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INTRODUCTION 

Assignment 

1. An estimate of the maximum possible precipitation and accompany-

ing snow melt over the San Joaquin Basin of California, and its sub-basins, 

was undertaken by the Hydrometeorological Section in response to a request 

dated April 11, 1946, from the Office of the Chief of Engineers, War Depart-

ment. In accordance with agreement in conference, preliminary values of 

precipitation and snow melt for the San Joaquin as a whole, the Kings River 

above Pine Flat, and the Kern River above Isabella were provided the Engi

neers on AugQst 19, 1946. Revised precipitation values for the latter two 

basins, forwaroed to the Engineers on December 4, 1946, are retained in 

the final report but the snow-melt estimates have been changed. Basins 

considered in this report are as follows: 

Basin -
San Joaquin 

Kern River above Isabella Dam site 
Kern, North Fork - 10'70 sq. mi. 
Kern, South Fork - 1010 sq. mi. 

Kings River above Pine Flat Dam site 

Tuolumne River above New Don Pedro Dam site 

Stanislaus River above New Melones Dam site 

Kaweah River above Terminus Dam site 

Tule River above Success Dam site 

Calaveras River above Ho~ Dam site 

Littlejohns Creek above Farmington Dam site 

Area (sq. mi.) 

35,524 

2080 

1542 

1536 

900 

560 

41'7 

363 

212 



2 Maripoe8. Creek above Mariposa Dam site 

Bums Creek above Burna Dam site 

Bear Creek above Bear Dam site 

Owens Creek above Owens Dam ai te 

Background 

108 

74 

72 

25.6 

2. 'l'he primary problem in the San Joaquin is that of orographic 
y 

precipitation. Two previous Section reports, for the Sacramento :Bafiin gj . 
and for the Loa Angeles area., have treated the same problem. 

3. In the Sacramento Report the storage principle was applied to 

the computation of the rainfall. The :flow model used was that of a bypo-

thetica.l thunderstorm cell, on the assumption that each column of air 

crossing the basin would be :forced to release the precipitation equiva-

lent of a· certain amount of convective overturning. The vertical dimen

sions of the cell were made direct functions of sea-level ( 1000 mb) 

dewpoint, arJd the depleting effect of an inflow barrier a direct function 

of the barrier height. Despite the simp;Lifications involved in the model, 

it was possible to reproduce total-basin depth~dura.tion values by substi-

tuting key-station wi:nd speeds and dewpointa in the rainfall equation 

formnla.ted. 

4. A more realistic ,approach was developed in the Los Angeles Report. 

Although the storage principle was retained, the convective cell was aban

doned in favor of an orographic model compatible with the major topographic 

features of the area. Variables measuring changes. in wind direction and 

percentage of area exposed to up-slope winds were introduced, and an 

empirical coefficient varying with sea-level (1000 mb) dewpoint developed. 

y Refer>enoes listed numerically at end of report. 



Substitution of observed values of the variables in the final for:omla madQ3 

possible the reproduction of the observed :mass curves of' rainfall over the 

10,000-square-mile area of maximum rainfaJ.l in the major storms. 

5. A statistical approach to the computation of orographic rainfall 

is being investigated by G. Platzman of the Portland Engineer District. 

It is based on the extrapolation of statistical relationships established 

between index-station wind and dewpoint measurements, and the accompa;r.cy-

1ng 12-hour :major-atom rainfall in the Wil.lamette Basin of Oregon. 

San J~uin Method 

6. The severely limited record of :major storms in the San Joaquin 

Basin and the inadequacy of both meteorological and rainfall observations 

in the recorded storms made necessary a somewhat more theoretical approach 

than in any of the foregoing studies. Prel1m.inary review of the litera .. 

ture on orographic precipitation disclosed no substantial advances after 
21 

Pockels • early treatise 1 in. which he computed fields of motion over bar-

riers of various shapes and sizes, assuming steady-state frictionless flow 

in a two-dimensional system in ther.modyna.m.ically neutrsJ. equilibrium. 

However, his numerical results, based on the extremely sketchy upper-air 

data of the period, were too uncertain for application. The Section •s 

approach has been, in the :main, to add to the proven results of earlier 

reports the refinements made possible by utilization of new upper-air 

stor.m-wind data and. the empirical-theoretical modifications necessary to 

the computation for the smaller basins. 

7. Because tests had shown both the Sacramento and the Los Angeles 

methods adequate for the computation of long-duration, large-areal rain

fall 1n their respective regions, each method was in turn applied to the 

San Joaquin, which lies between the two regions. Agreement in the results 



4 of these computations indicated the acceptability of either solution for 

the .. maximum possible 66-hour storm over the San Joaquin Bas :in as a whole. 

8. Application to the smaller basins required a change :in technique 

because of tt..e :inadequacy of the earlier methods for such a computation. 

AvailabUity of upper-air rawin observations in the important San Joaquin 

storm of January 30-February 3, 1945 (not available for the earlier 

reports) made possible the formulation of an expression for orographic 

precipitation more suitable for small-basin computation. On a theoretical 

basis, the effect of spillover, of increasing importance with decrease of 

basin length along the wind, was introduced into the computation. On an 

empirical basis, the effect of pre-barrier, upwind lift was also evaluated. 

For the basins lying at elevations below the Coast Range barriers, and 

therefore not amenable to the purely orographic treatment, maximum pre-

cipitation values were determined through relations obtained from observed 

distributions within the major storms in the region. 

9. In addition to the usual data analyzed in order to determine the 

snow-melt contribution to the runoff from the maximum storm, basic day-to-

day data :f'umished by Cooperative Snow Investigations were processed by 

the Section. The results, especially in view of the short record avail-

able, did not justify at this time a change from the formula developed by 
1J:} 

Light for previous reports. 

Acknowled@llents 

10. S . B. So lot, project leader, was mainly responsible for the new 

approaches introduced in the report. A. L. Shands was supervising editor, 

assisted by H. c. Hamilton. Principal contributors, in addition to Mr. 

Solot, were A.M. Kahan, N. E. Manos, T. J. Nordenson, and R. W. Schloemer, 

with technical assistance furnished by G. D. Abrams, D. Ammerman, J. C. 



Coffin, J. H. Cornish, R. K. Gold, E. s. Thompson, and M. M. Webster. 5 

W. E. Kinnear was in charge of drafting. Special advice on the snow-melt 

problem was furnished by P. Light, then Regional Engineer at Seattle, and 

\-1. T. Wilson, Chief of the Processing and Analysis Unit of Cooperative 

Snow Investigations. C. Schneider, of the Sacramento District Engineer 

Office, detailed to the Section for several months in the early stages 

of the project, gave important assistance in the clarification of the 

District's special needs and problems in the San Joaquin Basin. 



6 II 

THE BASJN -WIDE MAXnruM POSSIBLE STORM 

Storm TyPe 

ll. The flood-producing storms of the Pacific Coast are discussed at 

length in t.he Sacramento Report and further remarks, applying specifically 

to the Sout.he::m California Coast, appear in the Los Angeles Report. Detailed 

discussion of Pacific Coast synoptic types may be found in papers by Reed 
~ ~ 

21 

and Brown It can be concluded from these discussions that there are no 

great differences in type between the maximum possible storms affecting any 

of t~ne larger basins in the Coastal States. The storms which are most 

critical on a large scale all ?ave a strong west-to-east zonal flow·asso-

ciated with deep cyclonic centers offshore. The location of the cyclonic 

center and the variation of inflow direction between west and south deter-

mine the general location of the heaviest precipitation. Distribution of 

the heavy precipitation within the area depends on the orientation of topo-

graphic features. 

12. Comparison of the record general storms over the Sacramento and 

the San Joaquin, the storms of December 9-12, 1937, and January 30-

February 3, 19451 respectively, shows no important differences except an 

inflow wind from a more westerly direct ion in the 1945 storm. Whereas SW 

was found to be the most critical inflow direct ion for Sacramento storms 1 

WSW, as will be shown later, was found to be the most critical for the San 

Joaquin. Comparison of the 1945 storm with the record general storm over 

the Los Angeles area, January 19-24, 1943, shows somewhat greater differ

ences. The location of the cyclonic center was f~her south in the 1943 



storm and tbe prevailing inflow direction was more nearly SSW - the moat 7 

critical for tbe Loa .Angeles area. 

13. Tbe essential similarity of tbeae stoma, each the prototype 

of the maximu.m possible storm over its region, plus tbe fact that tbe 

San Joaquin Basin lies between tbe Sacramento and Los .Angeles areas, · 

justifies tbe assumption that tbe meteorological sequence in tbe San 

Joaquin maxiln.um storm will closely resemble tbe sequences in the maxi-

mum storms for the other areas. It follows that, by use of appropriate 

empirical constants - specific to the topographic character of the San 

Joaquin, the maximum possible precipitation over eitber the Sacramento 

Basin or the Los .Angeles area could be transposed and adjusted for an 

estimate of the maximum. possible precipitation over the San Joaquin. 

In the absence of such constants, a more direct approach is required, 

namely, the computation o~ the maximu.m possible precipitation over the 

San Joaquin by applying combinations of Sacramento and Loa .Angeles modele 

and meteorological sequences to the San Joaquin Basin. Such a procedure, 

described in detail in the following sections, yields an average depth 

of 11.9 incbee in 66 hours as the maximum possible precipitation over 

the San Joaquin Basin. 

Sacramento and Los .Angeles Maximum. Sto:rme 

14. To facilitate the application of the Sacramento and Los Angeles 

maximum-storm data to the San Joaquin, each storm was defined by three 

variables: wind direction, total inflow-wind movement for 66 hours, and 

an average 66-hour dewpoint . In each case the wind was assumed constant 
0 

throughout the storm at its optimum direction, i.e., 225 in the Sacra-

mento storm and 210 ° in the Loa .Angeles atom. The average dewpoint 

was the 1000-mb dewpoint corresponding (in the moisture-storage equation) 



8 to the average depth of basin or areal rainfall per mile of inflow-wind 

· movement • It was obtained by dividing total inflow-wind. movement into 

total rainfall and entering with the quotient (and the optimwn direction) 

into table 33 of the Sacramento Report or figure 8 of the Los .Angeles 

Report. :By the ma::x:imum :possible storm for a particular area, then, is 

meant the combination of the three meteorological variables - inflow-wind 

movement, average dewpoint, and wind direction - which :produces the maxi-

mum possible :precipitation over that area. Transposed to another area, 

the same combination of wind and dew:point may yield an entirely different 

value of precipitation. In the two ma:x:inrum storms considered, the perti-

nent values are: 

Table 1 

SACRAMENTO AND LOS ANGELE3 MAXIMUM POSSIBLE STORM3 (66 HOUIS) 

Precip - R Wind-,. Vt R/Vt Ie~oint Optimwn 
(inches) (miles) (inches/mile) ( F) Wind Dir. 

10.8 3036 .00356 60 
0 

Sacramento 225 

Los Angeles 17.1 4000 .00427 55 210° 

The difference between the average dew:points of table 1 is not a difference 

in actual or maximum dewpoint. There is, in the first place, a weighting 

by wind in the computation of the average dew:point of the table. In the 

second place, the use, in the Los Angeles Report, of a moisture coefficient 

f(TD) and a percentage of area exposed to up-slope wind, tends to reduce 

the co1llJ)uted dew:point. 

15. To abbreviate the discussion the following symbols are used: 

MPS - Maximum possible storm, i.e., combination 
of wind and dew:point producing maximum 
possible precipitation 



MPP - Maximum possible precipitation 

Tu, -Los Angeles theoretical model or formula 

-lf'u].· Adaptation of' TJ:.A with constant ,nodaJ. 
surf' ace 

TLA2- Adaptation of' Tu, with nodaJ. eurf'ace 
higber at outflow than at inf'low ba.rrier 

TSAC- Saorament·o theoreticaJ. model or formula 

Su, - Los Angeles MPS 

Ss.Ac- S~ramento MPS 

RrA - Ra.inf'all over the Los Angeles 
area derived by use of' TLA 

%Ac- Ba.inf'aJ.l over the Sacramento Basin 
der1 ved by use of' TSAC 

RaJ - Ba.inf'all over the San Joaquin Basin 

. The nodaJ. eurf'aoe is defined as the eurf'aoe above which the atmosphere 

remains 'Undisturbed b;y the effects of' tbtl orographic barrier. 

Application of' Los Angeles Stom. and Theory 

9 

16. As stated in the Los Angeles Report, Tz.A applies to a one-ba.rrier 

model. For application to the San Joaquin it mu.st be adapted to two bar-

riers, one at infl.ow as well as one at outflow. Since the height of' the 

San Joaquin outflow ba.rrier is considerably greater than either the San 

Joaquin inflow or the Loa Angeles outflow barrier, and since both theory 

and experience indicate a variation of' nodaJ.-eurf'aoe height with barrier 

heigbt, a fu.rther adaptation of' T:LA. was required. Thus, two possible 

adaptations were assUJDed for the San Joaquin computation. In 'l!.AJ. the 

nodaJ. eurf'aoe was kept at 460 mb at both inflow and outflow barriers; in 

iJ:.A2 the nodaJ. surface was raised to 300mb at the outflow barrier but 

kept at 460 mb at the inflow barrier. The two models are illustrated in 

figure l. 



10 17. The only difference between T.tA and TuJ. is the insertion of an 

1n:flow ba:r:rier in the latter model. Using eubecripta 1, 2 1 and 3 to refer 

to conditions before the inflow ba.r.rier, at' the inflow barrier 1 and at the 

outflow barrier, respectively, the equation for TLA states: 

where 

R 11 f vi t (w _ 4Pl W ) 
y l AP3 3 

R is average depth of precipitation in basin 

F is an empirical function of dewpo1nt 

vi t is total wind movement (4000 miles in table 1) 

Y is length of basin pa.rallel to wind direction 

W is precipitable water between nodal surface 
and gro\md surface 

A p is pressure difference between nodal 
surface and ground. surface 

(1) 

18. The rainfall produced by the inflow barrier can also be stated 

in the iJ.A form. 

R• (2) 

SUbtra.cting (2) from (l) gives the two-barrier equation for Tt.u: 

R • f Vi t '( AP! W _ APl W l (3) 
Y AP2 2 AP3 3) 

19. 

(4) 

Where w1 • and APJ. • refer, respectively, to the precipitable water and 

preaS'!.:lre difference between the second 1 higher nodal surface and 1000 mb; 

and w3 I and A p3. refer to the precipitB:ble water and pressure difference 

between the seco:nd nodal. surface and the top of the second or outflow 



barrier. (The assumption is made that Vi for the l~er to 300mb equals 11 

vl for the layer to 460 mb. ) 

20. Equation (1) can be applied to the Los Angeles area, equations 

(3) and (4) to the San Joaquin Basin. For the same storm, f v1 t will 

have the same vaJ..ue in all three computations. All other values will be 

specific to the Loa Angeles area in (1) and to the San Joaquin Basin in 

(3) and (4). The Loa Angeles and San Joaquin equations can then be com-

b ined as follows: 

(By Tw_) 

(5) 

(By TLA2) 

21. Evaluation of the quantities inside the first parenthesis (the 

LA factor) results in 

~0 
• 172.9 miles/inch 

l.o46 - 3 0 
(o.44o) 

A fi:x:ed wind direction is assumed in this computation. In evaluating the 

second parenthesis in each equation (the SJ factor) 1 several wind dirac-

tiona in the SW quadrant were assumed. Later, a decision was made con-

ceming which of these directions should be used in the maximum possible 

storm over the. San Joaquin. The computed SJ factors (:x: 105) are: 

s SW' 

TLAl 48 

Tu2 100 

323 

414 

305 

390 
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·The individual values involved in these com;putations are listed in table 2. · 

Table 2· 

SAN JOAQU'IN (TLA) VALUES 

s sw WSW 

Pressure at inflow (mb) 844 879 896 906 

Be i.ght at inflow ( ft ) 468o 3700 3100 2750 

Pressure at outflow (mb) TI9 679 684 693 

Haight at outflow (ft) 718o 10,150 10,240 9950 

Y (miles) 151.4 113.6 111.1 117.4 

AP]_ (mb) 540 540 540 540 

APJ.' (mb) 700 700. 700 700 

AP2 (mb) 384 419 436 446 

!1P3 (mb) 319 219 224 233 

A~ 9 (mb) 479 379 384 540 

w1 (in.) l.o46 l.o46 l.o46 l.o46 

Wl 11 (in.) 1.074 1.074 1.074 1.074 

w2 (in.) 0.524 0.647 0.698 o. 728 

w
3 

(in.) 0.392 0.202 0.210 0.226 

w3u (in.) 0.420 0.230 0.238 0.254 

22. OUtflow and inflow barriers were computed as in the Sacramento 

Report. On a la.rge-aca.le topographic map, parallel lines were drawn 

across the basin at 5-mile intervals along each of the directions used. 

Inflow and outflow barrier heishta were estimated to the nearest 1000 

feet within each strip and the length of each strip measured to the 

nearest mile for the Y computation. lla.rrier heights were converted to 



pressures on the assumption of a sea-level temperature of 55 F (the ~ 

66-hour average dewpoint, from table 1) at 1000mb in a saturated atmos

phere with pseudo-adiabatic lapse rate. Mean pressures and basin lengths 

were then computed. 

23. Substituting an R.r.A value of 17.1 inches (table 1) in equations 

( 5) and ( 6), and using the appropriate computed values of the LA and SJ 

factors, the values of estimated 66-hour MPP over the San Joaquin Basin 

become: 

s w 

TLAl 1.4 8.8 9.5 9.0 

TLA2 3.0 11.4 12.2 11.5 

Application of Sacramento Stom. and The~ 

24. The TSAC rainfall equation is 

where 

WE ij t L 
R = y 

WE is mean weighted effective precipitable water, 
a tunction of dewpoint 

ii t is total wind movement ( 3036 miles in table 1) 

L is mean weigbted lift coefficient, a tunction of 
inflow-barrier height and dewpoint 

(7) 

25. The sa.me equation can be applied to the San Joaquin. In the 

e~ atom. the value WE V t will be constant, while L and Y will have 

specific values in each basin. The equation can thus be combined into 

(L/Y)SJ 
RaJ • RsAc {LfY)SAc 

(8) 

26. In table 31 of the Sacramento Report, L for a dewpoint of 63 F 1 

SW direction, is 0.63. With this as an argument in figure 18 of the 

13 



14 
Sacramento Report 1 L for 60 F (the S 66·hour average dewpoint} is 

SAC 
found to be 0.61. Y for a SW direction of inflow over the Sacramento is 

ll7 miles. Thus, (L/Y)SAC' the SAC factor, be,comes 

27. To compute the SJ factor, the inflow·ba:rrier heif3hts available 

in t~le 2 were used as arguments in finding the appropriate L for 60 F 

in figure 18 of the Sacramento Report. The values o:f' Y are also available 

in table 2. The necessary values and the computed SJ factors are contained 

in table 31 below. 

Table 3 

SAN JOAQUIN (T ) VALtll!B 
SAC 

s sw WSW w 

Inflow height H ( f't } 468o 3700 3100 2750 

L' 0.51 0.59 0.64 0.68 

Y (miles) 151.4 113.6 lll.l 117.4 

(L/Y)SJ X lo5 (mi·l) 337 519 576 575 

28. Using an %Ac value of 10.8 inches (table 1) 1 the estimated 

66-hour MPP values over the San Joaquin :Basin become: 

s 

TSAC 7.0 

sw 

10.8 

AEplicgtion of Storm and Theo~ Combinations 

ll.9 11.9 

29. To complete the possible applications of atom and theory to the 

San Joaquin, it was also desirable to com.pu:te the San Joaquin MPP on the 

basis of a combination of SSAC and T:LA and also of BrA and TSAC. To a 

close approximation 1 equations ( 5) 1 ( 6) 1 and ( 8) 1 and the LA, SJ 1 and SAC 

factors already computed for them, can still be used if a new~ is 



derived from. a combination of SSAC and TLA,, and a new ~ from. a combina- IS 

tion of 5u and TSAC • 

30. :Baaed on equation (1), the computation of the original Rr.A 
involved an integration with respect to time. This procedure waa repeated 

in the computation of the new Rr.A resul.ting from. a combination of SSAC 

and TLA. The integration is shown in table 4. 

Table 4 

COM.PtY!'ATION OF Ru (SSAC, TLA) 

Time f X 104 Wind Movement Precip 
{hours) {inches) (miles) (inches) 

o-6 26 222 0.58 

6-12 42 246 1.03 

12-18 54 270 1.46 

18-24 62, 288 1.79 

24-30 68 312 2.12 

30-36 71 366 2.60 

36-42 68 312 2.12 

42-48 62 282 1.79 

48-54 54 270 1.46 

54-60 42 246 1.03 

6o-66 26 222 0.58 

o-66 16.56 

31. To obtain the new RaAc 1 based on equation (7) 1 the moisture 

index t (where t • K WE and K • 5 I L) corresponding to the Sacramento 
area 

optimum wind direction, SW'1 and to the 66-hour average S:t.A· dewpoint, 55 F, 

was obtained from table 33 of the Sacramento Report and multiplied by the 

Br.A total wind movement: 
.0027 x 4000 • 10.8 inches 

This was essentially the :ma:nner in which BsAC was originally computed. 



16 32. Summarizing all 66-hour Ru_ and lSAc values used: 

Pu. (TLA, Bu.) .= 17.1 inches 

• 16.6 inches * 

%Ac (TSAC, Ss.Ac) = 10.8 inches 

%Ac (TSAC, Su.) • 10.8 inches * 
The unstar:red values have already been used in equa.t ions ( 5), ( 6), and 

(8) in computing MPPSJ' for the eOidbination TLA and Sx.A and for the 

combination TsAc and SSAc. The starred values can now be used in the 

same equations to compute MPPSJ for the storm .and theOry combinations 

indicated. The results of all the computations are summarized in table 5. 

Table 5 

ESTIMATED 66-HOUR MAXIMUM POSS:rm..E PRECIPITATION 
SAN JOAQUIN :BASlli 

Wind 
Directions s sw 'WSW' w 

6u1 TLAl 1.4 8.8 9.5 9.0 

5r.A' TLA2 3.0 ll.4 12.2. ll.5 

8u.1 TSAC 7.0 10.8 ll.9 ll.9 

SSAC' iL.u ~1.4 8.5 9.3 8.7 

SSAC' TLA2 2.9 ll.l ,ll.9 ll.2 

SSAC, TSAC 7.0 10.8 ll.9 ll.9 

San Joaquin Maximum Possible Precipitation 

33. Examination of table 5 shows the WSW direction of inflow to be 

the most productive, or as productive as any of the other directions, no 

matter what combination of fl1;o:m and theory is used. Synoptic analysis 

of the major storms 1n the region shows WSW to be the moat critical direc

tion. Also 1 it is significant that TLAl produces the lowest values for 

each of the directions. This is to be ex:pected, since the method neglects 



the variation, indicated by both theory and experience, of nodal height 17 

· with barrier height. 

34. Consideration of these facts con:finee the most acceptable values 

in the table to those under the direction WSW and to those in lines 2, 3, 

51 and 6. These values have been underlined. The value 11.9 has been 

chosen as the beet estimate of the maximum :possible 66-hour :precipitation 

over the San Joaquin Basin as a whole, :partly because of ita :prominence by 

repetition. Tl;l.e choice is better justified by the fact that San Joaquin 

storms resemble the Sacramento type moat closely, and both acceptable SSAC 

derived values are ll.9. The :physical characteristics of the two basins 

also resemble each other closely. However, all West Coast storms are eo 

similar in character that 5r.A. is by no means excluded as a :possibility. 

35. Table 5 also offers the opportunity to compare the Los Angeles 

and Sacramento theories. in "neutral. terri tory". It i e reassuring that, 

even though t~ee two theories differ widely in their :physical a:p:proach, 

there is no significant difference to be found in their quantitative appli

cations. This is not quite eo surprising as it may at first seem since 

{1) both theories use the same variables, and these variables are the most 

im:portant in computing rainfall, and (2) both contain empirical coeffi

cie.nts which in effect correct for the errore involved in the basic 

aesum:pt ions • 



18 III 

OroGRAPHIC PRECIPITATION THroRY APPLIED TO SMALL :BASINS 

:Basic Model 

36. For application to small basins, the Los Azl.seles orographic

p~ipitation model, essentially Tuu.1 has been modified to include the 

eval.ua.tion of effects which should not be neglected when ema..ll areas are 

considered. The basic model is illustrated in :figure 21 where 

a is the pressure at the nodal surface 

b
0 

is the pressure at the top of the outflow barrier 

b1 is the pressure at the top of the inflow barrier 

Y is the basin length eJ.ong the direction of inflow 

37. In the Los Angeles Report the statement of :mass continuity 

was approximated by an equation of the form 

(9) 

where b 1 was taken at sea level or 1000 mb • The expression for rainfall 

intensity (inches per hour) became 

which could be simplified, by substituting for v3 from (9), to 

V2 (we-!!: w3). 
I • · (ll) y 

38.. More exactly (9) and (10) can be expressed as 

(12) 



respectively. 

39. The assumptions common to all five equations are: 

I. Steady state free from whirls. 

II. CUrrent flow everywhere parallel to a definite 
vertical plane. 

III. No frictional effects. 

IV. At some upper level (the nodal surface) a 
horizontal current of constant velocity, 
above which the atmosphere is undisturbed 
by orography. 

V. A saturated atmosphere with pseudo-adiabatic 
lapse rate and sea level at 1000mb. 

VI. Loss of mass of air by precipitation of water 
vapor negligible. 

VII. Acceleration of gravity constant. 

VIII. All precipitation orographically produced. 

II. :Rate of precipitation equal to rate of 
condensation. 

Some of these restrictions will later be removed while otherswill be 

(13) 

added, continuing the same system of enumeration. One assumption basic 

to equations (9), (10), and (11), the assumption tl:lat the unwe~ghted mean 

wind is an adequate approximation, is not contained 1n (12} and (13). 

40. The accuracy of the approximation depends largely upon the ver

tical shear. If the wind speed does not va:ry with height, equation {11) 

is correct. If wind speed increases with height, there is an overestimate 
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of water-vapor transport; if wind speed decreases with height, there is an 

underestimate. Row important quantitatively the vertical shear can be is 



20 illustrated by an anal.ysis of the record San Joaquin storm of January

February 1945. 

41. Figttre 3 shows three vectors for each rawin observation at 

Fairfield, Calif., during the storm, Fairfield being representative of 

inflow at the coast. The solid vectors in the figure represent unweighted 

mean wind. from sea level to 20,000 feet. The dashed vectors represent 

mean velocity of the same layer weighted by pressure, and the dotted vee

tore mean velocity weighted by the tl:leoretical moisture content. The 

direction differences between the vectors for any observation are due to 

the backing or veering of the wind in the vertical. Si17ce the lowest 

layers are most heavily weighted with moisture, tl:le moisture -weighted 

vector most strongly reflects the direction of the wind near the surface. 

It will therefore fall to the left of the other two vectors when there is 

a veering with height, and to the right when there is a backing. The 

upper figure given with each group of vectors expresses as a percentage 

the retio of the unweighted mean to the moisture-weighted mean, and the 

lower figure the ratio of the pressure-weighted to the moisture-weighted 

mean. The mean ratios in the 1945 storm were 121;, in the first case and 

ll6;, in the second; raising the nodal surface from 460 to 300mb would 

increase the ratios by about 1~. 

Wind Shear 

42. From hydrostatic relationships defined by the limiting lapse 

rates and from. a consideration of the extreme sea-level density gradients 

at the peripheries of West Coast atoms, a theoretical expression for the 

vertical gradient of wind speed was developed in the Sacramento Report: 

Vlz • Vls (1 + .o6z) (14) 



where 
Vlz is the undisturbed inflow wind at height z 

V1s is the frictionless inflow wind at sea level 

z is height in thousands of feet above sea level 

The equation was presumed to apply up to 10,000 feet. 

43. For comparative purposes, the mean relative wind was computed 

for each level at Fairfield in the 1945 storm by taking the geometric 

mean of the :ratios, for all observations, between the SW component at 

each level and the SW component at 10,000 feet. A comparison between 

the values derived from this computation and a similar set of values com-

puted from the Sacramento formula (14) extended to levels above 10,000 

feet is shown in figure 4. The results indicate that equation (14) ex-

tended to 301 000 feet represents a close fit to the actual shear within 

a major storm. Henceforth, therefore, the variation of inflow wind with. 

21 

height will be defined by the v1 curve in figure 5, obtained from a slight 

modification of (14) in order to smooth the variation with pressure instead 

of height. The surface wind in this figure is the sea-level frictionless 

wind in the inflow column (V le) and the lower-case v will hereinafter denote 

wind speed as a percentage of V le. 

44. Using subscripts 2 and 3, as in figure 2, for the air columns 

above the inflOw and outflow barriers, respectively, it is now possible, 

after one other assumption, to derive the wind shear above other pointe 

along Y and thus to determine the velocity profile across the basin. Let 

· v 1P be the velocity at any pressure in column 1 1 whose base is at 1000 

mb, and v2:P the velocity at the same pressure in column 2, whose base is 

at bi. The further assumption will be made that 

X. The difference between V2p and Vlp (or V3p and V2p) 
is a linear function of pressure, becoming zero 
at the nodal surface. 

·.,.., 
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Thus 
V2p - v1P • ol (p - a) 

The equation of continuity, after (12), can then be written 

l looo f.b1 .r b1 
a vl dp • a. vl dp + dja (p - a) dp 

whence 

v1 dp [
1000 

ct = b_i~-----1.. bi (p - a) dp 

Integrating between the designated limits, 

Substituting in (15), 

(p - a) 

(15) 

(16) 

(17) 

45. With V 1 defined, the numerator may be integrated between any 

desired limits and the shear of V2 determined. The shear of v
3

, the 

velocity above the second or outflow barrier, can be similarly determined 

from the equation 

v3P • V2p + ct'(p -a) 

46. Assuming a. nodaJ.-surface pressure of 460 mb at the first or 

inflow barrier and 300 mb at the second or outflow barrier, the mean 

velocity profile across the basin was computed. In ter.ms of the relative 

velocity v, the shear in the undisturbed inflow column and in the columns 

above each of the two barriers is presented in figure 5. Table 6, which 



can be entered with b (the pressure at the barrier} and p (any pressure 23 

above the barrier), gives the percentages of v1s for various combinations 

of p and b . Two of the linea '41td.n the table, where b equa~s 896 and 684, 

give the shears of v2 and v3 illustrated in figure 5. 

Sfc. 
Press. 
b (mb) 

896 

850 

800 

750 

700 

684 

650 

Goo 

Table 6 

VALUJl5 OF v 
{v •100 L) 

Vls 

Pressure Aloft, p{mb) 
896 850 Boo 750 700 684 650 6oo 550 500 450 4oo 350 300 

171 174 178 182 187 192 198 2o6 214 225 241 256 271 

200 202 203 2o6 209 212 218 223 232 246 258 271 

242 240 238 237 236 238 241 244 254 262 271 

293,286 278 272 268 263 262 266 268 271 

357 341 326 312 299 289 283 277 271 

381 368 349 332 315 300 291 281 271 

441 411 384 356 332 312 292 271 

553 502 451 403 359 315 271 

Moisture Transport 

47. With the wind field defined, the values of the wind ItJB.Y be sub

stituted in the equation for continuity of water vapor (13). 'Rewritten, 

using the relative (nondimensional) winds, designated by v, the equation 

becomes 

D•ra 
:Jbi 

(18) 



24 D represents the difference, per unit Vls' in equivalent depth of p:re

cipitable water transported over the two barriers, a:fter the mean-wind. 

approximation error of' (11) has been el!m:lnated. 

48. Since a fixed value has been assumed for a, the mae,nitude of 

D becomes a function of the, two values of b. Integrated over a range 

of values of b, the relationship between j v dW and b is graphically 

presented in figure 6. From this figure 1 D may be determined by taking 

the difference between ordinates corresponding to the inflow and outflow 

values of b. In order to convert D to the rainfall intensity I, the 

relationship 

must be used. 

Spillover 

v· 
I = D ls 

y (19) 

49. The intensity thus obtained is defined as the average rate of 

precipitation produced by the orographic lift of a basin. It has not 

been stated whether all of the rain falls into the basin. For an equa

tion such as (13) to express the rate of precipitation in the basin the 

additional assumption of vertical rainfall must be introduced. This 

assumption has been made in previous :u,drometeorological Reports, and 

for large basins the error involved is amall. However, because of the 

lcyperbolic effect of Y (the downwind dimension), the shorter this dimen

sion the more serious the error is likely to be. For such basins it is 

therefore necessary to allow for the fact that, in general, rain does not 

fall vertically. 

50. Define D80, the outnow spillover component, as that portion 

of D which, though produced by the orographic li:ft of the basin, falls 

outside. Similarly, Dei' the inflow spillover component, is the portion 



of D which falls inside the basin al.though produced outside. The rate of 25 

precipitation within the basin becomes 

vls 
I • y (D + Dei - Dso) (20) 

Since D80 for an upwind basin is.,identical with D
8

i for the adjacent down

wind basin, it is necessary to· solve only for D80 • The solution involves, 

first, en evaluatiOn of the critical raindrop path (i.e., the bou.nda:ry 

separating rain which falls inside the basin from rain which falls out

side) and1 second, the evaluation of the net flow of precipitable water 

between the boundary and a vertical column above the top of the outflow 

barrier. The latter computation yields Dso· 

51 •. To cODI.Pu.te any raindrop path, both the.l,lorizontal and vertical 

velocities of the raindrop a:re needed. With regard to the first, two 

extreme possibilities were investigated: (1) at every point the raindrop 

possesses the horizontal velocity of its environment, end (2) the rain

drop starts with the horizontal velocity of its initial environment end 

maintains the same velocity througbout its path. Within the velocity 

field described 1n figure 51 the final results 1n the two cases do not 

,differ greatly. The first possibility was therefore adopted as as sump-

tion XI, because it is more realistic. 

52. The horizontal component of the raindrop velocity is thus v Vls. 

On the ~further assumption (Xn) that the slope of the basin in te:rms of 

db /dY is constant, the horizontal component of velocity along the rain

drop path (~) can be stated: 

(21) 

J 

where bi and b0 are the pressures at inflow and at outflow for the 

particular sub-basins. Combining the basin constants into one, 

(22) 



26 53. To evaluate the vertical component of the raindrop velocity, 

the assumption was made that 

XIII. The vertical component equals the algebraic su.m. of 
the raindrop •s terminal velocity (with respect to 
still air) and the vertical velocity of the air. 

. 11 
From the data in tables 98 and 99 of the Handbook of Meteorology the 

mean terminal velocities of :raindrops were computed for various :tnten-

sitiea of rainfall. · It was decided that the data :tn column 8 of table 98 

moat nearly characterized the rainfall in the type of storm under consid

eration and that the appropriate value (neglecting variation with height) 1 

computed from these data, was 6.5 mpa (assumption XIV). The vertical 

component due to raindrop ter.m.inal velocity thus becomes 

Comb in:tng ( 22) and ( 23 ) 1 

db.J· K ~ 
rp = b.5 ~P!Oz-

(23) 

(24) 

With the velocity field already def:tned as a fUnction of b and p (table 6) 

and dp/ c}z already known from assumption V 1 it ,was now possible to 

integrate (24) by the method of successive approxi.ma.tion. Using K and 

b
0 

as parameters, the reverse path of the raindrop was followed from 

pressure elevations .of b
0 

at 50-mb intervals from 600 to 8oo mb and for 

values of K for intenale of 50 from -50 to -500. Figure 7 shows the 

results. For comparison, two raindrop paths computed for a constant hori

zontal velocity (the discarded alternative) are also shown by dashed l:tnes. 

54. The effect of the air's vertical velocity on the vertical velocity 

of the raindrop has still to be considered. A mean evaluation of the effect, 

based on the following considerations, was used. At the surfabe the effect 

is due to ground slope 1 equal to b. b /A Y by assumption XII. At the nodal 



surface (300 mb) 1 where by definition the orographic influence ceases, the27 

effect is zero. The raindrop paths computed for figure 7 were therefore 

adJusted for a mean correction by transposing all points along the path to 

p' • p + Ab/2. 

55. With the paths deter.m.ined, the next step in the Dso computation 

was the construction of a streamline chart based on (12). The ordinates 

p separating equal values of v A p were plotted at each standard b and 

then connected by smooth curves, as in figure 8. The final curves are 

thus streamlines and, as reproduced, they bound areas of equal percentages 

of total mass transport. 

56. Computation of Dso now resolves itself into an integration of 

the net flow of precipitable water within each streamline interval and 

between the critical raindrop path and a vertical at b 0 • The final results 

are shown in figure 91 ~terms of the ratio Ds0 /D. Over a wide range of 

conditions the ratio varies between 10 and 2ct;,. However, it must be remem

bered that the net spillover is the difference between two such ratios 

whose denominators may vary considerably. 

Upwind Effect 

57. Although (20) removes an important restriction, it is still not 

a complete statement of the rainfall rate for small basins. Both aero

dynamic theory and observation indicate that air begins its ascent some 

distance upwind from the barrier. Qualitatively, the effect is to shift 

the center of maximum precipitation upwind. Quantitatively, the over-all 

effect can be estimated empirically. 

58. Profiles of the isohyetal patterns of three major storms were 

drawn along an axis parallel to the inflow wind. The mean values plotted 

along this axis were chosen from a strip wide enough to qualify the values 

as representative. Taken along the same strip, the three storm profiles 
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are shown in figure 10. Four classes ot rairi are indicated: inflow spill-

over, upwind. rainfall, «orographic•' rainfall, and outnow spillover. (For 

the San Joaquin as a whole, it can be noted, innow and outflow spillover 

are approximately equal.) Dividing the volume of rainfall attributable to 

the upwind. effect by the total over the basin produced the following percent-

ages of upwind "loss": 

Dec. 9-121 1937 2~.~ 

Jan. 19-241 1943 15.~ 

Jan. 30-Feb • 31 1945 20. ?f, 

The above indicates 2(1/, as fairly representative of the upwind factor U1 · 

which can now be used in the rainfall equation 

vls 
I • y (1 - U) (D + Dsi - D80 ) (25) 

Empirical Coefficient 

59. In chapter II the :ma:dmum possible 66-hour precipitation over 

the San Joaquin Basin as a whole was detezmined to be ll.9 inches. The 

detem.ination was based essentially on a co:m:parison of the geometric 

properties of the San Joaquin Basin with those of the Sacramento and Los 

Angeles areas. Now that a general expression for orographic rainfall has 

been developed on a largely theoretical basis, the 11.9 value :may be 

equated to the theoretical expression in order to derive an empirical 

coefficient. Because the San Joaquin is so large, equation (19} rather 

than (25) is applicable, and it can now be written: 

I • CD Vls 
y 

D can be derived from (18), using 57.5 F as the average 66..:hour dewpoint 

(the mean of the corresponding dewpoints for S:r.A and Ss.Ac 1 table 1). The 

value of Y is available in table 2 1 and for V18 the mean 66-hour SSAC value, 

37.1 mph, was used. The resulting value of the empirical coefficient C is 
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0.84. (Because the D chart, figure 6, is based u~n a 60 F dewpoint, C also 

contains a dewpoint-co:rrection factor necessary for reduction to 57.5 F. 

The coefficient for use with aD chart baaed on 57.5 F would be 0.91.) In 

the absence of suitable observational data necessary for the determination 

of the individual coefficients applicable to the sub-basins, it was decided 

to use the 0.84 coefficient for all basins whose maximum possible precipita

tion was computed on a purely orographic basis. The computational equation 

thus becomes 

C Vla ( ) ( I • y 1 - U D + Dei - Dso) ' (26) 

Maximum Possible Sub-Basin Orographic Precipitation 

60. Equation (26) was considered applicable to the following basins: 

Calaveras, Stanislaus, Tuolumne, Kings, Kaweah, Tule, and Kern. Because 

influences other than the orographic character of the sub-basin itself are 

controlling in each of the five other aseisned basins, these basins are 

dealt with separately in the following chapter. 

61. For each sub-basin listed above, inflow and outflow barrier heights 

were determined by taking mean values for strips one mile wide oriented paral

lel to the assumed in:f'low-~ind direction. The mean length of all the one-mile 

stripe was taken as Y. The 66-hour precipitation values were computed for 

inflow from the W, WSW, SW, and S, the opt 1mu:m direct ion proving to be SW or 

WSW for all the basins. The maximum values obtained and the necessary basin 

constants for their determination are presented in table 7. The Kaweah, Tule, 

and Calaveras Basins, whose inflow barriers are approximately the height of 

the Coast Range, receive no inflow spillover since the basins immediately up-

wind receive only upwind rainfall, from. wlllch no outflow can be subtracted. 

In the Stanislaus and Tuolumne, inflow and outflow spillover are approximately 
. \ 

equal. In the Kings, the inflow spillover is approximately one-third the 



30outflow and in the total Kern and North Fork1 the inflow spillover is 

slightly less than three times the outflow. 

Table 7 

COMPUTATION OF MAXIMUM 66-ROUR PRECIPITATION OVER OROGRAPHIC SUB-:BASINS 

bi bo y MPP 

:Basin (mb) (mb) (mi.) Deo (in.) 

Kern, Total 752 677 30.3 11;, 15.9 

Kern, North Fork 752 677 22.1 1, 21.0 

Kern, South Fork (Total Kern minus Nerth Fork) 10.5 

Kings 8o8 633 31.5 1~ 27.6 

Tuolumne 807 697 26.6 12% 21.4 

Stanislaus 843 689 32.4 l()lb 23.7 

Kaweah 862 684 16.3 17'f. 45.7 

Tule 874 741 16.1 2~ 31.9 

Calaveras 974 879 23.7 1~ 11.9 

62. Since SSAC was shown to be the meteorological sequence moat 

appropriate to the San Joaquin, the time distribution in SSAc was consid":", 

ered valid for the basin-wide storm and was also applied to the computed 

total values of table 7. In. percentages of the total value, the time dis-

tribution is shown in figure 11. The pertinent maximum depth-duration 

curves are presented in figures 12-18. 
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BASINS WITH PRECIPITATION EXCEEDING CALCULATED OROGBAPHIC 

Basin Characteristics 

63. Rainfall amounts observed over the area embracing five of the 

assi€J3.ed sub-basins (Littlejohns, Burns, Bear, Owens, and Mariposa) 

indicate maximum possible values exceeding those that ca.n be computed 

from the orographic formula (26) •. Because these basins all lie either 

wholly or partly below the elevation of the Coast Range barrier, the 
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€oast Range becomes the effective inflow barrier a.nd differences between 

outflow and inflow barrier height become negative or, if positive, very 

e:m.all. In addition, because of their size and shape (they are the five 

e:m.allest of the assigned basins and none of them is particularly elongated), 

their lengths (Y} are exceptionally short. 

64. Despite the e:m.all or even negative magnitude of the orographic 

rainfall over these basins when computed on the basis of the topography 

within and upwind from the basin itself, the basins are subject to the 

. over-all orographic influences of the Sa.n Joaquin a.nd to the special 

orographic influences of adJoining basins (such as spillover a.nd upwind 

effects). A fundamental qua.rttitative relationship between the rainfall 

over these basins and the rainfall over the adjoining basins (particularly 

downwind} is thus maintained. However, the five basins under considera

tion are also subject to non-orographic influences such as convergence, 

frontal and· nonfrontal, more effective for short durations, in the maxi

mum case, than the orographic influences. Whereas over such small, low

elevation basins the local intensification of rainfall produced by short

duration non-orographic activity becomes dominant, over the larger, high-



32 elevation basins the rain-producing orographic effects overshadow all others, 

as assumed (VIII) in the development of (26). 

Maximum. Total Storm 

65. The approach to the determination of maximum rainfall values 

for the five basins under consideration has been empirical, the purpose 

being to retain relationships between adjoining basins for long durations 

while including the possibility of the excessive local short -duration 

activity which is so important for very small basins. Along the optimum. 

inflow-wind direction (WSW) the rainf'all profiles of the 1937, 19431 and 

1945 storms were drawn across each basin and continued to the eastern 

edge of the downwind basin for which the maximum possible precipitation 

had already been computed by (26). · From the profile was determined the 

ratio of t~ average depth over the lower basin to the average depth 

over the higher basin. The maximum ratio thus determined was applied 

to the maximum possible precipitation computed for the higher basin and 

the result used as the value of the 66-hr maximUm possible precipitation 

over the lower basin. With a greater recorded storm history in the San 

Joaquin available, these values might be made more reliable, since the 

maximum ratio from only three major storms was utilized. 

Depth-Duration Values 

66., :Because of the. greater importance of localized intensification 

in these basins, the time distribution of the maximum possible precipita

tion sllould differ from the distribution over an area whose rainfall is 

controlled by orography. A greater percentage of the total precipitation 

should occur in the shorter durations. To compute this percentage a ratio 

was established between the maximum observed 24-hr point rainfalls over 

the lower and higher basins, regardless of concurrence. (All but two of 



the maximum 24-hr values occurred in the months November to March, and the 33 

two exceptions in September. The stoma producing these amounts were all 

similar in pattern to SsAC.) The theoretical 24-hr maximum precipitation 

over the higher basin was then multiplied by this ratio to determine the 

m.a.ximum 24-hr precipitation over the lower basin. A 6-hr value was obtained 

by analysis of the maximum. 24-hr precipitation at representative recorder 

stations (Stockton and Cathay) during the 1943 and 1945 storms. The analysis 

showed approximately 5orl> of the maximum 24-hr rainfall occurring in the maxi

mum 6-hr period. Since both storms are prototypes of the San Joaquin maximum. 

:pOssible storm, the same time distribution was applied to the maximum 24-hr 

precipitation previously derived for the lower basins. To obtain the final 

depth-duration curves reproduced in figures 19 and 201 smooth curves were 

drawn through the origin and the values for 6, 24, and 66 hours. A symmet

rical distribution through time, similar to figure 111 can be derived from 

these curves. 

67. Bums, Bear, Owens, and Mariposa Creeks have been considered 

tosether since they are adjacent and since depth-area differences between 

them would be a refinement unwarranted by the basic data. The areas of 

the Bums and :Bear Creek drainages assigned are practically the same -

74 and 72 square miles, respectively - and the Mariposa Creek area .is 

108 square miles. While the small range of area thus involved may be 

sufficient justification for the lack of individual treatment, a more 

important justification is the nature of the storm patterns in the region 

of these basins. In the major storms considered, the isohyets in this 

region parallel the topographic contours without closing, the closed 

isohyets occurring farther up slope. This means that basins whose vari

ation in area is due primarily to a variation in width along the same 



34 contours or iaohyeta will have the same average depth of rainfall regardless 

of size. The usual decrease of depth with increasing area is characteristic 

of storm. centers and therefore, in the maximum. case 1 , of all regions over 

which the storm. can center. However, the usual depth-area relationship need 

not apply to a region where the basic iaohyetal pattern is fixed by topo

graphy, specifically to basins like the :Bums, :Bear, and Mariposa, which 

are confined between the same isohyets at the edge of the storm. pattern. 

68. In regions of this kind it may even be possible for a lesser 

average depth to occur over a a:maller adjoining area. The smal.l Owens 

Creek drainage is a case in point. Ita area is only 25.6 square miles 

but it is confined, in the major stoma of record, between iaohyets of 

lesser magnitude than the other t.hree basins because it is, as a whole, 

farther down slope. On this basis its maxim.um average rainfall depth 

may actually be less than over the larger basins. Such a possibility 

has been neglected for the following reasons. :Because its area is one

third to one-fourth the area of the other basins, local intensification 

could be sufficiently more effective to produce maximum rainfall greater 

than indicated by the isohyetal gradient. However, no adequate data are 

available on which to base such a difference. Since the isohyetal-gradient 

effect and the local-intensification effect are of opposite sign, use of 

the same depths for the Owens as for the other three basins is considered 

justifiable. 
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SNOW MELT 

Snow-Melt Factors 

69. A theoretical :fo:rmuJ.a, relating rate o:f snow melt to observa.-

tiona of wind, temperature, and humidity was developed by Light in the 
>=./ 

Section's Technical Paper No. 1 . FUrther discussion of ita applica-

tion was contained in chapter VII of the Sacramento Report. The formula. 

is 

M • k u [:ool84 (T - 32) lo-· 0000156h + .00578 (e - 6.ll)J (27) 

where 
M is melt in inches of depth of water equiva

lent :per 6-hr :period 

U is wind speed in mph at the 50-ft level 

T is temperature in degrees F at the 10-ft 
level 

e is vapor :pressure in mb at the 10-ft level 

h is elevation in :feet above mean sea. level 

k is an empirical basin constant :for snow
melt runoff 

70. Figure 21 is a graphical representation of the formula for com-

35 

putation :purposes, with k • 1. Theoretically, k • 1 for melt from a smooth, 

exposed snow surface. Surface basin cha.ra.cteriatice such as rugged topo-

gra.phy and forest cover reduce ita value below unity. In the present report 

it is further reduced by the necessary use of free-air wind speeds rather 

than the unavailable observations a.t the 50-ft level required by the fo:rmuJ.a. 

It was assumed that ;the ratio of free -air wind to 50-ft wind was a constant 

but no attempt was made to evaluate the ratio. Instead, it was included in 

the constant k. 



36 71. Two snow-melt factors not included in (27) are radiation and 

rainfall. In the ma:x:imum storm the net radiational exchange was assumed/ 

to be negligible and its effect therefore not computed. However, it was 

computed for the periods used in the determination of k, the net melting 

effect .of incoming and outgoing radiation being derived from observations 

of cloudiness and dewpoint. A graphical procedure developed by Wilson 
§/ 

was employed, using an albedo of 6Cfl, for melting snow. 

72. The snow melt due to rainfall can be computed from the formula 

where 

M R (T - 32) 
= 144 . 

M is melt in inches of depth of water equivalent 

R is depth of rain in inches 

T is temperature of the rain in degrees F, 
assumed to be the same as that of the 
air through which 1 t falls. 

(28) 

Figure 22 illustrates the graphical solution of the formula. Melt due to 

rain was included in the snow melt accompanying the ma:x:imum storm but 

excluded from computations of k because only periods of no rain or negli-

gible rain were selected for analysis in the determination of k. 

Determination of Basin Constant 

73. The basin constant k is the average ratio of the observed to the 

theoretical snow melt. It was computed for two basins: the Kings River 

above Piedra for the 1938, 1941, and 1942 snow-melt seasons, and the Tuo

lumne River above La Grange for the 1938 snow-melt season. 

74. The observed snow-melt runoff was obtained by a su:mmation oi 

the observed discharges for the snow-melt period, corrected for change 

in reservoir storage in the case of the Tuolumne. No attempt was made 

to subtract the ground-water base now. To determine infiow1 the observed 



discharges were routed by two methods: 
21 

first, use of char~el-storage curvea37 

developed by the Langbein :procedure from the channel recession of the 
~ 

December 1937 storm; second, use of a routing nomogram developed by Linsley • 

The channel-storage effect was so small that the observed outflow was used 

rather than the routed inflow. 

75. Although it is :preferable that a single station within the basin 

furnish all the meteorological data for the determination of the theoretical 

melt, this was not :possible in either of the basins. In the Kings Biver 

:Basin, mean daily temperatures were obtained from Huntington Lake (7000 ft) 

within the :Basin, and aJ.l other data from Fresno. In the Tuolumne Biver 

:Basin, the mean daily temperatures were obtained from. Lake Eleanor ( 4650 ft) 

within the :Basin, wind data from Oakland :pibaJ. observations, and all other 

data from Sacramento. All data were averaged for 5-day periods. Visual 

inspection of the hydrographs and the index-station mean daily temperatures 

indicated a 2-day lag between time of melt and arrival of melt water at the 

gaging station. 

76. The snow-line elevation was determined by :plotting date of dis-

appearance of the snow on the ground at several stations against station 

elevation. The resulting snow-line elevation curve for the Tuolumne is 

shown in figure 23. Melt was assumed to be zero at 32 F, so that the zone 

of melt became the area between the snow-line elevation and the elevation 

of the freezing isotherm. The elevation of the freezing isotherm and the 

temperatures within the zone of melt were obtained by decreasing the average 

mean daily temperature at the index station by 3.5 F per 1000 ft. For the 

dewpoint, a lapse rate of 1 F per 1000 ft was used. Wind velocities for the 

elevations of the zone of melt were obtained from the index-station pibal 

winds for the corresponding elevations. 



38 77. ·With the 5-d.ay average mean daily temperature and dewpoint 1 

figure 21 was entered to obtain the melt per 6-hr period, which was multi-

plied by 20 to obtain the 5-day melt per unit wind velocity. Adjusted for 

the percentage of basin area covered by the zone of melt (see figure 24, 

also for the Tuolumne), the 5-day value was then multiplied by the wind 

velocity to obtain the 5-d.ay snow-melt runoff due to atmospheric turbu-

lence. For the same 5-d.ay period the radiation melt, adjusted for percent-

age of basin area subject to melt, was also computed. The successive 5-day 

increments of turbulence and radiation melt were then accumulated for the 

whole snow-melt season. 

78. The values of k for the two basins, determined by dividing the 

observed snow-melt runoff by the summation of the turbulence and radiation 

snow-melt runoff, are shown in table 8. Because of lack of unique deter-

minations for other basins in the San.Joaquin, the arithmetic average of 

these values, 0. 5, was assumed applicable to all the assigned basins. 

Apr. 

Apr. 

Table 8 

THEORmriCAL AND OBSERVED SNOW MELT (INCHES) 
KINGS RIVER ABOVE PIEDRA 

Theoretical Melt 
Turbu- Radia- Observed 

Period lence tion Total Runoff 

1-June 29, 1938 25.28 17.58 42.86 21.02 

25-June 18, 1941 20.14 11.54 31.68 . 13.22 

May 1-June 29, 1942 13.62 7.32 20.94 11.71 

TUOLUMNE RIVER .A:OOVE LA GRANGE 
(Observed runoff corrected for storage) 

Apr. 1-June 29, 1938 29.95 16.38 46.33 22.2 

k 

0.49 

0.42 

0.56 

0.48 

79. As a check, tpe value of k was also computed for the Castle Creek 

Basin, on the Sierra slopes of the Sacramento Valley, for the 32-d.ay melting 



period, April 19-May 20, 1946, during which there was no precipitation. 39 

Hourly measurements of temperature, humidity, wind,, incident and reflected 

radiation, and runoff were available, so that even· though the Basin does 

not lie within the San Joaquin, the check is significant. Iaily values of 

snow melt due to atmospheric turbulence were computed from only those hours 

with temperature above freezing. Donner Sum.it winds were used as represent-

ative of the free-air winds in the Basin. Radiation melt was computed from 

the corresponding hourly measurements of incident and reflected radiation 
2 y 

and an estimate of 13.3 cal/cm /hr for the outgoing long-wave radiation • 

The observed runoff for the entire period was 25.o6 inches. The turbulence 

melt was computed to be 28.31 inches, and the radiation melt 20.93 inches. 

The value of k is thus 0. 51. 

Antecedent Snow Cover 

So. A critical rather than a maximum antecedent snow. cover will pro-

duce the maximum snow-melt contribution accompanying the maximum possible 

storm. The December 1937 storm is a prime example of a high peak discharge 

following a light antecedent snow cover. Recorda show deep snow packs stor-

ing both rainfall and snow melt, thus actually reducing peak discharge. 

Trial routing computations must therefore be made for various antecedent 

snow covers in order to determine which is critical. Because it is beyond 

the scope of the assignment to make the necessary trial routings, no defi· 

nite critical antecedent .snow cover is designated in this report. Instead, 

limits of antecedent snow cover have been designated so that trial routings 

may be made for values between these limits. 

81. A study of the snowfall records in the San Joaquin Valley 

indicates that the maximum snowstorm of record occurred in .January 1933. 

Snowfall was observed almost every day during the period from the 16th 

to the 30th. From these data two enveloping curves of snow cover were 
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40derived1 the accumulation from the 16th to 19th providing the lower limit 

and the accumulation from the 16th to 30th the upper limit (figure 25). 

Because all available snowfall data for the period~were used in the deter

mination of these limits, the limits are assumed to apply to all the 

assigned basins. The snowfall during the maximum possible storm must be 

added to the assumed antecedent cover but the snow falling during the lat

ter half of the storm is not subject to melting conditions during the 

period considered. If an antecedent rainstorm is assumed, the antecedent 

snow cover will have to be reduced by the net melt due to this atom.. 

Computation of Snow Melt 

82. The snow melt accompanying the maximum possible storm was com

puted for all basins by 1000-ft intervals and 6-hr periods. All steps are 

shown in a sample computation for the Kings River Basin. Methods and curves 

used are applicable to all other assigned basins, for which only the final 

values are given. 

83. The meteorological sequence used for the computation, which was 

adapted from the Sacramento Report, is shown .in figure 26. The dewpoint 

is index to both temperature and humidity, since the air processed in the 

maximum atom. is assumed saturated. Melting conditions were assumed to 

prevail from 12 hours before the beginning of rain unt 11 12 hours after 

the end of rain. 

84. Since free-air winds were used in the derivation of k, free-air 

winds should also be used in the snow-melt com.putation. The variation of 

the free-air wind velocity with elevation is shown in figure 27 1 where it 

is expressed as a percentage 'Of v1s, the frictionless sea-level wind. in 

the undisturbed inflow column. The percentages were determined by com

paring the winds at D:>nner Summit (7200 ft), Blue Canyon (5300· ft), and 



Aubum (1600 ft) with the inflow winds at Fairfield during the 1945 atom. 41 

To obtain the curve of figure 271 the three percentages were enveloped by 

a composite theoretical shear taken from table 6 for elevations above the 

level affected by the Coast Range barrier, and from equation (14) for 

elevations below that level. 

85. The assumed variation of wind with height 1 the turbulence-melt 

relationships of figure 21 1 and the basin constant 0.5 were combined to 

develop the curves of figure 28 for unit wind velocity. From the curves 

of figure 28 and the dewpoint sequence of figure 26, values of potential 

melt from atmospheric turbulence for each 1000-ft ·elevation zone were 

dete:nnined. These values, per unit wind velocity1 are shown in table 9 

and apply to all the basins. Multiplied by the appropriate wind veloci

ties, the values are repeated in table 101 also applicable to all basins. 

86. Table 11, based on ( 28) and the assumed variation of temperature 

during the maximum possible storm (figure 26), gives the incremental 

potential melt due to rainfall as a percenta~ of the total-storm average 

depth, assuming uniform average depth of precipitation at all elevations 

within one basin. The j,ncrements and totals of precipitation, including 

rainfall and snowfall, are shown in table 12 and the variation of the 

height of the freezing isotherm during the storm is given in table 13. 

The percentages shown in table 11 are the same for all basins having the 

same percentage .mass ourve of rainfall during the maximum storm. Applied 

to the total-storm average depth of 27.6 inches over the Kings River Basin, 

the resulting increments of potential melt due to rainfall are given in 

table 14. In table 15 the values of tables 10 and 14 are combined to give 

the increments of total potential snow melt due to both turbulence and 

rainfall for the Kings River Basin. 



42 87. In table 16 are listed sets of values of depths of antecedent 

snow cover for each of the basins. For the basins extending above 6000 

feet, the depths were selected from figure 25 so that the peak antecedent 

snow depth at 5000-6000 feet about equaled the total potential melt at that 

elevation, thus providing for complete melt without storage in the snow pack 

up to that elevation. For the lower basins, the upper limits of antecedent 

cover shown in figure 25 :Were selected. To obtain the total snow depths 

available for melt, all the values of table 16 must be increased by the snow

fall accumulated in the first half of the maximum possible storm. Expressed 

as percentages of the total-storm precipitation, the incrementa of snowfall 

are given in table 17, which is applicable to all basins in which snow falls 

during the maximum storm. The s'Uli.llii8.tions .of antecedent and storm snowfall 

for the Kings .River :Basin are tabulated in table 18. In table 19 the incre

ments of total potential melt (from table 15) are accumulated until they 

equal the available snow depth for the zone as shown in table 18. Table 20 

shows chronological increments of melt, derived from table 19 for the Kings, 

and table 21 through 28, derived by similar methods, give the increments for 

all the other basins. Figure 29 is a graphical summary of the snow melt for 

the entire storm in the Kings, the average value for each 1000-ft interval 

being plotted· at. the midpoint of the interval. 



Table 9 

INCREMENTS OF POT.ENTIAL TURBULENCE MELT PER UNIT WIND 
ALL BASINS 

(Thousandths of an Inch) 

Period 
Ending (bra} -6 0 6 12 18 24 30 36 42 48 54 6o 66 72 78 

Reduced 
D3wpo1nt ( ~) 40 46 51 55 58 61 63 65 63 61 58 55 51 46 40 

0-1 8 16 29 34 40 44 48 44 40 34 29 23 16 8 

1-2 4 12 19 25 31 36 40 44 40 36 31 25 19 12 4 

- 2-3 0 8 15 22 27 33 37 41 37 33 27 22 15 8 0 
iU 

3-4 4 18 24 34 38 34 24 18 4 ~ 0 12 30 30 12 0 
~ 

26 26 14 0 4-5 0 0 7 14 20 30 34 30 20 7 0 0 
ttl 

1 5-6 0 0 3 10 16 22 26 30 26 22 16 10 3 0 0 
Ill 
::I .a 6-7 0 0 0 7 13 19 23 28 23 19 13 7 0 0 0 
.p 

.......... 

5 7-8 0 0 0 3 9 15 20 25 20 15 9 3 0 0 0 
.,.; 

~ 8-9 0 0 0 0 4 11 16 22 16 11 4 ·o 0 0 0 
~ 
(I) 

r;i 9-10 0 0 0 0 0 6 12 17 12 6 0 0 0 0 0 

10-11 0 0 0 0 0 1 7 12 7 .1 0 0 0 0 0 

11-12 0 0 0 0 0 0 1 7 1 0 0 0 0 0 0 
~ 
w 
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· Table 10 

lNCREMI!:NTS OF POTENTIAL TURBULENCE MELT ADJUSTED FOR WIND ( INCliJ!S) 
ALL BASINS 

Period 
Ending ( hre) -6 0 6 12 18 24 30 36 42 48 54 60 66 72 78 

Wind 
Speed (mph) 23 27 30 33 36 38 42 49 42 38 36 33 30 27 23 

0-1 0.18 0.43 0.69 0.96 1.22 1.52 1.85 2.35 1.85 1.52 1.22 0.96 0.69 0.43 0.18 

1-2 0.09 0.32 0.57 0.82 1.12 1.37 1.68 2.16 1.68 1.37 1.12 0.82 0.57 0.32 0.09 

- 2-3 0 0.22 0.45 0.73 0.97 1.25 1.55 2.01 1.55 1.25 0.97 0.73 0.45 0.22 0 
~ 
~ 3-4 0 0.11 0.36 0.59 0.86 1.14 1.43 1.86 1.43 1.14 0.86 0.59 0.36 0.11 0 
'H 
0 4"'!5 0 0 0.21 
m 

0.46 0.72 0.99 1.26 1.67 1.26 0.99 0.72 0.46 0.21 0 0 

i 5-6 0 0 0.09 0.33 0.58 0.84 1.09 
m 

1.47 1.09 0.84 0.58 0.33 0.09 0 0 

~ 
-P 

6-7 0 0 0 0.23 0.47 0.72 0.97 1.37 0.97 0.72 0.47 0.23 0 0 0 
':'-" 

8 7-8 0 0 0 0.10 0.32 0.57 0.84 1.22 0.84 0.57 0.32 0.10 0 0 0 
~ 

~ 8-9 
I> 

0 0 0 0 0.14 0.42 0.67 1.08 0.67 0.42 0.14 0 0 0 0 
CD 

r-i 9-10 0 0 0 0 0 0.23 0.50 0.83 0.50 0.23 0 0 0 0 0 M 

10-11 0 0 0 0 0 0.04 0.29 0.59 0.29 0.04 0 0 0 0 0 

ll-12 0 0 0 0 0 0 0.04 0.34 0.04 0 0 0 0 0 0 



Table 11 45 

POTENTIAL SNOW MELT llTE TO RAINFALL 
(Hundredths of Percent of Maximum Po~:~sible Total-Storm Precipitation) 

Elevation 
(thousands Period Ending (hra) 

of ft) 6 12 18 24 30 36 42 48 54 60 66 

MAJOR BASINS * 
0-1 32 99 136 207 290 371 290 207 136 99 32 

1-2 27 86 120 185 260 336 260 185 120 86 27 

2-3 21 72 104 170 241 313 241 170 104 72 21 

3-4 15 59 87 148 212 278 212 148 87 59 15 

4-5 8 45 71 126 183 255 183 126 71 45 8 

5t-6 2 32 60 104 164 220 164 104 6o 32 2 

6-7 0 18 44 81 135 197 135 81 44 18 0 

7-8 0 5 27 67 lo6 162 lo6 67 27 5 0 

8-9 0 0 11 44 77 128 77 44 ll 0 0 

9-10 0 0 0 22 58 93 58 22 0 0 0 

10-11 0 0 0 0 29 70 29 0 0 0 0 

11-12 0 0 0 0 0 35 0 0 0 0 0 

LIT~OENS CREEK 

0-1 12 23 61 136 355 889 355 136 61 23 12 

1-2 10 20 54 122 318 8o5 318 122 54 20 10 

BURNS 1 BEAR 1 OWENS 1 .AND MARIPOSA CREEKS 

0-l 6 23 43 117 376 955 376 117 43 23 6 

1-2 5 20 38 104 337 865 337 104 38 20 5 

2-3 4 :n 33 96 ·312 8o6 312 96 33 17 4 

3-4 3 14 28 83 275 716 275 83 28 14 3 

* Calaveras, Stanislaus, Tuolumne 1 Kings, Kaweah, 
Tule, Kern (total), Kern (N.F.), Kern (S.F.) 



Table 12. INCREM!mTS OF PRECIPITATION DURING MAXIMUM POSSIBLE STOBM (INCH.I!S) * ::.. 
m 

Basin Period·Ending (hrs) 
6 12 18 24 30 36 42 48 54 6o 66 Total 

Calaveras 0.33 0.77 0.93 1.27 1.65 1.99 1.65 1.27 0.93 0.77 0.33 11.9 

Stanislaus 0.65 1.54 1.86 2.52 3.29 3.96 3.29 2.52 1.86 1.54 0.65 23.7 

Tuolumne 0.59 1.39 1.68 2.28 2.97 3.57 2.97 2.28 1.68 1.39 0.59 21.4 

Kings 0.76 1.79 2.17 2.94 3.84 4.61 3.84 2.94 2.17 1.79 0.76 27.6 

Kaweah 1.26 2.97 3.59 4.87 6.35 7.63 6.35 4.87 3.59 2.97 1.26 45.7 

Tule 0.88 2.07 2.50 3.40 4.43 5.33 4.43 3.40 2.50 2.07 0.88 31.9 

Kern (Total) 0.44 1.03 1.25 1.69 2.21 2.66 2.21 1.69 1.25 1.03 0.44 15.9 

Kern (N. Fork) 0.58 1.36 1.65 2.24 2.92 3.51 2.92 2.24 1.65 1.36 0.58 21.0 

Kern (s. Fork} 0.29 0.68 0.82 1.12 1.46 1.75 1.46 1.12 0.82 0.68 0.29 10.5 

Litt1ejolms 0.06 0.09 0.20 0.40 0.97 2.28 0.97 0.40 0.20 0.09 o.o6 5.7 

Bums, Bear ) 
Owens, Mariposa) 0·04 0.12 0.20 0.49 1.46 3.48 1.46 0.49 0.20 0.12 0.04 8.1 

Table 13. ELEVATION OF 32 F ISOTHEBM - ALL BASINS 

Period Ending ( hrs) 6 12 18 24 30 36 42 48 54 6o 66 

Hundreds of Ft 60 76 91 106 120 132 120 lo6 91 76 60 

* Precipitation rainfall below 32 F isotherm, snowfall above. 
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Table 14 

INCREMENTS OF POTENTIAL SNOW .M.ELT roE TO :RAINFALL ( INCBES) 
KINGS~ 

Elevation 
(thousands Period Ending (hrs) 

of ft) 6 12 18 24 30 36 42 48 54 6o 66 

0-1 0.09 0.27 0.38 0.57 o.ao 1.02 0.80 0.57 0.38 0.27 0.09 

1-2 0.07 0.24 0.33 0.51 0.72 0.93 0.72 0.51 0.33 0.24 0.07 

2-3 o.o6 0.20 0.29 0.47 0.66 0.86 0.66 0.47 0.29 0.20 0.06 

3-4 0.04 0.16 0.24 0.41 0.58 0.77 0.58 0.41 0.24 0.16 0.04 

4-5 0.02 0.12 0.20 0.35 0.51 0.70 0.51 0.35 0.20 0.12 0.02 

5-6 0.01 0.09 0.17 0.29 0.45 0.61 0.45 0.29 0.17 0.09 0.01 

6-7 0 0.05 0.12 0.22 0.37 0.54 0.37 0.22 0.12 0.05 0 

7-8 0 0.01 0.07 0.18 0.29 0.45 0.29 0.18 0.07 0.01 0 

8-9 0 0 0.03 0.12 0.21 0.35 0.21 0.12 0.03 0 0 

9-10 0 0 0 0.06 0.16 0.26 0.16 0.06 0 0 0 

10-11 0 0 0 0 0.08 0.19 0.08 0 0 0 0 
,, 

11-12 0 0 0 0 0 0.10 0 0 0 0 0 
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Table 15 

INCREMENTS OF TOTAL POTENTIAL. SNOW MELT (INCHES) 
KINGS lUVER 

Elevation 
(thousands Period Ending (bra) 

of ft) -6 0 6 12 18 24 30 36 42 48 54 60 66 72 78 

0-1 0.18 0.43 0.78 1.23 1.60 2.09 2.65 3.37 2.65 2.09 1.60 1.23 0.78 0.43 0.18 

1-2 0.09 0.32 0.64 1.06 1.45 1.88 2.40 3.09 2.40 1.88 1.45 1.06 0.64 0.32 0.09 

2-3 0 0.22 0.51 0.93 1.26 1.72 2.21 2.87 2.21 1.72 1.26 0.93 0.51 0.22 0 

3-4 0 0.11 0.40 0.75 1.10 1.55 2.01 2.63 2.01 1.55 1.10 0.75 0.40 0.11 0 

4-5 0 0 0.23 0.58 0.92 1.34 l. 77 2.37 1.77 1.34 0.92 0.58 0.23 0 0 

5-6 0 0 0.10 0.42 0.75 1.13 1.54 2.08 1.54 1.13 0.75 0.42 0.10 0 0 

6-7 0 0 0 0.28 0.59 0.94 1.34 1.91 1.34 0.94 0.59 0.28 0 0 0 

7-8 0 0 0 0.11 0.39 0.75 1.13 1.67 1.13 0.75 0.39 0.11 0 0 0 

8-9 0 0 0 0 0.17 0.54 0.88 1.43 0.88 0.54 0.17 0 0 0 0 

9-10 0 0 0 0 0 0.29 0.66 1.09 0.66 0.29 0 0 0 0 0 

10-ll 0 0 0 0 0 0.04 0.37 0.78 0.37 0.04 0 0 0 0 0 

11-12 0 0 0 0 0 0 o.o4 o.44 o.o4 0 0 0 0 0 0 



Table 16 49 

SELECTED ANTECEDENT SNOW COVER 
(Inches of Water Equival~nt) 

Elevation 
(thousands 

of ft) A B c 

0-1 o.6o" o.6o 0.90 

1-2 1.20 1.30 2.00 

2-3 3.10 3.50 6.20 

3-4 6.10 6.90 12.20 

4-5 9.10 10.40 18.20 

5-6 9.90 11.60 22.20 

6-7 7.50 8.60 

7-8 5.30 5.8o 

8-9 3.80 4.20 

9-10 2.80 3.20 

10-11 2.30 2.60 

11-12 1.90 2.20 

12-13 1.60 

A applies to: B applies to : C applies to: 

Stanislaus Kaweah Calaveras 
Tuolumne Little johns 
Kings Burns 
Tule Bear 
Kern (Total) Owens 
Kern (N .F.) Mariposa 
Kern (S.F.) 



Elevation 
(thousands 

of ft) 

6-7 

7-8 

8-9 

9-10 

10-11 

11-12 

12-13 

Table 17 

SNOWFALL .lll:l':PTH WRING MAXIMUM POSSIBLE STORM * 
(Inches of Water Equivalent Expressed as Percent of Total-storm Precipitation) 

6 

2.75 

2.75 

2.75 

2.75 

2.75 

'2. 75 

2.75 

12 18 24 30 36 42 48 

.o 0 0 0 0 0 0 

2.60 0 0 0 0 0 0 

6.50 0 0 0 0 0 0 

6.50 7.06 0 0 0 0 0 

6.50 7.85 4.26 0 0 0 4.26 

6.50 7.85 10.65 0 0 0 10.65 

6.50 7.85 10.65 13.90 0 13.90 10.65 

* For Calaveras, Stanislaus, Tuolumne, Kings, Kaweah, 
Tule 1 Kern (Total), Kern (N .F.), Kern (S .F.). No 
snowfall in other basins. 

54 

0 

0 

0 

7.06 

7.85 . 
7.85 

7.85 

6o 

0 

2.60 

6.50 

6.50 

6.50 

6.50 

6.50 

66 

2.75 

2.75 

2.75 

2.75 

2.75 

2.75 

2.75 

U'l 
0 



Table 18 

SUMMATION OF AN!'ECEDENT SNOW COVER .AND SNOWF.AIJ. DURING MAXIMUM POSSIJ3LE STOIM 
KINGS RIVER 

(Inches of Water Equivalent) 

Elevation 
(thousands Period Ending ( hrs) 

of ft) -6 0 6 12 18 24 30 36 42 48 54 60 66 72 

0-1 o.6o o.6o o.6o o.6o o.6o o.6o o.6o o.6o o.6o o.6o o.6o o.6o o.6o o.6o 

1-2 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 

2-3 '3.10 3.10 3.10 3.10 3.10 3.10 3.10 3.10 3.10 3.10 3.10 3.10 3.10 3.10 

3-4 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 

4-5 9.10 9.10 9.10 9.10 9.10 9.10 9.10 9.10 9.10 9.10 9.10 9.10 9.10 9.10 

5-6 9.90 9.90 9.90 9.90 9.90 9.90 9.90 9.90 9.90 9.90 9.90 9.90 9.90 9.90 

6-7 7.50 7.50 8.26 8.26 8.26 8.26 8.26 8.26 8.26 8.26 8.26 8.26 9.02 9.02 

7-8 5.30 5.30 6.o6 6.78 6.78 6.78 6.78 6.78 6.78 6.78 6.78 7.50 8.26 8.26 

8-9 3.80 3.80 4.56 6.35 6.35 6.35 6.35 6.35 6.35 6.35 6.35 8.14 8.90 8.90 

9-10 2.80 2.80 3.56 5.35 7.30 7.30 7.30 7.30 7.30 7.30 9.25 11.04 11.80 11.8o 

10-11 2.30 2.30 3.06 4.85 7.02 8.20 8.20 8.20 8.20 9.38 11.55 13.34 14.10 14.10 

11-12 1.90 1.90 2.66 4.45 6.62 9.56 9.56 9.56 9.56 12.50 14.67 16.46 17.22 17.22 

12-13 1.60 1.60 2.36 4.15 6.32 9.26 13.10 13.10 16.94 19.88 22.05 23.84 24.60 24.60 
01 
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Table 19 

ACCUMULATED SNOW MELT (!NOBES) 
:rrnms RIVER 

Elevation 
(thousands Period Ending (bra) 

of ft) -6 0 6 12 18 24 30 36 42 48 54 60 66 72 

0-1 0.18 0.60 0.60 0.60 0.60 0.60 0.60 o.6o 0.60 o.6o 0.60 0.60 0.60 0.60 

1-2 0.09 0.41 1.05 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 

2-3 0 0.22 0.73 1.66 2.92 3.10 3.10 3.10 3.10 3.10 3.10 ~.10 3.10 3.10 

3-4 0 0.11 0.51 1.26 2.36 3.91 5.92 6.10 6.10 6.10 6.10 6.10 6.10 6.10 

4-5 0 0 0.23 o.81 1.73 3.07 4.84 7.21 8.98 9.10 9.10 9.10 9.10 9.10 

5-6 0 0 0.10 0.52 1.27 2.40 3.94 6.02 7.56 8.69 9.44 9.86 9.90 9.90 

6-7 0 0 0 0.28 o.87 1.81 3.15 5.06 6.40 7.34 7.93 8.21 8.21 8.21 

7-8 0 0 0 0.11 0.50 1.25 2.38 4.05 5.18 5.93 6.32 6.43 6.43 6.43 

8-9 0 0 0 0 0.17 0.71 1.59 3.02 3.90 4.44 4.61 4.61 4.61 4.61 

9-10 0 0 0 0 0 0.29 0.95 2.04 2.70 2.99 2.99 2.99 2.99 2.99 

10-11 0 0 0 0 0 0.04 0.41 1.19 1.56 1.60 1.60 1.60 1.60 1.60 

11-12 0 0 0 0 0 0 0.04 0.48 0.52 0.52 0.52 0.52 0.52 0.52 
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Table 20 

INCREMENTS OF TOTAL SNOW MELT ( INCBl!S) 
KINGS RIVI!."B 

Elevation 
(thousands Period Ending (hrs) 

of ft) -6 0 6 12 18 24 30 36 42 48 54 60 66 72 Total 

0-1 0.2 0.4 0 0 0 0 0 0 0 0 0 0 0 0 0.6 

1-2 0.1 0.3 0.6 0.2 0 0 0 0 0 0 0 0 0 0 1.2 

2-3 0 0.2 0.5 0.9 1.3 0.2 0 0 0 0 0 0 0 0 3.1 

3-4 0 0.1 0.4 0.8 1.1 1.5 2.0 0.2 0 0 0 0 0 0 6.1 

4-5 0 0 0.2 0.6 0.9 1.3 1.8 2.4 1.8 0.1 0 0 0 0 9.1 

5-6 0 0 0.1 0.4 o.8 1.1 1.5 2.1 1.5 1.1 0.8 0.4 0 0 9.8 

6-7 0 0 0 0.3 0.6 0.9 1.3 1.9 1.3 0.9 0.6 0.3 0 0 8.1 

7-8 0 0 0 0.1 0.4 0.8 1.1 1.7 1.1 0.8 0.4 0.1 0 0 6.5 

8-9 0 0 0 0 0.2 0.5 0.9 1.4 0.9 0.5 0.2 0 0 0 4.6 

9-10 0 0 0 0 0 0.3 0.7 l.l 0.7 0.3 0 0 0 0 3.1 

10-11 0 0 0 0 0 0 0.4 0.8 0.4 0 0 0 0 0 1.6 ' 

11-12 0 0 0 0 0 0 0 0.4 0 0 0 0 0 0 0.4 
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Table 21 

INCREMENTS OF TOTAL SNOW MI!:LT (INC:a:EE) 
KAWEAH RIVER 

Elevation 
(thousands Period Ending ( hrs) 

of ft) -6 0 6 12 18 24 30 36 42 48 54 60 66 72 Total 

0-1 0.2 0.4 0 0 0 0 0 0 0 0 0 0 0 0 0.6 

1-2 0.1 0.3 0.7 0.2 0 0 0 0 0 0 0 0 0 0 1.3 

2-3 0 0.2 0.6 1.1 1.4 0.2 0 0 0 0 0 0 0 0 3.5 

3-4 0 0.1 0.4 0.9 1.3 1.8 2.4 0 0 0 0 0 0 0 6.9 

4-5 0 0 0.3 0.7 1.0 1.6 2.1 2.8 1.9 0 0 0 0 0 10.4 

5-6 0 0 0.1 0.5 0.8 1.3 1.8 2.5 1.8 1.3 0.8 0.5 0 0 11.4 

6-7 0 0 0 0.3 0.7 1.1 1.6 2.3 1.6 1.1 0.7 0.3 0 0 9.7 

7-8 0 0 0 0.1 0.4 0.9 1.3 2.0 1.3 0.9 0.4 0.1 0 0 .7.4 

8-9 0 0 0 0 0.2 0.6 1.0 1.7 1.0 0.6 0.2 0 0 0 5.3 

9-10 0 0 0 0 0 0.3 0.8 1.2 0.8 0.3 0 0 0 0 3.4 

10-11 0 0 0 0 0 0 0.4 0.9 0.4 0 0 0 0 0 1.7 

11-12 0 0 0 0 0 0 0.2 0.7 0.2 0 0 0 0 0 1.1 



Elevation 
(thousands 

of :rt) -6 0 6 12 

0-1 0.2 0.4 0 0 

1-2 0.1 0.3 0.6 0.2 

2-3 0 0.2 0.5 0.9 

3-4 0 0.1 0.4 0.( 

4-5 0 0 0.2 0.6 

5-6 0 0 0.1 0.4 

6-7 0 0 0 0.3 

7-8 0 0 0 0.1 

8-9 0 0 '0 0 

9-10 0 0 0 0 

10-11 0 0 0 0 

Table 22 

nlCBEMENTS OF TOTAL SNOW MELT (INCHES) 
STANISLAUS RIVEB . 

Period Ending ( hrs) 
18 24 30 36 42 48 

0 0 0 0 0 0 

. 0 0 0 0 0 0 

1.2 0.3 0 0 0 0 

1.1 1.5 1.9 0.4 0 0 

0.9 1.3 1.7 2.2 1.7 0.5 

0.7 1.1 1.5 2.0 1.5 1.1 

0.6 0.9 1.3 1.8 1.3 0.9 

0.4 0.7 1.1 1.6 1.1 0.7 

0.2 0.5 0.8 1.4 o.8 0.5 

0 0.3 0.6 1.0 0.6 0.3 

0 0 0.4 0.8 0.4 0 

54 6o 66 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0.7 0.4 0.1 

0.6 0.3 0 

0.4 0.1 0 

0.2 0 0 

0 0 0 

0 0 0 

72 Total 

0 0.6 

0 1.2 

0 3.1 

0 6.1 

0 9.1 

0 9.6 

0 8.0 

0 6.2 

0 4.4 

0 2.8 

0 1.6 

U1 
U1 
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Table 23 

INCREMENTS OF TOTAL SNOW ME:LT (INCHES} 
TUOLUMNE RIVER 

~Elevation 
(thousands Period Ending (hrs) 

of :rt) -6 0 6 12 18 24 30 36 42 48 54 60 66 72 Tot8.1 

0-1 0.2 0.4 0 0 0 0 0 0 0 0 0 0 0 ~o 0.6 

1-2 0.1 0.3 0.6 0.2 0 0 0 0 0 0 0 0 0 0 1.2 

2-3 0 0.2 0.5 0.9 1.2 0.3 0 0 0 0 0 0 0 0 3.1 

3-4 0 0.1 0.4 0.7 1.0 1.5 1.9 0.5 0 0 0 0 0 0 6.1 

4-5 0 0 0.2 0.6 0.9 1.3 1.6 2.2 1.6 0.7 0 0 0 0 9.1 

5-6 0 0 0.1 0.4 0.7 1.1 1.4 1.9 1.4 1.1 0.7 0.4 0.1 0 9.3 

6-7 0 0 0 0.3 0.6 0.9 1.3 1.8 1.3 0.9 0.6 0.3 0 0 8.0 

7-8 0 0 0 0.1 0.4 0.7 1.1 1.6 1.1 0.7. 0.4 0.1 0 0 6.2 

8-9 0 0 0 0 0.2 0.5 0.8 1.4 0.8 0.5 0.2 0 0 0 4.4 

9-10 0 0 0 0 0 0.3 0.6 1.0 0.6 0.3 0 0 0 0 2.8 

10-11 0 0 0 0 0 0 0.4 0.7 0.4 0 0 0 0 0 1.5 

11-12 0 0 0 0 0 0 0 0.4 0 0 0 0 0 0 0.4 



Elevation 
(thousands 

of ft) -6 0 6 12 

0-1 0.2 0.4 0 0 

1-2 0.1 0.3 0.7 0.1 

2-3 0 0.2 0.5 1.0 

3-4 0 0.1 0.4 0.8 

4-5 0 0 0.2 0.6 

5-6 0 0 0.1 0.4 

6-7 0 0 0 0.3 

7-8 0 0 0 0.1 

8-9 0 0 0 0 

9-10 0 0 0 0 

Table 24 

INCREMENTS OF TOTAL SNOW MELT ( INCHI!E) 
TULE RIVER 

Period Ending ( hrs} 
18 24 30 36 42 48 54 

0 0 0 0 0 0 0 

0 0 0 .o 0 0 0 

1.3 o .• 1 0 0 0 0 0 

1.1 1.6 2.1 0 0 0 0 

1.0 1.4 1.8 2.5 1.6 0 0 

0.8 1.2 1.6 2.1 1.6 1.2 0.8 

0.6 1.0 1.4 2.0 1.4 1.0 0.6 

0.4 o.8 1.2 1.7 1.2 0.8 0.4 

0.2 0.6 0.9 1.5 0.9 0.6 0.2 

0 0.3 0.7 1.1 0.7 0.3 0 

60 66 

0 0 

0 0 

0 0 

0 0 

0 0 

0.1 0 

0.1 0 

0.1 0 

0 0 

0" 0 

72 Total 

0 0.6 

0 1.2 

0 3.1 

0 6.1 

0 9.1 

0 9.9 

0 8.4 

0 6.7 

0 4.9 

0 3.1 

(J1 
o,J 



Elevation 
(thousands 

of ft) ~6 0 6 12 

2-3 0 0.2 0.5 o.8 

3-4 0 0.1 0.4 0.7 

4-5 0 0 0.2 0.5 

5-6 0 0 0.1 0.4 

6-7 0 0 0 0.3 

7-8 0 0 0 0.1 

8-9 0 0 0 0 

9-10 0 0 0 0 

10-11 0 0 0 0 

11-12 0 0 0 0 

Table 25 

INC:REMEN'l'S OF TOTAL SNOW Pm:LT ( INClll!.E) 
KERN RIVER, TOTAL BASIN 

Period Ending (hra) 
18 24 30 36 42 48 

1.2 0.4 0 0 0 0 

1.0 1.4 1.7 0.8 0 0 

0.8 1.2 1.6 2.1 1.6 1.1 

0.7 1.0 1.4 1.8 1.4 1.0 

0.5 0.8 1.2 1.7 1.2 0.8 

0.4 0.7 1.0 1.5 1.0 0.7 

0.2 0.5 0.8 1.3 0.8 0.5 

0 0.3 0.6 1.0 0.6 0.3 

0 0 0.3 0.7 0.3 0 

0 0 0 0.4 0 0 

54 60 66 

0 0 0 

0 0 0 

0 0 0 

0.7 0.4 0.1 

0.5 0.3 0 

0.4 0.1 0 

0.2 0 0 

0 0 0 

0 0 0 

0 0 0 

72 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Total 

3.1 

6.1 

9.1 

9.0 

7.3 

5.9 

4.3 

2.8 

1.3 

0.4 

U1 
CXI 



Elevation 
(thousands 

of ft) -6 0 6 12 

2-3 0 0.2 0.5 0.9 

3-4 0 0.1 0.4 0.7 

4-5 0 0 0.2 0.6 

5-6 0 0 0.1 0.4 

6-7 0 0 0 0.3 

7-8 0 0 0 0.1 

8-9 0 0 0 0 

9-10 0 0 0 0 

10-11 0 0 0 0 

11-12 0 0 0 0 

Table 26 

INCREMENTS OF TOT.AL SNOW MELT ( INC:BES) 
KERN RIVER, NORrH FORK. 

Period Ending (hrs) 
18 24 30 36 42 48 

1.2 0.3 0 0 0 0 

1.0 1.5 1.9 0.5 0 0 

0.9 1.3 1.6 2.2 1.6 0.7 

0.7 1.1 1.4 1.9 1.4 1.1 

0.6 0.9 1.2 1.8 1.2 0.9 

0.4 0.7 1.1 1.6 1.1 0.7 

0.2 0.5 0.8 1.4 0.8 0.5 

0 0.3 0.6 1.0 0.6 0.3 

0 0 0.4 0.7 0.4 0 

0 0 0 0.4 0 0 

54 60 66 

0 0 0 

0 0 0 

0 0 0 

0.7 0.4 0.1 

0.6 0.3 0 

0.4 0.1 0 

0.2 0 0 

0 0 0 

0 0 0 

0 0 0 

72 Total 

0 3.1 

0 6.1 

0 9.1 

0 9.3 

0 7.8 

0 6.2 

0 4.4 

0 2.8 

0 1.5 

0 0.4 

Ul 
1.0 



Elevation 
(thousands 

of ft) -6 0 6 12 

2-3 0 0.2 0.5 0.8 

3-4 0 0.1 0.4 0.6 

4-5 0 0 0.2 0.5 

5-6 0 0 0.1 0.4 

6-7 0 0 0 0.3 

7-8 0 0 0 0.1 

8-9 0 0 0 0 

9-10 0 0 0 0 

10-11 0 0 0 0 

11-12 0 0 0 0 

Table 27 

INCREMENTS OF TOTAL SNOW MELT (INCHES) 
KEBNRIVER,S011rHJroRK 

Period Ending (bra) 
18 24 30 36 42 48 

1.1 0.5 0 0 0 0 

1.0 1.3 1.6 1.1 0 0. 

0.8 1.1 1.5 1.9 1.5 1.1 

o.6 0.9 1.3 1.7 1.3 0.9 

0.5 0.8 1.1 1.6 1.1 o.B 

0.4 0.6 1.0 1.4 1.0 0.6 

0.2 0.5 0.7 1.2 0.7 0.5 

0 0.2 0.6 0.9 0.6 0.2 

0 0 0.3 0.7 0.3 0 

0 0 0 0.4 0 0 

54 60 

0 0 

0 0 

0.5 0 

0.6 0.4 

0.5 0.3 

0.4 0.1 

0.2 0 

0 0 

0 0 

0 0 

66 

0 

0 

0 

0.1 

0 

0 

0 

0 

0 

0 

72 Total 

0 3.1 

0 6.1 

0 9.1 

0 8.3 

0 7.0 

0 5.6 

0 4.0 

0 2.5 

0 1.3 

0 0.4 

en 
0 



Table 28 

nlCREMENTS OF TOTAL SNOW MELT ( nlCHEB) 

Elevation 
(thousands Period Ending ( hre) 

of :rt) -6 0 6 12 18 24 30 36 42 I 48 54 60 66 72 Total 

CALAVERAS RIVER 
0-1 0.2 0.4 0.3 0 0 0 0 0 0 0 0 0 0 0 0.9 

1-2 0.1 0.3 0.6 0.9 0.1 0 0 0 0 0 0 0 0 0 2.0 

2-3 0 0.2 0.5 0.8 1.1 1.5 1.8 0.3 0 0 0 0 0 0 6.2 

3-4 0 0.1 0.4 0.7 0.9 1.3 1.7 2.2 1.7 1.3 0.9 0.7 0.3 0 12.2 

4-5 0 0 0.2 0.5 0.8 1.1 1.5 2.0 1.5 1.1 0.8 0.5 0.2 0 10.2 

5-6 0 0 0.1 0.4 0.6 1.0 1.3 1.7 1.3 1.0 0.6 0.4 0.1 0 8.5 

LlTlU'JOBNS CREEK 
0-1 0.2 0.4 0.3 0 0 0 0 0 0 0 0 0 0 0 0.9 

1-2 0.1 0.3 0.6 0.8 0.2 0 0 0 0 0 0 0 0 0 2.0 

BURNS, BEAR, OWENS, AND MARIPOSA CREEXS 
0-1 0.2 0.4 0.3 0 0 0 0 0 0 0 0 0 0 0 0.9 

1-2 0.1 0.3 0.6 0.8 0.2 0 0 0 0 0 0 0 0 0 2.0 

2-3 0 0.2 0.5 0.7 1.0 1.3 1.8 0.7 0 0 0 0 0 0 6.2 

3-4 0 0.1 0.4 0.6 0.9 1.2 1.7 2.4 1.7 1.2 0.9 0.6 0.4 0.1 12.2 
en -



62 VI 

T!BTS AND ADA.Pl'ATIONS 

Teet of Orogx:aphic Formula 

88. An appropriate teat of the orographic-rainfaJ.l formula (26) 

developed in chapter III would be to use it in comput~g the rainfall 

vaJ.ues in the major storms from. measurements of topographic and meteoro

logicaJ. parameters and to compare these computed values with the observed 

rainfaJ.l. Good comparisons from e. number of major storms would verify 

the formula. However, such comparisons are reduced in accuracy by the 

inadequacies of both types of data used. Net only are the meteorological 

observations of wind and moisture content (particularly from. the point of 

view of representativeness) sometimes of doubtful character, but the so

caJ.led "observed rainfall" is really a computed vaJ.ue which m.ay be largely 

baaed on interpolations between observations too sparse to be areally 

reliable. In some basins there are actua.lly no rainfall stat ions or stream 

gages. The comparisons are therefore qualitative rather than quanti'tative. 

89. In the San Joaquin :Basin there is available only one storm 

(January-February 1945) with su:f'ficient meteorological data to permit 

a comparison of calculated and observed rainfall. Even in this storm 

the necessary extrapolations and interpolations from the observed data 

make the comparison qualitative rather than quantitative. For each 

rawin observation at Fairfield a mean 10,000-ft WSW com.ponent of the 

wind was detennined and reduced to sea level (Vts) m accordance with 

the assumed wind shear in the theoretical development. A correction 

factor was applied to moisture content in order to compensate :for the 



deviation of representative storm dewpoints from the. assumed dewpointa of 63 

the critical storm sequence of figure 26. No adjustments were made for 

lag between observed wind and dewpoint and observed precipitation. 

90. Tlle accumulated calculated 6-hr increment a of rainfall are plotted 

against the observed for the same duration in figure 30. Of the nine basins 

for which.the comparison was made, five show a good agreement between calcu

lated and observed precipitation. A number of analyses were made to relate 

the magnitude of the discrepancies to topographic or meteorological param

eters. The best of these relatione is shown in figure 311 where the aver-

age inflow-barrier height of each basin is plotted against the difference 

between calculated and observed precipitation. Excluding the Calaveras, 

which is not affected b;r the Coast Range, the figure shows the difference 

to be the greatest for the basins whose average inflow barriers are about 

the height of the Coast Range barrier. A depleting effect of the Coast 

Range is thus indicated beyond that which was included in the development 

of the theoretical. equation. Should future storms support this indication, 

an empirical correction factor could be approximated, but the g.~ta from a 

single storm are not sufficient basis for its introduction at this time. 

Moreover, the 1945 storm did not bave maximum. wind velocities, and it is 

possible tbat the indicated depleting effect of the Coast Range might be leas·· 

pronounced under maximwn-wind conditions. 

Teat of Snow-Melt Formula 

91. The formula (27) used to compute the snow melt due to turbulence 

implies a melting rate directly proportional. to wind speed. There is some 

reason to believe tbat the relationship may not be linear, that the wind

speed factor should have an exponent lees than unity. Several investigations, 

aimed at the modification of the vind factor, were conducted. 



64 92. One investigation was based. on nine years of data from Wagon 

Wheel Gap, Colo. The available data we~ precipitation amount, character 

of precipitation1 snow depth on ground, density of snow on ground, wind 

movement 1 and hourly temperature. The data were summarized for periods 

varying from five to seven days .and the number of degree days and average 

wind· speed computed for each period. The accompa.nying snow melt 1 confined 

by the data to the point of observation, was computed from observations 

of the initial and final water equivalent of the snow on the ground and 

the intervening snowfall. Periods with both snowfall and rainfall were 

excluded because separation of the amounts was not possible. Some periods 

actually showed an increase of water equivalent of snow depth exceeding 

the snowfall during the period. Such periods, excluded as inaccurate 1 

illustrate the difficulties of measurement end calculation of snow melt 
. 

at a point.· In addition to inaccuracies of measurement, important sources 

of error are the drifting of snow and the storage of water in snow. Even 

the periods selected for analysis included errors from some of these 

sources. 

93. In order to study the effect of wind speed alone on the rate of 
' 

snow melt 1 the average amount of melt per degree day was calculated for 

each value of wind speed from four to ten miles per hour. Although showing 

an irregular fluctuation, these amounts indicated an increase of snow melt 

with increasing wind speed. From so small a range of wind speeds1 however1 

it was not possible to determine whether the relationship was linear or non-

linear. There were only six cases of average· wind speed over 10 mph and 

none over 13 mph. Unfortunately, the data did not pemit melt computations 

for periods short enough to be accompanied by higher average wind speeds. 

94. An attempt was made to relate snow malt to the intensity of 

storm rainfall and thus to bypass the necessity for using a relationship 



of snow melt to wind speed. Such e. procedure involves the assumption 

that the variations of wind speed, temperature, and humidity would all 

be reflected in the rainfall intensity. Again the a.na.lyais was confined 

to the evidences of snow melt at one observation station - La.ke Eleanor 

(4650 ft) 1 in the Tuolumne River :Basin. A 30-yee.r daily record of pre

cipitation amount, character of precipitation, snowf8l21 and depth of 

65 

snow on ground was scanned for occurrences of excesei ve rainfall on an 

antecedent snow cover. Seven good cases were found. A snow density of 

0.28 was assumed to apply to the decrease of depth of snow on the ground. 

The resulting plot of snow melt against l:'e.infall depth during the calendar 

24-hr periods of heaviest rainfall showed a fairly good linear relation

ship. Extrapolation to the ma.:x:imum possible sto:rm f!!iVe a snow-melt value 

for the ma.:x:im.um 24-lJF period of the eto:rm less than half the theoretically 

computed value for the interval from 4000 to 5000 feet in the Tuolumne 

:Basin (figure 19). 

95. In both the above investif!Jitions, unavailability of adequate 

and synchronized data was a serious deficiency. The hourly records of 

the Central Sierra Snow Laboratory (Castle Creek :Basin), although the 

period of record is still too short, constitute the best available data. 

In e. f'u.rther investigation, these data were subjected to a aeries of 

statistical teste to dete:rmine the element or combination of elements 

which would serve as the best index to the rate of snow melt. Daily 

values of temperature, dewpoint, wet -bulb temperature, vapor pressure, 

wind speed, radiation, and combinations of these elements were correlated 

with runoff for the 32-day period without precipitation which was used 

in chapter V for e. check dete:rmination of k. 

96. Of the indices tested, the wet-bulb temperature, expressed as 

the sum of degree hours divided by 241 was the best single daily index. 



66 
A combined index, using the temperature and the vapor-pressure difference 

between air and snow surface was almost as reliable • Both were better 

indices than temperature alone, i.e., the simple degree-day factor. 

97. The incorporation of wind speed or radiation as a factor did 

not improve the correlation. This was not taken to mean that these 

elements are insi~ificant, but that .the period of record was too short 

to evaluate their effect. For example, the higbest daily wind speed 

reached during the period was only nine miles per hour. This was too 

low a value, from which to extrapolate to the extremely high winds of the 

maximum possible storm. The use of the stronger winds at Donner Summit 

during the 32-d.a.y period did not improve the results. 

98. Since the data would not yield an empirical formula which could 

be considered reliable, and since the effect of wind speed and radiation 

could not be evaluated, it was decided to retain the theoretical formula 

now used. This can be justified as follows: The data show that tempera

ture and vapor pressure are a good index to the rate of snow melt, and 

these elements are used in the formula. Also, the use of Donner Summit 

winds in the formula verified the value of k as 0.5. Since the formula 

gives the melting rate due to atmospheric turbulence only, it can be 

applied to the maximum possible storm in which radiation is assumed to 

be negligible. 

Distribution of Precipitation 

99. A !'articular time distribution of the maximum possible precipi

tation has been used in the chapter on snow melt. It is the distribution 

consistent with the s;y:mmetrical wind and dewpoint sequence of figure 26 

and. with the general patterns of the mass curves of precipitation in the 

1937, 1943, and 1945. major storms previously cited. However, since there 

is no adequate basis for the determination of a rigidly defined sequence 



of winds and devpoints or the sequence of the resulting precipitation, 67 

12-hr changes from the suggested pattern of precipitation periods (table 12) 

are permissible for hydrologic trial. Any such rearrangement implies the 

same rearrangement of the wind and devpoint sequences and of the progressive 

elevation of the freezing isotherm. Therefore 1 the increment a of total 

potential snow melt (table 15) and of the snowfall depth (table 17) would 

have to be similarly rearranged. . As a final result 1 the increments of 

total anaw melt (tables 20-28) may change 1n magAitude as well as 1n chrono

logical position. 

100. Since the pattern of areal distribution of the maximum storm 

within each basin is not lmawn, this report recommends no particular dis

tribution with area within each sub-basin nor even a variation of the 

maximum precipitation with altitude within the sub-basin. ~spite the 

indications of a distribution of precipitation with altitude su~sted 

in figure 31 and in the discussion (chapter IV) justifying the combina

tion of small, law-level basins in figure 201 the Section has not felt 

justified in accepting any indicated pattern as necessarily valid in the 

case of the maximum possible storm. The assum;ptions basic to both the 

theoretical and empirical computations do not warrant extension of the 

computation methode beyond the calculation of the undistributed average 

depth. 

101. Any consistent pattern of precipitation variation with height, 

such as shown by mean seasonal isohyets, is the product of more factors 

tlum elevation, slope, aspect, and the other pa.ra.meters specific to the 

topography. Storm-type frequency and prevailing air-mass characteristics 

are other very important factors. The average storm whose recurrence 

produces the mean seasonal pattern, is not characterized by the wind speed 

and constancy of direction postulated for the maximum possible storm., nor 
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is the average inflowing air mass saturated at all levels as in the maximum 

storm. It is apparent, for instance, that the higher the condensation level 

within the inflowing air mass, the higher up slope will be the zone of moat 

intense precipitation. In the air mass processed for the maximum storms the 

condensation level is sea level. In the ordinary air mass, the lowest layers 

(the layers of maximum moisture content in the maximum storm) do not even 

become saturated until they have moved some distance up slope. In the maxi-

mum storm they are saturated before any lift begins. For these reasons, 

redistribution of precipitation with height according to a pattern devel-

oped from ordinary storms cannot be recommended. It is not inconceivable 

that the variation with height may even be reversed in the maximum possible 

storm. The patterns of variation shown by the major storms, although they 

offer a better clue, may be doubted for similar reasons. 

102~ Should any variation from the uniform distribution of precipi-

tation be introduced for hydrologic trial, two important restrictions must 

be observed. One is that the redistribution should leave the maximum. poe-

eible depth of precipitation over the particular basin unchanged. The other 

restriction is that the values of snowfall and of snow melt due to rainfall 

(tables 11, 14, and 17) for each elevation interval should be changed pro-

portionately and the total snow melt recalculated. For some redistribu-

tiona, such changes in snowfall and snow melt would in turn necessitate 

a•change in the aeal.Uil8d antecedent snow cover. 

103. Redistribution, in time or in space, within any basin and for 

evaluation of the discharge at the dam. site for the specific basin, may 

be accomplished without consideration of other basins. The report does 

not imply that the maximum possible precipitation over all of the basins 

will occur within the same storm. 



104. Recalculation of snow cover as well as of snow melt will be 69 

required if, for hydrologic trial, the occurrence of cmother rainstorm 

is assumed as antecedent to the maximum possible storm. Snow-melt compu

tations applied to the January-February 1945 storm, for instance, indicate 

that below 4000 feet the optimum. snow cover would be entirely melted. In 

addition, certain minimum. intervals of storm recurrence (here defined as 

the period between the peaks of antecedent and maximum possible precipita

tion) should be observed in timing the antecedent storm. While any his

torical storm may be used as the antecedent stom, the minimum recurrence 

interval for the major storms of March 1937, January 1943, and January

February 1945, should be no less than seven days; for all other known storms 

in the region the minimum interval may be kept at four days. 
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