period 
Ending* 6P/18 

S.T.) 
M/18 6P/18 

* ~~~,~•.:~~,..•~ ~-•-- to total basin. 



TABLE 26 

SACRAY~NTO BASIN STUDY 

ACCUMULATED PRECIPITATION EY ZONES 

~hrch 15-27, 1907 Storm 
(6-Hour Periods) 

Zone A E 02 D E F G J K L Ivi N p 

Period 
Ending 

(P.S.T.) 

6P/15 0 0 0 0 0 0 0 0 0 0 0 0 0 
Ivl/15 0 0 0 0 0 0 0 0 0 0 0 0 0 

1--' 6A/16 0.3 0.2 0.2 0.2 0.2 0.8 0.4 0 0.2 0.2 0.6 0.1 0 
0 N/16 0.8 0.6 0.5 0.7 0.5 1.3 0.1 0.5 0.4 1.5 0.3 0.1 \.Jl 2.3 
.I 6P/16 1.1 1.0 0.9 1.4 0.8 3-7 2.8 0.5 0.8 0.6 2.4 0.7 0.2 

M/16 1.4 1.2 1.8 2.4 1.0 4.7 4.6 1.4 1.0 0.8 3.0 1.3 0.4 
6A/17 2.2 1.5 2.7 3-2 1.7 5-7 6.2 2.1 1.7 1.1 3.8 1.6 0.7 
N/17 2.8 1.6 3-2 3-8 2.1 7.0 7-7 2.6 2.1 1.4 4.7 2.1 0.9 

6P/17 3-1 1.6 3-3 3-9 2.2 8.4 9.1 3-5 2.6 1.6 5.2 3.8 1.4 
M/17 3-1 1.7 3-3 3-9 2.3 9.4 10.7 4.7 J.2 1.6 5.6 5.2 2.1 

6A/18 3-3 1.7 4.1 4.8 2.5 11.3 12.1 5-1 3·4 1.7 6.6 5·4 2.3 
N/18 4.8 2.1 5-3 6.4 3.8 13-3 14.3 6.0 4.4 1.9 7.6 5.4 2.8 

6P/18 6.4 2.6 6.4 7-9 4.9 15.1 16.4 7-4 5-7 2.4 8.7 5-9 3-5 
M/18 6.8 3-0 7-6 9.1 . 5.1 16.0 18.3 8.3 6.2 2.4 9.0 6.9 3·8 

6A/19 6.8 3-2 8.4 9.9 5.1 16.4 19.2 8.7 6.6 2.4 9.2 8.3 3·8 
N/19 6.8 3-2 s.s 10.2 5-l 16.7 19.9 9.0 7.0 2.4 9-3 9.6 3·8 

6P/19 7-5 3.4 9-5 10.9 5.6 17.6 21.0 9.6 7-8 2.6 9-7 10.4 4.0 
M/19 7.6 3-5 9.9 11.4 5.8 18.2 22.5 10.2 8.0 2.7 10.0 10.8 4.1 

6A/20 7.6 3-6 9-9 11.5 5.8 18.4 22.7 10.4 8.1 2.7 10.0 11.0 4.1 
N/20 7-6 3-6 9-9 11.7 5.8 18.4 22.7 10.4 8.3 2.8 10.1 1L8 4.1 

(Continued) 



26 (Cont.) 

A B 02 D E F G J K L J.vi N p 

Period 
Ending 

.s.T.) 

6P/20 ' (.6 3-6 10.2 12.3 5.8 18.3 22.8 10.4 3.3 2.8 10.4 11.9 4.3 
~I/20 (.6 3-6 10.3 12.5 5.8 19.1 22.8 10.4 3.3 2.8 10.5 11.9 4.3 

6A/21 7-9 3.6 10.3 12.5 5-9 19.1 22.8 10.4 3.4 2.3 10.5 11.9 4.3 
N/21 8.4 3.6 10.3 12.5 6.0 19.1 22.9 10.4 8.3 2.9 10.6 12.7 4.3 

6P/21 8.4 3.8 10.8 13-3 6.1 .4 24.0 10.8 3.9 J.O 11.3 12.8 4.3 
M/21 8.4 3-9 11.3 13-7 6.1 .4 24.3 11.0 3.9 3-0 11.4 12.8 4.3 

6A/22 3.4 3-9 11.3 -7 6.1 20.4 24.3 11.0 3.9 3-0 11.4 12.8 4.3 
Nf22 8.4 3-9 11.3 13-7 6.1 20.4 3 11.0 8.9 3.0 11.4 12.8 4.3 

6P/22 3.5 3-9 ···11.3 13.9 6.1 20.7 24.6 11.0 9.6 .1 . 11.5 .4 4.3 
M/22 9.0 4.2 11.5 14.2 6.6 22.0 .4 11.7 10.5 12.6 ·1 4.5 

6A/23 10.1 4.8 . 11.9 14.8 7-7 22.7 27-7 12.2 11.4 0 12.9 .1 5.0 I N/23 10.6 .6 16.7 (.8 22.9 28.6 12.4 11.8 . 4.0 - 12.9 15.5 5-3 5-2 
6P/23 10.9 5-3 13.3 .o 3.0 ·3 29.8 .o 12.1 4.2 .2 16.1 5.6 

M/23 11.0 5.4 14.0 17.3 3.2 23-3 30.4 13-3 12.5 4.2 13.2 16.5 5.6 
6Aj24 11.4 5-5 14.4 17.8 3.4 23-3 30.6 13-5 12.6 4.3 13.2 ·5 5.6 
N/24 11.5 5.6 14.7 115.5 3.6 23.6 31.0 13.8 12.8 4.3 13-3 16.5 5-7 6P/24 11.8 5.8 .1 19.1 3.7 24.1 31.3 13.9 12.9 4.4 13-5 1(.1 6.0 
M/24 12.0 5·8 15.4 19.5 3.7 .2 31.6 14.4 13.1 4.4 -5 1(.1 6.1 

6A/25 - 12.0 5.8 15.6 20.1 8.7 24.2 31.9 14.6 13.1 4.4 .6 17.1 6.1 
N/25 12.0 5.3 15.8 20.4 3.7 24.2 .2 14.6 .1 4.4 .6 .1 6.1 

6P/25 12.1 5.3 16.1 20.6 3.7 24.5 ·3 14.6 13.1 4.4 13-7 .1 . 6.1 
M/25 12.1 5.8 16.2 20.3 8.7 24.7 32-5 14.6 13·3 4.5 13.3 17-7 6.1 

6A/26 12.1 5.8 .4 20.3 8 .. ( ·1 32.6 .6 13-3 4. 5 13.8 ·1 6.1 
,.,. I r.f 

12.1 ~ rl ~I"' ~ 21.0 rl -
rl 32.3 I"' 1J.3 

,, ~ .s 17.7. I"' ' .L~f c::o :;;.o J..O.ji 0. ( 0 0 't.ji o • .L 

6P/26 12.1 5.3 16.7 2 3~7 .3 32-9 14.6 -3 4.6 .9 . 17.7 6.1 
M/26 12.3 5.3 16.7 21.2 8.7 24.8 .9 14.6 .4 5.0 .2 17-9 . 6.1 

6A/27 12.3 5.3 16.7 21.2 3.7 24.3 .9 14.7 .4 5.1 14.2 -9 6.1 
N/27 12.3 5.8 16.7 21.2 8.7 24.8 .9 14.7 13.4 5-1 14.2 17.9 6.1 



TABLE 27 

:BASIN STUDY 

:BY COMBINED ZONES 

March 15-27, 1g07 Storm 

(6-Hour Periods) 

Yuba Feather Upper 
(H01) (GJ) Sac. :Basin 

(P. S. T. (KLlvi}.Tp) 

6P/15 0 0 0 0 
M/15 0 0 0 0 

6A/16 0.3 0.1 0.2 0.2 
1-' N/16 0.8 0.4 o.4 0.5 
0 
-..! 6P/16 1.4 1.1 0.7 1.0 

M/16 2.7 2.3 1.0 1.5 
6A/17 4.0 3.2 1.4 2.1 
N/17 5·0 4.0 1.8 2.5 

6P/17 5-2 5.1 2.5 3·0 
J:II/17 5-5 6.4 3·1 3-6 

6A/18 6.7 7-1 3·4 4.0 
N/18 8.4 ::L3 3-9 4.8 

6Pj18 10.1 9.9 4.6 5.8 
M/18 11.7 11.1 5.0 6.4 

6A/19 12.9 11.6 5-3 6.8 
Nj 13-5 12.0 5.6 7.1 

6P/19 14.0 12.8 6.0 7-5 
M/19 .0 13.6 6.2 7·9 

6A/20 15.2 13.9 6.2 8.0 
N/20 .4 13.9 6.4 8.1 

6Pj20 1").8 13.9 6.5 8.2 

( 



TA:BLE ( Oo:nt.) 

Period. Yuba Feather Entire 
(H01) ( GJ) Basin 

) (KlMNP) 

15.8 .9 6.5 8.2 
16.0 . 9 6.5 8 . 

.1 -9 6.7 8 
16.6 5 6.9 8.7 

.2 14.7 6.9 8.8 
17.2 -7 6.9 8.8 
17.2 14.7 6.9 3.8 
17-3 14.8 7-1 8.9 

I-' 
17.9 15.8 7.8 9.6 

0 18.7 16.6 8.2 10.1 
QQ. 20.3 .9 8.4 10.6 

20.9 17·7 8.8 11.0 
21.3 .1 8.9 11.2 
21.6 ·3 8.9 11.4 
21.9 18.6 9.0 11.5 
22.1 18.8 9.2 11.8 
22.2 .2 9-3 12.0 
22.6 19.4 9-3 12.1 
23.0 19.5 9-3 12.1 
23.4 .6 9-3 12.2 
23-5 .6 9-5 12.3 

-7 19.6 9-5 12.3 
23.8 19.7 9-5 12.3 
23.8 19.7 9-5 12.4 
23.8 ·1 9-7 12.4 
,.,.., c;t (j () 7 ., C") c c..;;.u .u :;; • f ..LC..o:J 

23.8 .8 9-7 12.5 



TABLE 28 

SACRAMENTO BASIN STUDY 

MAXI~DITM DURATION-DEPTH VALUES 

January 1906 Storm 
Percentage 

(Duration--Hours) . N.S.P. (72 
. ending 

6 12 18 24 36 72 915 120 N. S.P. 'fllj 18, P . S . T .) 

A 1.8 2.9 3·3 3-7 5.0 5-l 6.8 9.1 10.0 35.4 17-5 
B 0.8 1.5 1.5 1.5 2.3 2.5 3-5 4.6 5.0 20.7 16.9 
02 1.5 2.6 3-4 3-7 5.4 6.3 9.1 11.3 12.6 49.6 18.3 
D 2.1 3-7 5.1 6.1 6.6 8.3 9-3 11.9 .1 51.8 ~18.0 

E 1.9 3-1 3·7 4.9 5·7 5.8 7.0 9·0 9-5 31.6 20.2 
1-' F 3.0 4.2 5.1 6.3 9.0 9-3 la-5 17.8 ·3 59.6 20.4 0 
\.0 G 2.9 4.8 6.1 7-1 10.3 10.6 1 .4 19.4 20.5 71.3 20.2 

. I J 1.2 2.1 2.5 3-2 4.0 4.2 5-9 7.6 8.1 33-2 17.8 
K 1.2 2.0 2.8 3-6 4.9 5.0 5-9 8.0 9.0 49.7 11.9 
L 0.9 1.3 1.4 1.7 2.6 2.7 3-3 4.4 4.9 27.4 12.0 
M 1.5 2.3 2.6 3·4 5-0 5.1 7.0 9.4 9.8 43.8 . 16.0 
N 2.2 4.0 4.8 5.2 5.8 6.1 9.4 11.5 12.2 63·7 13-5 
1' 0.8 1.4 1.4 1.5 1.9 2.1 2.8 3·4 4.2 22.9 9.6 

HC1 1.8 3-1 4.3 4.6 6.9 S.4 10.2 13-5 ·5 57.8 17-5 
GJ 1.4 2.5 3.4 4.1 . 5.8 6.0 8.2 10.9 11.6 43.9 -7 

KTJ.IlNP 0.9 1.5 1.9 2.2 3-1 3·4 4.7 6.0 6.7 31.6 13.6 
Total 0.9 1.8 2.1 2.8 4.2 4.3 5.8 7-8 8.3 37.1 15.6 

Max. Period 
Ending* 6P/18 M/18 M/H5 M/18 

. (P .S. T.) 
M/18 6A/19 M/18 M/18 M/lS 

* Applicaole only to the total oasin. 



TABLE 29 

SACRAMENTO BASIN STUDY 

ACCUVTIIGATED PRECIPITATION BY ZONES 

January 11-19, 1906 Storm 
(6-Rour Periods) 

Zone A B c2 D E F G J K 1 M N p 

Period 
Ending 

(P. S. T.) 

"Njn 0 0 0 0 0 0 0 0 0 0 0 0 0 
6P/11 0.4 0.2 0.1 0 0.4 0.2 0.1 0 0.7 0.2 0.2 0.4 0.1 

1-' M/11 0.8 0.4 0.5 0.4 0.9 1.6 1.2 0.4 1.3 0.6 1.1 1.7 0.3 
1-' 6A/12 2.6 l.O l.O 1.1 2.6 2.3 2.0 0.8 2.4 1.1 1.7 2.9 0.8 0 

N/12 2.9 1.5 2.4 2.2 2.7 4.2 4.2 1.7 2.6 1.1 2.4 2.9 l.O 
6P/12 3.0 1.5 2.9 2.5 2.8 4.6 5.0 1.9 2.9 1.2 2.7 2.9 l.O 
M/12 3-7 1.5 3.0 2.6 3-5 4.6 5.0 2.0 3-1 1.3 2.7 3·3 1.1 

6Aj13 3-9 1.8 3-9 4.0 3·7 4.8 5.6 2.4 3-3 1.4 2.8 3-5 1.4 
N/13 4.7 2.3 5.4 6.1 4.1 5.4 7-1 3-2 3-7 1.7 3-3 3-9 1.4 

6P/13 5.0 2.4 6.4 7-7 4.3 6.1 8.3 3.8 4.1 1.9 3-7 4.6 2.0 
M/13 5.0 2.4 6.7 8.7 4.3 6.5 8.8 4.0 4.1 1.9 4.0 4.8 2.1 

6A/14 5.0 2.5 6.8 8.9 4.3 6.5 8.9 4.1 4.1 1.9 4.0 4.8 2.1 
N/14 5.0 2.5 6.8 8.9 4.3 6.5 8.9 4.2 4.1 1.9 4.0 4.8 2.1 

6Pj14 5-5 2.5 6.B 8.9 4.6 6.5 8.9 4.2 4.5 2.0 4.0 4.9 2.3 
M/14 5-9 2.8 7-2 9.1 4.8 6.8 9.8 4.4 5.0 2.3 4.3 5-3 2.6 

6A/15 5-9 3-3 8.1 9.7 4.8 7-2 11.4 5.0 5.2 2.7 4.6 5-5 2.7 
N/15 6.4 3.6 8.8 . 10.8 5.0 8.7 12.3 5-5 5-5 2.9 5.1 5-5 2.8 

h"Ph h 7 7 7 <;1 <;1 () , , C) c. 1'1 • , 1'1 c:: , 7 1'1 c:: c. c. 7 7 , c. 1'1 c:: () ,.., Q' 
...., ... I ..L.. ...J I • I .)•'-' u.:; ..L..L•C... v.v ..LV•".) ..L:J•V :J•V v._; .)•-'- v.v .)•7 c..u 

M/15 8.7 3·9 9.4 11.7 7-2 12.4 14.8 6.1 7-1 . 3-4 6~7 8.1 3·6 

(Continued) 



T.AJ3LE 29 (Cont.) 

Zone A ] 02 JJ E F G J K L M N I' 

6A/16 9-1 3-9 10.3 12.1 7.4 13.3 16.3 6 7·6 3-5 7-1 9-9 4.2 
:N/16 9-7 4.4 11.1 8.0 14.9 17-9 7 8.0 4.0 8.1 10.7 4.2 

6P/16 9-8 4.9 12.1 -7 8.0 15.4 18.7 7-9 8.1 4.1 8.6 10.9 4.2 
M/16 9.8 4.9 12.5 .4 8.0 15.4 18:.8 8.0 8.1 4.1 5;7 10.9 4.2 

6A/17 9.8 4.9 12.6 4 8.0 15.5 18.8 8.0 8.1 4.1 8.7 10.9 4.2 
N/17 9-9 5-1 13.3 14.8 8.1 15.6 18.9 8.0 8.1 4.1 8.7 10.9 4.2 

6P/17 10.8 5.6 14.6 16.2 8.1 16.8 20.2 8.4 8.6 4.6 9·5 11.4 4.4 
M/17 11.6 5-9 15.6 ·7 9-9 19.8 23.1 8.8 9.6 5.0 10.6 12.2 4.8 

I-' 6A/18 11.6 5.9 15.8 18.5 9-9 20.7 25.0 10.0 10.2 5·3 11.3 13.4 5-1 
I-' N/18 12.7 5-9 15-9 .6 11.1 21.1 25.8 10.9 11.0 5.4 11.4 13.5 5-1 I-' 

l 6P/18 14.5 6.7 17.2 19.) 13.0 23.1 27.3 11 12.2 6.3 .12.9 15.3 5·4 
M/18 14.9 7.4 18.5. 21.0 13.6 24.6 29.2 12.0 .o 6.7 13.7 16.7 5.8 

6.11,./19 15.0 7.4 18.7 21.1 13.8 24.8 29 .1~- 12.2 .1 6.8 13.8 17.0 6.0 
N/19 15.0 7-4 ·7 21.1 13.8 24.8 29.4 12.2 .1 6.8 13.8 17.0 6.0 

6P/19 15.0 7-4 ·7 21.1 13.8 24.8 29.4 12.2 .1 6.8 13.8 17.0 6.0 
M/19 15.0 7.4 7 21.1 13.8 24.8 29.4 12.2 .1 6.8 13.8 17.0 6.0 



T.A:BLE 30 

SAC~mNTO BASIN STUDY 

ACCUMULATED PRECIPITATION BY COMBINED ZONES 

January 11-19, 1906 Storm 

(6~Eour Periods) 

Period Yuoa Feather Upper Entire 
Ending . (HC1) ( GJ) Sac. Basin 

(P. S. T.) (KLMN.P) 

N/11 0 0 0 0 
6P/11 0,1 0 0.2 0.2 
M/11 0.6 0.6 0.8 0.7 

6A/12 1.1 1.1 1.5 1.4 
N/12 2.2 2.4 1.7 2.0 

6P/12 2.7 2.8 1.8 2.1 
M/12 2.8 2.8 1.9 2.3 

6A/13 3·5 3·3 2.1 2.6 
N/13 5.1 4.3 2.4 3·3 

6P/13 6.6 5.1 2.8 3·9 
. IVI/13 7·3 5.4 3·0 4.1 
6Aj14 7·5 5.4 3·0 4.2 
N/14 7·5 5·5 3·0 4.2 

6P/14 7·5 5·5 3·1 4.3 
IVI/14 8.0 5-9 3·5 4.6 

6A/15 9.3 6.8 3·7 5.1 
N/15 10,0 7·4 3·9 5.4 

6P/15 10.2 ' 7. 7 4.2 5.8 
M/15 n.4 8.6 5.1 6.6 

6Ajl6 12.1 9.4 5-7 7.1 
N/16 12.8 10.3 6.1 7·6 

6Pj16 .8 .9 6.3 8.1 
M/16 ·3 11.0 6.3 8.2 

6A/17 14.5 11.0 6.3 8.2 
. N/17 14.6 11.0 6.3 8.2 
6P/17 15.9 11.7 6.7 8.9 

IVI/17 17.7 12.8 7·3 9.6 
6A/18 18.9 14.2 7.9 10.3 

N/18 .2 15.1 8.0 10.6 
6P/18 20.2 15.6 15.9 11.5' 
M/18 21.5 16.8 9.4 12.4 

6A/19 21.9 17.0 9.7 12.5 
N/19 23.0 .o 9·7 12.5 

6P/19 23.0 .o 9.7 12.5 
IVI/19 .o 17.0 9.7 12.5 
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CHAPTER VI 

MAXIMUM POSSIBLE PRECIPITATION 

117. The General A theoretical method of determining the 

maximum possible precipitation over an area in a given time was developed 

.in Chapters I and II of the Pittsburgh Report (~). In the Sacramento 

study the theory must be modified to take into account the effect of the 

orographic barrier. However, in its most general terms the theory states 

that the volume of precipitation over an area in a time is not 

greater than the product of the total number of unit columns entering the 

area and the amount of moisture which can be precipitated out of each 

column. Assuming that all of the air crossing a line normal to the 

inflo1v direction will flovJ over the area, the average depth of precipi ta­

t ion R may be expressed by: 

R ._;; xvMt (l) 

where x is the length of the line normal to the inflmv direction, v 

the velocity of flow, M the amount of moisture which can·be precipitated 

out of each unit column, t time and A area.* It is obvious that the 

solution of this e~uation must be geometrical as well as meteorological. 

* The symbols used in this chapter are recapitulated on page 160. 
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The geometrical portion of equation is x/A, which may be called the 

basin constant K. 

118. It is possible to circumscribe a about any basin, 

such that one pair of sides is normal and the other parallel to a 

inflow direction. Let Ar be the area of the rectangle, Ab the 

area of the basin, and x the length of the side normal to inflovJ. If 

we assume all of the precipitation confined within the rectanglet then 

K but if the further restriction be sed that all of the pre-

ion fall vri thin the basin, then (See Figure 14.) The 

value of K will therefore lie betwee.n x and x , depending: on 

the individual case •. In the special case of a basin with high outflow 

boundaries, ho~vever, it is ssible to use the latter value provided 

PRECIPITATION CONFINED 
WITHIN RECTANGLE 

X 
K =-

Ar K = 

Ar= 

Ab= 

Basin 
Constant 
Area of 
Rectangle 
Area of 
Basin 

PRECIPITATION CONFINED 
WITHIN BASIN 

X 
K=-

Ab 

I I X I I 
INFLOW TRAJECTORIES' 
I I I I 

SHAOEO PORTIONS REPRESENT ASSUMEO PRECIPITATION AREAS 

Fi,iure 14 

Schematic diagram ilb;~.strating computation of basin constant 
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the inflow boundary does not have too odd a shape • 

. 119._ .There are two limitations on the application of the above 

analysis: The first is that the basin length to the inflow 

direction must enough to allow sufficient time for the complete 

precipitation process to occur within the basin. There is some doubt as 

to the minimum value of such a length, but it is safe to say that the 

dimensions of the Pitt and Sacramento Basins far exceed this limit. 

For small basins a different type of treatment might be necessary, e.g., 

an e~uation of radial or the. application of a correction factor. 

The other limitation on the use of the analysis is that the basin width 

normal to inflow must be somewhat less than the width of moist tongues. 

The rrpper limit of such a basin width is probably not less than 250 to 

300 miles. Wider basins would have to be dealt \vith by subdivision into 

two or more portions. 

120. Since K is a function of inflow direction, which may vary 

with time, and sinee, as will be shown later, both v and M may also 

be functions 0f time, (1) can be- rev.rritten in analytic form: 

R ~ fKvMdt (2) 

determined from synoptic studies such as presented in V. For the 

evaluation of v the maximum possible wind velocity from these directions 

must be considered. variation of the maximum wind with height and 

duration, as well as with season, must be determined. The treatment of 

this problem, appearing later in this chapter, depends to a 

on the data available. 

extent 

121. It is st necessary to evaluate M, th.e amount of moisture 
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Figure 15 

Depths of precipitable water in a column of air of given 
above 1,000 millibars assuming saturation with a pseudo­

adiabatic lapse rate for the indicated surface temperatures 

11rhich can be precipitated out of each unit column. The total preeipi-

table water in the air column (89) is defined by f~ mul tiplie<i by a 

constant, where ~ is humidity and p pressure. Figure 15 is 

a chart for the computation of of. precipitable water in a sa·burated 
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column. In Figure 16, where 

p and q are linear coordi-

nates, the precipitable water 

Wp1 of the column at the low-

er level is equal to the area 

between and If the 

base of the column were lifted 

to and the top to 

the precipitable \nJater 

in the column 

~~~~~~~~~~~~~~~~qo 

SPEOIFIO HUMIDITY (q) 

bee to the area between 

ard and M the 

amount precipitated wrould be 

16 

Schematic diagraE illustrat 
the determination of M 

c t.o Wp1 - '\!J}J2. Thus, it is evident that M is a function of 

, p
3

, and G. 

122. In the Pitt Report (~) it •vas shown that for a maximum 

convective process all of the above variables are uniquely determined by 

the This point, in terms of , wrill be called the 

reduced dev.r point D, 
r 

and is the dew point reduced along the pseudo-

adiabat to 1000 mb. In saturated air it is obviously the actual dew 

point at 1000 mb. The function M, thus determined, is called the effec-

tive able water WE, as explained in the Pittsburgh Report. It 

is the st amount of moisture that can be precipitated from a satu-

-
rated column of air by convective Since the latter 

is the most efficient natural process for rainfall, WE is used 

in the computation of maximum rainfall. The 1:1ay in which the variables 
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Figure 17 

Effect of moisture charge on the.structure of a convective cell 

p
0

, p1 , p2 , and p
3 

depend on the value of Dr, 'and thus determine WE, 

is shown in Figure 17. The pressure levels and (of Figttre 16) 

are now the base and top of the inflow layer, and p 2 and the base 

and top of the outflow layer. G is assumed to be a pseudo-adiaba1;. For 

a basin, the interpretation of the theory is that every unit column of 

saturated air entering the basin will undergo a. definite lift before 

leaving it. This will cause a certain amount of water WE to be clepos-

ited within the basin. The lifting mechanism is the convective cell, 

whose size is determined by the D 
r value of the air. It becomes essen-

tial, then, to determine the maximum reduced dew point 

variation with time. 

D 
r 

and itB 

123. In the equation for maximum rainfall it is assumed that the 

ineg_uality sign may be remoyed, a,nd the equation thus becomes 

~ax= (3) 

where vmax refers to the maximum possible velocities from the moBt 
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critical wind directions and WEmax is the effective precipitable water 

for the maximum possible reduced dew points, both occurring in the most 

persistent pattern appropriate to the season. K is a function of wind 

direction and, as will be shown later, also a function of reduced dew 

point in the particular case of a basin in the lee of an orographic 

barrier. 

124. Orographic Precipitation. It has already been pointed out 

that in applying the general method outlined above to the Sacramento 

Easin, it would be necessary to take into account the effects of topogra-

phy, i.e., the orographic effect. The term "orographic precipi tation1t 

includes a complex of meteorological phenomena. It is obvious, for 

example, that the same orographic barrier which is a rain-producing agent 

on its V>rindiorard side acts as a rain-inhibiting agent on the leeward. 

Both effects are orographic. Furthermore, either is as much orographic 

in origin as the distribution of precipitation intensity along the slope, 

although we may be concerned with but one of all three effects. In 

general, it may be said that the effect of orography on precipitation 

will depend on the following factors other than elevation and slope: 

stability of the air mass, amount and vertical distribution of water 

vapor, wind velocity and shear, and inflow direction. The usual type of 

rainfall-elevation'correlation is inadequate, since it neglects important 

variables. 

125. Pockels (73, 74) and J. Ejerknes (12) have analyzed the 

dynamics of air currents ascending over a mountain barrier. The follow­

ing principles can be inferred from the conclusions of both authors: 

a. Rainfall intensity is a direct function of slope. 
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b. One effect of elevation is to red.uce'the moisture a"Vailable 
farther up slnpe, so that, if the raindrops fell vertically, 
intensity would..be an inverse function of elevation. 

c. Another effect of elevation, however, is to increase the 
slant trajectory of raindrops. 

d.. The net of b. and is to produce a zon•9 of maxi-
mum intensity some distance up the slope, at approximat 
4,'000 feet above the base. 

e. The the condensation level, the farther toward the 
mountain top will the zone of. maximum intensity be shifted. 

It should be noted that the base mentioned in d. is sea level, or 

tically so, for the Coast Range. For the Sierra lifevada Range, ho·~rever, 

the base s, in the top of the coastal barrier to the wind-· 

1-rard. It is therefore to be e:x:pected. that the zone of maximum intensity 

is at a higher el.evation on the Sierras than on the Coast Later 

it 11lill be sho"m that, with respect to the Sierra , the effective 

condensation level is also no lo11rer than the top of the coastal chain. 

In computing.the di:3tribution of intensities along the slope 

of the·Sierra Madres, Bjerknes assu.med the air was in neutral 

librium with respect to the pseudo-adiabatic process .. If the lapse rate 

of the column were less than the pseudo-adiabatic,. however 1 there 

would be a tendency toward suppression of vertical motions! so that the· 

intensity would be less than that computed.by Bj On 

other hand, if the rate were er than the pseudo~adiabatic, 

there I·Jould be an additional up'.vard component, so that the actual. en-

sities would be greater than those computed by Bjerknes. Thus, in 

general, intensity at a point on the slope depend in part on the 

stability of the air mass, as Bjerknes states, it may even be. incal-

culable for extreme instability. By taking stability into account it is 
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possible to distinguish three types of orographic rain in terms of the 

assumptions made in computing effective precipitable water. These are: 

a. Stable orographic rain -- when the. lapse rate is less than 
the pseudo-adiabatic. The upper limit of intensities for 
this type of rain could be computed from l3jerknest analysis. 

b. Incomplete convective orographic rain -- when the air mass 
is slightly unstable. In addition. to the lift computed 
from the l3jerknes.model there is a convective component, 
but the convective process is incomplete in the sense that 
not all the effective precipitable water is realized. 

c. Complete convective rain when all of the WE is real-
ized. This w·ould be the case Nhen an unstable column 
undergoes extreme convergence. The rainfall would be the 
same as in a non-orographic convective process, the 
mou..ntain merely acting as a "trigger 11 in setting offthe 
convection. 

127. Although knowledge of the distribution of intensities is not 

necessary to the development of the theoretical precipitation formula fo:Cl:' 

the Sacramento Basin, it is of intere.st to corrrpare some calculable inten-

sities in the orographic types. As a preliminary, certain further deduc-

tions ~rom the fundamental assumptions involved iri the concept of·· WE 

should be made. It was previously shown that the effective precipitable 

water is e~ual to W:ol - w:p ' 
.1: . 2 where the subscripts 1 and 2 refer to 

initial and final states, respectively, of a saturated column. The 

numerical values of i~ were computed on the assumption that initially 

the base of the column was at 1000 mb. If the base of the column were 

initially at any elevation H, or if the· column became saturate(!_ just 

when the base of the column was lifted to H, the effective precipitable 

11'/'ater for such a case, designated by could also be computed. 

Figure 18 shows the values of the ratio in percent, for various 
W-w 

J.!J 

values of Dr and H. The ratio.is called the lift coefficient L. If 
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The percentage of 
precipitable water 

in a column of air 

H were the height of an inflqw 

barrier·, (1V];)H would be the 

amount of effective p~ecipitable water 

that could enter a.basin lying.in the 

lee of the barrier (neglect re-

evaporation), and WE minus (WE)H 

could be deposited on the vdnd 1nrard 

side by the incomplete convective oro-

graphic rain process. Computing the 

maximum rainfall intensity in the 

situation described by Bjerknes 

using his basic data and comparing, 

the results are: 

For incomplete convective orographic rain; 2.9 in. per hr. 

For stable rain (computed by Bjerknes): 1.3 in. per hr. 

The incomplete convective intensity is 2-l/4 times as as 

the stable orographic. It should be pointed out, however, that the 

er the top of the barrier the more nearly will the stable orographic 

intensity approach that of the incomplete convective. 

128. of Basin The synoptic studies of the 

preceding chapter have confined the possible inflow directions of 

the po·~entially flood-producing air to the quadrant from south to ~rest. 

It remains to determine direction within this quadrant is geometri-

cally the most effective. inflow directions the basin 

width normal to the inflow will qf course be different. It should be . 

obvious, too, that if the boundaries are also high, not all of the 
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l 
effective precipitable 1o1ater can reach the basin. The Ccast Range must 

necessarily release a portion of the effective precipitable \vater in the 

' inflow The problem is·to discover what process will combine these 

effects to permit the maximum moisture to flow into the basin. 

129. Three distinct assumptions will be made and their results 

compared by computing the resultant constants for a reduced dew point of 

63 F. Figure 19 shows the functional relationship between L and H 

for that dew point. It will be recalled that in the preceding section L 

was sho"m to be a function of H. In the and in future discussion 

H will be called the 11 effective height, 11 defined as the height to which 

the base of a narrow column of air must be lifted in order to enter the 

basin from a given direction. By the use of topographic charts, effec-

tive heights for five directions within the significant southwest quadrant 
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Relation between lift coefficient and effective height for a 
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1o1ere found for five-mile intervals between parallel lines running from 

the Pacific Ocean to the basin boundaries. The inflow L values, based 

on these values of H and a. reduced dew point of 63 F, appear in Table 

in ascending ord_er of effective heights. Con-

stants for the following assumptions 1-rere then conrputed. 

130. Assumption I is that incomplete convective rain occurs both 

on the Coast Range and in the basin. The air flowing across the i.nflow 

b1urier ;,vill enter the basin with a certain lift coefficient L, but at 

the higher outflow barrier its lift coefficient will be lower. !:[!he 

difference between the two values, ~L, will determine the WE 

over the basin. Given the inflo1r; direction, ho1orever, the outflow 

coefficient, and therefore ~L, will vary with the flaw pattern over the 

basin. . Several 1orere assumed and the constants computed for each: 

a. Straight line flow. 
from 

Example: inflow from west, outflow 

b. Cyclonic rotation of 22.5°. Example: inflow froll) west, 
outflmq from west-south11rest. 

c. Cyclonic rotation of 45°. · Example: inflow from •Aest, 
outflow from southwest. 

Anticyclonic flow was not considered since, aside from meteorological con-

siderations, the constants have lower values. The profiles plotted on 

Figures 3 and 4 indicate how ~ L is decreased in such a flow, 

but it should be remembered that the profile heights are not necessarily 

effective heights. For all , however, the geometrical constant 

will be eg_ual to: 

Width of Inflow (Mean Inflow L - Mean Outflow L) 
Area of :Basin 

Table 32 shows the computations of the constants for Assumption I. They 
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TABLE 31 

T~ION OF f'TA FOR RASIB CONSTANTS (Dr • 63 F) 

(H) : Effective Height ( undreds of feet) 
(A) ; Accumulated Width t(mi1es) (L) : Lift Coefficient 

Flow From: S SSW · SW WSW W 
(A) (H) (L) (H 1 (L) (H) (L) (H) (L) (H) 

5 20 . 78 1~ . gg 5 . 94 22 • 75 22 
10 20 • 78 1 . 87 5 . 94 22 . 75 31 
15 29 .68 l .87 12 .87. 22 • 75 32 
20 30 .67 2? .78 12 .87 23 I .74 32 
25 30 .G7 2p .78 13 .85 23 .74 32 
30 30 .G7 2B .74 14 .84 31 .GG 32 
35 31 .GG 2~ .74 18 .so 31 .GG 39 
4o 31 .GG 2~ .74 19 .79 31 .GG 4o 
45 31 . GG .. 2~ . 74 . 20 . 78 32 . G5 41 
50 32 .G5 2! .G9 20 .78 32 .G5 41 
55 32 .G5 2 .G9 20 .78 32 .G5 48 
Go 33 .G4 2 .G9 21 .7G 41 .57 51 
G5 · 3G .G1 3p .G7 21 . 7G 45 .54 51 
70 37 .Go 3P .G7 22 .75 4s .52 51 
75 37 .Go 3t .GG 22 -75 50 .51 51 
80 39 .59 3t .GG 22 .75 51 .50 51 
85 39 .59 3t .GG 23 .74 51 .50 51 
90 39 .59 3t .GG 23 .74 51 .50 52 
95 40 .58 3i .G5 24 .73 51 .50 52 

100 40 .58 3 .G5 28 .G9 51 .50 53 
105 41 .57 3' .G4 30 .G7 52 .50 54 
110 41 .57 3~ .G4 32 .G5 54 .48 Go 
115 · 43 .55 3~ .G3 32 .G5 . 55 .48 Go 
120 43 .55* 3~ .59 32 .G5 57 .4G Go 
125 51 .5o 4p .58 33 .G4• 59 .45 Go 
130 ·54 .48 5t .5o 41 .57 Go .44 G2 
135 58 .45 58 .45 48 .52 Go .44 G2 
14o GG .4o G~ .43 50 .51 Go .44 G3 
145 Gs .39 G~ .43 51 .50. ·Gl .43 G5 
150 7G .34 G~ .43 53 .49 G2 .43 G8 
155 G~ .43* 55 .48 G3 .42 70 
lGO G41 .41 58 .45 G5 .41 70 
1G5 G .38 59 .45 G9 .38 70 
170 7 .35 Go .44 70 .38 70 
175 7 .34 Gl .43 71 .37 71 
18o 8b .31 G2 .43 71 .37* 75 
185 G3 .42 72 .3G 80 
190 G4 .41 80 .31 90 
195 G7 .39 80 .31 90 
200 70 .38 82 .30 100 
205 70 .38 120 .10 
210 71 .37 
215 72 .3G 

Total 
Mean 

17.71 
.590 

22.03 
.Gl2 

* Optimum value for ssumption II. 
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27.15 
·.G31 

(L) 
.75 
.GG 
.G5 
.G5 
.G5 
.G5 
.59 . 
.58 
.57 
.57 
.52 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.49 
.48 
.44 
.44 
.44 
.44 
.43 
.43 
.42 
.41 
.39 
.38 
.38 
.38 
.38 
-37* 
.34 
.31 
.25 
.25 
.20 

18.89 
.472 



TAB.1E 32 

COMPUTATION OF.BASIN CONSTANTS (Dr= 63 F) 

Inflo111r From: s ssw. sw WSW w 

Assumption I. 
total inflow width (mean inflow 1 - mean outflow L) K= ----------------~--~-------------------~ 

25,200 

I(a) 

I (o) 

I( c) 

Mean Inflow 1 -590 .612 .631 
Mean Outflow 1 -374 -339 -351 
6 1 .116 .273 .280 
K .00129 .00195 .00239 

Mean Inf1o111r L .612 .631 
Mean Outf1o111r 1 ·374 -339 
6 1 .2315 • 292 
K • 00165 .00249 

Mean Inflow 1 .631 
Mean Outflow 1 -374. 
6 1 .257 
K .00219 

Assumption II. K = Maximu.in ( 1 x A) 
25,200 

1 
A 
1XA 
K 

. 2:1 
K 

-55 
120.0 

66.0 
.00262 

.43 
155.0 

66.65 
.00264 

Assumption III. K= 

17-71 
.00351 

22.03 
.00437 
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.64 
125.0 
so.o 

.00317 

52:1 
25, 200 

27.15 
.00539 

.501 
-33S 
.163 
.00133 

.501 
-351 
.150 
.00122 

.501 
-339 
.162 
.00132 

-37 
lSO.O 

66.60 
.00264 

20.56 
.oo4os 

.472 

.326 

.146 

.00116 

-~-72 
-33S 
.134 
.00106 

.472 
-351 
.121 
.00096 

-37 
1{'5.0 

64.75 
.00257 

1S.S9 
.00375 



are based on the values in Table where, ho11rever, tabulations of H and 

1 for outflow have been omitted to save space. 

131. Assumption II is that complete convective rain occurs both on 

the Coast Range and in the basin. Under this as on, if the column of 

air were saturated at sea level, there 11vould be no rain whatsoeve1· reaching 

the basin, except that 1Prhich 11 sp:Uled over 11 the coastal er. On the 

other hand, if the saturation level were at some higher elevation, every 

column whose effective is below the saturation level \<Tould contrib-

ute to the in the basin, ano_ every column whose effective 

is above the saturation elevation 1Prould not contribute. Theoretically, a 

saturation level caJ be selected that will exceed_ all effective but, 

since 1 decreases as the saturation level increases (Figure 18), such an 

occurrence \<Tould not necessarily be ;oroducti ve of the most over 

the basin. What is needed for maximmn precipitation is a saturation level 

ivhich will result in the maximum product of 1 and the total number of 

columns undergoing complete convection \oli thin basin. outlines 

the manner in which the constants for on II are computed, us H 

and 1 values of Table 31. column H of Table 31 the effective 

heights are tabulated in ascending order. Each represents an air 

column five m~les \<Tide. Column (A) represents the accumulated 1.vio_th of all 

air columns ~J>rhose effective are e~ual to ~r less the corres-

ponding saturation level. Column, (1) contains the corres1Jonding values of 

the lift coefficient. maximum constant will therefore be the maximUJn 

p1noduct of columns (A) and (1), divided by the area of the basin. 

132. Assumption III is that incomplete convective orographic rain 

occurs on the Coast Range and complete convective rain in the basin. ·As it 
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flows inland the air is assumed to be saturated and slightly unstable. 

As it passes over the Coast Range, incomplete convective orographic rain 

will fall. After it clears the barrier, the WE is realized 

within the basin by the process of complete convection which is finally 

achieved ·~ri th the aid of convergence produced by the basin. As has been 

previously mentioned, the constraints imposed by the basin are such that 

the air in the lowest can enter only the Golden Gate. The 

valley floor is roughly in shape with the apex near Redding 

and Kennett. The effect is to cause horizontal convergence in the lower 

layers in two ]prays. First, the wind is constrained to a more northerly 

course, thus acquiring a cyclonic vorticity. Second, as ~~e air 

flmvs to1•rard the apex it is restricted to a progre narrower space. 

:Both of these effects are compensated for in part by vertical strE?tching. 

The vertical motions cause decreasing stability to and great;er 

heights, until finally convective overturning takes The value of 

the constant for Assumption III 1-rill thus be controlled by the 'lvidth of 

inflo"'r times the sum of the 1 values of the inflo"'r columns. The 

formula becomes 

K Area of Basin 
52.:1 

The computations are shoiriiil. in Table 32, the H and 1 values in ~rable 

133. The assumption of stable orographic rain on the Coast Range 

and complete convective rain in the basin would of course give even high-

er values of the constant. There are, hov.rever, tv.ro serious objections to 

this assumption. It is doubtful whether saturated air \vi th the 

assumed_ maximum dew points would have a stable rate. Seconclly, if 
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the air >vere both conditionally 

and convectively stable to begin 

with it could not later become 

unstable by dynamic means. 

The results of the 1-
z 
;!: 

three assumptio~s for a dew point ~ .003 1------j------,,£-J---"-.:----f------l 

of 63 F are shown in Figure 20. 

0 
0 

~ 
If) 

~ 
(D .002 1------:Y'-:F----j---'-'~--f------l 

It is evident that ion III 

produces the greatest depth of .001 

rain in the basin, and that a 

southwest flow is the most criti~ 0 ~----L--~---~--~ 
s SSW sw WSW w 

INFLOW DIRECTION 

cal for any assumption. 
2C 

135. Theoretical 

,of Maj:Or Storms. It is l.ogical at 
Relation bet1nreen basin constant 

and inflow direction for 
a reduced dew pcint of 63 F 

this point to test the validity of 

the hypothetical storm which forms the basis for Assumption III, or, in 

other lvords, to discover whether storms observed in nature approximate 

the assumed conditions. This can best be accomplished by comparing the 

rainfall of individual storms computed on the basis of the above theory 

with the rainfall computed from isohyetal charts. 

136. To expedite the computations, some adjustment can be made in 

the precipitation formula. It has, alrea.dy been shown that the basin con-

stant for Assumption III is 52:L 
25 200 

, and that 
' 

L is a function of H 

By making use of the computed data in the preceding section, 

the basin. constant K may be e:~ressed as a function of and inflow 

direction. Thus, in the formula R f KWEvdt, both K and are 
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functions of Dr, so that they may be combined into one term· 

f = KW: E 

where f is called the moisture index and is a function of Dr and 

inflow direction (see Table 33). The precipitation formula can now be 

written. 

R = J fvdt 

TABLE 

VALUES OF l!IOISTUBE HTDEX (f x 104) FOR VARIOUS INFLOW DIRECTIONS 

Dr( oF) itf W'SW sw ssw s 

4o 4 4 7 5 4 
5 5 g 6 5 
5 6 g 7 6 

tt~ 6 6 9 g 6 
6 7 10 9 7 

45 7 g 12 10 8 
46 s 9 ll 9 
47 9 10 12 9 
48 10 ll 16 13 10 
49 ll 12 14 11 

12 13 19 15 12 
13 i4 20 ·.16 
14 15 22 18 
15 17 19 15 
16 18 20 16 

19 22 17 
18 20 28 23 18 
19 22 30 24 19 
21 24 26 21 

59 23 25 28 22 
60 24 27 29 23 

27 29 39 32 25 
62 29 31 42 34 ,27 
63 31 33 44 36 29 
64 33 35 47 38 31 
65 35 38 41 33 
66 39 42 44 35 
67 42 45 59 47 38 
68 45 49 63 51 42 
69 50 54 69 56 46 
70 55 60 76 61 50 
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Strictly, since both f and v in the inflow layers vary also with· 

height, their products should. be integrated through height •. However, it 

was found that the error involved in using the product of the total f 

and the velocity at the mean height of the inflow layer was negligible. 

This is not surprising, since moisture decreases and v increases vd th 

height; the t\v-o curves tend to be reflections. 

137. The observed values req_uiredfor the theoretical computation 

are the dew point and wind velocity that may be used to characterize the 

storm. On account of their exposures, Mount Tamalpais and Donner Summit 

were chosen as dew point index stations. San Francisco was also used 

because data from this station 1..rere available in every storm. Point :Reyes 

was chosen as a wind velocity index station• For reasons given in the 

section on maximum wind, Point Reyes data were assumed to be representa-

tive of the 4000-foot free-air wind, or the mean velocity of the inflow 

layer. Because this assumption was found to work best for southwest 

inflow directions, and also because the inflow directions were difficult 

to determine accurately, it was decided to use the f values for south-

1.v-est \vinds exclusively. 

138. With but one station used as wind index, the results obtained 

will differ only because of the variation in dew points at the index 
I 

stations. Values of f from dew point observations at these stations 

were plotted against time and smoo-th curves were drawn through them. 

Hourly values of v were taken from the autographic records at Point 

Reyes. The products of fv 11rere then integra ted with respect to time 

by numerical integration (see Tables 34 to 41). In Table 42 maximum 

duration-depth values for the whole basin, as computed from the rainfall 
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TABLE 34 

STORM COMPUTATION 

January 12-19, 1906 

Period 
Date (P,S,T.) (v) (f)l (R)l ,(f)3 (R)3 

12 0430-0730 114 24 .27 22 .25 
0730-1030 lOS 22 .24 20 .22 
1030-1330 96 19 .18 18 .17 

.1330-1630 78 16 .12 16 .12 
1630-1930 66 14 .09 15 .10 
1930-2230 Go 13 .08 15 .09 

13 2230-0130 57 14 .os 17 .10 
0130-0430 ~a 19 .12 21 .13 
0430-0730 25 .21 28 ,2lt 
0730-1030 117 28 .33 31 .36 
1030-1330 126 26 ·33 31 .• 39 
1330-1630 111 25 .28 29 .32 
1630-1930 87 22 .19 26 .23 
1930-2230 75 20 .15 22 .16 

14 2230-0130 69 17 .12 19 ,13 
0130-0430 66 14 .09 15 .10 

. 0430-0730 48 . 12 .06 11 .05 
0730-1030 36 10 .ol+ 9 .03 
1030-1330 30 g ,02 10 .03 
1330-1630 30 7 .02 12 .o4 
1630-1930 39 9 .04 15 ,06 . 
1930-2230 57 13 .07 21 .• 12 

15 2230-0130 72 1S .13 25 .18 
0130-0430 87 23 .20 27 .24 
0430-0730 102 26 .27 27 .28 
0730-1030 lOS 26 .28 27 .29 
1030-1330 108 25 .27 26 .28 
1330-1630 102 25 .26 25 .26 
1630-1930 102 26 .27 25 .26 
1930-2230 111 27 .30 26 .29 

16 2230-0130 132 25 .33 25 .33 
0130-0430 141 21 .30 23 .32 
0430-0730 1lt1 17 .24 20 .28 
0730-1030 129 15 .19 16 .21 
1030-1330 93 13 .12 13 .12 
1330-1630. 57 11 .06 10 .o6 
1630-1930 33 10 .03 10 .03 
1930-2230 21 10 .02 9 .02 

17 2230-0130 21 11 .02 11 .02 
0130-0430 21 12 .03 13 .03 
0430-0730 24 15 .olt 16 .04 
0730-1030 27 19 .05 20 .05 
1030-1330 45 21 .09 23 ,10 
1330-1630 78 22 .17 25 .20 
1630-1930 96 22 .21 25 .24 
1930-2230 105 21 .22 2lt .25 

18 2230-0130 111 21 .23 23 .26 
0130-0430 114 20 .23 23 .26 
0430-0730 117 20 .23 23 .27 
0730-1030 123 2l .26 25 .31 
1030-1330 123 22 .27 26 .32 
1330-1630 123 23 .28 27 .33 
1630-1930 114 22 .25 26 .30 
1930-2230 108 17 .18 22 .24 

19 2230-0130 120 6 .07 10 .12 

(v)=3-hour wind movement (Point Reyes) (f)=Moisture index :z: 
(R)=(v) :z: moisture index = rainfall intensity 

104 

NOTE: Subscripts refer to index station used for dew pointa: 
1"' San Francisco, 2 .. Donner Summit, 3 .. Mt. Tamalpais 
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TABLE 35 

STORM COMPUTATION 

March 16-19, 1907 

Period 
Date (P.S.T,) (v) (f\ (R\ (f)3 (R)3 

16 0430-0730 39 20 .08 20 .OS 
0730-1030 51 21 .11 22 .11 
1030-1330 66 22 .15 23 .15 
1330-1630 7S 22 .17 24 .19 
1630-1930 81 24 .19 25 .20 
1930-2230 81 25 .20 26 .21 

17 2230-0130 90 24 .22 25 .22 
0130-0430 108 23 .25 24 .26 
0430-0730 114 21 .24 23 .26 
0730-1030 117 1S .21 22 .26 
1030-1330 117 15 .18 22 .26 
1330-1630 114 13 .15 23 .26 
1630-1930 111 13 .14 24 .27 
1930-2230 lOS 14 .15 24 ,26 

18 2230-0130 114 17 .19 25 .28 
0130-0430 120 21 .25 27 .32 
0430-0730 111 23 .26 27 .30 
0730-1030 99 25 .25 28 .28 
1030-1330 96 27 .26 28 .27 
1330-1630 93 28 .26 28 .26 
1630-1930 87 28 .24 28 .24 
1930-2230 84 27 .23 27 .23 

19 2230-0130 81 26 .21 26 .21 
0130-0430 81 27 .22 27 
0430-0730 84 28 .24 . 28 
0730-1030 87 30 .26 30 . 
1030-1330 105 31 ·33 32 • 34 
1330-1630 114 30' ·34 31 ·35. 
1630-1930 102 24 .24 25 .26 
1930-2230 51 17 .09 18 .09 

(v) 3-hour wind mcveme~ (Point 
(f) = Moisture index x 10 

Reyes) 

(R)=(v) x moisture index= rainfall intensity 

NOTE: Subscripts refer to index station used for dew points: 
1 - San Francisco 
2 =Donner Summit 
3 = Mt. Tamalpais 
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36 

STORVI COMPD~ATION 

January 1909 
Period. 

Tiate (P. S. T.) ( v) - (f)l (R)1 (f)3 (R) 
3 

12 Ol:ij0-0730 S1 6 .05 9 .07 
0730-1030 63 7 .04 12 .OS 
1030-1330 .8 .03 14 .05 
1330-1630 9 .02 18 .03 
1630-1930 33 12 .o4 20 .07 
1930-2230 6o 15 .09 23 .14 

13 2230-0130 84 20 .• 17 25 .21 
0130-0430 90 25 .22 
0430-0730 78 27 .21 30 .23 
0730..:.1030 63 30 .19 31 .20 
1030-1330 75 28 . 22 30 . .22 
1330-1630 96 24 .27 30 .29 
1630-1930 99 30 ·30 32. 
1930-2230 102 30 .J1 

14 2230:-0130 102 29 .JO 30 • 31 
0130-0430 . 29 28 . 29 
0430~0730 27 .31 28 .32 
0730-1030 120 27 ·32 2S .34 
1030-1330 90 27 .24 28 
1330-1630 72 28 . 28 .20 
1630-1930 84 28 .24 
1930-2230 102 .29 28 .29 

15 2230-0130 99 . 28 28 .28 
0130-0430 99 27 .27 27 
0430-0730 105 27 .28 27 
0730-1030 111 27 ·30 .30 
1030-1330 102. .28 
1330-1630 .25 27 .25 
1630-1930 87 28 .24 28 .24 
1930-2230 84 28 .24 28 .24 
2230-0130 81 28 28 
0130-0430 28 .20 
0430-0730 57 .17 
0730-1030 45 29 .13 29 .13 
1030-1330 45 29 .13 29 .. 13 
1330-1630 45 30 .14 30 .14 
1630-1930 42 30 .•.• 13 
1930-2230 36 29 .10 .11 

· ( v )=3-hour wind. movement (Point Reyes) (f )d'ioisture index :x: 10)+ 
(R)= ( y) :x: moisture index = rainfall intensity 

i 

1TOTE: Subscripts refer to index station used. for devr points: 
1 San Francisco, 2 = Summit, 3 = . Tamalpais 
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T.A:BLE 37 

STORM COMPUTATION 

December 29, 1913-January 2, 1914 

Period 
Date (P.S.T.) (v) (f)l (R\ (f) (R) 

3 3 
29 0600-0900 94 .14 19 . us 

0900-1200 119 19 22 .26 
1200-1500 94 21 .20 22 .21 
1500-1800 99 20 .20 20 .20 
1800-2100 39 17 .07 18 .07 
2100-0000 39 15 .06 18 .07 

30 0000-0300 53 15 .08 19 .10 
0300-0600 73 . 16 .12 21 .15 
0600-0900 95 20 .19 25 .24 
0900-1200 109 25 .27 27 .29 
1200-1500 119 28 ·33 28 ·33 
1500-1800 117 30 ·35 28 ·33 
1800-2100 123 .39 29· .36 
2100-0000 135 33 .45 30 .41 

31 0000-0300 134 30 .40 29 ·39 
0300-0600 138 27 ·37 28 ·39 
o6oo-09oo· 149 24 .36 24 ·36 
0900-1200 140 21 .29 21 .29 
1200-1500 73 22 .16 22 .16 
1500-1800 42 25 .11 23 .10 
1800-2100 35 26 .09 26 .09 
2100-0000 67 27 .18 27 .18 

l 0000-0300 72 26 .19 28 .20 
0300-0600 49 25 .12 28 .14 
0600-0900 49 24 .12 28 .14 
0900-1200 75 23 .17 29 .22 
1200-1500 94 24 .23 30 . 28 
1500-1800 99 25 -35 32 ·32 
1800-2100 112 27 ·30 32 ·a6 2100-0000 130 27 .35 • 0 

2 0000-0300 136 25 ·34 27 ·37 
0300-0600 81 23 .19 23 .19 
0600-0900 91 21 .19 23 .21 
0900-1200 88 21 .18 24 .21 

(v)=3-hour wind movement (Point Reyes) (f)=lJioisture index x 104 
(R)=(v) x moisture index= rainfall intensity 

l!TOTE: Subscripts refer to index station used for dew points: 
1 = San Francisco, 2 = Donner Summit, 3 = Mt. Tamalpais 
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TABLE 33 

STORM COMPUTATION 
22--'-27' 23 

Period 
Date (P.S.T.) (v) (f)l . 'R) . 1 

22 0430-0(30 42 27 .11 
0730-1030 42 26 .11 

1030-1330 51 .13 
1330-1630 6"7 .. 15 . ) 

1630-1930 23 .17 
1930-2230 31 23 .19 

23 2230...,0130 69 24 .. 
Ol30--0430 42 .11 

.0430-0730 33 .09 
0730-1030 30 28 .OS 
1030-1330 28 .14 
1330-1630 .72 30 . 22 
1630-1930 69 33 
1930-2230 69 2 . 22 
2230-0130 69 ,18 
0130-0430 66 .16 
0430-0730 12 .05 
0730-1030 33 7 .02 
1030-1330 30 13 . 
1330-1630 30 20 . 06 
1630-1930 60 31 .19 

30-2230 34 .35 
2230-0130 34 .36 
013o...:.o430 99 "<;1 

.-/. 

0430-0730 69 -30 . 21 
0730-1030 36 .11 
1030-1330 .10 
1330-1630 )C .14 
1630-1930 30 .18 
1930-2230 75 30 

26 2230-0130 84 29 
0130-0430 93 . 25 
0430-0730 . 28 
0730-1030 2..., ) .30 
1030-1330 20 . 25 
1330-1630 102 . 17 
1630-1930 75 20 
1930-2230 51 .07 
2230-0130 48 10 .05 

·or3o-o43o 48 6 .03 

(v) = wind mov-ement Reyes) (f)=Moisture index x 10 
4 

.(R)=(v) x moisture index= rainfall intensity 

Subscripts refer to index station used for de~r points: 
1 Francisco, 2 = Donner 

' 
3 ;:: Tamalpais 



TABLE 39 

STORM COMPUTATION 

December 9-13, 1929 

Period 
Date (P. S. T.) (v) (f)1 (R)1 

9 0430-0730 ' 105 21 .22 
0730-1030 114 24 .27 
1030-1330 126 25 .32 
1330-1630 138 24 ·33 
1630-1930 147 22 .32 
1930-2230 156 21 ·33 

10 2230-0130 153 21 
'0130-0430 147 21 ·31 
0430-0730 111 23 .26 
0730-1030 75 26 .20 
1030-1330 66 28 .18 
1330-1630 6o 30 .18 
1630-1930 63 30 .19 
1930-2230 66 29 .19 

11 2230-0130 69 27 .19 
0130-0430 72 25 .18 
0430-0730 69 25 .17 
0730-1030 66 27 .18 
1030-1330 72 28 .20 
1330-1630 84 28 
1630-1930 105 28 .29 
1930-2230 120 29 ·35 

12 2230-0130 117 31 .26 
0130-0430 99 33 ·33 
0430-0730 90 34 ·31 
0730-1030 84 35 .29 
1030-1330 78 36 .28 
1330-1630 72 36 .26 
1630-1930 72 35 .25 
1930-2230 72 34 .24 

13 2230-0130 69 33 .23 
0130-0430 66 32 .21 
0430-0730 69 33 .23 

(v) 3-hour wind movemen~ (Point Reyes) 
(f)= Moisture index x 10 

(R)=( v) x moisture index rainfall intensity 

NOTE: Subscripts refer to index station used for dew points: 
1 = San Francisco, 2 = Summit, 3 = Mt. Tama1pais 
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TA:BL:El 40 

STOR!Yi COiYiPUTAT!Olif 

December '<0 

Period 
Date . S. T.) ( y) (f)l (R)1 (f)2 (R)2 

9 0130-0430 17 12 .11 
0430-0730 99 18 .18 .13 
0730-1030 105 19 . 20 12 
1030-1330 117 22 .26 22 
1330-1630 129 25 .32 .32 
1630-1930 135 ·39· 30 .4e 
1930-2230 132 32 .42 . 30 .40 

10 2230-0130 126 36 .45 30 .38 
0130-0430 123 41 .50 28 .34 
0430-0730. 132 46 .61 39 .51 
0730-1030 147 49 .72 42 .62 
1030-1330 . 150 50 39 .58 
1330-1630 150 50 .75 . 44 .66 
1630-1930 153 49 ·75 44 .67 
1930-2230 153 45 .69 39 .60 

11 2230-0130 40 ·53' 36 .48 
0130-0430 99 36 .36 .39 
0430-0730 102 34 ·35 39 .40 
0730-1030 lOS 35 .38 34 ·37 
1030-1330 S4 . 36 ·30 30 .25 
1330-1630 66 30 .20 25 .16 
1630-1930 60 . 25 .15 25 .15 
1930-2230 54 22 .12 22 .12 

. 12 2230-0130 20 .10 20 .10 

(v)= 3-hour wind movemen4 (Point Reyes) 
(f)= Mois+,ure index x 10 

(R)=(v) x moisture index rainfall intensity 

NOTE; Subscripts refer to index station used for. dew points: 
1 = San·Francisco 
2 Donner Summit 
3 = lVlt. Tarnal pais 



TABLE 41 

STORM COMPUTATION 

February ' 1940 

Period. 
Date (P. S. T.) ( v) (f\ (R\ (f)2 (R)2 

25 0430-0730 54 30 .16 27 .15 
0730-1030 54 30 .16 25 .14 
1030-1330 45 30 .14 25 .11 
1330-1630 36 29 .10 27 .10 
1630-1930 33 27 .09 25 .08 
1930-2230 36 24 .09 .09 

26 2230:-0130 45 23 .10 25 .11 
0130-0430 69 22 25 .17 
0430-0730 96 .22 24 .23 
0730-1030 120 25 ·30 22 .26 
1030-1330 114 27 ·31 22 .25 
1330-1630 117 28 ·33 22 .26 
1630-1930 132 28 . 37 22 .29 
1930-2230 150 .42 22 ·33 

27 2230-0130 150 28 .42 22 ·33 
0130-0430 135 28 .38 22 ·30 
0430-0730 108 28 ·30 .24 
0730-1030 87 29 .25 .20 
1030-1330 99 30 ·30 27 .27 
1330-1630 132 ·37 25 ·33 
1630-1930 150 27 .40 25 .38 
1930-2230 159 26 .41 27 .43 
2230-0130 162 25 .40 25 .40 
0130-0430 156 25 ·39 17 .26 
0430-0730 123 24 .30 23 .28 
0730-1030 90 .18 23 .21 
1030-1330 96 16 .15 22 .21 
1330-1630 114 16 .1S 22 
1630-1930 99 17 .17 19 .19 
1930-2230 75 15 .11 19 .14 

29 2230-0130 63 13 .08 11 .07 
0130-0430 54 10 .05 11 .06 

(v) 3~hour wind. movemen~ 
(f)= Moisture index x 10 

(Point Reyes) 

(R)=( v) x moisture index = rainfall intensity 

NOTE: Subscripts refer to index station used for dew points: 
1 = San Francisco 
2 :Donner Summit 
3 = Mt. Tama1pais 
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TABLE 42 

~UlXIM~i DURATION-DEPTH VALUES FOBMULA AND FROiYI PBEOIPITATION DATA 

Sacramento :Basin aoove Sacramento (Synchronized at 72 hours) 

Depth in Inches 

Duration 6 12 24 36 48 

January 1906-A 
Formula (SF)· 0.6 1.2 1.7 2.4 2.6 3·2 4.2, 

t! (MT) 0.7 1.3 1.8 2.3 3.1 3·3 4.6 
From Precip. Data 0.9 1.8 2.1 2.8 4.2 4.3 5.8 

January 1906-:S 
:By Formula (SF) 0.7 1.2 1.7 2.3 3.0 3·3 4.6 
II II (!YIT) 0.8 1.3 1.7 2.3 3.2 3.6 5.0 
From . Data(*) 0.8 1.3 1.8 2.3 3.0 3.8 4.5 

JltEarch · 1907 
:Sy Formula (SF) 0.7 1.2 1.6 2.1 3-1 3·8 5·5 
II II ( JYIT) 0.7 1.2 2.0 2.2 3·2 4.3 6.3 
From Pr . Data 1.0 1.8 2.4 2.8 3·9 4.9 6.6 

January 1909 
:Sy Formula (SF) o.6 1.2 1.8 2.3 J.4 4.5 6.3 
rt n ( :!JIT) 0,6 1.2 1.9 2.4 3.4 4.6 6.4 
From Precip. Data 0.9 1.5 1.9 2.5 3·8 4.} 6.4 

December 1913 
Formula (SF) 0.8 1.6 2.3 2.9 3·7 4.0 6.4 

From Precip .. 1.4 2.7 3·3 3·9 5.0 5·5 6.6 
'iYiarch 1928 

:Sy Formula (SF) 0.7 1.2 1.6 1.9 2.8 3·7 4.7 
From Precip. Data 1.2 1.5 .l.S 2.1 2.9 3·8 5.1 

December 
:Sy Formula (SF) o.6 1.3 1.9 2.5 3-2 4.0 6.2 
From Precip. Data 1.1 1.6 2.1 2.6 3·4 4.0 5-9 

December 1937 
Formula (SF) 1.5 3.0 4.3 5·3 6.9 8.3 9.6 

!I If (DS) 1.3 2.4 3·6 4.5 6.0 7.4 8.5 
.From Precip. Data 1.3 2.4 3·5 4.6 6.8 7·9 8.5 

February 1940 
:Sy Formula ( o.s 1.6 2.3 2.8 4.7 5.6 6.9 
From Precip. Data 1.1 2.0 2.8 3.4 5.1 6.4 7.4 

February 1942 
By Formula (SF) 4.0 
Estimated from Precip. Data 4.4 

( *) Ending 6 p . of the 16th, F.S.T. SF San·Francisco Point Data 
MT Mt. ,Tamalpais Point Data' DS - Donner Summit Dew Point Data 
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·data, are compared with the values 

for the same periods from the theo-

retical formula. The comparison is 

graphically illustrated in Figure 21. 

It will be seen that, in general, 

there is better agreement as the 

duration increases. Undoubtedly, 

this is partly explained by the un-

certainty attached to short-period 
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AVERAGE DEPTH COMPUTED FROM FORMULA (INCHES) 

Figure 21 

breakdowns. It was also found that Average precipitation data 
over total basin 

the synchrpnization between the two 

sets of data was quite good, although the theoretical values in most 

cases eYillibited less abrupt changes in intensity. Perhaps it would be 

too much, in view of the various possible sources of error in both sets 

of data, to expect closer agreement. A critical analysis seemed to 

indicate that lack of agreement, in some cases, was caused by a time lag 

in dew points at index stations and also by the smoothing inherent in 

the computation method, although in other cases the cause might have 

been the inevitable approximations involved in construction of mass 

rainfall curves for non-recording stations. It will be noted, for 

example, that in the 1929 storm the 48-hour values agree perfectly, but 

the theoretical 72-hour values are higher. An examination of the data 

revealed that this discrepancy resulted from a persistence of high dew 

points after the rain had ended over most of the basin (see Chapter V). 

In storms like the 1906 the maximum 72~hour value (period A) represE;nts 

a somewhat artificial combination of two rain periods separated by a 
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Computed precipitation int8nsity 
average over total oasin 

storm of Feoruary 25-29, 1940 

lull. In such a case the agree-

ment is not likely to oe very 

good. The period B (see Tc;,ole 42), 

which is a more continuous rain 

period in the 1906 storm, ~:hows a 

much oetter agreement than A. The 

oest synchronization was o1:,tained 

in the 1940 storm (see Figure 22) 

during which the greatest ~umoer 

of re .. cording gages were in operation. The storm of Feoruary 1942 

occurred while this study was in progress and a comparison of 72-hour 

values computed from formula and from data is included in Taole 42. 

Rainfall data from only selected key stations 11rere used since most other 

data were unavailaole. The storm did not appear to oe of comparatively 

major importance. Taole 43 compares the relative magnitude of the major 

storms, as computed from formula and from rainfall data. 

l. 
2. 
3. 
4. 
5· 
6. 
7-
8. 
9· 

TABLE 43 

SACRAJ."VJ:El\TTO STORIVLS ARRANGED Il\T DESCEl\lDING ORDER OF !VJAGNITUD:E: 

Maximum 72-Hour Average Depths 

From Precip. Da~a 

1937 
1940 

1913-14 
1907 
1909 
1929 
1906-A 
1928 
1906-B 

By Formula (San Francisco Dew Points) 
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1937 
1940 

1913-14 
1907 
1909 
1929 
1928 
1906-B 
1906-A 
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Pseudo-adiabatic diagram adapted for dew-point computations 

139. The results seem to support the conclusion that Assumption 

III is an ade~uate description of a major storm over the Sacramento Basin. 

In order to compute the maximum possible precipitation it will thus be 

necessary to determine the maximum dew points and the maximum winds, and 

then to apply the formula developed above. 

140. Maximum Dew Points. A survey was made of the maximum observed 

dev.r points for all months at nine stations in 

and near the Sacramento Basin. From these 

values reduced dew point temperatures were 

computed by the use of Figure 23. The re-

sults of the study are surrm1arized in Table 44. 

Account having been taken of the relative 

degree of saturation, composite seasonal en-

veloping curves of the maximum reduced dew 

points l•rere constructed. They are shown in 

Figure 24. It is evident from a study of the 

figure that the dev.r point maxima at low 
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TABLE 

MAXII~UM DEW POINT DATA 

Jan. . Mar. Anr. Mav Oct. Nov. Dec. 

10,28 29 3 12 6 12 
37 42 47 51 51 45 

-5 61.5 65.5 68.5 -5 70.5 68.5 64 
(a) 25, 3,11 4 28 22 22 2 ll 

330 ft. (o) 60 59 64 68 69 67 63 61 
6o 65 69 70 68 64 62 

(a) 12 16 11 26 29 21 10 9 15 
3957 ft. (o) 47 57 56 56 64 50 45 

(c) 56 67 66 66 77 73 60~5 56 
(a) 16 26 3 22 15 20 16 22 9 3,9 
(o) 56 56 60 63 60 66 64 60 6o 56 54 
(c) 58.5 62 62 66 69 66 70 66 66 64 60 

b--' (a) 1 16 21 1 24 11 12 19 1,7,19 2,30 + + (o) 61 64 6o 57 60 64 63 58 56 
(c) 59 62 65 61 56 59 61 64 59 57 

Red :Bluff (a) 14 16,24 2 16,30 26 . 8 . 21 2 12 1 
334 ft. (o) 58 59 61 65 67 68 64 67 59 
1893--1934 (c) 59 60 62 66 68 69 65 68 60 

Reno (a) 2,28 7 22 10 15 16 1 26 11 
4532 ft. Co) 43 45 52 49 6o 59 
1906-1941 (c) 56 57-5 64 61 70.5 65 59 

Sacramento (a) 1 15 28 14 12 9 1 10 
71 ft. (o) 58 62 63 66 67 70 71 64 62 
1893-1941 

San (a) 2 19 12,28 22 9 24 1 12 3,2') 12 10 
Co) 63 6o 64 63 62 

( of,mcnth (o) Ilew Point (c) 



coastal stations are dependent on the sea surface temperatures. While 

the San Francisco-Point Reyes curve has a minimum value in mid-June, the 

curve for Mt. Tamalpais (elevation 2, ft. and 14 miles from San 

Fr~ncisco) is climbing toward a maximum in.July. Such extreme stability 

could occur only if the air contact with the sea surface 1'1Tere 

cooled. It is evident, of course, that such a state does not favor the 

production of flood rainfall. The pattern of the general circulation 

which is responsible for this stability and the dry summer of the on 

has already been discussed in Chapter II. It is obvious that the summer 

dew points described by the uppermost curve cannot, therefore, be consid­

ered representative in a storm or rain situation. 

141. The observations considered must be representative in two 

respects: vertically of an unstable saturated column of air, and hori­

zontally of an area comparable to that of the basin. From this point of 

view, the midwinter portion of the curve can be 100% representative, 

whereas the midsummer values, as has been just indicated, are not at all 

representative. There is no reason to believe, however, that the repre­

sentativeness changes abruptly. It is much more reasonable to assume a 

more or less gradual transition. In such a case, it 'lftrould be illogical 

to assume a definite rain season and then to choose dew maxima at 

its beginning or end, because these values would be less representative 

than the ones nearer the middle of the period. It might be decided, for 

example, that the rain period extends from November 1 to April l, 69 F 

being the maximum dew point during this period. But 69 would not be as 

representative a dew point as 63, the value at the middle of the assurned 

rain season. The true representative maximum dew point should therefore 



lie bet·ween and 69. Referring again to 24, it can be seen that 

in the winter the three curves merge into one. In this region the maximum 

cLe~r point may be said to be lOO% representative. The dew point 

value at the st point of concurrence is It is reasonable~ there-

fore, to choose F as the maximum po ·representative dew point. It 

so happens that was the maximum San dew point in the 

1937 storm, the San Francisco s in that situation were 

not ~uite as representative as the reduced dew points at Donner Summit, 

which were somewhat lower. However, it may be assumed that in the maximum 

possible storm the San Francisco values would be representative of the 

inflow layer. 

is necessary also to consider the duration of 

maximum dew points. Meteorologically, it is not reasonable to assume that 

a dew point of F could persist for 72 hours in a Sacramento storm. As 

a measure of dew· point persistence on a scale 0 to 1, the ratio of the 

average 72-hour value of f to the maximum f ·was computed for the major 

storms. 
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an inverse one. In other words, it is 

true that the higher the maxi-

mum Clew point the shorter its duration. 

In the case of the December 1929 storm 

the ratio l'l"as originally . 89 

but, since this value included a period 

of Clew points when there 11ras no rain 

(see Chapter V), it was not properly 

to the storm period. This 

fact was allowed for by excluding 8 hours 

of Clurat and the adjusted value was 

found to be .82, which lies vn the envel-
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26 

ion curves of average 
moisture index for various 

maximum dew points 

curve. Duration curves of maximum average values of mo.isture i:n,dex 

(f) were constructed for all the majcr storms. From these curves and 

from , the curves on Figure 26 were dra\!Jn. The average values 

of moisture index for the various durations of the maximum possible storm 

AVERAGE MOISTURE U..lTIEX FOR VARIOUS DT.iRATIONS 
IN THE 1JIAXIHll1vl FOSS STORJ."V.[ 

Duration 
(hours) 

12 -
24-
36-
48 -
72 -

f X 

)_~9 ·5 
46.6 
43. 
4o 
34.2 

Maxirrrom Wind. Figure 27 shows the mean southwest at 

for the winter season, December to March, for the period of rGcord 
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I 1921-33. It will be noted that, 

w -

-
for the surface laye:r:-, the 

......... 

I {PERIOD OF RECORD 1921-' 53) 
. assumption of a linear velo·~i ty 

1/ 
/ 

variation .with height is valid •. 

I 
I ! 

I first approximation, the wind ve-

I 
1/ loci ty may be express eel as follows: 

I v V = G 

I 

v where V is the geostrophic wind 

o 2 4 s a 1.0 12 14 IG 1a 20 22 24 26 velocity, G the pressure grad~ent, 
MEAN WIND SPEED (M. P. H.) 

F the parameter due to the earth 1s 

Figure rotation -- constant for any given 

Mean southwest wind, December­
March season, Oakland, California 

· latitude, p . the density of the 

air. The ratio of the velocity at 

five kilometers to the velocity at one kilometer is: 

the subscripts to the levels. Since the density from one to 

five kilometers decreases by one third over a considerable range of con­
Pl 

di tions, the ratio p may here be used as a constant with the value 
5 ·. 

3/2. For the assurrrption that the pressure gradient does not vary with 

height, equal and 
v 
_2 = 3/2 or 1.5. vl Summarizing three 

possible values of 

Pressure gradient constant with height 
Velocity distribution assumed by Ejerknes (12) 
Mean southwest wind .(Figure 27) 



Since or 

it is evident that the second case implies an increase in pressure 

gradient with height of 21% and the third case an increase of 39%. To 

determine the conditions of maximum wind movement, then, it is necessary 

to consider the types of pressure distribution which will produce the 

stronges·t 11Jinds both surface and aloft. 

144. The most critical wind direction is southwest; therefore, for 

maximum conditions, we must assume pressure decreasing to the northwest-

ward off the California coast. This is possible with (1) a quasi-

stationary front off the coast and an anticyclone northwest of the front 

(as in.March 1928), i.e., warm air in the low pressure and cold air in 

the high pressure; or (2) pressure decreasing continuously to a Low 

over the ocean (as in December 1937), i.e., cold air in the low pressure 

and warm air in the pressure. 

145. From the hydrostatic equa,tion and equation of state we can 

conclude, as a first approximation, that 

where p, p, and T are the pressure, density and temperat~re respective-

ly, the subscript 0 refers to the surface and z to a fixed upper level 

a short distance.above the surface, and c and w refer to cold and 

warm air; K1 and K2 are positive constants. In the first case (warm 

air in low pressure cold air in high pressure -- curve ABC, 28) 



DENSITY CHART 
OENSITY (GRAMS PER CUBIC METER OF DRY AIR) 

35 40 
TEMPERATURE 

Figure 28 

For the pressure grao.ient to increase 1-Jith 
' 

the expression 

(pc P)z must be than (pc Pw)o and therefore the 

must be positive. However, since Pw the ssure in the warm air is 

lo1Jirer than Pc' P,/TV>J is always less than Pc/Tc, v.rhich means that the 

side of the eq_ua tion is ah1ays negative. It is therefore impossible 

for the pressure gradient to increase with in this case. In the 

sec6nd case, with a Low over the ocee.n such as occurred. in th<a 
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December 1937 storm (cold air in low pressure and warm air in high pres-

sure -- curve FGH, Figure 28) 

Here, also, the equation must be posit , i.e., p /T must be greater 
c c 

than Pw/Tw for the pressure gradient to increase with height. However, 

the steep gradients necessary for strong winds require that pw (the 

pressure being in the warmer air) be considerably er than Pc 

per unit distance. The denominators Tw and 

differ considerably in the same sense for p /T c c 

must therefore also 

In other words, an extreme temperature gradient must exist to cause the 

pressure gradient aloft to exceed the pressure gradient at the surface. 

146. In 28 the angle 9 represents the limiting conditions 

for an increase of pressure gradient with a small change height. The 

curve FGH illustrates a possible surface temperature-pressure profile. A 

critical exami:na,tion will shew that the indicated conditions are as 

extreme as can be assu1ned. In order to have the colder air vdth lower 

pressure it is necessary to have an occluding cyclone, which means that 

the cold air and warm air will both be flowing northeastward. Under such 

circumstances sharp temperature gradients are not observed even over con-

tinental United States; over the Pacific, due to the tempering 

effect of the ocean surface, steep temperature s are not possible. 

In the segment. GH the maximum temperature difference per 10 mb is slight-

ly in excess of 5 degrees. Figure 29 shows that sucha condition could 

produce a 90% increase in pressure gradient in 10,000 feet if the 

rate in the cold air were dry adiabatic, and a constant pressure gradient 
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Effect of surface temperature difference on 
in pressure gradient in a 10,000 ft. 

change 

"~J~ri th height for a pseudo-adiabatic lapse rate in the cold air. Since the 

cold air is assumed to be over the Pacific, it is difficult to postulate 

a lapse rate steeper the pseudo-adiabatic in the first 10,000 feet 

above the surface. 

147. The conclusi is that the maximum southwesterly inflow· into 

the Sacramento will occur with a deep oc off the Pacific 

Coast. The pressure ent required to produce winds 1'llill be 

so steep that no t gradient can exist suffici s teeJ:; to 

cause the pressure to increase Nith in the inflow layer. 

A constant pressure ent i;ri th height seems/ to be the limiting 

assumption. 

148. For the maximum possible storm it Has assumed that there would 
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be a convergent cyclonic flow with a radius of curvatUre of 1200 kilo-

meters at the surface, becoming straight geostrophic flow at 10,000 feet. 

Assuming pressure constant and density 

neglecting surface friction and adjusting for curvature, it \llras found 

that the curve was practically linear could be 

expressed by the e~uation 

v = v 0 (1 + .06z) 

where v 0 is the frictionless velocity at sea and z is height in 

thousands of density and curvature values are shown below: 

p(gm/~) r(km) 

Sea level 1,200 1,200 

4,000 ft. 1,020 2,000 

10,000 ft. 880 co 

3:p 

dX Constant 

south\llrest 1orind velocity of record below 5 kilo-

meters in the southwestern United States is 150 mph at Reno, Nevada. 

This occurred at an elevation of 13,000 feet on June 3, 1939. Adjusting 

this velocity to the l.J.OOO-foot level by the formula 

v ::::: v 0 ( 1 + . 06 z) 

the velocity at 4,000 feet would e~ual 90 mph. The. maximum observed 

southwest velocity at Point Reyes is 82 mph on March 1, 1902. The maxi-

mum observed from any direction at Point Reyes is 91 mph from the north-

west on May 30, Further evidence will be in a later paragraph 

that Point is representative of the 4,000-foot level in the free 

air. On that , adjustment of 91 mph to sea level produces a velocity 
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of 73 friction. Under extreme circumstances the observed 

surface wind may attain approximately SO% of the geostrophic value. Mul-

t mph by SO% to correct for friction, the observed maxi~xm 

surface vlind would be 58 :p.ph. The maxi~ observed 5-minute velocity at 

San Francisco is 50 mph. There is little security however in 

to establish values for longer durations by use of observed 5-minrrbe max-

imumvelocities. It was therefore decided to use the wind records at 

Point , one of the best exposed points on the Pacific Coast. 

30 shows the average \vind speed at Point Reyes for 

May 1902. This period includes the greatest lflrind movement ever 

observed at Point s. It has already been indicated that the 

at Point s corresponds to the 4,000-foot free-air velocity in :spite 

of the fact that Point Reyes is only ~-90 feet high. An examination of a 
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topographic chart of this sta-

tion (Figure 31) bears out the 

hypothesis that a westerly 

wind is greatly accelerated. 

The wind-aloft records at Oak-. 

land were compared in detail 

with the anemometer records at 

Point Reyes, and the conclu-

sian V>ras reached that, under 

conditions of 

velocity with the 

hourly wind movement at Point 

Reyes is actually representa-

tive of the 4,000-foot level 

in the free air~ A many 

examples could be The 

follo1i·Jing is an illustration: 

February 23, 1937, 2 p.m_ 

Oakland 

Surface 

1640 ft. 

2460 ft. 

3280 ft. 

Miles per hour 

7 

7 

9 

22 
Point Reyes 

miles per 
hour 

4920 ft. 36 

• 

·f· 
s 

Plan of Point Rnye!l Peninsula, according to a sur\·ey made 
in 1880 by United States Engineer Corps. 1. Fog ,;igm~l ~tation; 
elevation 100 feet. 2. Light-house tower; elevation 250 fePt. :~. 
Steps and chute leading to the light-homm and ~:~ignal >JtationH. 4. 
Tank; elevation 46{) feet. Anemometer on the tank; <>l<'nttion 
4!!0 feet. 5. Weather Burmtu building; elevation 490 feet. H. 
Lo<•ation of the new storm-warning towoi·; tho gmun<l at the tow~r 
is 540 feet; the peak is 55{) fe~>t high; tho anemometer on thn tow<'r 
is about 5\13 feet above sea level. 7. Rnsidnne<~H of thn kenp<'r;;. 
H •. Highest point of tho ridge;· elevation 597 feet. U. Lil'c-HIWiug 
ntatiou. 

Contour of Point R<:yeR, ilfl ~<'<'ll from tho nmth\v!'st. 1. 
Fog Hignal; ol<wation 100 feot. 2. Light-house tower; <'lenttinn 
:l51l fe••t. 3. StnpH arid t~huto londiug to tho light-housn and signal 
Htation,;. '1. Watertank; olovation4GOf\iet. 5. w,•atlwrBurP!\U 
building; l'levation 4HO feet. G. Storm-waming towPr; t•l••mtion 
of grnun<l540fm•t. 7. Dwelling of ligltt-h<IU8e keepel'. 8. High­
<'Ht point of the ridgn; elenttion 597 f<let. A. Point from whit·h 
phnt.ograph C, Ol' fig. 3, was. taken. B. Point from whkh photo­
graph A, or fig. 5, W<tS .taknn. C. Point from which phnt<>graph 
Bt nt• fi,t{. n, waH takt'n. D. }~oruwr t"X}lOISUl~C of th .. \ H.UPUtHllH.$tt~t·. 
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stronger than southwest winds at Point Reyes. However, the major :portion 

of the Point s wind record is for velocity only and velocity-direction 

data are too limited and difficult to organize to make a statistical 

determination of the ratio. 

151. It is necessary, , to compare the synoptic situation 

which produced the maxinnlm wind'movem~nt of record with the synoptic 

pattern proposed for the maximum possible storm. The strong winds at 

Point Reyes May 16-19, 1902 were by an intense anticyclone 

over the Pacific Ocean, \vith cyclonic conditions inland. The isobars 

over the ocean shm,ved appreciable anticyclonic curvature but on the 

average they were approximately straight in the vicinity of Point Reyes. 

the maximurn possible storm, it has been assumed, the winds at 

4, 000 ft. vdll have a cyclonic radius of curvature of 2, 000 kilometers. 

Over the range velocities considered for the maximum storm such a cur-

ve"ture would reduce the i'Jind to 87% of the geostrophic or straight-isobar 

value. It was therefore decided to take 87% of the observed maximum 

nortb1est straight flow as representative of the maximum possible 

cyclonic south,vest This leaves two factors of opposite un-

evaluated. The first is that isobaric gradients are steeper in 

cyclones than in anticyclones. During May 16-19, 1902, however, Point 

Reyes was situated east of the anticyclone and west of the cyclone, and 

pressure gradients west and northwest of the cyclone are generally st 

er than on the eastern side. The second factor is the relative magnitude 

of the acceleration of northwest and southwest winds at Point 

maximv~ observed southwest velocity of mph at Point 

the observed :maximmn 5-minute,northwest wind of mph. 

s is 90~ of 

.As mentioned 

The 



earlier, 5-minute values such as these are not too reliable criteria but 

at least the order of magnitude is in substantial agreement with the 

ass~ed 87% ratio of southwest to northwest winds. To carry the compari-

son still further, the corrected Point Reyes winds were adjusted to sea 

level and then reduced 20% as a corre,ction for surface friction. The 

resu~ts, compared to observed maximum winds at San Francisco,follow: 

12 hrs. 

Adjusted Point Reyes 

Observed San Francisco 

Mean for 
24 hrs. 4s hrs. 

32 

31 

30 

26 

72 hrs. 

22 

The following table contains the assumed maximum average wind speeds for 

various durations at the 4,000-foot level: 

TABLE 46 

SPEED-TIURATION IN THE MAXIMUM STORM 

Duration Average Speed, mph 

6 hrs. 61 
12 hrs. - 58 
18 hrs. - --- - 55 
24 hrs. ---- 53 
30 hrs. ----- 52 
36 hrs. 51 
42 hrs. ··" 50 
4s hrs. ---- - 49 
54 hrs. - 4s 
60 hrs. - 47 
66 hrs. ---- 46 
72 hrs. - 45 

152. The Maximum Possible Precipitation. With maximum values of 

v and f determined, it is a simple arithmetical operation to derive 

' the maximum depth-duration values. Table 47 shows the computations.for 
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the various durations of the 72-hour maximum storm in the Sacramento 

:Sasin: 

TA:BLE 47 

DURATION-DEPTH COMPUTATIONS FOR THE ~~XIM~I 72~HOUR STORM 

t y_ fno4 R 

12 57.8 49.5 3.4 
24 .8 46.6 5·9 
36 50-7 43.5 1·9 
48 48'.7 4o.4 9.5 
72 44.8 34.2. ll.O 

t = duration in hours 
v average wind movement~ mph 
f = moisture index 
R average depth in inches = t X v X f 

The values in column R are the maximura possible depths for durations 

to and including hours. It may well be that for a storm of greater 

duration the total could exceed .0 inches, in which case, 

however, the average intensities far durations~p to 72 hours would 

probably be less the values in the above table, 

153. The maximum possible precipitation here computed need not be 

increased by any reliability factor. Four elements entered into the com~ 

putation. The basin constant 1nras tested in nine major storms and found 

to require no correction coefficient. The waximum reduced dew point 

could conceivably be but this effect would tend to 'be cancelled by 

the consequent de in stence. Since southwest flow was found 

to be most critical and a continuous southwest direction was assum·ed for 

the storm period, no to higher values was possible in t:h.at 

respect. The maximum wind was obtained by reducing the maximum 

observed northwest at Point . s by 13% for cyclor.ic curvature. 
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Any further modification for difference in stence would tend to 

reduce the 1tlind speed in the maximum storm. No such modification was 

made. Since this effect would more than counterbalance any other 

influences acting to increase the precipitation, the computed values of 

maximum possible precipitation can be said to contain an adequate relia-

bili ty factor~ 

154. The December 1937 storm is a meteorological model of the 

maximum 72-hour storm. The following adjustments of the 1937 storm would 

produce the maximum possible storm: 

Dow point adjustment 

Wind adjustment 

Combined adjustment 

13% increase 

14.5% increase 

29.4% increase 
\ " 

155. At this point certain questions may arise which are inent 

to the fundamental theory of the maximum storm. If a basin of 

the same size, shape and location, but with none of the orographic fea-

tures of the Sacramento Basin> were assumed to exist, what would be its 

maximum possible 72-hour storm? It would be than for the real 

basin. The purely meteorological factors would be the same but the oro-

graphic barrier would be gone. This conclusion seems to be a contradic-

tion of the well-founded notion that the orographic effect is to increase 

rainfall. The contradiction, however, is not real. In computing the 

maximum possible storm we have already gone beyond the pure orographic 

effect. In fact, the maximum efficiency in rain production has been 

assumed. The necessary mechanism is either a feature of the atmospheric 

circulation or of the basin. As part of the circulation it can occur 

over the hypothetical basin by chance; but in the real basin it is an 
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invariant and ever-present property. The important point is that even 

though the maximum possible storms are of nearly the same magnitua.e, the 

orographic effect will be to increase the frequency of near-maximum 

storms. 

156. Recapitulation of Symbols. For reference purposes the more 

important symbols used in this chapter are listed beloi>r! 

A Area of basin (square miles) 

D Reduced dew point (°F) 
.· r 

f Moisture index (inches/mile) 
Assumption III 

KWE where K applies to 

H Effective height (ft.) 

K 

L 

M 

p 

q 

R 

p 

T 

t 

v 

x,y, z 

Geometric or basin constant (miles-1 ) 
VvEH 

Lift coefficient (liE ) 

Amount of moisture which can be ·precipitated out of 
each unit column (inches) 

Pressure (mb) 

Specific humidity (gm/kg) 

Average depth of precipitation over area (inches) 

Density of air (gmjm3) 

Temperature ( 0A) 

Time (hours) 

Wind velocity (miles per hour) 

Effective precipitable water (inches) 

Precipitable water (inches) 

Space coordinates (x, y in miles, z in feet) 
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CHAPTER VII 

SNOW MELT 

157. Melt Factor The thermodynamics of snow melt has been dis-

cussed in detail in previous reports (!, ~) and in Technical No. l 

(50). Briefly stated, the major factors producing rapid snow melt are 

considered to be turbulent transfer of heat and moisture bet,·reen the air 

and snow surface. An approximate formula, relat the rate of over 

a area to observations of wind velocity, temperature and humidi-

ty at standard levels above the surface, is: 

D = KU [. 00184( .11)] 

where D is melt in inches of water per 6-hour period 

U is 111rind velocity in miles per hour at the 50-foot level 

T is temperature in degrees Fahrenheit at the 10-foot 

e is vapor pre in millibars at the 10-foct level 

.h. is elevation in feet above mean sea level 

and K is a regional or basin constant. 

The value of K reflects the surface characteristics of the basin or 

region and is assumed to remain constant for all ranges of wind velocity, 

temperature, humidity and elevation. Its value is unity when the formula 

is applied to determine melt over a smooth exposed snow surface. The 
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Theoretical rates of snow melt d.ue 
to atmospheric turbulence 

sation, rr gives ad.d.itional gain or loss'of melt 

ty) as a function of d.ew 

r~sults of such a d.e-

termination are pre-

sented. in the form of 

a graph in Figure 32. 

Two separate sets of 

curves are shown; one 

gives values of equiv-

alent melt (per wind. 

velocity of one mile 

per hour) cause•i by 

sensible heat transfer 

at various elevations 

as a function of d.ry-

bulb temperatur1:>; the 

other set, labeled. 

11 effective melt by 

evaporation or eonclen-

unit wind. veloci-

158. In the Sacramento stud.y consideration should be to two 

distinguishing features of the basin: rugged topography and forest cove.r. 

Melting rates decrease >vith increase of elevation because of the decrease 

in the air density with height, and. also because of the normal decrease 

of temperature and. point with height. As melt progresses, the 

snow line recedes to elevations and. the of snow-

covered. area, over which the melting rates are effective, d.ecreaseB • 
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Melting proceeds at a rapid rate near the snow line and decreases to zero 

a~ some limiting elevation. If a sufficient clepth of sn0'\1\f exists "belo~;<r 

the zero level of melt effect, melt water may be 

blanket. Therefore, another factor tending to 

rates in the region is the normal increase of snow 

in the snow 

e areal melting 

with elevation 

which may confine the runoff contribution from melt to the lower eleva­

tion zones above the sno~;<r line. During abnormal conditions, .however, 

some melt may occur at all elevations in the basin v1hen shallow depths of 

snow fail to hold back contribution of melt water and rainfall to 

runoff. 

159. Most of region above an altitude of 2,500 feet is densely 

forested. The :major portion of sno1.1\f melt contribution occurs in that 

area but the cation of the melting formula to melt underneath dense 

forest stands is iona"ble "because of the reduction of wind velocity 

inside the forest. However, since the diffusion of heat is also greatly 

reduced in the forest interior by virtue of the protective covering of 

foliage, branches, etc., most of the melting that ctoes occur within a 

forested area must occur in the numerous openings, , and other 

cleared spaces where the heat exchange would be by the turbu-

lence regime, and melting would be proportional to the melt over a 

fully exposed area. assumption implied in the use of a basin con~ 

st6mt is that a constant ratio exists "between melts in various portions 

of the basin area periods of warm moist winds. Thus, although the 

portion of the basin area occupied by dense clumps of trees is essentially 

noncontributing during such periods, the use of a constant 

and the melting formula is still adeq_uate as a tool for extrapolating 
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melting rates from moderate wind velocities to the strong winds charac-

teristic of the maximum storm. 

160. Determination of Constant. The basin constant is determined 

by correlation of snow melt values obtained by analysis of runoff records 

from past periods of rapid melt w·ith corresponding values computed. from 

meteorological observations. In the Sacramento :Basin it is probable that 

the most melting has occurred during storm ods in the winter 

season. Unusually high temperatures and dew points have occurred during 

a number of storms of record and produced rapid depletion of the existing 

snow cover. Ho>vever, the analysis of such situations is fruitless because 

of the difficulty of separating snow melt from rainfall through the use 

of stream~flow records. Another complicating factor is the fluctuation 
0 I 

of the 32. isotherm with elevation during t:p.e progress of a storm. This 

signifies that at certain elevations the precipitation may alternate 

between snowfall and rainfall and the contribution to runoff from various 

elevation zones may be extremely complex. 

161. During the late spring or early suwner, meteorological situa-

tions may occur when warm moist air flows in at moderate velocity to pro-

duce fairly high rates of melt at intermediate and upper elevations in 

the basin with little or no accompanying rainfall. Flooding of upstream 

tributaries may take place at such times and discharge records may furnish 

a convenient source of data for estimating the total volume and time dis-

tributionof melt. However, calculations of theoretical melt for such 

periods offer greater difficulty because radiation usually exerts a sig-

nificant influence and has to be evaluated from limited data. 

162. The following table lists ten snow melt floods of this type 
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for the Feather, Yuba and American :Basins, 

of magnitude of flood peaks: 

TABLE 48 

SNOW-MELT FLOODS -- FEATRER, YUBA ANTI AlVlERICAN BASINS 

Basin 

American River at 
Fair Oaks 

Yuba River at 
Smartville 

Feather River at 
Oroville 

1Jate of Flood Peak 

May 15, 1938 
June 12, 1911 
June l, 1922 
April , 1938 
June l, 1938 
May 6, 1916 
May 16, 1927 
May l 1919 

' 1937 
May 10, 1923 

May 15, 1938 
June 2, 1922 

14, 1904 
May 6, 1916 
May 14, 1904 
June 5, 
May 14, 1917 
May 15, 1927 
June 11, 1911 

21, 1933 

April 14, 1904 
May 15, 1938 
April 27, 1922 
March 19, 1914 
May , 1904 
June 3, 1911 
May 31, 
May 9, 1917 
May 5, 1914 
June l, 1933 

Runoff in Inches 
Day 

.52 

.49 

.41 
·37 
.34 

-31 
.29 

.64 
.54 
.43 
.47 
.46 
.45 
.45 
.44 
.42 
·39 

.41 
·37 
.26 
.26 
.25 
.23 
.22 
.21 

.20 

163. From the above list, the 1938 flood in the Yuba Basin \vas 

selected for detailed study because of the volume and rate of 

snow melt during a single rise of the absence of rain-

fall as a contributing factor to ancL rele.tive sufficiency of 
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Figure 33 

basic data. The locations of observation stations in the vicinity of the 

basin are shown in Figure 33, and the data are summarized below: 

SOURCES OF DATA YUBA BASIN - MAY 1938 

Runof:f Data 

Basin 

Middle Fork of Yuba at Milton 
North Fork of Yuba at Sierra City 
Middle Fork of Yuba near N. San Juan 

Mete 

Station Elevation, Feet 

Donner Summit (Airways) 

Blue Canyon (Ainrays) 
Soda Springs 
Bowman Dam 

Canyon 
Lake Spaulding 
Scales 

7195 

5283 
6871 
5346 
4965 
46oo 
4300 

Area 

41 
91 

207 

Data 

of Data 

Continuous Hydrograph 
Mean Discharge 

11 IT 11 

Type of Data 

temperatures, dew points, 
wind velocities, cloudiness, and 
6-hourly snow depth measurements 
Same as above 

precipitation and SnOinJ depth 
tt tt t1 n 1! 

tl 11 tt !I 11 

t1 n It 11 !I 

11 ll " I! 11 
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Figure 34 

Concurrent meteorological and pr itation observatiors pertinent to the 

are plotted in Figure 34, for the period of May 1-24, 

together with the hydrograph of discharge for the entire Middle Fork of 

the Yuba based on the combined records of the Milton gaging station and 

the diversion through the Milton-Bowman tunnel. The curves for wind, 

temperature, de'lJir point and runoff are based on 6'-hourly observations. 

The analysis of the data sho\i1m in the figure is composed of two sections: 

computations of the theoretical point effect from meteorological 

observations and determination of over-all melt from discharge 

records. 

164. The computations of theoretical melt were based on the assump-

tion of a horizontal smooth exposed snovu Melt due to atmospheric 

turbulence had to be determined separately from melt caused by radiation. 

In computing the effect of heat transfer from the air by turbulence, the 
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graph pf Figure 32 was applied to observations of temperature, de~r point 

and wind velocity at Elue Canyon Airways Station. Observations at. Donner 

tion is located in a narrow pass that tends to restrict the air flo'\11' to 

an east-111est direction. The net melting effect of incoming and ou.tgoing 

radiation was estimated from observations of cloudiness and dew point. A 

procedure developed by Wilson (110) was a modi-

albedo for melting snow of 60%. ·Adjustments of melt for 

of area covered with snow were made according to the procedure shown in 

35· It was assumed that, on the date the snow at a 

particular station, the station elevation represents the mean elevation 

of the snow line. Accordingly, the percentages of sno11r-covered area were 

read off the area-elevation curves from available dates of snow 

ance and then plotted against time to det.ermine the snow-cover area-time 

curves. The daily increments of computed melt 1-1ere next mult 

AREA-ELEVATION CURVES 
SNOW COVER AREA· 

TIME RELATIONS 
100 
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APRIL 

Figure 35 
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the appxopriate area factors to obtain average of melt for each 

successive time interval. 

165. The for the three sub-basins listed in the data 

summary (Table 49) were zed in detail to determine the a1Jproximate 

volume and distribution of melt for the period Hay , inclusive. Sub-

freezing weather occurred prior to May 4 and it was assumed that dis-

on that date was base flow, the excessive value of the 

flow indicating near-saturated soil. A value of water recharge 

'vas estimated from uniform base flow and added to direct runoff to give 

the entire volume of sno,,r-mel t runoff during the period. The time 

tribution of melt was obtained by correct the increments of direct 

runoff for channel by the Langbein ihethod involving the use 

of a storage-discharge curve for the basin. This vvas developed from the 

recession hydrogr~ph of the December 1937 flood. The values of channel 

inflow thus obtained were increased by .the ratio of total runoff to direct 

runoff and accu-

mulated. These 

accumulated values 

;,v-ere plotted 

against corre-

spending accumu-

lated values of 

computed melt in 

the form of double 

mass curves shown 

in Figure 36. 
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166. The following table summarizes the results of runoff and 

meteorological analysis: 

TABLE 50 

THEORET I CAL Al'ID OBSERVED SNOW' iliiELT 

YUBA -~ ¥JAY 1938 

Run- Turbu- Radi- Total K 
off lence at ion Theoret-· 

Melt Melt ical Melt 

Middle Fork of Yuba at Mi.lton 12.8 13.0 4.2 .2 0.75 
North Fork of Yuba near Sierra City 9-7 14.9 4.1 .o 0.51 
Middle Fork of Yuba near N.San Juan 7.6 9·2 2.4 11.6 0.67 

The constant, K, in each case was obtained from the slopes of lines drawn 

through the plotted points in 36. 
{ 

The empirical constant to be 

used for determinations of critical melt, then, has an average value of 

0.6. Differences in the value of K can be ascribed to errors involved 

in runoff analysis and in the estimates of snow-covered area from the 

meager number of snow depth measurements. Another possibility is that 

tics. However, in the absence of any detailed information on topography, 

forest cover, etc., for the three basins in question, ;it was decid.ed to 

adopt an average value for the empirical constant and to apply this value 

throughout the Sacramento watershed• 

167. Antecedent Snow Cover. Ordinarily, snow begins to accumulate. 

in the mountains of Sacramen~o Basin in the late autumn or early 

winter and s a maximum depth in April. The winter snow pack, 

with the snow line located at approximately 4,000 feet. The corater 

equivalent of the normal April snow pack increases with elevation to an 
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average depth of about 50 inches at 7,000 feet. Above this elevation 

the observations are to establish a relation, if any, between 

seasonal sno"'r accumulation and elevation. Speculation on this ect 

is rather pointless because 

above 7,000 feet. 

about 4% of the entire basin area is 

l6S. most of the snow melts in the late spring, after the 

1vinter season has ended. Table 4S shows that peak rates of streamflow 

from melting sno1v alone have been only a fraction of the magnitude of 

those lfrhich include runoff from rain. The great range in elevation 

and great variation in sno"'r accumulation do not permit high 

melting rates to occux over more than a small portion of the Sacramento 

Basin. by the time sno"'J is contribut runoff from 

elevations, the areas of low elevation have lost their snow. 

ion of snow records antecedent to the or flood 

occurrences reveal deficient amounts of snmvfall and sno"'r cover. This 

seems to 

high 

that, 

the view that the existence of a normal snotv of 

precludes serious floods. The r also show 

for glacier remnants and scattered patches of snow, the 

entire Sacramento Basin has been bare of snow at various times in the 

rai:ny An example of such a situation occurred on February 10, 

191S, the maximum recorded depth of snow on the at any of 

the 54 \ll}'eather Bureau stations reporting v1as 12 inches at ]am 

where normal accumulated snoivfall by 10 is about 200 inches. 

far, the discussion of snow has dealt with the ordinary 

or normal relationship of snow to floods in the 

'the conditions leading to a maximum 
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normal or ordinary. The maximum possible flood will result from a 

ser1es, of abnormal events \vhich can reasonably be ex-pected to occur. 

The various po s ies are discussed in detail in. the final cha~ter 

of report.· One possibility is a series of rainstorms, immedia.te1y 

preceding the critical storm, that 'vould saturate the soil and raise all 

the streams to bankful stage. This 11roulcL preclude the existence of a 

snow cover in the and foothills of the basin. Since snmv (Lees 

not accumulate at 101,r elevations because of melting between succe~;sive 

snowfalls, another possibility is a single hea•TIJ sno11rfall crit ... '-'<"--'·-'··Y 

c.Hstributed over the basin prior to the maximu1n possible storm. Such a 

sno11vstorm would occur vvith little or no snow on the ground at upper 

elevations and produce abnormal sno1,r depths a'G low elevations. In orcter 

'Go arrive at an optimurn snow distribution, an investigation of snowfall 

and snow-depth records in basin was made. 
I 

171. Critical snow situations are not iclentified with flooc1::;,, as 

heavy rains are, because the snoiv may not melt; at .a rate such as to cause 

a floocl commensurate 1'1fith its potentialities. Therefore· the ent i.re 

period of record at all stations (1veather B-\:u~eau since lS93 and Ca.lifor..: 

nia Snow Surveys since their beginning in 1932) 11ras ·studied. In ey,.amin-

ing the record it vvas observed that a sn01'l storm in the valley floor 

than a fe1-r hours. The duration increased with 

the snovrfall at high altitudes frequently for s.everal 

· days~ It was determined that a storm 72 hours would be of 

sufficient duration for the most critical accu.mulation at elevations 

belo1.'r 5,000 feet. 

172. Attempts to drm'IT isochion maps for the significant sno1ri' 



storms '\'~!"ere not satisfactory because of the paucity of stations. Depth-

elevation curves were therefore plotted for the storm periods identified 

by the following dates on which the total accumulation during the storm 

was measured: 

January 1, 1899 
February 7 t 1903 
March , 1907 
January lL!-, 1910 
December 5, 1910 
January , 1911 

January 14, 1913 
January 1, 1916 
January 18, 1921 
February 9, 1922 
January 23, 1933 
January 27, 1933 

Figure 37 shows the on-depth curves of water equ-ivalent of snow-

fall for the storms January 12, 1911 and March 23, 1907 in Zone 

HOl' the Yuba Basin. Either of these storms could have occurred lJlri th 

negligible antecedenJG snow cover, folloi•red immed.iately by a rainstorm. 

The record shOI\TS a number of instances of heavy snolJlr follo1,red by heavy 
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Figure 37 

Snow c1epth-elevation relations, Yuba Basin 
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rain, as in January 1862 (see Chapter V). .Similar studies were carried 

out for the remaining zones. in the basin and the results are listed. in. 

the following table: 

TABLE 51 

DEPTH-ELEVATION RELATIONSHIPS FOR ~VATER EQ,UIVALENT OF ¥iAXIMUM: 
BECOBD SN01V:if.ALL IN THE SACRAiYi.ENTO .BASIN. 

Average ··Depth of Snow (Water Eguivale~t) on Ground 

Elevation Zones Zone·L Zone P Zone N Zone J3 Zone M Zone J Zones 
Thous.Ft. AEK c1 c2DFGH 

0 - 1 2.2 .5 ·5 1.1 0.5 
1 -.2 4.0 4.0 2.0 1.0 
2 - 3 3-5 ·5 3·.5 3.2 6.0 j.O 
3 ...:. 4 2.4 .8 2.4 6.2 8.0 :LO.O 
4 - 5 2.0 1.5 2.0 5.2 5.0 8.5 
5.- 6 1.4 2.1 1.4 3-7 5.0 6.0 
6 - 7 1.0 2.0 1.0 3.0 5 •. 0 5.0 
7 - 8 2.0 2.5 5.0 5·0 
8 - 9 2.0 _2.5 5.0 5.0 

(Dash signifies zero area within elevation interval) 

The study ino.icated that a conservative up:per limit of critical sno~v-

clepth and distribution at lov.r elevations has been approached a num'oer of 

times. The values in the table represent the optimum quantities and dis'-

tribution tliat can be assumed 'Go exist on the basin prior .to the m;:~;ximum 

possible storm. Extrapolation· of the critical snow· storm to grea·ter 

depths of snow 1nrould be unreasonable becaus~ a dew point high enon:gh. to 

produce greater precipitation amounts would cause rain i:ns:tea)l of ~now .·· 
,• : ' . 

at.low elevations and raise the elevation of the. snow li:ri~; and, c6n~ 

versely, a lower o.ev1 point v.1ould produce less precipitation. 

173. Critical Snow Melt. The block diagrams of wind velocity and 

de,r point shown Figure 38 are ob:t;ained from consideration of the 



meteorological factors attending the 

maximum storm and represent .an 

index to conditions in the surface 

of the atmo during that 

storm. The is symmetrical, 

the maximum wind coinciding vdth maxi-

mum de\lr point as in the December 1937 

storm. This series of meteorological 

events, in conjunction with the critical 

snow-cover distribution of Table 51 

assurned to exist on the basin prior to 

the influx of warm air, forms the basis 

for determination of snow melt contri-
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met 
sequence for computation 

of maximum sno11r melt 

bution to the maximum possible flood. The elevation of Blue Canyon Air-

\~rays Station, 5, 283 feet, \lras selected as a reference level for wind 

velocity because the empirical snov.r melt constant 1~ras derived_ by means 

of observations at that station. Since Point Reyes is the index station 

for the wind velocities used in computing maximum possible precipitationi 

a study \IJas made to determine the relation betv.reen wind at Blue Canyon 

and Point s. This study shov.red that a fairly constant ratio of 0.64 

exists the wind velocities at the two stations for 

marked by ~'finds. Hence the wind veloci'Gies in Chapter VI 

38. 

174. Since the air mass is approximaJGely saturated 

at all surface levels du~ing the period of rainfall, point is an 

·index both of temperature and vapor pressure for the entire area. The 
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variation of de1v point vd th elevation, i'n this case, is governed by the 

pseudo~adiabatic lapse rate and, for a given wind intensity, the meltfng 

effect at any point in the basin can be related to reduced dew point. 

The question of·surface wind velocity distribution over the area cffers 

greater difficulty because of numerous factors wind, suc:h as 

elevation, aspect, degree of slope, and ground s. To simplify 

the problem, over-all melting rates within a given contour interval were 

assumed to be constant for all zones, and average melt within an entire 

zone therefore dependent only on the elevation characteristics of the 

zone. 

The increase of geostrophic 1,vind with height in the free air 

the critical storm was shown in Chapter VI to be a straight-line 

function of height. It is an accepted fact that, for a given roughness 

of grouncl and anemometer height, surface wind is proportional to geo~ 

70 so 90 100 110 120 130 
WINO VELOCITY (PERCENT) 

Figure 39 

Percentage of Blue Canyon 
wind velocity vs. elevation 

strophic wind during periods of moderate 

to strong wi11ds. Therefore, for the 

purpose of computing critical snow melt, 

it was assurned that the ratio between 

surface winds at various elevatio11.s is 

equal to the ratio of geostrophic 'I'Tind 

velocities at the same elevations. The 

graph of 39 has been constructed 

on that basis and expresses wind veloci-

ty at a particular elevation as a per-

centage of the velocity at a reference 

level of 5,283 feet, the elev~tion of 
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Blue Canyon Airways Station. 

176. For convenience 

of computation of zonal 

melt, the 'loJind-elevation 

and dew point-elevation re-

lationships, together ;,rith 

the empirical constant 

previously derived, have 

been utilized in o_eveloping 
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0 
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40 44 48 52 56 
REDUCED DEW POLNT ( • F. ) 

Figure 4o 

Sno1v melt due to saturated air per unit 
~orind velocity at Blue Canyon for 

various elevation intervals 

The curves relate values of snow melt during 6-hour periods to reduced 

68 

dew point for thousand-foot contour intervals and for a unit wind 

velocity of one mile per hour at the reference station. The process of 

computatiun involves first the determination of values of potential melt, 

or melt tha,t could occur if sufficient sno\v \'Jere available, for each 

elevation zone from zero to 10,000 feet, using the critical sequence of 

Figure 38 and the curves of Figure 40. These amounts are then applied 

to each zone in the following manner: Increments of melt are accumulated 

up to the maximum depth of sno~or for each contour interval. The values 

of accumulated melt are then weighted by the respective areas included 

within the intervals and totaled to obtain the average accumulated_ zonal 

melt. In order to illustrate the methoct of computation, Tables 52 to 55 

are presented. The increments of potential melt per unit wind velocity, 

applicable to the entire region, are shown in Table 52. In .Table 53 the 

same values are multiplied by the appropriate vlinCI_ velocities of the 

meteorological sequence. In Table 54 Zone D is selected as an 
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TABLE 52 

INCREMENTS OF POTEliTTI.A.L IYIELT PER UNIT WIND 

Unit :::: Inches x 10-3 

Period 
6 24 36 42 48 54 60 66 84 Ending, Hrs. 12 18 30 78 90 

Reduced 
40 46 58 61 64 65 64 61 46 40 Dewpoint (°F) 55 58 

10 21 32 4o 47 55 62 65 62 55 47 40 21 10 

------ 16 36 43 61 58 43 16 . 1--2 5 27 51 58 51 -5 ..p 
'H 

0 
0 

0 11 22 31 39 46 54 57 54 46 22 11 0 
0 

1--' r-1 0 g6 34 41 49 49 41 --.J 
.._.. 5 17 52 5 0 

OQ 
r-1 ro 

36 44 47 44 36 l> 0 0 11 20 28 11 0 0 H 
1) 

..p 
~ 0 0 5 14 22 30 38 41 315 ~::2 5 0 0 H 

~ 
0 0 0 0 8 16 24 32 35 32 8 0 0 0 

0 0 0 2 10 us 26 29 26 18 10 2 0 0 c 

0 0 0 0 4 12 20 23 20 12 4 0 0 0 0 

0 0 0 0 0 6 14 18 14 6 0 0 0 ') 0 



53 

INOREMEl~TS OF POTENTIAL MELT ADJUSTED FOR Wnm 

Unit Inches 

--""' 
Feriod 

6 12 18 30 48 54 66 72 84 90 Ending, Hrs. 

( lil jJH/ 
19 22 28 30 39 26 22 Velocity 

0--1 .2 .5 .8 1.0 1.3 1.6 2.0 2.5 2.0 1.6 1.3 1.0 .8 .5 .2 

1--2 .1 .4 .6 ----. .9 1.2 1.5 1.9 2 .. 4 1.9 1.5 1.2 .9 .6 .4 .1 . 
+' 
'f-1 2--3 0 .2 .5 .8 1.1 1.4 1.8 2.2 1.8 1.4 1.1 .8 .5 .2 () 

0 
0 

3--4 .4 .7 1.6 1.6 1.2 .4 0 0 .1 1.0 1.2 2.0 1.0 -7 .1 0 
.-1 .,__.. 

.-1 4--5 (\} 
0 0 .3 .5 .8 1.1 1.5 1.8 1.5 1.1 .8 .5 .3 0 0 

l> 
l'-1 

5--6 (]) 

+' 
0 0 .1 .4 .6 .9 1.3 1.6 1.3 -9 .6 .4 .1 9 0 

q 
H 

6--7 .4 q 0 0 0 .2 -7 1.1 1.4 1.1 .7 .4 .2 0 0 0 
0 
rl 

7--8 0 0 0 .j .5 .9 1.1 .9 .5 -3 .1 0 0 0 

.-1 8--9 0 0 0 0 .1 .4 -7 .9 -7 .4 .1 0 0 0 0 l'il 

9--10 0 0 0 0 0 .2 .5 .7 .5 .2 0 0 0 0 0 



TARLE 54 

MELT FOR ZONE D 

Period Hours 
Elevation Snow 
Interval, Ft. Depth 6 12 18 24 30 36 42 48 54 60 66 72 

0 --1000 0.5 0.2 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

1000--2000 1.0 0.1 0.5 1.0 1.0 1.0 1.0 l.O l.O l.O l.O l.O l.O 

2000--3000 3·0 0 0.2 0.7 1.5 2.6 3·0 3·0 3·0 3·0 3·0 3·0 3.0 

3000--4000 .10.0 0 0.1 0.5 1.2 2.2 3.4 5.0 7.0 8.6 9 10.0 10.0 
I-' 
00. 4000--5000 8.5 0 0 0.3 0.8 1.6 2.7 4.2 6.0 7·5 8.5 8.5 8.5 0 

I 
5000-·-60CO 6.0 0 0 0.1 0.5 1.1 2.0 3·3 4.9 6.0 6.0 6.0 6.0 

5.0 0 0 0 0.2 0.6 1.3 2.4 3.8 4.9 5.0 5.0 5.0 

7000-8000 5.0 0 0 0 0.1 0.4 0.9 1.8 2.9 3.8 4.3 4.6 4.7 

8000-~9000 5.0 0 0 0 0 0.1 0.5 .2 2.1 2.8 3·2 3·3 3·3 

9000--10000 5.0 0 0 0 0 0 0.2 0.7 1.4 1.9 2.1 2.1 2.1 



The of Table 53 are accumulat-

ed for successive 6-hour periods up 

to the available sno\v depth ·for each 

contour interval. Table 55 sh.ows 

the same values \ieighted according 

to area and summed to obtain aver-

age melt in Zone D. The final 

results of the computation procedure 
/ 

are summarized in Tables 56 and 57 

giving accumulated and duration-depth 

values for each zone and assigned basin,. 
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e tables show that the snow-

melt contribution ends after the first 66 hours of the melting od. 

Enveloping durati.on-de1)th curves are presented in Figures 41, 42 and 
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TABLE 55 

WEIGHTED ACCUMULATED ~rnLT FOR ZONE D 

Areal Period Ending, Hours 
Elevation Percentage 
Interval, . of 6 12 18 24 30 36 42 48 54 60 66 72 

0 --1000 12 0.02 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 

1000--2000 15 0.02 0.08 o. 0. 0.15 o. 0.15 o. 0.15 o. 0.15 0. 

2000--3000 10 0 0.02 0. 0.15 o. 0.30 0.30 0.30 0.30 0.30 0.30 0.30 

3000--~000 10 0 0.01 0.05 0.12 0.22 0.34 0.50 o. 70 . 0.86 0.98. 1.00 1.00 
I 

4000--5000 0 0 0.04 0.10 0.21 o. 0.55 0. 0.98 1.10 1.10 1.10 
!--'-
()Q 
!\) 5000--6000 0 0 0.02 0.08 o. 0.32 0.53 0.78 0.96 0.96 0.96 0.96 
I 

6000--7000 ll 0 0· 0 0. 0.07 0.14 0.26 0.42 0.54 0.55 0.55 0.55 

7000--8000 10 0 0 0 0.01 0.04 0.09 0.18 0. 0.38 0.43 0.46 0.47 

8000--9000 2 0 0 0 0 0 0.01 0.02 0.04 0.06 0.06 0.07 0.07 

9000--10000 1 0 0 0 0 0 0 0.01 0.01 0.02 0.02 0.02 O.C2 

Accumulated 
Zonal 0.04 0.17 0.39 0.69 1.19 1. 76 2.56 3· 4.31 4.61 4.67 4.68 

Increments of 
1'11T .... , J.. r'l r.\ I !"\ " ,,., " -rn !"\ !"\ hf () >(() () 07 () 1>!. n --:zn () n (\1 J:J..t;;::..L lJ v. v-r v. v .• c...c:.... v.:;v v, V•..Jf '-' .uv ......, .. ...1 I . ......., • J ._ ...., . .,.)...., ~- -............. 

Maximum Period 0.97 1.77 2.55 3.12 3-62 3- 4.22 4.44 4.57 4.63 4.67 4.68 



TABLE 56 

ACCUMULATED VALUES OF SNOW IYIELT CONTRIBUTION TO THE M.AXIMUivi POSSI:SLE STOBJ'YI 

Period Ending, Hours 

in Zone 6 12 18 24. 30 36 42 48 54 60 66 72 

A 0.1 o.4 0.9 l.S 2.9 3·7* 
:s 0.2 o. 
c2 0 0.3 0.7 1.2 l.S 2.3 2.7 3-2 3.6 3·8* 
F 0 0.2 0.6 1.0 1.6 2 2.9 .8 4.4 4.8* 

·G 0 0.1 0.4 0.9 1.6 2.3 3-3 5 5-4 5.8 5-9* 
J 0 0 0.2 0.6 1 .. 2 2.1 3.4 4.7 5· 
K 0 0.2 0.7 1.4 2.5 3-l* 
L 0.2 0.5* 
lVl 0 0.2 0.6 1.2 1.9 2.6 3·4 3·9* 

1-' N 0 0.2 0.6 1.2 2.2 2. a p 0 0 0.1 0.6 l.l 1.6 l. 7* 

American D 0 0.2 0.4 0.7 1.2 l.S 2.6 3·5 4.3 4.6 4.7* 
Stony E 0.1 0.4 0.9 1.7 2.4 2.8* 
Yuba HC1 0 0.2 0.4 o.s 1.3 1.9 2.6 3-5 4.3 4.6* 
Feather GJ 0 0 0.2 0.6 1.3 2.2 3.4 4.6 5.2 5· 

Sacramento KLMNP 0 0.2 0.4 0.8 1.4 1.9 2.0 2. 
Sacramento All 0.1 0.2 0.5 0.9 1.4 1.8 2.1 2.5 2.7* 

* Final period of snow melt. 



TABLE 57 

DURATION-DEPTH VALUES OF SNOW MELT CONTRIBUTION 
TO THE ~LAXIM1J1VI POSSIBLE STOBlvi 

Hours 

Bo.sin Zone 6 12 18 24 36 48 72 

A 1.2 2.0 2.8 3-3 3-7 3·7 3.7 
B 0.3 0.5 0.5 0.5 0.5 0.5 0.5 
02 0.6 1.1 1.6 2.0 2.9 3-6 3-8 
F 0.9 1.6 2.3 2.8 3·9 4.6 )_~. 8 
G 1.2 2.2 3.1 3·9 5.'0 5-7 5·9 
J 1.3 2.6 3·5 ~-.2 4.9 5.1 5-l 
K 1.0 1.8 2.4 2.8 3.1 3-1 3.1 
L 0.3 0.5 0.5 0.5 0.5 0.5 0.5 
M 0.8 1.5 2.2 2.8 3·7 3·9 3-9 
1\f 1.0 1.6 2.2 2.6 2.7 2.7 2.7 
p 0.5 1.0 1.5 1.6 1.7 1.7 1.7 

American D 1.0 1.8 2.6 3.1 3·9 4.4 4.7 
Stony Creek E 0.7 1.4 2.0 2.4 2.8 2.8 2.8 
Yuba HC1 0.9 1.7 2.4 3·0 3.8 4.4 ~-.6 
Feather GJ 1.2 2.5 3)~ 4.0 4.9 5·3 5-3 

Upper Sacramento KLlJ!NP 0.6 1.1 1.4 1.7 2.0 2.1 2.1 
Total Sacramento All 0.5 0.9 1.3 1.6 2.2 2.6 2.7 

177. Limitat The reliability of the sno'\i>T melt 

values is affected, in part, by the inaccuracies inherent in the use and 

interpretation of Other sources of error exist because, for 

the sake of necessary , certa .. in fa .. ctors affecting melt hc:tve 

been ignored. Some of factors ma;y be important vcrhere normal melt-

ing conditions are concerned but represent unjustified refinements in 

consideration of upper limits. The major sources of error and their sig-

nificance in tb.e final results are discussecl below: 

a. The of forest cover on melt: 

It is assumed that melting ra·i:ies a,re directly proportion-
al to throughout the basin, the 
portion covered by dense forest;. This probably over­
values rates of melt at high elevation. At lO'li>J ele-vations, 
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of open land, t~1e derive(!_ value 
constant K is too 101<1 and therefore 

melting rates at those· elev2,tions a,re undervalued. 

b. Melting effect of rain: 

Ra.infall as a melting agent vas ignored in vie,,r of the 
e:ccessive effect of atmospl1eric turbulence and because 
of ti1e unlmo1:.rn value of rain temperature. The effect; is 
significa.nt only in regions of intense rainfall at 
intermedi8.'Ge elev::.tions an(!_ its omission t;lerefore uncter­
va.lues the melt at t]J.ose elevat;ions. 

During the 
ti'le Sn01,,T 

eo_v.i valent 

period antecedent to the storm 
an indefinite amount cooling. An · 

ity of heat has to be by the 
for melting. . The effect is to 

Cl_elay melting and ctecrease the total e.mount of melt at 
u:p]_;Jer elevations. 

d. S·torage Of ~vater in the SnOiv! 

may be stored in the first por-
tion of the period and released in the later 
stages. However, the rate of release is probably con­
trolled by the depletion of sno1-r cover. In addition, 
maximum rates of melt c1o not synchronize at various 
elev~:\tions. The over-all effecJG ipJould be only a slight 
increase in short-duration melt. 

e. Ra.te of increase of i<Tino_ >vith elevation: 

Due to vertical convergence and horizontal divergence, 
up-slope "rinds increase fe.ster ,.,rith elevation than 
incUcatecL This i\roulcl tend ·t;o increase melt at upper 
elevations and decrease it at lower elevations in Zones 
C, D, F, G and 

f. Cooling anct of air over snowfield: 

The warm air moves transverse to the· snow line e.nd 
crosses a narroilr of snOIIT before the 
basin. At t~e velocities assumed, the 
air-mass ;?roperties is negligible cl.uring most of the 
mel-ting period. The only significant effect \v-ould be to 
reCl:uce t;J_e melt at the 11!?J?er elev"'.tions in the early 
portion of the storm. 

!!£.· Irre§;t:tlar clistribution of snow· in the valley: 

185 --



The sno\or vwulcl.. not form a. uniform blankeJG in the 
' . . ' . 

For purposes of simplification it "ras as.sumed that snm1r 
depth is a function solely of elevation. .l:im·rever, over 
a large leyel area c onsid.erable regulation of melt woulc1 
occur because of partial area conJGribution during 'Ghe 
later stages of melting. This effect ''rou;ld tend to reduce 
short~period melt at the lower ons. 

As indicated in the above analysis, the various factors tend to neutralize 

each other. After due consideration of the possible.effect of all the 

items listed as sources of error, it was clecidecl. tlw.t the values as sub-

mitted represent safe upper limits. Therefore, in this report, the 

enveloping duration-depth curves of sno\v melt are not incre::>.sed a· 

factor of reliability. 
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CHAPTER VI I I 

T~-1E MAXIMUM POSSIBLE STOBJ.\1 

178. Distribution of the Rainfall. Even in the maximum possible 

storm a portion of the precipitation at high elevations is in the form 

of sno11r. Ho11rever, the total is relatively small and the area over which 

it falls a minor percentage of the total basin area. In all co~putations, 

therefore, the effect of the snowfall has been neglected and all the 

precipitation considered as rainfall. The time and areal distribution 

of the critical precipitation in the maxinnJJ11 possible storm was developed 

from the duration-depth values assembled in Tables 5, 8, ll, 14, 17, 20, 

22, 25 and 28 of Chapter V. These depths are plotted against duration 

for all the major storms consi<lered in this study, in separate graphs 

for each zone and assigned basin, Figu_res L~4 to 60. The curves labeled 

:B envelop the duration-depth values of the December 1937 storm. The 

enveloping curve of maximum possible precipitation for the total basin 

is sho11m as curve A in Figure 44 and is deten1ined by the computation 

procedure discussed in Chapter VI. Corresponding curves. A for the indi-

. vidual zones anct assigned basins are obtained ,by adjusting curves :B to 

give the correct volu~es of maximum possible precipitation over the 

whole basin. Tabular values are shown in Table 58. 
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TA:BLE 58 

DURA.TION-DEPTH VALUES OF M.A.XIMUM POSSIBLE Ri\.INFALL -:- TOTAL BASIN 

Basin 

American 
Stony Creek 
Yuba 
Feather 

Upper Sacramento 
Total Sacramento 

14 

13 

IZ 

II 

10 

9 

4 

2 

Zone 

A 
B 
02 
F 
G 
J 
K 
1 
M 
N 
p 

D. 
E 

HC1 
GJ 

KI,i),i]')j-p 

All 

24 46 72 96 

DURATION (HOURS I 

6 

3.0 
0.9 
1.6 
3·3 
3-3 
1.5 
1.8 
1.6 
3.1 
2.4 
1.4 

2.3 
2.1 
2.2 
2.2 
1.9 
1.8 

120 

Figure 44. Total basin. 

Duration-depth values. 

Hours 

12 18 24 36 48 72 

5-3 7·3 8.9 11.4 13.2 14.7 
1.7 2.3 2.8 3.8 4.6 5.4 
3.0 4.3 5.4 7.4 9-1 10.8 
6.2 8.8 10.8 14.0 16.6 19.2 
6.1 8.7 11.1 15.0 18.0 ·1 
3.0 4.3 5.6 7-7 9.4 11.2 
3·5 4.8 6.0 8.0 9·7 11.4 
2;9 3-9 4.8 6.1 7-1 7.8 
5·6 7-8 9.6 12.3 14.4 16.3 
4.6 6.5 8.1 10.6 12.8 15.0 
2.6 3.8 4.7 6.1 7-1 7-9 

4.2 5"·9 7.4 10.1 12.4 14.9 
3.9 5-3 6.6 8.8 10.6 12.2 
4.6 6.2 7-8 10.4 12.4 14.6 
4.0 5-7 7-3 9-8 11.8 14.1 
3-5 4.9 6.1 8.0 9-3 10.5 
3.4 4.8 5·9 7-9 9·5 0 

It will be noted that in individual 

zones anct sub-basins the values of 

curve A are occasionally exceElded. 

It shoulct remembered that c:m~ve A 

reJ?resents the contribution of the 

individual zone or sub-basin t;o the 

rna:ximum possible storm for thEl total 

' 
basin. However, the individual zone 

or sub-basin can have and has 

more intense rainfall, b1,1t only at 

the expense of the other subdivisions 

within the total basin. 
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Duration-aepth values. 
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Duration-depth values . 
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e duration-depth values are enveloped by curves C, shown in Figures 

56 to 60, which are for the maximum rainfall over the ~ssigned 

sub-bi:isins. The derivation of curves 0 1qill be discussed later, 

179. It is evident that the volume of rainfall in tho December 

storm could have been distributed in a different manner,. so that 

certain portions of the area could have enced in t ensi ties 

than actually occurred. For such a determination of upper limits of 

rainfall for subdivisions of the basin it 1qas necessary to consider the 

of rainfall on i'Ji a mountainous area. The ordi-

nary methud of trl:insposition involving the use of an curve 

because the basin 1 s topographic characteristics and location 1vi th 

to mountain ranges exert a greater influence on the average rain­

than the areal extent of the basin, However, total storm 

rainfall values can be adjusted to a corr@on base by c them into 

perc of normal seasonal precipitation v.rhich presumably are free 

of the influencee of topography and other basin characteristic:::, For 

, the 72-hour zonal rainfall in the December 1937 storm ranges 

frcm .4.2 to 16.7 inches V>Ihile the range in seasonal perc is only 

to 32.5%. s indicates that seasonal percentages are fairly 

conservative quantities and that·variations in these quantities within a 

on represent differences in storm intensity over the area, 

With these s in mind, the average percentages of normal 

seasonal precipitation within the maximum 72-hour period the December 

1937 storm ~'!ere plotted t area in a form similar to an arei:i-depth 

curve (Figure 61), s storm 1AJas selected as l:i m::Jdel for distributing 

because it gave the greatest percentages for all values of area 
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Figure 

Area-percentage curves of normal 
seasonal precipitation, 
Sacramento River Basin 

within the Sacramento Basin. For 

normal seasonal precipitation is 

22.9. The maximum possible storm 

has a value of 29.7%. Therefore, 

the curve showing the 

sible 72-hour percentages vJ"as 

derived by multiplying all the 

values of the lower curve by the 

22 •9 , or 1.30. In 

the upper curve, it is assw~ed 

that a storm 30% more than 

the December 1937 storm occur 

with the same relative distribution 

of mean seasonal 1ori thin the area. 

181. The curves of Figures 62, 63 and 64:> giving the duration-depth 

values of maximLTin possible rainfall for individual assigned basins 

were developed from 61. The values are tabulated in Table 

TABLE 59 

DURA.TION-DEPTH VALUES OF M.l1.XIMUM POSSIBLE R/l..I1TFALL 

ASSIGNED SUB-BASINS 

Hours 

Basin 6 12 18 21.~ 36 48 

American 3.2 5.8 8.2 10.5 . 14.2 17.2 20.7 
Stony Creek 2.3 4.3 6.0 7·4 9·9 11.6 .4 
Yuba 3-9 7·3 10.1 12.:7 16.9 20.0 . 6 
Feather 2.8 5 •. 2 7-5 9-7 13.2 15.5 ·9 

Sacramento 2.2 4.o 5·7 7.0 9·1 10.4 10.9 
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Duration-depth values, maximum possible rainfall 

The 72.,.hour value for a particular 

bas.in was established.by entering 

the graph with the area of the ba~in, 

off the percentage, ancL mul-

tiplying by the normal seasonal 

precipitation for the basin. 

values of duration-depth 

v1ere then d_eri ved by the 

curves of Figures 56 to 60, 

ble to the total basin, by the ratio 

of the tvw values. The 

duration-d_epth curves of Figures 62 

to 64, thus obtained, are the same 
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as the curves 0 of Figu_res 56 to 6ot previously ioned~ 

182. arranging the rainfall increments in a critical chrcno-

logical tern, certain restrictions must be Since the maximum 

possible storm is modeled after the December storm, the maximum 24-

hour rainfall should occur the seconcL of the three-day storm 

period. There are a number of ways of distributing the remaining rain-

fall, and two possible arrangements of the maximum possible storm over 

the total basin are sh01.m in 65 and_ 66. The arrangement of 

Figure , with equal blocks of rainfall on the first and third days of 

the storm, is based on the symmetrical meteorological pattern of 

38. In 66 the second highest 24-hour of rain occurs on 

the first This is the pattern of the December 1937 storm and. 1orould-

MAXIMUM POSSIBLE STORM FOR TOTAL BASIN 
SYMMETRICAL ARRANGEMENT 

TOTAL BASIN 

NOTES.' 

Cod i;/oclt :: 1 duy 
Flgvre above block::; RoitJ plus snow nw/1 ( ine:hes) 
Flgvre below block :::: SnDii' melt (Inches) 

Figure 65 

- 196 -

MAXIMUM POSSIBLE STORM FOR TOTAL BASIN 
SUGGESTED CRITICAL ARRANGEMENT 

TOTAL BASIN 

NOTES: 
bloc!r=tdoy 

tJ!JI;Ye block= Rain plus snqw mel! finches) 
lulit>w biOCJr .= Snow melt {inc/Jqs) 

Figure 66 



probably produce a higher flood stage at Sacramento. In the figures the 

basin is subdivided into six sub-areas and dp,ily s of rainfall and 

sno'\'r melt are for each subdivision. arrangements, using 

other subdivisions and units of time, may be derived from ~ables 56 and 

58 but, insofar as 24-hour rainfall amounts are concerned the chronolog­

ical sequence should be the same in every zone. For shorter period 

breakdo\oms '\ori thin the 24-hour interval, a staggering of rainfall 

among various zones is permissible. 

183. 

are arranged, the maximum possible storm melts the optimum sno11r cover 

(Chapter VII) that s it. A time sequence of rainfall 

sa specific progression in the, values of the rreteorological 

elements, such as v.rind and point, \'rhich may differ from the pattern, 

shown in Figure 38, used to compute snow melt. However, the chronologi-

cal distribution of melting is controlled to a considerable by 

the fixed elevation relationships of the so that a varia-

tion in the meteorological pattern have only a effect oli the 

melt pattern. For that reason, the accumulated values ,of snoi1r :melt in 

Table 56 are considered ically invariant and should be added to the 

rainfall values obtained from the duration-depth curve of :ma:cimum possi-

rainfall. This has been in Fibares 65 and 66. However, since 

the rise in temperature above 32 F occurs approximately 12 hours before 

the beginning of the 72-hour maximum storm, the increments of rainfall 

12 hours behind the increments of snow melt. 

184. Suggested critical arrangements of maximum possible rainfall 

a:qd sno11r melt for each 'of the as basins are in Figure 87. 

- 197 -



MAXIMUM POSSIBLE STORM 

FOR ASSIGNED BASINS 
SUGGESTED CRITICAL ARRANGEMENT 

AMERICAN BASIN STONY CREEK BASIN 

YUBA BASIN FEATHER BASIN 

UPPER S.ACRAMENTO BASIN TOTAL SACRAMENTO BASIN 

~ 
0.2 ~ 0.5 
0.2 1.7 0.2 o.o 0.2 1.6 0.9 0.0 

NOTI!S: 
Eor::b block ::::I do)' 

above hlo;;tr::; Rain plus sncw melt (inches) 
below bloclt :: Snow melt ( in&!Ht$) 

The values ;vere derived from 

Tables 56 and 59 by the compu-

tation method previously de~ 

scribed. The restrictions on 

derivation of rainfall incre-

ments and coordination of rain 

ano. snow melt were applied. 

185. Meteorological 

Antecedents. Flood rains over 

the United States are produced 

by a more or less fortuitous 

combination of events which 

brings over the area a 

current of moist air which is 

potentially unstable. At the same time either the circulation pattern 

or the local topography must be such as to provicle an eff~cient rain-

producing mechanism. In the Sacramento Basin the mechanism is ever-

present in the form of fixed mountain barriers, and rains of flood 

magnitude depend only on the invasion of moist unstable air. Given the 

proper general circulation pattern, a quasi-permanent frontal zone 

becomes established normal to the or axis of the basin. From west to 

east along this frontal zone there moves a series of alternating flue-

tuations of U>Jarm moist and of cold dry air. On ·bhe surface weather map 

they may appear as loraves, fronts or cyclones. On charts of the upper 

air they all appear as tongues of moist and dry air of varying pattern. 

Such a series constitutes a storm period and, in general, 
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the greater the intensity of the individual major developments the 

shorter the duration of the series. The average major storm appears to 

run its course in approximately five days, after 11rhich a repetition may 

occur. The maximuin possible storm ha,s a three-day duration but it can­

not be foll01Fred as closely by another storm. In considering the storm 

periods that may precede the maximum storm it has been necessary to com..:.. 

promise bet1.oreen durations short enough to imply major intensity and 

intensities lo1.or enough to permit further developments within a short 

time. It was decided that in no case 1.•roulc1 it be logical to assume that 

the peal:: activity in tvro successive storm periods could occur with less 

than a four-day separation. This should not be confused with recurrent 

surges of precipitation ~orhich are part of the storm and can occur at 

intervals of 12 hours or .less. It is ap:parent, then, that storm cycles 

can be repeated frequently enough to warrant the assumption of extremely 

critical conditions antecedent to the maximurn storm. On the other hand, 

these assumptions must be consistent 1flri th the limitation of a four-day 

interval between peaks of storm activity. In the three sequences 1.orhich 

will be here suggested, the critical events preceding the maximum storm 

are reasonable from a meteorological standpoint. They can occur in the 

order indicated and -vri thin the time intervals SJ?ecified. 

187. In the first suggested sequence the initial event is a 

period of steady rain 11rhich saturates the soil and raises stream and by­

pass channels to the bankful stage. The synoptic pattern is of the less 

intense occluded type -- such as in the major storms of 1909, 1928, or 

1929 (see Chapter V). An intense occlusion of the 1937 or 1940 type 

~orould inevitably be followed by an invasion of colder polar maritime air 
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that would not only end the rains but build up the Pacific to prevent 

further precipitation for some time. 

followed by ten days of fair weather. 

The storm, for example, ;.ras 

Furthermore, the second eve:1t in 

the seg_uence reg_uircs polar continental rather than polar maritime ;::Lir 

in the Sacramento :Basin. The cyclonic intensity must be great eno-..lgh, 

ho1ATever, to reduced .dei'l points of about F into the valley, sc 

that the temperatures accompanying the rains may be suffici high to 

preclude accumulation of snow at intermediate and elevations. This 

first rainy phase lasts four days, \vi th the rains occurring a·bout 

the middle of the od. 

188, With the ground bare over most of the area, the second event 

in the seg_uence is an invasion of the basi.n by cold air, cold enough to 

produce an extensive frost layer in the basin area above 1000 feet 

tion and thus limit infiltration during the period of major flood runoff. 

Such air must come from the continent rather than the , i.e., 

must be ·continental air.. For such an influx the q_uasi-stati ::mary 

front becomes displaced southward and the cold continental High (w:1ich · 

has been seen be an accompaniment of almost all Sacramento storms) 

develops a protrusion pushing down into the San Joaq_uin from Orego:1, 

s occurred in the 1909 storm, and the presence of cold air with north-

erly winds in the basin has been noted in the 28 and storms. For 

the possibility of temperatures lo"r enough to freeze the soil layer vno 

can cite the polar continental invasion of January (see Monthly 

Weather Review of that dat , '"hen the ground was frozen hard as far , 

south as Fresno. so intense an outbreak would delay the subsequent 

steps in the suggested seq_uence too long. postulated freeze w:mld 
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~xtend dmm to only about 1000 feet· and would be a dry period of t 

four-days duration. 

189. The third four-day event in the s e is a snowfall on 

bare, mostly frozen ~~'"1r•n, culminating in the critical distribution de-

scribed in the previous chapter. The sno1.~all results from a series of 

semi-occluded waves on the quasi-stationary front, now being slowly dis-

ed north;~ard. that front, out on the Pacific, the major occlu-

sion which is to be the maximum possible storm is developing. The four­

dajr period is follo'iftred by a 12-hour interval during which the temperature 

rises from freezing to the temperature re~1ired for the beginning of the 

maximum storm. The sno\v melt during those 12 hours is therefore not con­

temperaneous with the rainfall of the maximum storm ''rhich, similar in 

characteristics to the December 1937 storm, follows and lasts three 

suggested sequence thus ts 15-l/2 days. h;een the pea.lr of the 

intensities of the initial period and the commencement of the 

maximum storm 10-1/2 elapse. 

190. An alternative sequence, 1J1Ji th higher probability of occur-

renee, is one in ivhich the four-day fair and period is elimi-

nated. There are many precedents for such a combination of events. In 

(see Figure 37) a critical snoil'rfall follo1~red directly after the 

rain period of 16-20 had practically cleared all elevations 

of sno~nr. In 1911 (see 37) a critical of snoc,rfall distribu-

tion ''ras followed by rains, ancl in 1362 (see Chapters IV and V) heavy 

snow to within a few miles Sacramento was follmved heavy rains. 

meteorological pattern is a series of semi-occlusions, a dis-

ement southi,rard and then northi•rarct of the major front, winding up 
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with a major occluded development that is the maximum storm. Thi:::. alter-

ne.te seq_uence lasts 11-1/2 days. Bet'lftreen the :peak intensity of the 

initial rains and the beginning of the storm 6-l/2 days se. 

Bet-t.reen the critical snow cover and the maximum storm there is the 

12-hour of snow melt 1<rhich is not coincident with the rilaxirr.um 

hour storm. 

A third possible sequence is one in J,vhich both the free 

and snowfall are eliminated. In other words, the maximum 

ble storm follows a period of rain. In :postulating such a sequence the 

four-day interval between :peaks of rainfall intensity must still be 

maintained. of the major storms in this report can be 

asswued to occur immediately prier to the maximU:m possible e.xce:pt the 

storms of December 1937 and February 1940. 

192. The sequences are summarized and their hydrologic conse-

quences indicated in the following table: 

TABLE 60 

OVER THE SACBMv~NTO BASIN 

Interval Bet'lftreen Peaks 
of Antecedent Rainfall 

Sequence 1 

Snow·-> MPS* 

12 days 

Sequence 2 

Rain--> 
-~MPS 

Optimum 

Moist 

* Maximum Possible Storm 
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Sequence 3 

MPS 

4 clays 

None 

Saturated 

Minimum 
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GLOSSARY 

Adiabatic Chart. A thermodynamic diagram in ~orhich temperature is 

plotted against pressure (log p or p0 · 288 ), and on which dry adiabats 

have been constructed. It is used for the evaluation of an aerological' 

sounding. 

Adiabatic or Tiry Adiabatic Lapse Rate. The rate of change of 

temperature of an unsaturated air particle as it is adiabatically raised 

or lowered in the atmosphere·-- equal to approximately l C per 100 meters 

Adiabatic Process. Atmospheric process in which changes in 

volume, pressure and temperature occur without the loss or gain of heat. 

A:ir Mass. An extensive body of air approximating horizontal 

homogeneity in its source region. 

Albedo. Percentage of reflected radiation. 

Anticyclone. In the Northern Hemisphere, a clockwise circulation 

around relatively high pressure at the center. 

Southern Hemisphere. 

Counterclockwise in the 

Back. Verb describing shift of wind in a counterclockwise direc-

tion, e.g., from west to south. 

Base Flow. Estimated ground-water di'scharge during period of 

direct runoff. 

Channel Storage. Volume of water in a channel system. 

Cold Anticyclone. Anticyclone of chiefly thermal origin, with 

anticyclonic circulation confined. to lmnTer troposphere. 

Cold Front. Front at which relatively cold air displaces warmer 

air. 
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Cold Occlusion in which the cold air back 

of the occluded front is colder than and underruns the cold air in 

advance of the front. 

Conditional Instabilitye Thermodynamic state which is unstable 

for sat11rated air but stable for dry or unsaturated air. 

Thermodynamic state of a 

which uyill become unstable after sufficient lift. 

of air 

Convective Process. Process, mechanical or thermal, causing the 

upward or downward movement of a limited portion of the atmosphere .. 

Cumulus type clouds are indicative of the occurrence of convective 

processes. 

Generally refers to the condition that exists when 

the wind distribution within a given area causes a net horizontal inflO'\f! 

into the region. zontal convergence is usually accompanied by ver-

tical divergence; which is referred to as stretching. A net hori~wntal 

outflow is known as divergence and is generally accompanied by vertical 

convergence, which is referred to as shrinking. 

In.the Northern sphere,. a counterclockwise circula-

tion around relatively lo1v pressure at the center. 

Southern Hemisphere. 

Clocbri se in the 

sis. Process which creates or develops a new cyclone, 
----'"------"""'----

or which produces an intensification of an existing one. 

Decreasing pressure at the center of a pressure system. 

The temperature, at constant pressm~e, at 

which saturation occurs in a cooling mass of air. 

Divergence. See 
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D Two sets of accu~ulated values plotted against 

each other. 

Durati Maximum depths of rainfall or sno'l!lr melt 

plotted against the duration required for their accumulation over a 

selected area in a storm. or group of storms. 

Effective (as used in this report). 
------------~~-

The height to 11rhich 

the base of a column of air must be lifted in order to enter the basin 

from a given direction. 

Effective The greatest amount of precipita-

ble water which can be removed from an atmospheric column by convective 

action. 

p = R~ where .. p is density of air, p 

atmosphe:J;iC pressure, R the gas constant for air, and T the absolute 

temperature. 

Potential The potential temperature of 

an air parcel after all the latent heat of condensation of the contained 

water yapor has been realized. 

Filling. pressure at the center of a pressure system. 

Foehn. A ,,rarm dry wind, dynamically heated in descent down moun­

tain slopes. 

Front. The line of intersection with the earth of an inclined 

surface of discontinuity 

surface of disc.ontinui ty 

t•vo different air masses, When the 

forced over: a third homogeneous air mass, 

the line of intersection is called an upper front. 

Front.ogenesis. The· process 11rhich creates a front or intensifies 

an existing front. 
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Frontolysis. The process \l'{hich tends to weaken or destroy an ex­

isting front. 

Geostrophic Wind. The wind resulting from the balance of the force, 

due to the pressure gradient and the apparent deflecting force of the 

earth 1 s rotation, neglecting friction and curvature of path. 

Gradient Wind. The wind resulting fr~m a balance (neglect fric-

tion) between the force due to the pressure gradient, the- apparEont deflect­

force of the earth 1 s rotation, and the centrifugal force due to the 

curvature of path. 

Great Basin Anticyclone. A persistent high pressure system frequently 

found in winter, centered over the plateau bet1"een the Sierras and the 

Rockies. 

Ground Water Recharge. Increase in volurne of ground water 

due to storm or melting sno'\.,-. 

Hydrograph. · Stream clischarge plotted against time. 

Hydrostatic Equation. dp = - p gdz where dp · is the change 

atmospheric pressure, p is air density, g acceleration of gravity, ana. 

dz the change in elevation. 

Thermodynamic state in which vertical displacements 

are favored. 

An increase of temperatu..re with height .. 

Isentropic Chart. Synoptic chart of data plotted at a surface·of 

.constant potential temperature, which is also a surfaceof constant entropy 

for unsaturated air. 

I Line of sno~r dep'Gh or equal water equivalent of 

snow on the ground. 
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_!sopleth.. A line connecting equal values on a chart. 

k-type Air Mass. An air mass colcler than the surface over which it 

is passing, 1.•ri th stability conseg_uently decreasing in the lower layers. 

Lapse Rate. Rate of decrease of temperature in the atmosphere with 

height. 

Lift Coefficient (as used in this report). The ratio of the effective 

precipitable \~~Fater remaining. in a column of air after lift, to the effective 

precipitable water before lift. 

Mass Curve. Curve representing cumulative values distributed through 

time. 

Mixing Ratio. Ratio of the \IITeight of 11rater vapor to the weight of 

dry air in a given sample of atmosphere. 

Occluded Front. The type of front resulting when a cold front over­

takes a warm front, forcing aloft the air in the warm sector. 

·Gcclusion. Process of formation of. an occluded front, or. a system 

which has undergone the process. 

Orographic Rainfall. Rainfall caused by deflection upwards of 

moisture-laden winds by mountain slopes. 

Polar Front. The line of intersection \IITi th. the earth of a surface of 

discontinuity separating air masses of polar origin from those of tropical 

origin, the line being more or less continuous 1•ri thin each hemis:9here. 

Potential Temperature. Temperature of air after expansion or com­

pression dry adiabatically to a standard. pressure of 1, 000 mb. 

Precipitable Water. Total \~~Fater va,por contained in an atmospheric 

column of u..r1it cross-section area, expressyd in terms of a column of liquid 

11rater of- the same cross-section area.-
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in barometric pressure per unit hori­

zontal ctistance in a direction normal to 'Ghe isobars. 

The adiabatic chart to which saturation 

adiabats and lines of constant mixing ratio have been added. 

::._;:~=~=~::.::.~::..:..:::::.:::~~.::.Ra,~t~e. The rate at 1oJhich an ascending body of 

saturated air 1nrill cool adiabatic erpansion. Its value is not con-

stant but s the d.ry acHabatic rate asymptotically as the 1,ater 

vapor content decreases to,,rard zero. 

Front along ,,rhich displacement of warm by 

cold. air, or vice versa, is small and accomplished by minor wave action. 

Recession Portion of hydrograph v.ri th no contemporaneous 

inflow from surface 

Reduced Dew Point (as used in this report). De''' point reduced. pseudo­

adiabatically to 1,000 mb. 

moist air in a 

resisted. 

con tem·poraneous di 

Ratio of the ,,reight of water vapor to. that of 

of atmosphere. 

state in \IJhich verti.cal ctisplacements are 

Volur~e of cha11nel storage plotted against 

( Cyclones and Anticyclones). Steepness of Pressure 

It is synonymous 1oJith intensity. 

Stret 

Subsidence 

See 

A s of air vvi thin an air mass. 

Chart. A chart, such as the ordinary weather map, 1oJhich 
-'"--""-------

shows the distribution of meteorological conditions at a given moment. 
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Thermal Equator. Line of highest temperatures, near the geograph­

ical equator, but clisplaced to either sicte of it according to season. 

Thiessen Polygon. Geometrical figure drawn by plotting perpendicular 

bisectors between adjacent precipitation stations. These bisectors bound 

closect areas around each station and together form a net\r.rork of cont 

Thiessen polygons, for each of \•rhich the enclosect station 1 s rainfall is 

considered representative. 

The proje portion of a eddy of dry or moist· 

air, as revealed on an isentropic surface. 

Trades or Trade Wimls. Two belts of winds, one on either side of the 

equatorial doldrums, in which the 1,vinds blow almost constantly from easter­

ly quadrants. 

An elongated area of relatively low barometric pressure. 

Veer. Verb describ 

from south to 1r.rest. 

shift of wind in a clocb.vise direction, e.g., 

Vort Rotational component of motion. 

Warm Anticyclone. Anticyclone of primarily dynamic origin, with 

anticyclonic circulation extending to high levels. 

Warm Front. Front at which relatively warm air displaces colder air. 

\varm Front Occlusion the cold air back of the 

occluded front is \•rarmer than and overruns the cold air in advance of the 

front. 

Warm Sector. The air bounded by the cold and warm fronts of a cyclone. 

Wave. A localized deformation of a front, which travels along the 

front as a wave-shaped formation, and which may 

cyclone. 
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vvet :Bulb Temperature. Lowest temperature to which air can be cooled. 

by evaporat water into the air at constant pressure. 

An air mass t;han the surface over which it 

is pas '\'lith stability consequently in the lower layers. 

Index of average velocity of the westerlies taken as 

the mean pressure difference bet .. reen 35° N. and 55° N. latitude for a 

period, ; of five days. A 

circulation of the westerlies aloft. 

westerly circulation. 

zonal index indicates increased 

A lo\o.T zonal index indicates \1Jeak 
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_1\PPENDIX 

SYNOPTIC WEATHER CHARTS 





SYMBOLS USED ON SYNOPTIC CHARTS 
STATION MODEL (SPECIMEN OBSERVATIONS) 

Higher Clouds (C!rrus)----l ,----Middle clouds (Altocumulus) 

Wind Force (Beourorf s) _7 l / -{Proportio~ of the sky covered I 1 / with clouds (7 or 8 tenths) 
S~rfa<?e wind } ---.. f I /f--Air Temperature tn °F. 
dtrectlon (N. w) ...................... -ll 0 p . t . OF . · .._ w/5B·55 ...,.__ --:-- ew otn tn . 
State of weat~er} . • 9 95 {Barometric pres~u~e in i:>ches 
by symbol (rom ---"v , · (29.95)-first d•g•t om1tted 
shower} _.....,. 8 /(54, {Character and amount of pressure 
Lower Clouds /Heavvc~./1 ('l4..40) I. 04 ' cl?an_ge last 3 _hours (ri.siny_fhen 

f ' Y ~ ~ \ s.fecii:ly and htgher o/. 04 mch) 
Direction and speed of} 1 ' {Precipitation in inches 
maximum wind in last _J '-- For IZ. hours to 7:30 P.M.,E.S:r. 
IZ. hours ( N. W.40 M.P.H) For Z.41?ours to 7=30 A.M.)E.SJ. 

EXCEPTIONS FOR SHIP REPORTS: 

Maxi mum wind not reported. 
Dew Point replaced by Wet Bulb Temperature in parenthesis . 

. Amount of precipitation replaced by Temperature(
0 F.) ofsea surface. 

SYMBOLS FOR STATE OF WEATHER 
• Rain 
' Drizzle 
*Snow 
A Sleet 
6. Hail 

Numberor~mb?hm@cafes 
relative intensify or precipifat/on 

v Rain shower 
~ Snow .shower 
1\ StJUaly 
A. Severe Sf!t.lol/s 

I"{ Thunderstorm 
co Hazy 

NOTE: 

- Light to Moderafe rag 
- Dense Fog 
=around Fog 

On maps after June 30, 1939; barometric pressure and amount of 
pressure change are entered in millibars and tenths; e. g. 
/(}//. 2 mbs. entered as //.2 and .98:3. 6 mbs. as 89.6 

BEAUFORT SCALE 
FORCE SYMBOL M.P. H. FORCE SYMBOL M.P. H. FORCE SYMBOL M. P. H. 

0 ©Less than I 4 ~ l3fo 18 9 ~47to54 
I 

~ 
I to 3 5 19 to Z.4 10 ~55to63 

z 4to 7 6 ·~ Z.5to 31 II ~64to75 
3 ~ Btoll 7 ~ 3Z.to38 12. ~ above75 

8 ~ 39to46 
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COLD----- c::::::::J c::::::::J c::::::::J c::::::::J c::::::::J • W A R M 

SURFACE FRONTS 

COLD QUASI-STATIONARY 

WARM · -•-•- ---------OCCLUDED 

FRONTOGENESIS FRONTOLYSIS 

• • • • • • • • •--------COLD --------X X X X X X X X X 

o o o o o o o o o------- WARM ----* * * * * * * * * 
• o • o • o • o •-QUASI~STATIONARY-X *X* X* X* X 

1 

~ OCCLUDED ----,-'X.~ 'X-~~~~ 'X-~ v--- CYCLOGENESIS 

AIR MASSES* 

CAW- CONTINENTAL ARCTIC AIR, warmer than the surface 
over which it lies (stable in the lower layers). 

CAK- CONTINENTAL ARCTIC AIR, colder than the surface 
over which it is passing (steep lapse rafe in the lower layers) 

M A K- MARITIME ARCTIC AIR, colder than the surface over 
which it is passing (steep lapse rate). 

cPw-'- CONTINENTAL POLAR AIR, warmer than the surface 
over which it is passing (stable ln the lower lqyers). 

C p K - CONTINENTAL POLAR AIR, colder than the surface 
over which it is passing (steep lapse rare). 

MPW-MARITIME POLAR AIR, warmer than the surface over 
which it is passing (stable in the lower foyers). 

MPK -MARITIME POLAR AIR, colder than the surface over 
which it is passing (steep lapse rate). 

MTW MARITIME TROPICAL AIR, warmer than the surface 
over which it is passing (stoble in t-he lower layers). 

MTK -MARITIME TROPICAL AIR, colder than the surface 
. over which it lies or is passing (st-eep lapse rote). 

S SUPERIOR AIR, which includes all air masses tha't 
appear warm and .very qry because of, principally, su 
dence and divergence. 

*SEE MONTHLY WEATHER REVIEW, VOL. 67, JULY /939, pp. 204-218. 
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