





U.S. Department of Commerce ' U.S. War Department
Weather Bureau Corps of Englneers

Hydrometeorological Report No. 2k

MAXIMOM POSSIELE PRECIPITATION

OVER THE SAN JOAQUIN BASIN, CALIFORNIA

Prepared by
The Hydrometeorological Section
Division of Climatological and Hydrologlc Services
U.S. Westher Bureau

Washington
July 1947




I

SAN JOAQUIN RIVER BASIN

CALIFORNIA

1z0°

SO on . W oi— o i o

Y,
et
!

T
18«

v 3 >
K s
4 % ", i« :“t
5 3 ey & fE
% H LA NI A
H 4 & 5 %
%a L LEY W & N
», B Ny - T NN
RS o ? w..._: LY
T XY w3
AT S
Py 2 :
K
IVig s
%, w f
L
X &
. &
{oo
* n:
s %
T BAKERSFIELD o8
Q‘ .'0

"

36°~

34°.

File 47002

Hydrometeorological Report 24

Frontispiece

»




CONTENTS ' V m

Page

CHAPTRR I, INTROIUCTION 1
Assignment 1

Background 2

San Joaguin methé& 3
Acknowledgments i

CHAPTER II., THE BASIN-WIDE MAXTMUM POSSIBLE STORM 6
Storm type -6

Sacramento and Los Angeles meximum storms 7

Application of Los Angeles storm and theory g

-Applicabion of Sacramento storm and theory 13

Application of storm and theory combinations 14

San Joaquin maximum possible precipitation 16

CHAPTER III., OROGRAPHIC PRECIPITATION THEORY AFPPLIED TO SMALL BASINS 18
Basic model 18

Wind shear ' » 20

Moisture transport | E | 23

Spillover | 2l

Upwind effect 27

Empirical coefficient 28
hiaiimm poesible sub-basin orographic precipitation 29

CHAPTER IV. BASINS WITH PRECIPITATION EXCEEDING CALCULATED OROGRAPHIC 31
Basin characteristics 31
Maxirmmm total stomm 32

Depth-duration values . 32



v | CONTENTS
(cont.)
' CEAPTER V., SNOW MELT

Snow-melt factors
Determinetion of basin constant
Antecedent snow cover
Computation of snow melt

C’.HAPI’Eﬁ VI, TESTS AN}) ADAPTATIONS
Test of orographic formmla
Test of snow-melt formula
Distribution of precipitation

REFERENCES

Page

35

35
36
39
10
62
62
63

66

70



TABLES

Sacremento and Los Angeles meximum possidle storms (66 hours)
San Joaquin (Ty) values
Sen Joaguin (Tgpc) velues

Computation of Ry (Sqac, Tya)

Bstimated 66-hour maximum possible precipitation,
San Joaquin Basin

Velues of v (v = 100 1—)
~ Vis

~ Computation of maximum 66-hour precipitation

over orographic sub-basinsg

Theoretical and observed smow melt, Kings
River above Pledra

Increments of potential turbulence melt
per wnlt wind, all basins

Incremente of potential turbulence melt
adjusted for wind, all basins

Potential smow melt due to rainfall

Increments of precipitetion during maximm possible storm

Elevetion of 32 F isotherm

Increments of potential snow melt due to rainfall, Kings River
Increments of total yoﬂential snow melt, Kings River

Selected antecedent snow cover

~ Snowfall depth during maximum posai’olev storm

Summation of entecedent emow cover snd snowfall
during maximum possible storm, Xings River

Accumulated enow melt, Kings River

Increments of total snow melt, Kings River

Increments of total snow melt, Kaweah River

Increments of total enow melt, Stanislaus River

' Page

12
14
15

16

23
30

38

43

bl

b5

L6
L7
L8
k9
50
51

52
53

s

25



23.
2k,
25.
. 26,
27.
28,

TABLES
(cont.)

Increments of total snow melt, Tuclumme River
Increments of total‘snow melt, Tule River

Increments of total snow melt, Xern River, total basin
Increments of total snow melt, Kern River, North Fork
Increments of‘total‘snsw mélt, Kern River, South Fork

Increments of total snow melt, Calaveras River, and

Littlejohns, Burneg, Bear, Owens, and Mariposa Creeks

Page
56

o7

58

59
60

61.



FIGURES v

10.

1l.

12,

13..

1,

15.

16.

17.

Page

San Joagquin River Basin, California (Frontispiece)

Schematic orographic models adapted T1
from Los Angeles Report

Schematic orographic model for sub-basin computation T2

Winds at Fairfield, California - mean of layer, 73
surface to 20,000 feet

Mean shear of inflow winds , Sacramento and T
San Joaguin River Rasine

Theoreticel wind profile, San Joaquin River Th
Basgin maximom storm

D computation chart, San Joaquin River 75
Basin maximum storm

Computed raindrop paths, San Joaquin 76
River Basin meximam storm

Layers of equal mass transport, San T7
Joaguin River Basin maximum storm

Spillover-oﬁtflcw chart, San Joaguin River Basin 78
maximm storm

Storm profiles, San Joaguin River Baain 79

Precipitation distribution in maximum orogrephic 80
gtorm, Sen Joaguin River Basin, by 6~hour periods

Maximum possible precipitation, depth-duration curves, 81

Kern River Basin - total basin, North Fork, and South Fork

Maximum possible precipitation, depth- 81
duration curve, Kings River Basin

Maximum possible precipitation, depth- v 81
duration curve, Tuolumne River Basin

Maximun, possible precipitation, depth- 81
duratlon curve, Stanislaus River Basin

Maximum possible precipitation, depth- 82
duration curve, Kaweah River Basin

Meximum possible precipitation, depth- 82

duration curve, Tule River Basin



viu

18,

1’9.
20.

21'

23.

2k,
25,

26,

27.
280
29 -

30.
31

FIGURES
{cont.)

Maximum possible precipitation, depth-
duration curve, Calaveras River Basin

Meximm poseible precipitation, depth-duration
curve, Littlejolns Creek Basin

Maximum poesible precipitation, depth-duration curve,

Mariposa, Burns, Bear, and Owens Creek Basins

Theoretical rates of snow melt dus to
atmospheric turbulence

Snow melt ,due to rainfall

Disappearance of snow on ground, 1938 snow-
melt season;, Tuclumne River Basin

Ares-elevation curve, Tuolumme River Basin

Enveloping snow depth-elevation curves,
San Joaguin Rlver Basin

Assumed meteorologicel sequence for computation
of meximum snow melt, Sen Joaguin River Basin

Variation of wind along windward slopes,
San Joaguin River Basin

Turbulence snow melt by 1000-ft elevation
intervels, San Joaquin River Basin

Graphical sumary of total snow melt, Kings
River Basin maximm storm . .

Compariéon of calculated and observed meximum precipitation

Effect of inflow barrier height on calculated-
observed precipitation differences

83
85

87

89
90
91

92
93



I

INTRODUCTION

Assig@

l. An estima’ce of the maxizmm possible precipitation and accompany«-
ing snow melt over the San Joaquin Basin of California, and its sub-basins,
was' undertakén by the Hydrometeorological Section in response to a request
da‘eed April 11, 1946, from the Office of the Chief of Englneers, War Depart-

‘ment . In accordance with agreement in oonference » preliminary values of
precipltation and snow melt for the San Joaguin as a whole, the Kings River
| above Pine Flat, and the Kern River above Tsabella were provided the Engi-
neers on August 19, 1946. Revised precipitation valuss for ﬁhe latter two
basins, forwarded to thevEngineei's on December 4, i9¥$6, are retained in
the final repoﬁ but the snow-melt es’cimaﬁes have been changéd. Basgins

consldered in thie report are as follows:

Basin Area (sq. mi.)
San Joaquin - 35,524
Kern River above Isabella Dam site - 2080

Rern, North Fork - 1070 sq. mi.
Kern, South Fork - 1010 sq. mi.

Kings River above Pine Flai': Dam site 1542
Tuolumne River sbove New Don Pedro Dam site 1536
Stanislaus River ebove New Melones Dam site - 900
Kawesh River ebove Terminus Dam site 560
Tule River above. Success Dam site : ’2&1? ‘
Calaveras River @bove Hogan Dam site | 363

Littlejoms Creek sbove Faymingbon Dam site 212



2 Mariposa Creek sbove Mariposa Dam site 108

Burns Creek sbove Burns Dam site ‘ Th

Bosr Creek above Bear Dam site | | 2 |

Owens Creek above Mns Dam site ‘ | 25.6
Background | | | |

2. The primary problem in the San Joaguin is that of orographic
precipitation. Two previous Section reports » for the Sacramento Basin
and for the Los Angeles a.reag;/have treated the same problem.
| 3. In the Sacrgmnto Report the storage principle was applied to
the computation of the rainfall. The flow model used was that of a hypo-
thetical thunderstorm cell, on the assu_mption that each columm of’air
crossing the basin would be forced to release the precipitation éqﬁive.?
lent of & certain smount of convective overturning. The vertical dimen- |
sions of the cell were made direct ﬁmctions of sea-level (1000 mﬁ)
dewpoint, and the depleting effect of an inflow barrier a direct function
of the barrier height. Despite the simplifications involved in the model,
it was possidble to reproduce total-basin depthgdmtion values by subsbtl-
tuting kets"-station wind speeds and dewpoints in the ra‘lﬁi’all gquation',
Tormlated. ‘
L, A more realistic spproach was developed in the Loé Angeles 'ByapOrt. )
Although the storage principle was retained, the convective cell was gban-
doned in favor of an orographic model ,compat}tble with the major topographic
‘features of the area,. Variablea measuring changes in wind direction and

'percenta.ge of area éxyoaed to up-slope winds were Introduced, and an

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

1/ References listed numerically at end of report.



Substitution of observed values of the varisbles in the final formla made3
possible the reproduction of the observed mass curves of rainfall over the
-10,000-square-mile area of meximum rainfall in the major storms.

5. A statistical approach to the computation of oroyaphic rainfall
is being Investigated by G. Platzman of the Portland Engineer District.
It 1:; based on the extrapolation of statistical relationshipe esteblished
between index-station wind and dewpoint measurements » and the accompany-
ing 12-hour major~storm ra,infall in the Willamette Basin of Oregon.

San Joagquin Method

6. The severely limited record of major storms in the San Joaquin
Basin and the inadequacy of both meteorological and rainfall observat’ionsv
in the recorded storms made necessary a somewhat more theoretical approach
then in any of the foregoing studies. Preliminary review of the litera-
ture on orographic precipitation disclosed no substantial advances after
Pockels' early trea:bise3 s in which he computed fielcis of motion over bar-
‘riers of various shapes and éizes s assuming steady-state frictionless flow |
in & two-dimens;onal ‘gystem In thermoﬁymmicélly neu‘br&l equilibrium,
However, his Vnumerical results, based on the extremely sketchy upper-alr
da.ta of the Vpei‘iod s Were téo uncertain for application. The Section's
approach has been, in the main, to add to the proven resulis of earliezf
reports the refinements made possible by utilization of new upper-alr
storm-wind data and the empirical-;theoretical modifications necessary to
the computation for the smaller basins.

7. Because tests had shown both the Sacremento and the Los Angsles
methods adequate for the computation of long-duration, 1arge-azk'eal;rain~
:; fali in their respective reglons, each method was in turn applied to the

Sen Joaquin, which lles between the two regioms. Agreement 5,n the resulis



4 of these computations Indicated the‘accepta.’bility of either solution for

the maximum possible 66-hour s*b;sm over the San Joaquin Basin as a whole.

8. Application to the smaller basins required & change in technique
‘beéause of the inadequacy of the earlier methods for such a computation,
Availaebility of upper-air rewin cbservations in the important San Joaquin
storm of January 30-February 3, 1945 (not available for the earlier
reports) made possible the fomulation of an expfession for o.rog'a.phic
precipitation more sulteble for small-basin computation. On a theoretical
basis s the effect of spillover, of increasing lmportence with decrease of
basin length along the wind, was introduced into the cdmputation. On an
empiricel basis, the effect of pre-barrier, upwind lj:.f‘b wes also evaluated.
For the basins lying at elevations below 1ﬂt;hea Coagt Range barriers, and |
therefore not smenable 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 da%a analyzed in order to determine the
snow-melt contribution to the runoff from the maxmum stom, baslc day-to-~
day data furnished by Cooperative Snéw Investigatibns were prbcessed by
the Séction, The resulis, especiélly in view of the short record avail-
able, did not Jjustify at this time a change from the formule developed by
Lig}fc»)+ for previous reports. |

Acknowledgments

10. S. B. Solot, project leader, was mainly responsible for the new
approaches introduced in the report. A. L. Shands was supervisiﬁg editor,
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Office, detailed to the Section for several months in the early stagés
of the project, gave important assistance in the clarification of the

District's special needs end problems in the San Jodguin Bagin.
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THE BASIN-WIIE MAXIMUM POSSIELE STORM

Storm Type
11. The flood-producing storms of the Pacific Coast are discussed at

length in the Sacramento Report and further remarks, applying specifically
to the Southern California Coast, appear in the Los Angeles Report. Detailed
discussion of Pacific Coast synoptic types may be found in papers by Reed
and Browné/ It can be concluded from these discussions that there are no
great differences in type betwéen the maximum possible storms affecting any
of the larger 'basihs .ﬁu ﬁhe Coastal States. The storms which are most ’
critical on a large écale all have a strong west-to-east zonal flow asso-
clated with deep cyclonic centers offshore. The location of the cycleonic.
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 Sen Joaquin, the storms of December 9-12, 1937, end Jenuery 30-
Februery 3, 1945, respectively, shows no important differences except a.n
infldw wind from a more westerly direction in the 1945 storm. Whereas SW
was found to be the most critical inflow direction for Sacramento stoms;,
WSW, as will be shown later, was found to be the most critical for the Sen
Joaquin.; Compariéon of the 1945 storm with the r,eéor& general storm over
the Los Angeles area, January 19-24, 1943, shows somewhat greater differ-

ences. The location of theﬁ cyclonic center was farther south in the 1943



storm and the px;evailing inflow direction was more nearly SSW - the most 7
critical for the Los Angeles area.

13. The esgsential similarity of these storms, each the prototype
of the maximnm posslible storm over its region, plus the fact that the
San Joaquin Basin lies between the Secramento and Los Angeles areas, -
Justifies the assumption that the meteorologicel sequence in the San |
Joagquin maximum storm will closely resemble the sequences in the maxi-
mum storms for the other areas. It follows that, by use of appropriate
empirical constants - s;peéific to the topographic'character of the Sen
J oaguin, the maximum possible pmcip;tation over either the Sacramento’
Basin or the Los Angeles arsa could be transposed snd adjustéd for en
| estimate of the maximm possible precipitation over the Sen Jcaquin;’

In the ebsence of such coﬂétants, a more direct appzba.ch is required,

" nemely, the computation of the maximm possible precipitation over the
S8an Joaquin by gpplying combinatioﬁs Qf Sacramento end Los Angeles models
and meteorological sequences to the San Joaguin Basin. Such a procedure,
deacri‘bed. in detail in the follc%ring gections, yields an sverage depth
of 11.9 inches in 66 hours as the maximum possible precipitation over

the San Joaquin Basin.

Sacramento and Los Angeles Maximum Storms '

1. To facilitate the application of the Sacremento and Los Angeles
ma.ximum-étom data to the San Joaquin, each storm wes defined by three
verisbles: wind direction, total le-wiﬁd movement for 66 hours ; and
an afera,ga 66ehour dewpoint. In each case the wind was assumed constant
throughout the sborn at it optimm direction, 1.6., 225 in the Sacra-

" mento sbérm and 21007 in the Los Angeles storm. The average devpoint; ‘

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



8to the average depth of basin or areal rainfall per mlle of Inflow-wind
“movement. It w&s« obtained by dividing total inflow-wind movement into
total rainfall and entering with the quotient (and the Optimma direction)
into table 33 of the Sacramento Report or figure 8 of the Los Angeles
Repoxt. ’ By the maximum possible storm for a perticular area, then, is
meant the combination of the three meteorological variables -~ inflow-wind
4movement, average dewpéint » and wind direction - which produces the maxi-
’nmm posaible preciplitation over that area. Trensposed to another area;
the same combination of wind and dewpoint ma.y yield an entirely different
value of precipitation. In the two maximum storms consldered, thes perti-
nent values are:
Table 1

SACRAMENTO AND LOS ANGELES MAXIMUM POSSIBLE STORMS (66 HOURS)

Precip - R Wind - Vt RVt Dewpoint  Optimum ‘
(inches) (miles) (inches/mile) (°F)  Wind Dir.
O
Sacramento 10.8 3036 .00356 V 60 225

Los Angeles 17.1 1000 .00k27 - 55 210°

The difference bgtween the average dewpoints of table 1 is not a difference
in actual or maximum dewpoint. There is, in the first place, a welghting
by wind in the computation of the average dewpolnt of the table. In the
second place, the use, in the Los Angeles Report, of a moisture coefficient
f(TD) and a peymentage of araé exposed 0 up-slope wind, tends to reduce
the computed dewpoint. | ’

15, To abbreviabte the discussion the' following symbols are used‘:

MPS - Maximum poseible storm, i.e., combination

of wind =snd dewpoinit producing maximum
possible precipitation '



MPP - Maximum possible precipitation : -9
Tia - Los Angeles theoretical model or fozmzla

TLAJ. Adaptation of Tra with constant nodal
surface

- Tppp- Adaptation of Ty with nodal surface
higher st outflow than at inflow barriexr

Tgac~ Sacramento thecretical model or formmla
SLK - Los Angeles MPS
Sgag~ Sacramento MPS

Rra - Rainfall over the Los Angeles
area derived by use of Tra ~

~ Rgac- Ralnfall over the Sacramento Basin
derived by use of Tgan

Rgy - Ralnfall over the Sen Joaquin Basin

' The nodal surface is defined as the surface sbove which the atmosphere

remainsg undisturbed by the effects of the orographic barrier.

 Application of Los Angeles Storm and Theory V |
| 16. As stated in the Los Angeles Report, Ty, applies to a one-barrier
model. For application to the Sean Joaquin it must be adapted to two bar-
riers, one at inflow as well as one at outflow. Since the height of the
San Joagquin outflow barrier is consldersbly greater then either the San
Joaquin inflow or the Los Angeles outflow barrier, and since both theory
and experience indicate a varistion of nodal-surface height with barrier
hoight, & further adaptaj;ion of TLA wa.é required. Thus, ’cvo posesible
adaptations were assumed for the San Joaguin computation. In Tyaq the
nodal surface was kept ab 460 mb ab both inflow end outflow berriers; in
Tyap the nodel surface was raised to 300 mb at the outflow barrier 'bu’c

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

figure 1.



0 17. The cnly difference between Trp end Tra) is the insertion of an
inflow barrier in the latter model. Using subscripts 1, 2, and 3 to refer:
to conditions before the inflow barrier, at the inflow barrier, and at the
outflow barrler, respectively, the equation for Typ states:

S fnt AP |
R= ——f_“(wl - =1 w3) (1)

vhere
R ie average depth of precipitation in basin

f 18 an empirical function of dewpoint
1 t is total wind movement (4000 miles in teble 1)
Y is length of basin parallel to wind direction

W is precipiteble water between nodal surface
and grovnd surface

AP is pressure difference between nodal
surface and ground surface

18. The rainfall produced by the inflow barrier can also be stated
in the Ty4 form |

2 e (W, - ——=Wo | :
R Y ( 1 Zm 2) | (2)
Subtracting (2) from (1) gives the two-barrier equation for Tyay:
,, | fiit (AP Apy |
B = ¥ (1192 we A?3 W3 (3)

19. Similarly, then, for Typn:
EAZR AP, APy
R ,, Y W' - 333“‘, I«I3’ ~{Wy - —AEWQ (%)

Where Wy ' and Ap; ' refer, respectively, to the precipitable water and
pressure difference betwsen the second, higher‘noda.l surface and 1000 mb;
and W3’ and ap3' refer to the procipitable water eand pressure differencé

between the second nodal surface and the top of the second or outflow



| ‘barrier.‘ (The assumption is made that ¥y for thé layer to 300 mb eq@ale t
¥, for the layer to 460 mb.) | |
20. ZEquation (1) can be applied to the Los Angeles area, equations
(3) and (4) to the San Joaquin Basin. For the same storm, T ¥yt will
have the same value in all three computations. All othei' values will be
specific to the Los Angeles area in (1) and to the Sen Joaquin Basin in

(3) and (4). The Los Angeles and San Joaquin equetions can then be com-
bined as followsa: |

(By Tp,;)
’ \ Apl - 5}3}_
HAPQ 2 - ﬁp3 3 .
Rgy = By APJ. / 3 - () -
_ Wy - A5 - 5 :
(By Tm) ? B

| _—
Y (l

I%J = R APl @

Wy - AP3 W’s

' AD
w39 } (wl - Ap; ‘é)
A

. . ' ol

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

(6)
sJ

LA factor) results in ¢
. O

0
1.046 §§5 (0.410)
A fixed wind direction 1s assumed in this computation. In svaluabing the

= 172.9 miles/inch

second parenthesis in each equation (the 8J | factor), severasl wind direc-
tions in the SW quadrant were assumed. Later, a declision was made con-
cerning which of these directione should be used in the maximum possible
storm over the. San Joaquin. The computed SJ factors (;c 10° ) are:

| s W OWSW W

Tray 48 296 323 305

Tpap 100 385 l&ih - 390



12 : . : : :
‘The individual values involved in these computations are listed in table 2,

Table 2°
SAN JOAQUIN (T;,) VALUES
s W weW W

Pressure at inflow (mb) 8l 819 896 906
Height at Inflow (ft) 4680 3700 3100 2750
Pressure at outflow (mb)  T79 679 684 | 693
Helght at outflow (ft) 7180 10,150 10,240 9950

Y (miles) 1514 113.6 1.1 117.k
Ap; (ub) 560  5hko 540 540
Apy ' (mb) 700 700 700 700
apy (mb) | 38 g 436 446
APy (mb) | 319 219 224 233
ap3’' (wd) M9 319 38 sho
W, (in) 1.046 1.046 1.046 1,046
wy* (in.) C Lo7 1.07h L.oTe 1.07%
Wo (in.) 0.52% 0.647 0.698 0,728
W3 (in.) 0.392 0.202 0.210 0.226
w3“ (in.) 0.420 0.230 0.238 0.254

22, Outflow and inflow barriers were computed as f.tn the Se.cmménto
Report. On a large-scale topographic map, Mlal lines were drawn
across the basin at 5-mile intervals along each of ths direcﬁions used.,
Inflow and outflow barrier heights were estimated to the nearest 1000
feet within each strip and thé length of each strip measuredk’to the
nearest mile for the Y computation, Barrier heights were converted to



- Pressures on thg assumption of a sea-level temperature of 55 F (the SLA i3
- 66-hour average dewpoint, from table 1) at 1000 mdb in a saturated atmos-
phére with pseudo-adisbatic lapse rate. Mean pressures and basin lengths
were then compubed. |

23, Substituting an RLA value of 17.1 inches (teble ‘1) in equations
(5) and (6), and using the appropriste computed velues of the LA and SJ

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

‘become ,
S sW 'wsw W
TLA.:L 1.b 8.8 9.5 9.0
Trao 3.0 1l1.k 12.2 11.5

Application of Sacramento Storm and Theo_x_'z

2L, The ’TSAC rainfall equation is
g Vvtl
R=

»4«3|

(7)

where
wg is mean weighted effective precipita‘ble wabter,
a function of dewpoint
V t is total wind movemsnt (3036 miles in table 1)

T 1s mean weighted 1ift coefficient, a function of
inflow-barrier height and dewpoint

25, The same equation can be applied to the San Joaquin, In the
seme storm the velue Wy 7 t will be constant, while & and Y will have

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

Ty

Rsg * Boac TM)anc ()
26, In table 31 of the Sacramento Report, I for a dewpoint of 63 F,

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



14 ,, ‘ _ . ' ;
Sacramento Report, L for 60 F (the SSAC 66-hour average dewpoint) is

found to be 0.61. Y for a SW direction of inflow over the Sacramento is
117 miles. Thus, (L/¥)g,, the SAC factor, becomes
1

0‘61 = l "5 1
117 521 x 10 " m

27. To compute the SJ factor, the inflow-barrier heights available
in table 2 were used as arguments in finding the appropriate L for A60 F
in figure 18 of the Sacramento Report. The values of Y are also available
in teble 2, The necessary valués and the computed SJ factors are contained
in te&ble 3, below. |
Table 3‘
'SAN JOAQUIN (Tsac) VALUES
8 W WSW W
Inflow height H (ft) 14680 3700 3100. - 2750
EA | ~ 0.51° 0.59 0.6: 0,68
Y (miles) 151.%  113.6 111.1 117.%
(Eft)gy x 207 (m™h) 337 519 576 575
28. Using an Ry, value of 10.8 inches (teble 1), the estimated
' | 66-hour MPP values over the San Joaquin Basin become: |
s =W WS W

T,

SAC 7.0 10.8 ;1.1.9 ~11l.9

~ Application of Storm and Theory Combinations
29. To complete the possible spplications of storm and theory to the
San Joaquin, it was alao desirsble to compute the San Joaquin MPP‘on the
basis of a combination of Sgys and Ty and also of Spy a.nd Tqpac. To a
close approximaﬁion, equations (5), (6), ’and (8), and the LA, SJ, and SAC

factors alreedy computed for them, can gtill be used if a new RI..A is



dérived. from a combination of SSA.C and TLA?’ and & new Ry,c from a combina- 15

30. Based on equation (1), the computation of the original Rra
" involved an integration with respect to time. This procedure was repeated

in the computation of the new RIA resulting from & combination of SSAC

end T, ,. The integration 1s shown in table L.

Table U

COMPUTATION OF R, (SSAc, Tya)

iy fEio, VMot Erectp
0-6 26 222 0.58
6-12 b2 246 1.03
12-18 By 270 1.46
18-2h o622, 288 '1.79
24-30 68 312 22
30-36 ge 366 | - 2.60
36-42 68 312 | 2.12
42-48 62 _ 28 1.79
48-54 54 270 -~ 1.6
5k4-60 k2 2h6 1.03
60-66 26 222 _'O_ZE_S_
066 16.56

31. To obtain the new Ry,,, based on equation (7), the molsture
index f (where f = KWy and K = &:'Le%) corresponding to the Sacramento
optimum wind direction, SW, and to the 66-hour average Sy, dewpolnt, 35 F,
was obtained from tsble 33 of the Sacremento Report and multiplied by the

SLA total wind movement: :
,0027 x 4000 = 10.8 inches

This was essentially the manner in which Rgpe wes originally computed.



16 32, Summerizing ell 66-hour R, and Ry, Values used:

Ry (Tpas Spp) = 17.1 inches
Rra (Tpas Saac) = 16.6 inches *
Reac (Tspcr Ssac) = 10.8 inches

Bsac (Tsacs Spa) = 10.8 inches +
The unstarred values have already been used in equations (5), (6), and

(8) in computing MPP_ ., for the combination Tp, end Sy &nd for the

combination Tgac and Sgag. The starred values can now be used in the

same equetions to compute MPPgy for the storm end theory combinations

indicasted. The results of, all the computations are summarized in tadle 5.
Teble 5 N

ESTIMATED 66-HOUR MAXIMUM POSS}BLE PRECIPITATION
SAN JOAQUIN BASIN

Wind ~
Directions S W ‘Wsw W
Sras Tral 1.} 8.8 9.5 9.0
Spas Tras 3.0 1.4 2.2 1.5
Srar Taac 7.0 10.8 1.9 11.9
Seacr Tray Lk 8.5 9.3 8.7
Sspc? Tran 29 1.1 1.9 1.2
Seac’ Teac 7.0 10.8 1.9 11.9

San Josguin Meximum Possible Precipitation

33. Examination of teble 5 shows the WSW direction of inflow to be
the most pioductive » or as productive as any of the other directions, no
matter what combination of storm and theory 1s used. Synoptic analysis
of the major storms in the reglon shows WSW to be the most critical direc-
tion. Also, it is significant that Tp,, Produces the lowest values for

each of the directions. This is to be expected, since the method neglects



the vé.riation, indicatked by both theory and experience, of nodal height 7
"with barrier height.

‘3h. Consideration of these facts confines the most acceptable values
in the table to those under the direction WSW and to those in lines é, 3,

- 5, and 6. These values have been underlined. The value 11.9 has been
chosen as the best estimate of the maximum possible 66-hour precipitation .
over‘the San Joaquin Basin as & whole, pértly because of its prominence by
repetition. The choice is better justified by the fact that San Joaquin
storms resemble the Sacramento type most closely, and both acceptable Sgpg
derived values are 11.9. The physical characteristics of the two basins
also resenble each other closely. However, all West Coast storms are so
similar in character that Sya 1s by no means excluded as a possibility.

35. Teable 5 also offers the opportunity to:compare the Los Angeles
and Secramento theories.in "neutral territory". It is reassuring that,
even though these two tﬁeorieS»differ widely in thelr physical approach,
there is no significent difference to be found in thelr quantitative appli- .
catlons. This is not quite so surprising as it may at first seem since
(1) both theories use the same variasbles, and these variebles are the most
important in computing rainfall, apd (2) both contain empirical coeffi-
clents which in effect correct for the errors involved in the basic

assumptions.
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ITI

OROGRAFEIC PRECIPITATION THEORY APPLIED TO SMALL BASINS

Bagic Model
36. For application to small basins, the Los Angeles orographic-

precipitation model, essentially Tysq, hes been modified to include the

" evaluation of effects which should not be neglectec‘i when small areas are

considered. The basic model is illustrated in figure 2, whe:g’é
a ig the pressure at the nodal surface
b, is the pressure at the iop of the outflow barrier
bi is the preséure at the top of the inflow barrier |
Y is the basin length along the direction of inflow

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

was approximeted by an egquation of the form

Vo (bi-a) = V3 (bo-2) (9)
where by was taken at sea level or 1000 mb. The expression for ralnfall

intensity (inches per hour) becems

VM, - ToW
w22 V33 (10)
Y .
which could be simplified, by substituting for T3 fram (9), to
p— bi“& ‘
Va\¥2 ~ 5= V3 |
I=- = (11)

Y

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

b b, -
f v, dp B[ V3 dp (12)
-3 ) a8



[ [
V, aW - v, a (13)
by 2 b 3 ‘

respectively.
39. The assumptions common to all five equations axe:
I. Steady state free from whirls.

II. Current flow everywhere parsllel to a definits
vertical plane,

III. No frictionel effects.
IV. At some upper level {the nodsl surface) a

horizontal current of constant velocity,
gbove which the atmosphere is undigturbed

by orography.

V. A saturated abtmosphere with pseudo-adishatic
lapse rate and sea level at 1000 mb.

VI. Loss of mass of air by precipitation of wabeorx
vapor negligible. ;

VII. Acceleration of gravity constant.
VIII. All precipitation orographically produced.

IX. Rate of precipitation equal to rate of
condensation.

Some of these restrictions will later be removed while otherswillw be
added, continuing the seme gystem of enumeration. One assumption ba.éic
to equations (9), (10), and (11), the assumpticﬁ that the unweighted mean
wind is an adequate approxims:hion, is not contained in (12) and (13).

L0, The accuracy of the approximation depends largely upon the ver-
tical shear. If ths wind speed does not vary with height, equation {11)
is correct. If wind speed increases with height, there is an overestimate
of water-vapor transport; if wind speed decreases with helght, there is an

underestimate. How important quantitatively the vertical shear can be is



2031lustrated by an analysis of the record San Joequin storm of Janmary-
Fe};mry 1945,

| L1. Figare 3 shows three vectors for each rawin observation at
Fairfield, Calif., during the storm, Fairfield being representative of
infiow at the coast. The soliq vectors In the figure rei:resent unwelighted
mean wind frﬁni‘ sea level to 20,000 feet. The dashed vectors represent
mean veloclity of the same layer welghted by pressure, and the dotted vec-
tors mean velocity welghted by the theoretical moisture content. 'The
direction differences between the vectors for any observation are dus to
the backing or veering of the wind in the vertical. Since the lowest
layers are most heavily weighted with molsture, the moisture-welghted
vector most strongly reflects the direction of the wind near the surface.’
It wiil therefore fall to the left of the other two vectors when thevre 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 ratio of the unwelghted mean to the moisture-weighted mean, and the
lower figumb the ratio of the pressure-weighted to the molsture-welghted
mean. The mean ratios in thé 1945 storm were 121% in the first case and
116% in the second; ralsing the nodal surface from 460 to 300 mb would
increase the ratios by sbout 10%.
Wind Shear _

L2, From hydrostatic rela.ticnéhips defined by the limiting lepse
retes and from & consideration of the extreme sea-level density gradients
at the peripheries of West Coast storms, a theoretical expression for the
vertical gradient of wind speed was developed in the Sacramento Beport:

Ty, = Vi (1 +.062) - (%)



where
Vy, 1s the undisturbed Inflow wind at height z

21
Vig 18 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 Falrfield in the 1945 storm by taking the geometric
; maan 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 formmla (14) extended to levels above 10,000
feet is shown in figure L, The results indicate that equation (14) ex-
tended to 30,000 feet represents a close fit to the actual shear within
a major storm. Henceforth, therefore, the variation of inflow wind with.
ha»ight will be defined by ‘the vy 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 (vls) and the lower-case v wlill hereinafter denote
wind speed as a percentage of V..

L4, 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 gbove other points |
along Y end thus to deteimine the velocity profile across the basin, Zet

‘Vlé be the velocity at any pressure in column 1, whose base 1s at 1000
mb, and Vep the irelocity at the sames pressure in colpmm 2, whose base 1s

at b The further assumption will be made that

i.
X. The difference between Vpp and Viy (or V3p and Vop)
is a linear function of pressure, becoming zero
at the nodal surface.
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Thus - ‘
Vop - Vip =a(p - a) | (15)

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

1000 by by |
j Vldpaf Vl&p+df (p - a)dp
a a ‘ &
1000
: / Vi dp
b

o o b1 ,

o 51 —

f (p - a) dp
a8

Integrating between the designated limits,

whence

3000 :
2»/1;1 e | ‘
o = (b -~ a)e : | (26)
Substituting in {15),
; 1000
?/' Vl dp
by
Vep a‘{lp + 5 (p - a) (17)
’ (bi - &)

45, With Vl defined, the numéx;a.tor may be integrated between any
desired limits and the shear of Vo determined. The shesr of V3 , the
veloclty sbove the second or oubflow ba.rriar, can be similarly determined
from the equabion |

Vap avgp + o'(p - a)

46. Assuming a nodal-surface pressure of 460 mb at the first or
inflow barrier and 300 mb at the second or outflow barrier, the msan
ve}.ocity profile across the basin was computed., In terms of the relative
velocity v, the shear in the undisturbed inflow column and in the columns

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

»



can be entered with b (ths pressure at the barrier) and p (any preésure 23
gbove the barrier), gives the percentages of Vg for verious combinations
of p and b. Two of the lines«in the table, where b equals 896 and 68k,

give the shears of v, and vy illustrated in figure 5.

Tsble 6
VALUES OF v
(v = 100 %{l_s)
[ Sfc.

Press. Pressure Aloft, p(mb)

b (ub) | 896 850 800 750 700 684 650 600 550 500 450 40O 350 300
806 171 174 178 182 187 192 198 206 214 225 241 256 271
850 200 202 203 206 209 212 218 223 232 246 258 271
800 | 2kp 240 238 237 236 238 21 2:@2; 251; 262 271

- 750 293 286 278 272 268 263 262 266 268 271
700 357 341 326 312 299 289 283 277 271
68k : 381 368 349 332 315 300 291 281 271
o | ; k41 k11 384 356 332 312 292 271
oo | 553 502 k51 ko3 359 315 2T

Moisture Transport

47, With the wind field defined, the values of the wind may be sub-
stituted in the equation for continuity of water vapor (13). Rewritten,

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

® * ( 85
D ”f Vo dW J vq AW 1
b3 2 bo 3 o :

becomes



24 D represents the difference, per unii Vi4s in equivalent depth of pre-
cipiteble water transported over the two barriers, after the mean-wind.
approximation error of (11) has been elimﬁated.

48, since a fixed value has been assumed for a, the magnitude of
’ D becomes a function of the. two values of b. Integrated over a range
© of values of b, the relationship betweeh f v dW and b 1s graphically
presented in figure 6. From this figure, D may be determined by teking
the difference between ordinates corrvesponding to the inflow and cutflow

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

relationship

r-ple o (19)
must be used.
Spillover

49, The intensity thus obtained is definled a8 the average rate of
precipitation produced by the orographic 11ft of & 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 ms.dev in previous Hydromsteorological Reports, and
for large basins the error involved is small. However, because of the
hyperbolic effect of Y (the downwind dimension), the shorter this dimen-
sion the more serious the error is likely to be. For such basins it 1is
therefore necessary to allow for the fact that, in general, rain does not
fall verbiéally.

50. Define Dgo, the outflow spillover comp;::nent, as that portion
of D which, though produced by the orographic lift of the basin, falls

outside. Simllarly, Dgy, the inflow spillover component, is the portion



‘ cf‘ D which falls inside the basin although prodnced. outside. The ré,te of 25

precipitation within the basin becomes

1 uL (D + Dgy - Dso) ‘ ' (20)

Since Dg, for an upwind basin is.identicel with Dy, for the adjacent down-
wind 'bash;, i1t 1s necessary to solve only for Dgo. The solution involves,
first, an evaluation of the critical raindrop peth (i.e., the boundary
geparsting rain which falls inside the basin from rain which falls out- ’
side) and, second, the evaluation of the net flow of precipitable water
between the boundary and a vertical columm above the top of the oubtflow
barrier. The latter computation ylelds Dg,.
o 51.  To compute any raindrop path, both the.horizontal and verticel
velocities of the raindrop are needed. With regard to the first, two
extreme possibilitiés were investigated: (1) at every point the raindrop
possesses the horizontal velocity of its environment, and (2) the rain-
drop starts with the horizontal velocity of its initial environment and
" maintains the sams velocity throughout its path, Within the velocity
' fleld described in figure 5; the £inal results in the two cases do mot
d1ffer gfeatly; The first possidility was therefore adopted as assump-
tion XI, because it is more realistic. | .

52. The horizontal component of the raindrop velocity is thus v “3’1;;.
On the-further assumption (x:t:r) that the slope of the basin in terms of
d.‘b/dY is constant » the horizontal component of velocity along the rain-

drop path (g) can be atated.

...isvvs"_'——;rbi) | (21)

where b1 a.ndj bo are the pressures at inflow and at outflow for the
‘particular sub-basins. Combining the basin constants into omne,

dbg = K v dt . (22)



26 53, To evaluate the vertical component of the raindrop velocity,
the assumption was made that . |
XITI. The vertical component equals the algebraic sum of
the raindrop's terminal velocity (with respect to
st11l air) and the vertical veloclty of the air,
From the data in tables 98 and 99 of the Handboock of Meteo:mlogyz/ the
mean terminal velocities of raindrops were computed for various inten-
sities of rainfall. It was decided that the date in column 8 of table 98
most nearly characterized the rainfall in the type of storm under consid-
eration and that the appropriate value (neglecting #aria.iion with height),
computed from these data, was 6.5 mps (assumption XIV). The vertical

component dus to raindrop teminal‘ velocity thus becomes
| i g5 o
e R (23)

Combining (22) and (23),

dbg = g% ;’—;fgf— o (2w)

With the velocity fleld already defined as a function of b and p (teble 6)
and 3p/ Jz already known from assumption V, it was now possibls to
integrate (24) by the method of successive a;ipmximtion. Using X and
‘b0 as paysmeters, the reverse path of the raindrop was followe;ik from
pressure elevations of b, &t 50-ub intervals from 600 to 800 mb and for
values of K for intervals of 50 from -50 to ~500. TFigure 7 shows the
results. For comparison, two raindrop paths computed for a cdnstant ‘hori~
zontal velocity (the discarded alternative) are also shown 'by dashed lines.

54. The effect of the air's vertical velocity on the vertical velocity
of t’he' raindrop has still to be considered. A mean evaluation of the effect,
based on the following considerations, was used. At the su:rfa'be the effect

18 due to ground slope, equal to Ab/AY by assumption XII. At the nodal



surface (300 mb), where by definition the orographic influence ceases, the?’
effect is zero. The raindrop peths 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 determined, the next step in the Dy, computation
wes the construction of & streamline chart based on (12). The ordinates
P separating equel values of v Ap were plotted at each standard b and
then comnnected by smcoth curves, as in figure 8. The finsl curves are
~ thus streamlines and, as reproduced, they bound areas ofj equal percentages
of total mass transport.

56. Computation of Dgo 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,. The final results
are shovn in figure 9, in terms of the ratio Dgo/D. Over a wide range of
conditions the ratio varies between 10 and 20%. However, it mist be remem-
bered thajt the net spillover 1s the difference between two suéh ratios
whose denominstors mey vary considerably.

Upwind Effect

57. Although (20) removes an importent resﬁriction, it is still not
a complete statement of the rainfall rate for small basine. Both ssro-
dynamic theory and o’bsei'vation indicate that air begins its asceiat some
distance upwind from the be,.rrier. Qualitatively, the effect is to shift
the center of maximum precipitation wpwind, Quantltatively, the over-all
effect can be estimated empirically.

58, Profiles of the isohyetal patterns of three major storms were
drewn along an axis parallel to the inflow wind. The mean values plotted
along this axis were chosen from & strip wide enough to qualify the values

as representative. Taken along the seme strip, the three storm profiles
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are shown in figure 10. Four classes of rain are indicated: inflow epill-

over, upwind rainfell, "orographic" rainfell, and outflow spillover. (For
the San Josquin as a whole, it can be noted, inflow and ocutflow spillover.
ere epproximately 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. 9-12, 1937 20,8

Jan. 19-24, 1943 15.8%

Jen, 30-Feb. 3, 1945 20.T7%
The ebove indicates 20% as falrly representative of the upwiynd factor U,V

which can now be used in the rainfall equation

V
Is——(l-U) (D""Dgi“‘DsO) (25)

Empirical Coefficlent

59. In chapter IT the maximum possible 66-hour precipitation ovér
the San Joaguin Basin as a whole was determined to be 11.9 inches. The
determination was ‘nased essentlally on & comparison 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 rainfe.ll has
been developed on a largely theoretical basis, the 11.9 value may be
equated to the theoretical expmesion in order to derive an empiricsl
coefficient. Because the San Joaquin is so large, equation (19) rather
than (25) 19 applicable, and it can now be written:

I=cD 8

D can be derived from (18), using 57.5 F as the average 66-hour dewpoint
(the mesn of the corresponding dewpoints for Sp, and Sgag, teble 1). The
 value of Y is availsble in table 2, and for Vi, the mean 66-hour Sgyy 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, ie based upon a 60 F dewpoint, C also -

‘contains a dewpoint-correction factor necessary for reduction to 57.5 F. |
The coefficient for use with & D chart based on 57.5 F would bé 0.91.) In
the absence of suiltable observational data necessary for the determination
of the individual coefficients appliceble to the sub-basins, it was dec.ided
to use the 0.84 coefficient for all basins whose maximum posaible precipita~
Ation was computed on a pureiy orographic basls. The computational equation
thus becomss

Y

I= (1 - U) (D+ Dgg - Dgo) . (e6)

Maximum Possible Sub-Basin Orographic Precipitabtion

60. Equation (26) was considered appliceble to the following basins:
Calaveras, Stanislaus, Tuolumme, Kings, Kaweah, Tule, and Kern. Because |
Influences other than the orographic character of the sub-bagin iteelf are
controlling in each of the five other assigned basins, these basins are |
dealt with separately in the following chepter.

61. For each sub-basin listed ebove, inflow and outflow barrier heights
were determined by taking mean values for strips one mile wide oriented pa:rai-

lel to the assumed inflow-wind direction. The meen length of all the one-mile
strips was taken as Y. The 66-hour precipitation velues wefe computed for
inflow from the W, WSW, SW, and S, the optimum direction bproving to be SW or
WSW for all the basins. The maximum values obtained and the necessary basin
congtants for thelr determination are presented in table 7. The Kaweah, Tule,
and Calaveres Besins, whose inflow barrlers are approximastely the height of
. the Coast Range, recaivef no inflow spillover sir;ce the basiné Mediatély up-
wind receive only upwind rainfall, from which no outflow cen be subtracted.

In the Stenislaus and Tuolumne, inflow and gutflow spillover axe ap‘proxim}a.tely/

equal. In the Kings, the inflow spillover 1s approximately one-third the



30cutflow and in the total Kern and North Fork, the inflow spillover is
slightly less than three times the outflow.
Teble 7

COMPUTATION OF MAXIMUM 66-HOUR PRECIPITATION OVER OROGRAPHIC SUB-BASINS

bi bo Y MPP

Basin (mb) (b ) (mi.)  Dgo (in.)

" Kern, Total 752 677 30.3 114  15.9
Kern, North Fork 752 677 221 15%  21.0
Kern, South Fork "~ (Totel Kern minus Nerth Fork) 10.5
Kings 808 633 31.5 10% 27.6
Toolume 8or 697  26.6 124 21k
Stanislaus | au3 689 2. 104 23.7
Kaweah - 862 684 6.3 17% 45,7
Tule 874 H1 16,1 20% 31.9

Calaveras o7k 879 23.7 6%  11.9

62°; Since Sg,, was shown to be the meteorological sequence most
appropriate to the San Joaquin, the time distribution in Sgpyy was consid-
ered valild for the basin-wide storm and was also applied to the computed
total values of teble 7. In percentages of the total value, the time dis- -
tribution is shown in figure 1l. The pertinent maximum depth-duration |

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

Basgin Charsacteristics

63. Rainfall amounts cbserved over the area embracing five of the
assligned sub-"nasina (Little;}ohns, Burns, Bear, Owens, and Mariposa)
indicate maxtmm poseible values excesding those that can be computed
) from the orographic formuls (26);\ Because these basins all lle elther
wholl;} or partly below the elevation of the Coast Rénge barrier, the
Coagt Renge becomes the effective inflow barrier and differences between
outflow and inflow barrier height become negative or, if positi#e s Very
emell. In addition, because of their size and shape (they are the five
’smallest of the assigned basins ané. none of them is particularly elongated),
their lengths (Y) are exceptionally short. |

64, Despite the amall or even negative magnitude of the orographic
raixifa.ll over these bzsins when computed on the basis oi’ the topography
within and upwind from the basin itself, the basins are subject to the
_over-all orographic influences of the San Joaguin and to the special
oi’ogr&phic influences of adjoining 'ba.‘sins (such as spillox?er and upwind
effects). A fundemental quantitetive relationship between the rainfall
over ﬁhese basins and the minfé,ll over the adjoining basins (particularly
downwind ) 1s thus ﬁa&intairied. However, the five basins under considera-
tion are also sui;éect to non-orographic influences such as convergencs,
frontel end nonfrontal, more effective for short durations, in the maxi-
mm case, then the orographic influences. Whereas over such amell, low-

elevation basine the local intensification of rainfall produced by short-

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



32 elevation basins the rain-producing orographic effects overshadow all others,
as a.ssmﬁed (VIII) in the development of (26).

Maximum Total Storm

65. The approach to the determination of maximum reinfall values

for the five basins under considera.tion has been empiric’al » the purpose i
beirig tovretain relationships between adjoining basing for long durations
while including the possibility of the excessive local short~-duration
activity which is =0 importan’c; for very small bagins. Along the oi:timmn
inflow-wind direction (WSW) the rainfall profiles of the 1937, 1.9&3, and
1945 storms were drawn across each basin and continued to the easté:m
edge of the downwind basin for #hich the meximum possible precipitation
had already been co@ted by (26). From the pi'ofile was determined the
ratio of the average depth over the lower basin to the average depth
over the higher basin. The maximum ratio thus detgmined was applied
to the maximum posai‘ble precipitation computed for the higher bgain é.nd

| the result used as the value of the 66-hr maximim possible precipitation
over the lower basin. With a greater recorded storm history in the San
Joaquin available, these values might be made more relisble, since the
maximum ratio from only three msjor storms was utilized.

Depth-Duration Values

66.. Because of the greater importénce of localized intensification
in these basins, the time distribution of the maximum possible precipita-
tion should differ from the distribution over an aresa whose rainfall is
ccn‘l;rolled by orography. A gresier percentage of the total precipitation
should occur in the shorter durations. To compute this percentage a ratio
vas e/sta‘blished between the maximum observed 24-hr point reinfalls over

the lower and higher basins, regerdless of concurrence. (A11 but two of



the maximum 24-hr values occurred in the months November to March, and the 33
two exceptions in September. The storms producing these amounts were all
gimilar in pattern to Sgpn.) The theoretical 2h-hr meximum précipitation
ovef the higher basin was then multiplied by this ratio to determine the
maximum 24-hr precipitation over the lower basin., A 6-hr value was cbtailned
by anslysis of the maximum 24-hr precipitation at representative recorder
stations (Stockton and Cathay) during the 1943 and 1945 storms. The analysis
showed approximately 50% of the maximm 24-hr rainfall occurring in the maxi-
mum 6-hr period. Since both storms are prototypes of the San Joaquin meximm
péssible storm, theh same time distridbution was applied to the maximum 24-hr
precipitation previously derived for the lower basins. To obtain the final
deéth«dura‘bion curves reproduced in figures 19 and 20, 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 11, can be derived from
these curves. |

67. Burns, Bear, Owens, and Mariposa Creeks have been considered
together since they are adjacent and since depth-area differences between
them would be a refinement unwarrented by the baslc data. The areas of
the Buirns and Bear Creek draineges assigned are p;'actically the same -
T4 and T2 square miles, respectively - and the Mariposa Creek area is
108 square miles. While the smell renge of aree thus involved may be
sufficient jJustification for the lack of individual treatment, a more
importent justification is the nature of the storm ;}&ﬁtems in the region
of these basins. In the major storms considered, the isohyets‘ in this
region pﬁrs.llel the topographic contours without closing, the closed
isohyets occurring farther up slope. This means that basins whose vari-

gtion In srea ig due primarily to a varistion Iin width along the same
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conbours or isohyets 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, of all \regior;s over
which the storm can cemter. However, the ususal d.epth-'grea relationship need
not apply to a regioh where the basic isohyetal pattern is fixed by topo-
graphy, specifically to basins like the Burms, Bear, and Mariposa, vhi‘ch
are confined between the same lsohyets at the edge of the storm pa,tt;ern.
68. In regions of this kind it may even be possible for a lesser
average depth to occur over a smeller adjoining area. The small Owens
Creek drainage is & case in point. Its area is only 25.6 square miles
but it is confined, in the major storms of record, between isohyets of
lesser magnitude than the other three basins because 1t is, as a whole,
farther down slope. On this basis its maximum average rainfall depth

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

 has been neglected for the following reasone. Because 1its 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
then indicated by the isohyetal gradient. However, no adequate data are
avallable on which to base such a difference. Since the isohyetﬂ-@%ient
effect and the local-intensification effect are of kopposﬁ;e sign, use of
the seme depths for the Owens as for the other three besins is considered

Justifieble.



SNOW MELT

Snow-Melt Pactors

69. A theoretical formula, relating rate of snow melt to observa-
tlons of wind, temperature, a.ndhhumidity wag developed by Light in the
Section's Technical Paper No. 1~ . Muther discussion of its applica-
tion wes contained in chapter VII of the Sacramento Report. The fomﬁia
is

M =kU [70018 (T - 32) 1070000156k 4 00578 (o - 6.11) 7 (27)
where ‘

M is melt in inches of depth of water equiva=-
lent per 6-hr period
U is wind speed iIn mph at the 50~ft level

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

e 1s vapor pressure in mb at the 1l0-ft level
h is slevation in feet sbove mean sea level

k is an empiricai basin constant for anow-
melt runoff '

70. Figure 21 is a graphicael representation of the formula for com-
putation purposes, with k = 1, Theoretically, k = 1 for melt from a smooth,
exposed snow surface. Surface basin characteristice such as mgged topo~-
grephy and foﬁest cover reduce its value below unity. In the present report
it is further reduced by the necessary use of free-air wind speeds rather
then the unavaileble observations at the 50-ft level required by the fommla.
It was’assumed that the ratio of free-alr 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 71l. Two snow-melt factors not included in (27) are radiation and
reinfall. In the meximum storm the net radlational exchange was assumed
to be negligible and its effect therefors not computed. However, it was
computed for kthe 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 ‘Wilsony
was employed, using an albedo of 60% for melting snow.

T2. The snow melt due to rainfell can be computed from the formule

w=2-32 (28)

where ‘
M is melt in inches of depth of water equivalent

R 18 depth of rain in Inches
T is temperature of the rain in degrees F,
assumed to be the same as that of the
alr through which it falls. ‘
Figure 22 11lustrates the graphical solutlion of the formula. Melt due to
rain was included in the snow melt accompanying the meximum storm but
excluded from computations of k because only periods of no rain or negli- ‘

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

Determination of Basin Constant

73. The basin constant k 1s the average ratio of the observed to the
theoretical snow melt., It was computed for two basing: the Kings River
gbove Pledra for the 1938, 1941, and 1942 snow-melt seasons, and the Tuo-
lumme River sbove La Grange for the 1938 snow-melt aeasdn.

7h. The observed snow-melt runoff was obtained by & summation of
the cobserved discharges for the snow-melt period, correcteri for chenge
in reservolr shtoragé in the case of the Tuolumne. No sttempt was made

to subtract the ground-water base flow. To determine inflow, the observed



discharges werarrcuted by two methods: first, use of channel-storage curves3’
developed by the Langbheln proéedure from the channel recession of the
Decenber 1937 shborm; second, use of a routing nomogram aeveloyéd by'Linsley;Q/,
The channel-storage effect was so small that the observed outflow was used |
rather than the routed inflow.

75. Although 1t is prefersble 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 River
Basin, mean daily temperatures were cbtained from Huntington Lake (7000 £%)
within the Basin, and &ll other data from Fresno. TIn the ?uolumne River
Basin, the mean daily temperatures were obtained from Lake Elesnor (4650 f%)
withig’the Basin, wind data from Oakland pibael observations, and all other
dats from Sacramento. All data were averaged for 5-day periods. Visual
inspection of the hydrographs and the index—stétion mpan dally 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 statlon
elevation. The iesulting snow~line elevation curve for the Tuolume is
shown in figure 23. Melt was assumed to be zero at 32 F, so that the zone
‘of melﬁ became the area between the snow-line elevation and %he elevation
of the freezing lsotherm. The elevatlon of the freezing isotherm and the
temperatures within the zone of melt were obtained by decreasing the average
nean daily temperature at the index station-fy 3.5 F per 100C ft. For the
dewpoint, a lapse rate of 1 F per 1000 ft was used. Wind velocities for the

elevaetions of the zone of melt were cbtained from the index-station pibal

winds for the corresponding elevations.



38 77. With the 5-day average mean &aily temperature and dewpoint,
fiéure 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 ‘\‘relocity. Adjusﬁed for
the percentage of basin area covered by the zone of melt (see flgure 2U,
also for the Tuolume), the 5-day value was thén multiplied by the wind
velocity to obtain the S-day snow-melt runoff due to atmospheric turbu-
lence. TFor the same 5-day period the radiation melt, adjusted for percent-
age of basin area subject to melt, vas also computed. The successlve 5-day
Increments of turbulence and rsdiation melt‘ were then accumilated for the
whole snow-melt season.

78. The values of k for the two basins, determined by divi@ing ths
observed snow-melt runoff by the summation of the turbulence and radiation
enow-melt runoff, are shown in table 8. Because of lack of unique deter-
ninations fo;‘ other besine in the San Joaguin, the ‘arithmetic average of
these values, 0.5, was assumad appliceble to all the assigned basins. |

Teble 8

THEORETICAL AND OBSERVED SNOW MELT (INCHES)
XKINGS RIVER ABOVE PIEDRA

Theoretical Melt
; Turbu~ Radla-~ Obsexrved
Period A lence tion Total Runoff k

- Apr, l-June 29, 1938 25,28 17.58 A2.86 21.02 0.49
Apr. 25~June 18, 1941  20.1% 11,54 31.68  13.22 0.42
May l-June 29, 1942 13.62  T7.32 20,94 11,71 0.56

TUOLUMNE RIVER ABOVE LA GRANGE
(Observed runoff corrected for storage)

Apr. 1-June 29, 1938 29.95 16.38 146.33 22.2 0.48
T79. As a check, the ﬁalue of k was also computed for the Castle Creek

Basin, on the Sierra slopes of the Sacramento Valley, for the 32-day melting



period, April 19-May 20, 1946, during which there was no precipitation. 39
Hourly measurements of temperature, humidity, wind, incident and reflected
radistion, and runoff were avallable, so that even though the Basin does

not lie within the San Joaquin, the check is significant, Deily values of
snow melt due to atmospheric turbulence were computed from only those hours
with tempereture above freezing. Domner Summit winds were used as represent-
ative of the free-alr winds in the Basin. Radiation melt was cémputed from
the corresponding hourly measurements of incident and reflected radiation
and an estimate of 13.3 cal/cmg/hr for the outgoing long-wave rédiationgj.
The observed runoff for the entire period was 25.06 inches. The turbulence
melt was computed to be 28,31 inches, and the radiation melt 20.93 inches.
The value of k 1s thus 0.51,

Antecedent Snow Cover

80. A critical rather than & maximum antecedent snow cover will pro-
duce the maxlmm snow-melt contribution accompanying the maximum possible
sb‘om.‘ The December 1937 stomm is a prime example of a high peak dlscharge
following a light mztécédent snow cover. Records show deep snow packs stor- .
ing both rainfall and snow melt, thus Ve.ctua.lly reducing peek discharge. |
Trial routing computations must therefore be made for various antecedent
snow covers in order ‘bo debeminp which is critical., Because it is beyond
the scope of the 'assignment to meke the necessary trial routings, no ‘d.efi-
nite critical antecedent ‘enow cover is designated in this reporb. Ingtead,
limite of a.nteéedent gnow 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 mximm smowstorm of record occurred in January 1933.
Snowfall x}e.s observed almost ewz;ery dey during the period from the 16th

to the 30th, From these data two enveloping curves of snow cover were



/4Oderived, the eccumulation from the 16th to 19th providing the lower limit
and the accummlation from the 16th to 30th the upper limit (figure 25).
Because all availesble snowfall data for ﬁhe period were ﬁsed in the deter-
mination of these limits, the limits are assumed to appl}y to all the
asglgned basins. The snowfall duriﬁg the maximum possible storm must be
added to t’ha agsumed antecedent cover but the snow falling during the lat-
ter half of the storm is not subject to melting conditions during the
veriod considered., If an antecedent rainstorm is assumed, the antecedent
snow cover will have to be reduced by the net melt due to this storm.

Computation of Snow Melt

82. The snow melt accompanying the maximum possible storm was com-
puted for all basins by 1000-ft inbervals and 6-hr periods. All steps are
showvn in & sample compubation for the Kings River Basin. Methods and curveé‘
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
maximm storm is assumed saturated. Melting conditlons were assumed to
prevail’from 12 hours before the beginning of rain until 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 1n the snow-melt computation‘. The variation of
the ‘free-e.ir’ wind velocity with elevation is shown in figure 27, where 1t
is expressed as s percentage of Vig, the frictlonless sea-level wind in
the undisturbed inflow column. | The percentages were determined by com-

paring the winds at Dormer Summit (7200 ft), Blue Canyon (5300 ft), and



Auburn (1600 £t) with the inflow winde at Fairfield during the 1945 storm.?!
To obtain the curve of figure 27, the three percentages were enveloped by
a composite theoretlical shear taken from tsble 6 for eleve.tions ebove the
level affected by the Comst Renge barrier, and from equation (14) for
elevations below that level.

85. The assumed variation of wind with helght, the turbulence-melt
relationships of figure 21, and the basin constant 0.5 we:ée 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 potenmtial
melt from atmospheric turbulence for each 1000-ft elevation zone were
detémined. These values, per unit wind veloclty, are shown in table 9
and apply to all the basins. Multiplied by the appropriate éind veloci-

- tiles, the values are repeated in teble 10, alsgo applicable to a.l}. 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 rainfell as a percentage of the total-storm average
depth, assuming uniform average depth of precipitation at all slevations
within one basin. The increments and totals of i:recipitation, including
rainfall and snowfall, are shown in table 12 and the variation of the |
neight of the freezing isotherm during the storm is given in table 13.

The percentages shown in table 1l are the same for all basins having the
same percentage mass ourve of rainfall during the meximum 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
teble 14, In table 15 the values of tebles 10 and 1k are combined to glve
the ,increménts of total potential snow melt dues to both turbulence and

raeinfall for the Kings River Basin.



42 87. 1In table 16 are listed sets of values of depths of antéced.ent
sndw cover for each of the basins. For the 'b‘asiné extending above 6000
feet, the depthsi were selected from figure 25 so that the peak antecedent
snow depth at 5000-6000 feet sbout 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 basina, the upper limite of antecedent
cover shown in figure 25 jérére selected. To obtain the total snow depths
available for melt, all the values of ta.’nlé 16 must be increased by the snow-
fall accumileted in the first half of the meximum possible storm. Expressed
as pefcentages of the total-storm precipitatioﬁ, the iﬁcrements of snowfall
are gfgven in table 17, which is applicable to all basins in which snow falls
during the meximum storm. The summstions of antecedent and storm snowfall
for the Kings River Basin are tabulated in teble 18. In teble 19 the incre-
ments of total patential melt (from table 15) are accumulated until they
equal the available anow depth for the zone as shown in table 18. Table 20
QMS chronological increments of melt y derived from table 19 for the Xings,
end table 21 through 28, derived by similar methods, glve the increments for
/ all the other basins. Figure 29 1s a grephical summery 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.



Elevation (thousands of feet)

Period

Ending (hrs) -6

Reduced ,

Dewpoint (°F) Lo
0-1 8
1-2 L
2-3 0
3-4 0
s 0
5.6 0
6-7 0
7-8 0
8-9 0
9-10 0
10-11 0

11-12 0

Teble 9

INCREMENTS OF POTENTIAL TURBULENCE MELT PER UNIT WIND

51
23
19
15
12

Q0 0 W -]

(@]

12

55
29
25
22
18
1k

10

18

58

34

31
27
ol
20
16

13

ALL BASINS
(Thousendths of an Inch)

2l

61
Lo
36
33

30

26
22
19
15
11l

6

30

63
L
Lo
37
34
30
26
23
20
16

i2

36

65
418

Ll

41
38
34
30
28
2>
22
17
12

42

63

ko
37
34
30
26
e3
20
16

12

L8

61
Lo
36
33
30
26

19

15 -

54

58
3k

31

27
2k
20

16
13

25

29 .

2>
22
18
14

10

66

51
23

19

15
12

[ R e Y

o O

72

L6
16

i2

78

ko

o o O O o

O

£y



Elevation (thousands of feet)

" Table 10
INCREMENTS OF POTENTIAL TURBULENCE MELT ADJUSTED FOR WIND (INCHES)
ALL BASINS
Period |
Ending (hrs) -6 0 6 12 18 24 30 36 2 48 54 60 66
Wind
Speed. (mph) 23 27 30 33 36 38 42 49 Lo 38 36 33 30
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
1-2 0.09 0.32 0.57 0.82 1.2 1.37 1.68 2.16 1.68 1.37 1.12 0.82 0.57
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
3-4 0 0.1 0.3 0.59 0.85 1.1k 1.43 1.86 1.43 1.1k 0.8 0.59 0.36
b5 0O 0 0.21 0.46 0.72 0.99 1.26 1.67 1.26 0.99 0.72 0.6 0.21
5-6 0 0 0.9 0.33 0.58 0.8% 1.09 1.47 1.09 0.8 0.58 0.33 0.09
6-7 0 0 0 0.23 0.47 0.72 0.97 1.37 0.97 0.72 0.47 0.23 0
78 o o 0 0.0 0.32 0.57 0.8 1.22 0.8k 0.57 0.32 0.10 0
8-9 0 0 0 0 o.lﬁ o.&z 0.67 1.08 0.67 0.2 0.1% 0 0
9-10 ©o o0 0o 0 0 0.23 0.50 0.83 0.50 0.23 0 0 0
1011 0 ©o o 0 0 0,0 0.29 0.59 0.29 0.04 0 o 0
11-12 0 0o 0 0o O 00003k 00k o0 0 0 0

o

2 T8
27 23
0.43 0.18
0.32 0.09
0.22 0
011 0
o 0
o 0
0 0
o 0

0

o 0
o o0
o o0

vy



(Hundre&ths of Percent of Maximum Possible Tota.l-Stom Precipitation)

Elevation
(thousands
of ft)

0-1
1-2
2-3
3-k
45
5¢6
6-7
7-8
8-9
9-10
10-11

11l-12

- 0-1

1-2

0-1

1-2

6

27
21

15

12

10

£ N

Table 11

POTENTTAL SNOW MELT IUE TO RAINFALL

12

99

72
59
k5
32
18

o O O O wn

23
20

18

136
120
104
87
T
60
L

oy

11

61
54

24

MAJOR BASINS *
371

207
185
170
148
126
104

81

67

Ly

e2
0

0

LITTLEJOENS CREEK
355

136

122

Period Ending (hrs)

30

290
260
2k
212
183
164
135
106
K
58
29
0

318

36

336
313
278
255
220
197
162
128

93

70

35

889
805

h2

290
260
eh1
212
183
16k
135

106

7
58

29

355
318

48

o

136

122

BURNS, BEAR, OWENS, AND MARIPOSA CREEKS

23

20

1k

17

k3
38
33
28

117
10k
96
83

376
337

312

275

955
865
806
716

376
337
312

275

117
10k

96
83

5k

136
120
10k
87
71
60
Ly

27

1

61

5k

43
38
33

28

# (Calaveras, Stanislaus, Tuolume, Kings, Keweah,
Tule, Kern (total), Xern (N.F.), Kern (S.F.)

60

99

72
59

L5

32
18

23

20

23
20
17
1k

45

66

27
21

15

o

o o O

12

10



Table 12.
Basin
6
Calaveras 0.33
Stenislaus 0.65
Tuolumne 0.59
Kings 0.76
Kawesh 1.26
Tule 0.88
Kern {Total) 0.4k
Kern (N.‘Fork) 0.58
Kern (S. Fork) 0.29
LittleJjohns 0.06
Burns, Bear ) 0.0k

Owens, Meriposa)

Period Ending (hrs)

Hundreds of Ft

INCREMENTS OF PRECIPITATION DURING MAXIMUM POSSIBLE STORM (INCHES) *

?efiod'mnding (hrs)
12 18 24 30 36 4o 48 5l 60

0.77T  0.93 1.27  1.65 1.99 1.65 1.27  0.93 0.77
1.5 1.86 2,52 3.29 3.96 3.29 2.52 1.86 1.54
1.39  1.68 2.28 297 3.57 2.97 2.28 1.68 1.39
1.79 2.17 2.9% 3.8% k61 3.8 2,9 217 1.79
2.97 3.59 4.87 6.35 7.63  6.35 k.87  3.59  2.97
2.07 2,50 3.50 k.43 5.33  LM3  3.h0  2.50 2,07
1.03 1.5 1.69 2.21 2.66 2.21 1.69 1.25 1.03
1.36  1.65 =2.2h 2.92 3.51 2,92 2.24 1.65 1.36
0.68 0.82 1,12 1.4 1.75 1.6 1.12 0.82 = 0.68

0.09 0.20 0.%0 0.97 2.28 0.97 0.%0 O.EO 0.09

0.12 0.20 0.49 1.46 3.48 1.46 0.49 0.20 0.12

Teble 13. ELEVATION OF 32 F ISOTHERM - ALL BASINS

6 12 18 2l 30 36 Lo 48 5k

- 60 76 91 106 120 132 120 106 91

* Precipitation rainfall below 32 F isotherm, snowfaell above.

66

0.33

0.65
0.59
0.76
1.26

0.8

0.44
0.58
0.29
0.06

0.0k

60
76

Total
11.9
23.7
21.4
27.6
5.7
31.9
15.9
21.0

10.5

5.7

14

81

66
60
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Elevation |
(thousends
of %)

0-1
1-2
2-3
3k
L-5
5-6
647
7-8
8-9
9-10
10-11

11-12

0.09

0.07

- 0.06

0.0k
0.02

0.01

e O o o

o O

Teble 1h

INCREMENTS OF POTENTIAL SNOW MELT IUE TO RAINFALL (INCHES)
KINGS RIVER

Period Ending (hrs)

12 18 2L 30 36 42 18
0.27 0.38 0.57 0.80 1.02 0.80 0.57
0.24 0.33 0.51 0.72 0.93 0.72  0.51
0.20 0.29 0.k7 0.66 0.86 0.66 0.47

0.16 0.24 0.h1 0.58 0.77 0.58 0.1

- 0.12 0.20 0.35 0.51 0.70 0.51 0.35

0.09 0.17 0.29 0.45 0.61 0.45 0.29

0.05 0.12 0.22 0.37 0.5 0.37 0.22

0.00 0.0 0.18  0.29  0.45 0.29  0.18

0 0.03 0.12 0.21 0.35 0.21 0.12

0 0 0.06 0.16 0.26 0.16 0.06
0 0 0 0.08 0.19 0.08 0
0 0 0 0 0.10 0 0

5k

0.38
0.33
0.29
0.2h4
0.20
0.17
0.12
0.07

0.03

60

0.27

0.24

0.20

0.16
0.12
0.09
0.05

0.01

Q o o O

66

0.09
0.07
0.06
0.0k
0.02

0.01

oo 0O



Elevation
(thousands
of £t)

0-1

1-2
2-3
3-4
k-5
5.6
6-7
7-8
8-9
9-10
10-11

11-12

-6

Table 15

INCREMENTS OF TOTAL POTENTIAL SNOW MELT (INCHES
KINGS RIVER

12 N

0.18 0.43 0.78 1.23

0.09 0.32 0.6k

0 0.22 0.51
0 0.11 0.%0
0 o0 0.23
o 0 0.10
o o o0
o o o©
o o0 o©
o o o
o o0 0
0 0

1.06
0.93

0.75

0.58
0.42
0.28

0.11

18

1.60
1.45
1.26
1.10
0.92
0.75
0.59
0.39
0.17
0
”‘0

0

Period Ending (hrs)

2k 30

2.09 2.65

1.88 2.40
1.72 2.21
2.01

1.77

1.55
1.34
1.13
0.94% 1.3k
0.75

005)4'

1.13
0.88
0.66
0.37

0.29
0.0k

0 0.0k

1.54

36

3.37
3.09
2.87
2.63
2.37

2,08

1.91

1.67

1.43
1.09
0.78
0.44

k2

2.65
2.0
2.21
2.0L
1.77
1.54
1.3k
1.13
0.88
0.66
0.37
0.0k

48

2.09
1.88
1.72
1.55
1.3k
1.13
0.94
0.75
0.54
0.29
0.0k

0

54

1.60
1.45
1.26
1.10
0.92

0.75

0.59

0.39
0.17
0
0

0

60

1.23
1.06
0.93
0.75
0.58
0.42

0.28

66

0.78
0.64
0.51
0.40
0.23

0.10

T2 78
0.3 0.18 |
0.32 0.09
0.22 0
0.11 0

0 0

0

0

0

0

0

O;

0 )

8y



Table 16 ‘ 49

SELECTED ANTECEDENT SNOW COVER
(Inches of Water Equivalent)

Elevation
(thousands
of ft) A - » B C
0-1 0.60 . 0.60 0.90
1-2 1.20 1.30 ' 2.00
2.3 3.10 3.50 6.20
3-k 6.10 6.90 ‘ 12,20
hog 9.10 10.k0 '18.20
5-6 9.90 11.60 22.20
6-7 7.50 8.60
7-8 5.30 5.80
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:
Stanislesus Kaweah Calaveras
Tuolumne ~ Littlejohns
Kings Burns
Tule Bear
Kern (Total) Owens
Kern (N.F.) Mariposa

Xern (S.F.)



Elevation
(thousands
of ft)
6-7
7.8
8-9
9-10 -
10-11
11-12

12-13

SNOWFALL IEPTH DURING MAXIMUM POSSIBLE STORM *

Teble 17

(Inches of Water Equivalent Expressed as Percent of Total-Storm Precipitation)

2.75
2.75
2.75
2.75
2.75
2.75
2.75

12

-0
2.60
6.50
6.50

6.50°
6.50

6.50

18

0

0
0
7.06
7.85
7.85
7.85

24

0
0
0
0

L. 26~

10.65
10.65

30

0

13.90

36

©c o o o o o o

42

48

* For Calaveras, Stanislaus, Tuolumne, Kings, Kaweah,

Tule, Kern {Total), Kern (N.F.), Kern (S.F.).
snowfaell in other basins.

Ko

5k

0

7.06
7.85
7.85

7.85

60

0
2,60

6.50

6.50

6.50
6.50

6.50

66

2,75

. 2.75
- 2.75
2.7

2.75

2.75

2.75

08



Elevation
(thousands
of ft)
0-1
1-2
2-3
3-4
k-5
5-6
6-7
7-8
8-9
9-10
10-11
11-12

12-13

Table 18

SUMMATION OF ANTECEDENT SNOW COVER AND SNOWFALL DURING MAXIMUM POSSIBLE STORM

-6

0.60

1.20

. 3.10

6.10

9.10

9.90
7.50
5.30
3.80
2.80
2.30
1.90

1.60

0.60
1.20
3.10
6.10
9.10
9.90
7.50
5.30
3.80
2.80
2.30
1.90

1.60

0.60
1.20
3.10
6.10
9.10
9.90
8.26
6.06
k.56
3.56
3.06
2.66
2.36

12

0.60
1.20
3.10
6.10
9.10
9.90
8.26
6.78
6.35
5.35
L.85
b k5
4,15

(Inches

18

0.60
1.20
3.10
6.10
9.10
9.90
8.26
6.78
6.35
7.30
7.02
6.62
6.32

KINGS RIVER
of Water Equivalent)

Period Ending (hrs)

2k 30

0.60 0.60

1.20 1l.20

'3.10 3.10

6.10 6.10
9.10 9.10
9.90‘ 9.90
8.26 8.26
6.78 6.78
6.35 6.35
7.30 7.30
8.20 8.20
9.56 9.56
9.26 13.10

36 k2 48 854 60 66

0.60 0.60 0.60 0.60 0.60 0.60
1.20 1.20 1.20 1.20 1.20 1.20
3.10 3.10 3.10 3.10 3.10 3.10
6.10 6.10 6.10 6.10 6.10 6.10
9.10 9.10 9.10 9.10 9.10 9.10
9.90 9.90 9.90 9.%0 9.90 9.90
8.26 8.26 8.26 8.26 8.26 9.02
6.78 6.78 6.78 6.78 T7.50 8.26
6.35 6.35 6.35 6.35 8.14 8.90
7.30 7.30 7.30 9.25 11.04 11.80
8.20 8.20 9.38 11.55 13.34% 14.10
9.56 9.56 12,50 14,67 16.46 17.22
13.10 16.94 19.88 22,05 23.84 24,60

72

0.60
1.20
3.10
6.10
9.10
9.90
9.02
8.26
8.90
11.80
1%.10
17.22
24 .60

s



Elevation
(thousands
of ft)
0-1
-
2-3‘
3.
45
56
6-1
7-8
8-9
9-10
10-11

C11-12

-6 0 6
0.18 0.60 0.60
o.é9 041 1.05

0 0.22 0.73
0 0.11 0.51
0 0 0.23
o 0 0.10
0 0 0
0 0 0
0 0 0
0 0 0
o o o0
0 0 0

12

0.60
1.20
1.66
1.26
0.81
0.52

0.28

Teble

19

ACCUMULATED SNOW MELT (TNCHES)
. KINGS RIVER

18

0.60
1.20
2.92
2.36
1.73
1.27
0.87
0.50
0.17

0

0

Period Ending (hrs)

2y 30

0.60 0.60
1.20 1.20
3.10 3.10
3.91 5.92
3.07 k.84
2.50 3.9k
1.81 3.15
1.25 2.38
0.7L 1.59
0.29 0.95
0.04 0.41

0 0.04

36

0.60

1.20

3.10-

6.10
7.21
6.02
5.06
k.05
3.02
2,04
1.19
- 0.48

L2

0.60
1.20
3.10
6.10
8.98
T7.56
6.40
5.18
3.90
2.70
1.56

0.52

48

0.60
1.20
3.10
6.10
9.10
8.69
7.34
5.93
I bk
2.99
1.60

0.52

sh

0.60
1.20
3.10
6.10
9.10
9.4k
7.93
6.32
L.61
2.99
1.60

0.52

60

0.60
1.20
3.10
6.10
9.10
9.86
8.21
6.43
4,61
2.99
1.60

0.52

66

0.60
1.20
3.10
6.10
9.10
9.90
8.21
6.43
k.61
2.99
1.60

0.52

o

0.60

1.20
3.10
6.10
9,10
9.90
8.21
6.43
4.61

2.9

1.60

0.52

2s



53

Elevation
(thousands
of ft)

9-10
10-11

11-12

-6

0.2

0.1

INCREMENTS OF TOTAL SNOW MELT (INCHES)

0.2
0.9
0.8
0.6
0.4

0.3

0.1

18

1.3

1.1

0.9

0.5
0.6
0.4

0.2

Table 20

KINGS RIVER

Period Ending (hrs)

2k

0.2
1.5
1.3
1.1
0.9
0.8
0.5
0.3

0

30

2.0
1.8
1.5
1.3
1.1
0.9
0.7
0.4

0

36

0.2

2.4

2.1

1.9

1.7

1.k
1.1
0.8
0.4

42

1.8

1.5
1.3

1.1

40.9

0.7
0.4

0.1
1.1
0.9
0.8
0.5
0.3

¢

0.8
0.6
0.

0.2

0

0

0.k
0.3

0.1

66

T2

o

<O

o

o O

Total

1.2
3.1
6.1
9.1
9.8
8.1
6.5
.1;.6‘
3.1
1.6
0.4



Flevation
{thousands
of ft)

C0-1
1-2
2-3
3-4
b5
5-6
6-7
7-8
8-9
9-10

10-11

C1l-12

-6

0.2

0.7
0.6
0.4
0.3
0.1

~ INCREMENTS OF TOTAL SNOW MELT (INCHES)
 KAWEAH RIVER

12

0.2
1.1
0.9
0.7
0.5
0.3

0.1

18

1.k

1.3

1.0
0.8
0.7
0.4

0.2

Table 21

Period Ending (hrs)

2k

0.2

1.8
1.6
1.3
1.1

0.9

30

0
2.4
2.1
1.8
1.6
1.3
1.0
0.8
0.k

0.2

36

2.8

2.5
2.3
2.0
1.7
1.2
0.9
0.7

L2

1.9
1.8
1.6
1.3
1.0
0.8
0.k

0.2

48

1.3

1.1

0.9

0.6

0.3

54

0.8

0.7
0.k

0.2

60

0.5

0.3

0.1

66

T2

o o O o

o

Total

0.6
1.3
3.5
6.9
10.4
1.
9.7
7.0
5.3
3.4
1.7

1.1

144



Elevation
(thousands
of ft)

0-1
1-2

2.3
3-h

s
5-6
6-7
7-8
8-9
9-10

10-11

-6

0.2

0.1

0.4
Ol3

0.2

o O

o O

O

0.6

" 0.5

0.4
0.2

0.1

o S o

- INCREMENTS OF TOTAL SNOW MELT (INCHES

12

0.2
0.9
0.7
0.6
0.4
0.3
0.1

18

1.2
1.1
0.9
0.7
0.6

Teble 22

STANISLAUS RIVER

2k

0.3
1.5
1.3
1.1
0.9
0.7

0.5
0.3

Period Ending (brs) -

30

0
1.9
1.7
1.5
1.3
1.1
0.8
0.6
0.4

36

0
0
0.4

2.2

2.0

18

1.6
1.4
1.0

0.8

42

0

0

1.7
1.5
1.3

1.1

0.8
0.6

0.4

L8

0.5
1.1

0.9

0.7

0.5
0.3

5k

60

(@]

o O

66

l,_l

o o o o

T2

o O O

o ©

O

Total

0.6
1.2
3.1
6.1
9.1
9.6
8.0
6.2
L L
2.8
1.6

SS§



Elevation
(thousends
of ft)

0-1

9-10
10-11

11-12

-6

0.2

0.1

<o L0

0.k
0.3

0.2

0.1

0.6

0.5
0.4

0.2

0.1

INCREMENTS OF TOTAL SNOW MELT (INCHES)
TUOLUMVE RIVER

12

0.2
0.9
0.7
0.6
0.4
0.3

0.1

18

1.2

1.0

0.9

0.7

0.6

0.4

0.2

Table 23

Period Ending (hrs)

2k

0.3
1.5
1.3
1.1
0.9
0.7
0.5
0.3

0:

30

1.9
1.6
1.4
1.3
1.1
0.8
0.6
0.k

0

36

0.5

2.2

1.9
1.8
1.6
1.k
1.0
0.7
0.4

k2

1.6
1.k
1.3
1.1
0.8
0.6
0.k

48

0.7

1.1

0.9

0.7
0.5

0.3

‘ 5&

0»7
0.6
0.k

0.2

60

o O

0.k

0-3

0.1

66

H oo o o o

o O o o

o o

T2

o

< (o] o (o] o o O SO

Total

0.6
1.2
3.1
6.1
9.1
9.3
8.0

6.2

L.h
2.8

1.5
0.k

- 9g



Elevation
" {(thousands
of £t)

0-1
1-2
2-3
3-k4
s
5-6
6-7
7-8
8-9

G-10

-6

0.2

0.1

o O O

0.k
0.3

0'2

12

0.1

1.0

0.8
0.6
0.4
0.3
0.1

INCREMENTS OF TOTAL SNOW MELT (INCHES)
TULE RIVER

18

0

0
1.3
1.1
1.0
0.8
0.6
0.4

0.2

Table 2k

Period Endind (hrs)

2k

0

)
0.1
1.6
1.4
1.2
1.0
0.8
0.6

003

30

0

2.1
1.8
1.6
1.4

1.2

Oc9
0.7

36

2.5
2.1

2.0

1.7

105
1.1

Lo

0

1.6
1.6
1.4
1.2
0.9
0.7

48

(o N e IR &)

1.2
1.0
0.8
0.6

0.3

5k

0.8
0.6

0.k

0.2

60

0.1

0.1

0.1l

66

o O O O O o

©o o o

-3
]

O o O O o o o o 9 ©

Total

0.6

1.2

3.1

6.1
9.1
9.9
8.4
6.7
4.9
3.1

L8



Elevation
(thousands
of %)

2-3
3-4
k-5
56
6-7
7-8
8-9
9-10
10-11

11-12

-6

c O o O

SO O

0.2

0.1

0.5
0.h4
0.2

0.1

© o o

12

0.8
0.7
0.5
0.k
0.3

0.1

INCREMENTS OF TOTAL SNOW MELT (INCHES)
KERN RIVER, TOTAL BASIN

&

18

1.2
1.0
0.8
0.7
0.5
0.4
0.2

. 0
0

Table 25

Period Ending (hrs)

2k

0.k
1.4k
1.2
1.0
0.8
0.7
0.5
0.3

0

0

30

0
1.7
1.6

1.k

l.2
1.0
0.8
0.6
0.3

0

36

0.8
2,1
1.8
1.7
1.5
1.3
1.0

0~7
0.4

k2

1.6
1.k
1.2
1.0
0.8
0.6
0.3

0

48

1.1

1.0
0.8
0.7
0.5
0.3

0

54

0.7

0.5

0.k

0.2

60

0.k

0.3
0.1

66

o o

o

e O (] o

2

o O O

o o © o o o

Total

3.1
6.1

9.1

9.0
7.3
5.9
4.3
2.8
1.3

0.h4

8g



Teble 26

INCREMENTS OF TOTAL SNOW MELT (INCHES)
KERN RIVER, NORTH FORK

Elevation ,

(thousands Period Ending (hrs) :
of ft) -6 0 6 12 18 24 30 36 Lo 48 sk
2-3 0 0.2 0.5 0.9 1.2 0.3 ) o o o 0
3~k 0 0.1 0k 0.7 1.0 1.5 1.9 0.5 0 0 0
45 0 o 0.2 0.6 0.9 1.3 1.6 2.2 ‘1.6 0.7 . 0
5-6 0 o 0.1 o4 0.7 1.1 1% 1.9 1.5 1.1 0.7
6-7 0 0 0 0.3 0.6 09 1.2 1.8 1.2 0.9 0.6
7-8 6 o 0 01 0k 07 1. 1.6 1. 0.7 0.
8-9 0 0 0 0o 0.2 05 0.8 1.k 0.8 0.5 0.2
9-10 0 0 0 0 0 0.3 0.6 1.0 0.6 0.3' 0
10-11 0 o .0 0 0 0 0.k 0.7 Ok 0 0

1112 0 o o o o 0 o 0.4 0 0 0

60

0.k

0.3

0.1

66

T2

o o o oo

c o O O O o

Total

3‘1
6.1

9.1

9.3

6.2
L.k
2.8

1.5
0.k

65



Elevetion
(thousands
of ft)

2-3
3-4
b5

: iy
6-7

—
8-9
9-10

10-11

11-12

-6

o o O O O

o o o o o

Lo ] o
- -
bt ]

o O O O o O O O

0.5

o

0.2

(o s s s e N &

INCREMENTS OF TOTAL SNOW MELT (INCHES)
KERN RIVER, SOUIH FORK

12

0.8

0.6

0-5
0.k

0.3

o O O O

18

1.1

1.0
0.8

0.6

0.5

0.k

0.2

Period Ending (hrs)

2k

0.5

l‘3~

1.1
0.9
0.8
0.6

0.5
0.2

Table 27

30

0
1.6
1.5
1.3
1.1
1.0
0.7
0.6

0.3

36

0
1.1

1.9

1.7

1.6

1.k

1.2

0.9
0.7
0.4

42

1.5
1.3
1.1

1.0

0.7
0.6

0.3

0

L8

1.1
0.9
0.8
0.6
0.5
0.2

0’ +

54

0.5
0.6
0.5
0.k

0.2

60

6

c O O

o

o O O O O o o O O ©

(o] O o O O o

12

Total

3.1
6.1

9.1

8.3
7.0
5.6
k.0
2.5
1.3
0.k

09



Elevation
(thousands
of ft)

0-1
1-2
2-3
3-k
k-5
5-6

0-1

1-2

0-1
1-2
2-3

3-b

-6

- 0.2

0.1

0

0.2

0.1

0.2

0.1

0.k
0.3

0.2

0.1

0.4

003

0.4
0.3
0.2

0.1

0.3

0.6
0.5
0.k
0.2

0.1

0.3

0.6

0.3

0.6

0.5

0.k4

INCREMENTS OF TOTAL SNOW MELT (INCHES)

i2

0.9
0.8
0.7

0.5
0.k

0

0.8

BURNS, BEAR, OWENS, AND MARTPOSA CREEKS

0
0.8

0.7
0.6

18

O'l

1.1

0.9
0.8
0.6

0.2

0
0.2
1.0

0'9

Teble 28

Period Ending (hrs)

2y 30 36 k2
CALAVERAS RIVER
o o o0 o
"o o o o
1.5 1.8 0.3 0
1.3 1.7 2.2 1.7
1.1 1.5 2.0 1.5
1.0 1.3 1.7 1.3

0
0]
1.3

1.2

0
0

1.8

1.7

0
0

0.7

2.k

0
0

0

1.7

" L48

0
0
0

1.2

0'9
0.8

0.6

0.9

0.7

0.5
0.4

66

0.3
0.2

0.1

72 Total
o 0.9
0 2.0
0 6.2
0 12.2
0 10.2
0 8.5
0 0.9
0 2.0
0 OQ9
0 2.0
0 6.2

0.1 12.2

19



62 | " VI

TESTS AND ADAPTATIORS

Test of Orographic Formmla

88. An appropriate test of the orographic-rainfall formula (26)
developed in chapter III would be to use it in computing the rainfall
values in the major storms from measurements of topographic and meteoro-
logical paramsters and to compare these computed values with the observed
rainfall, Good comparisons from & number of mejor storms -would verify
the formule, Howéver, such comparisons are re&uced. in sccuracy by the
inadequacles of both typeé of data used. Nctonly ars the meteorological
observations of wind and moisture content (particularly from the point of
view of representativeness) sometimes of &ou’btfu;l; character, but the so-
called “observed rainfell" is really a computed value which may be largely
based on interpolatlions between observations too sparse to be areally
relisble. In some basins there are actually no rainfall stations or stream
gages. The comparisons are therefore gualitative father than quantitative.

89, In the San Joaquin Basin there is available only one storm
(January-February 1945) with sufficient meteorologlcal data to permit
a comparison of calculated and observed rainfall.‘ Even in this storm
the necessary extrapolatidns andinﬁarpolations frém the observed data
meke the comparison quelitative rather than gquantitative. For each
rawin observation at Fairfield. a mean 10,000-f% WSW component of the
wind vas determined and reduced to s;ea level (Vig) in accordance with
the,raasumed 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 dewpoints of 63
the critical storm sequence of figure 26. No adjustments were made for |
lag between observed wind and dewpoint and observed precipitation.

90, The accum&la’ced calculated 6-hr increments of rainfell are plotted
ageingt the observed for the same duration In figure 30. Of the nine basins
for which . the coniparison wasg madé s five show a good agreement between calcu-
lated and observed precipitatibn. A number of analyses were made to relate
the magnitude of the discrepencies to topographic or meteorological 'param- \
eters, The best of theee relations 1s shown in figure 31, where the aver-
age Inflow-barrier height of each ba.ain is plotted aéahinst the difference
between calculated and observed precipitation. Excluding the Calaveras,
which 1s not affected by the Coast Renge, the figure shows the difference
to be the greatest for the basins whose average inflow barriers are sbout
the height of the Coasst Range barrier. A depleting effect of the Coast
Renge is thus indlicated beyond that which was included in the development
of the theoretica.i equabtlon. Should future storms support thie indication,
an empirical correction :f‘actof could be approximated, bﬁt the data from a
single storm are not sufficient basis for ité inbroduction at this time.
Moreover, the 1945 storm did not have maximm wind velocities, and it is
possible that the Indicated depleting effect of the Coast Range might be lesa’
pronounced. ﬁnder meximm-wind conditions,

Test of Snow-Melt Formula

91, The formula (27) used to compute the snow melt due to turbulence
implies aime}.ting rate directly proportional to wind speed. There is some
reason to believe that the relationship may not be linear, that the wind--
speed fact'or should have anvexponent less thgn unity., Several investigations 5

aimed at the modificetion of the wind factor, were conducted.



64 92. One investigation wae based on nine years of data from Wagon

Wheel Gep, Colo. The available data were precipitation amount, “character””
of precipi’oatioh, Snow depth.k on ground, density of snow on ground, wind.
movemsnt, and hourly temperature. The data were swmmarized for periéde'
varying from five to seven days and the:number of degree days and a.veré.gek
wind‘speed‘ computéd for each period. The eccompanying snow melt, confined
by the data to the point of observation, was computed from bb servations
of the initlal 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 poss’i'ble. Some periods
actually showed ‘a.n ~increaée of water equivalent of snow depth exceeding
the gnowfa}.l during the pér:lod. Such periods, exclﬁded a8 inaccurate,
11lustrate the difficulties of measurement end calculation of snow melt

at a point " In eddition to’ insceuracies of measuremsnt s important sources
of error are the drifting of enow and the storage of water in snow. _ Even
the perlods selected for enalysis included errors from some of these
sources. - ‘ ;

93. In order to studythve effect of wind spéed élone on the rate of
snow melt, the average amount of’mlt per degree day was calculated for
each value of wind speed from four to tei; miles per hour. Although showing
an irreguler fluctuation, these smounts indicated an incresse of snow melt
with increasing‘wiml épeed. From 8o smell a range of wind speeds, however,
it was z;ot possible to determine whether the relationship was linear or nofx-
linear. There weré only six cases of average -wind speed over 10 mph end
none over 13 mph. Unfortunately, the data did not permit melt computations
for pei:‘iods short enough to dbe accomﬁanieﬁ by higher average wind speeds.

9k, An sttempt was made to relate snow melt to the intensity of

‘storm rainfall end thus to bypass the necesslty for using & relationship



of snow melt to wind speed. Such a prdceé.ure involves the assumption 65

that the variations of wind speed, temperatuné > and humidity would all

be refieeted. in the rainfall intensity. Again the analysis was confined
to the evidences of snow melt at one o’bservatyion station - Lake Eleanor
(4650 %), in the Tuolume River Basin., A 30-year daily record of pre-
cipitation amount, character of precipitation, snowfall, and depth of

snow on ground was scanned for occurrences of éxcessive rainfall on an
antecedent snow cover. Sevén good caées 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 ‘ra.infall depth during the calendaxr
2l -hr periods of heaviest rainfall showed & falrly good linear relation-
ship. Extrepolation to the maximum possible storm gave a snow-melt value
for the meximm 2h-hr period of the storm less then half the theoretically
computed value for the Interval from 1;000 to 5000 feet In the Tuolumne
Besin (figure 19).

95. In both the above investigations, unavailability of adequate
and synchronized data was a serious éeficiency; The hourly recqrds of’
the Central S’ierra. Snow Leboratory (Castle Creek Besin), although the
period of record 1s still too shorb » constitute the best available daﬁa;.
In a further mvesbigation, these data were subjected to a series of
statistical tests to determine the element or combination of elements
" which would serve as the best index to the rate of smow 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 cha;pter V for a check determination of k.

96. Of the indices tested, the wet-bulb temperature , expressed asg

the sum of degree hours divided by 24k, was the best single daily index.
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| GGA combined index, using the temperature and the vapor-pressure difference
between air and snow surface was almost as relisble. Both were better
indices than temperature aione, i.e., the simple degree-day factor.

97. The incorporation of wind speed or radistion as a factor dld
not improve the corrélation. This was not taken to mean that these
elements are insignificant, but that the period of record was too short
to evaluate their effect, For example, the highest daily wind speed
reached during the period wes only nine miles per hour. This was too
low a value: from which to exbtrapolate to the extremely hig: winds of the
meximum possible storm. The use of the stronger wind.é at Donner Summit
during the 32-day period did not improve the results.

98, Since the data would not yield an empirjjcal formula which could
be considered relisble, and since tlze effect of wind speed and radiation
could not be evaiuated, it was decided to retain the theoretical formula
now used. This can be Justified as follows: The date show bhat tempera.-
ture and vapor pressure are a good index fo the rate of snow melt, and
these elements are used in the formula. Also, the use of Donner Summit
winds in the formule verified the value of k as 0.5. Since the formula
glves the melting ;'ate due to a’cmosphei'ic t"ur'bulence only, it can be |
applied to the maximum possible storm in which radistion 1s assumed to
be negligible.

Distribubtion of Precipitation

99, A particulsr time distribution of the maximum possible precipi~
tetion has been used in the chapter on snow melt, It is the distridbution
consistent with the symmetrical wind and dewpolnt sequence of figure 26

" and with the genoral 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 defi;zed sequence



of winds and d.ewpdints or the sequénce of the resulting precipitation, 67
-12-hr changes from the suggested pattern of precipitation periods (table ‘12)
are permissible for hydrologic trisl. Any such rearrangement implies the
same rea.:rangement of the wind and dewpolnt sequences and of the progressive
elevation of the freezing lsotherm. Therefore, the i’ncrezﬁen’oa of total
potential snow melt (teble 15) and of the snowfall depth (table 17) would
have to be similarly rearranged. As & final result, the increments of

tqéal enow melt (tables 20-28) may change in magnitude as well as in chrono-
logical position. ’

100. Since the pattern of aresl distribution of the meximum storm
within each basin is not known, this report recommends no pérticular dis-
tribution with area within each sub-basin nor Jeve‘n 8 variation of the
- mexlmum precipitation with altitude within the sub-basin. Despite the
indications of a distribution of precipitation with altituds suggested
in figure 31 and in the discussion (chapter IV) Justifying the comi:ina«-
tion of amall, low-level basins in figure 20, the Section has not felt
justified in accepting eny indicated pattern as necessarily valid in the
case of the maximum possible storm. The assumptions béaic to both the
theoretical and empirical compubtations do not warrant extension of the
computation methods beyond the calculation of the undistributed avei*&ge
depth.

101. Any consistent pattern of precipitation veriation with height,

, suéh as shown by mean seasonal ischye‘os,l 1s the product of more factors "
than elevation, slope, a.s?ect s and 'bhe/ other parameters specific to the
topography. Storm-type frequency and prevailing air-mass characterisgtics
are other ‘very important factors. The average storm whose recurrence
produces the mean seasonal pattern, is not characterized by the wind speed

and constency of direction postulated for the meximum possible sborm, nor
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is the average inflowing alr mass saturated at all levels ss in the maximm

storm. It is apparent, for instance, that the higher the condensation level
witiﬁn the Inflowing air mas; the higher up slope will be the zone of most
intehsey precipitation. In the alr mass processed for the maximum storm; the
condensation level is sea level. In the ordinary air mass, the lowest layers
(the layeré of maximum moisture content in the maximum storm) do not even
become saturated until they have mbved. some distance up slope. In the nmaxi-~
mum storm they are saturated before amy 1ift begins. For these reasons,
redistribution of precipitation with height according to a pattern devel-
;Dped from ordinary storms cannot be recommended. It is not inconceivable
that the varliastion with height may even be reversed in the maximum possible
storm. The pattems of veriation shown by the major storms, although they |
offer a better clue, mey be doubted for simllar reasons.

102. Should any variation from the uniform distridbution of precipi-
tation be introduced for hydrologlc trial, two importent i’estrictions must
be observed. One is that the redistribvution should leave the meximm pos-
sible depth of precipitation over the particular besin unchanged. The other
restriction is that the values of snowfall and of snow melt due to rainfall
(tables 11, 1k, a.nﬁ' 17) for each elevation interval should be changed pro-
portionately and the total snow mslt mcaicule:bed. For some redistribu-
tions, such changes in snowfall and snow melt would in turn necessitate
aechénge In the assumed antecedent@ksnow cover.

103. Redistridbution, 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 gborm.



10k, Recalculation of snow cover as well as of smow melt will be 69
required if, for hydrologic trial, the occurrence of another rainstorm
is assumed as antecedent to the maximum possible storm. Snow-melt compu-
tations applied to the January-Fe‘bmry 1945 storm, for instance, indicate
that below 4000 feet the optimum enow cover would be entirely melted. In
addition, certain minimum intervals of storm recurrence {here defined as
the period between the pesks of antecedent and maximum pc;ssible precipita-
tion) should be observed in timing the antecedent storm. While any his-
toriéal storm may 'bé used as the antecedent storm, the ninimum recurrence
intervael 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 intervel may be kept at four days.
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SCHEMATIC OROGRAPHIC MODELS
Adapted from Los Angeles Report
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MEAN SHEAR OF INFLOW WINDS
Sacramento and San Joaquin River Basins
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San Joaquin River Basin Maximum Storm
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COMPUTED RAINDROP PATHS
San Joaquin River Basin Maximum Storm
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San Joaquin River Basin
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vF’RECtPlTAﬂON DISTRIBUTION IN
- MAXIMUM OROGRAPHIC STORM
(By 6 —Hour Periods)
San Joaquin River Basin
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MAXIMUM POSSIBLE PREGIPITATION
Depth - Duration Curves

INCHES
T T [ T [T T T [ 9% T 1717171
HKERN | | KINGS |
River Basin (2080 Sq. Mi) River Basin
H N. Fork (I070 " ") 40 [ (1542 Sq. Mi)
s. n ('OIO [} " )
30
|
// 20
B /'<Ke_';ﬁ,_ B / -
—— | "°
| S. Fork B | |
% B Figure 12 l o | | | ' Figure I3|
HOURS © 12 24 36 48 60 72 0 2 24 36 48 60 72
| T T T ] o A L L O L O R
| TUOLUMNE | || STANISLAUS _
River Basin River Basin
1 (1536 Sq. Mi.) 40 H (900 Sq. Mi)
30
i /—‘ 20 / |
10
| | Figure |4| o | ‘ | ‘ Figure 15 l
Fite 47002 Hydrometekorologicul Report 24

81



MAXIMUM POSSIBLE PRECIPITATION
Depth - Duration Curves
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THEORETICAL RATES OF SNOW MELT
DUE TO ATMOSPHERIC TURBULENCE

(Per Unit Wind Velocity)
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DISAPPEARANCE OF SNOW ON GROUND

1938 Snow-Melt Season, Tuolumne River Basin
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AREA - ELEVATION CURVE

Tuolumne River Basin
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ENVELOPING SNOW DEPTH-ELEVATION CURVES
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VARIATION OF WIND ALONG WINDWARD SLOPES

- San Joaquin River Basin
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GRAPHICAL SUMMARY OF TOTAL SNOW MELT
Kings River Basin Maximum Storm
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COMPARISON of CALCULATED and OBSERVED'

MAXIMUM PRECIPITATION

(Accumulotéd 6 -Hour Increments, Identical 66-Hour Period)
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EFFECT OF INFLOW BARRIER HEIGHT ON CALCULATED-

"OBSERVED PRECIPITATION DIFFERENCES
Storm of Jan. 30 -Feb. 2, 1945
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