SUMMER HYDROLOGY OF THE HIGH SIERRA 1/
By
Jack F, Hannaford 2/ and Merlin C. willliams g/

Introduction

The study area of this hydrologic resesrch preject is the higher elsvation portion
of California®s Sisrra Nevads, sxtoending frowm ths latitudes of Sacramento to Bakersfisld
and ranging from approximately 5,000 to over 14,000 in elevation,

In the snow zone of the Southern Sisrra, mast of the annual precipitation occurs as
snow during the winter, November through May, while the major portion of annual runoff oc-
curs during the snowmslt period, April through July, However, occurresnce of precipitation
in summer months, often Lbhe result of thundershower activity Iin the higher mountains, does
croduce some runoff during the summer in addibion to that shich would have oocurrsd from
the normal snowmeli recsssion and base Tlow., Little study has been made of location,
quantity and timing of this runoff produced s a result of summer precipitation or of
quantity and arsal distribution of this precipitation, Absence of destailed study may bs
partially the result of paucity of basic datas, pzriiocularly precipitation, in higher, more
ramote aress of the Sisrra,

The general objsctive of Lhis rssssrch project wes to study runcff produced as =
result of summer precipibatian in order to gain further underetanding of the role of this
runoff in the overall hydrologic cycle and to determing by inferencs soms of the charac-
teristicg of the prescipitaticn which sauses this punoff,

fiors specifically to meet Almospheric Wabter Resources Research's objectives, re-
sults wers First to reveal whether summer preciplitation difd produce significant volumes
of runoff in any specific arsas of ths Sisrra or at any specific timss, If se, then to
provide information to predict frow physical (and meteorslogical) characteristics of an
areas basins and situasbions with highast potential Por producing runaff under natural con-
ditiens, Prasumably, greatest runcff producing potantial for weather modification activite-
i@s could be defined in this mannsr,

Ne attempt was made to svaluate any &ffsct of summer precipitatisn sther than run-
of f; even though timbsr and vange menagsment, recrsation, Tire suppression, and similar
related activities also could be affected,

Approach

The project was urderiaker with the knowledgs that lack of adeguate hydrelogic
data would complicate analysis, Fewy if any, loecal orecipitstion records were availasbls
which could bs successfully related to spacific rises on any of ths mors isolated basins,
Consaquentliy, it was decided to spprosch the problem entirely from the basis of strsam-
flow records, & subatantial numbey of such records have been mailntained according to
standardized me’iwmds and published by the United Statss Geaolsgical Survey (1) in the
Southern Sierra for many years, ofien in connection with power or irrigation projects,
Qver the vyears the number of stzilons has increased, and guality of record is exceedingly

good cansidering the isplated locations of meany gaging sites,

initial hang analysis of hydrogrephs fros several basins indicated that runcff
attributadle to summer precipitation might be ss high as 2 - 3% of annual runoff in cer-
tain high-elevation watershads. Preliminary analysis also indicated that successful sspa-
ration of summsr pracipitaticn-caused runoff from bese Flow ov lats snowmelt rTacession
could be accomplished on basins as seall as 20 sgusrs siles using m2an daily dischargs,

1 Dresented at Western Srow Lonference, April 38 - 20, 1967, Roiss, Idaho,
3 2
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§/ Dirsctor, Atmospheric wWater Rescurces Research, Frasno State Collsgse Foundation,
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Since it was anticipated that evaluation of about 30 statisns for am avsrage of 15 ysars
of record would be required, it was decided %o run the analysis en an IBM computer availe
able at Fresno State College.

Analysis techniques and programs were designed to develop the followming information
on each subject watershed:

A, Volume of Runoff: The historical velume of runoff on a unit runoff, sub-basin
by sub=basin basis to be used as a measure of producticon and potential for
individual sub-basins and areas is defined,

B. Number of Occurrences: For purposes of this repori, an "occurrence® indicates
a detectable increase in runcff over the established rscession or base flow,
The number of "occurrenceegs® in any given time period, although not precisely
related to number of summer storme, gives an indication of the minimum number
of summer storms which would have to be treatsd if a summer-tims weather
modification project were undertaken,

C. Timing: The timing of runoff osccurrences is defined with respect to some hydro-
logically significant date such as the end of snowmslt, Analysis of volume and
timing would indicate decreased effectiveness of precipitation in producing
runoff as the basin dried out during the summer, However, interaction of snow-
melt and early summer precipitation would tend to mask the true effect of
precipitation occurring before ths end of snowmelt,

D. Relationship of Summer-Runoff to Basin Characteristics: By analyzing a large
number of basins with different hydrologic, topographic, geologic, ecelogic
and meteorologic characteristics, it was proposed to develop a relationship
betwsen runoff resulting from summer precipitation and physical characteristics
of an individual watershed, Final rssults would be mapped te permit prediction
of areas with highest potential for summer weather modification activities,

Twenty-nine Sierra west slope watersheds from ths Mokelumne River on the north to
the Kern River on the south were usad in the study, Records from all watersheds used were
unimpaired (or used in this analysis only for perieds for which they were unimpaired) in
order to avoid superimposing any artificial effects upon the analysis, In a few cases
records could be satisfactorily corrected to unimpaired flows on a daily basis, Basins
used to date in this study are delineated on Figure I,

Characteristics of watersheds analyzed wers as follows:

A, Areas ranged from appreximately 15 to 1,000 squarse miles,

B, Basin mean elevations ranged frem 3,400 feet to over 10,000 fest,

C. Basin characteristics varied from steep, rocky watersheds above timber line to
much flatter timber-coversd or meadow basins at the lowsr elevations,

D. Distances from ths centroid of the basin to the main Sisrra crast (or other
sizeable meteorologic barrier) varied from approximately 2 to 20 miles,

E. Record length used in analysis varied from about 7 to 25 years, Bear Crsek was
analyzed from 1922 through 1964 or 43 years, Short record stations were used as
required to get better coverage of the other basin variables., Characteristics of
basins used in analysis ars detailed in Table I,

Analysis Techniaguss

The primary analysis requirement was separation of the systematic bass and/or sum-
mer recession runoff from the total hydrogreph, The overall period used for separation was
ay 1 through October 31, in ordesr to have adequats record before snd of snowmslt for all
basins analyzed, The computer program developed mede this separation day by day, anticipa-
ting the shape of systematic runoff by ssarching record up te 30 days in advance of date
of computation, It should bs noted that this systematic runeff was not always decreasing
during the summer. It was found that the systematic flow tended to increase in the fall
(September-fctober) even without significant precipitation, probably as a rasult of de-
creased transpiration requirements at thie time of year {2),

A second program was developed tc separate runoff into spscific occurrences and to
assign a volume and date to sach occurraence. Separation of cccurrencss wmas based upon ra-
versal of slepe of the hydrograph. 5ince a hydragraph may rise for sevsral days, especially
on larger basins, separation took place only after the hydrooraph reachad a peak and
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started to receds, Successive days with sver increasing amounts of runoff wers considered
as a single occurrence, sven though such runoff could possibly result from ssparate show-
ers occurring on successive days., Volume for each separated hydrograph was computed using
a recession curve, and the dats assigned to the volume was the day of highest mean daily
discharge for that particular sccurrence., Resulting volumes were reduced to acre-feet per
sguare mile to allow comparison bastwesn basins,

In order to permit spot checking of results; a program was prepared to plot total
runoff as separated in the first program so that the shaps of separatad hydrographs could
be observed visually. With ths large number of station years of rescord used it was not
feasible to check all stations used in the project by this method,

Two programs wers preparsd to analyze separated volumes and dates, The first analyz-
ed on an annual basis the total volume of runoff occurring within certain specified time
intervals; and detsrmined number of ccourrences falling within certain size intervals to
glve soms idea of size distribution of occurrences.

Time Intervals

. £nd of Snowmelt through Ssptember 30
. July 15 through fOctober 31

July 15 through September 30

’ Juiy 1 through Septewbey 30

. June 15 through September 30

o Jung 1 through September 30

O N B L po =

Size Intervals - Numbsr gresater than

. 0. M acre-feei pser square mils
. 8,2 acre-fest per square mils

. 1.0 acre-fest per sguare mile

. 10.0 acre~feet per sguars mile

B L PO

End of snowmelt was taken as the date upon which the total runoff during the snow=
melt recession of Bear Creek near Lake Thomas A, Edissn dropped below 2 cubic feet per
second per square mile. On lower watershads, the date was still tied to Bear Creek but
taken as a given number of days befors the Bear Cresk date based upon inspection of data,

Annual volumes for twe representative watershsds for end of snowmelt through
September 30 ars delineated in Figures 2 and 3,

The second analysis program summarized runoff attributable to summer prescipitation
by ten-day psricds in order to give an indication of the distribution of volumes and num-
ber of ceccurrences during the season., Average valuss for the entirs psricd of record were
used in order to obtain a smoothed distribution curve throughout the season, One set of
curves was developed by calendar date {10-day periods before or after June 1), and another
set developed by ths and of snowmsli date. Figure 4 shows time distribution of runoff and
average number of accurrences per year excseding 0.2 acre-fest per sguarz mile based on
end of snowmelt time for Bear Creesk, a typical high production watershed,

Runoff Before End of Snowmelt

In the higher slevations of the Slerra, snow may remain throughout the year, par-
ticulariy in heavier snowfall yesars, Conseguently, it is rather difficult to set any given
date as "end of snowmeli" for a given basin or arsa, As pointed out sarlisr, Bear Creek
was used as a key to the date of "end of smowmelit™, or rather, the date on which direct
influance of snowpack upon runoff becomes insignificant for our purposss.

Befors end of snowmslt in & given basin, precipitation can fall in two forms, snow
or rains or a combination, psrheps differimg with elevation, Presipitation can Tall on
either snowpack or the sxposed basin, or any combination, differing with elevation and
basin condition, Thus, the sffect upon the hydrograph can vary from immediats runoff to
complets retention of precinitation by snowpack resuliting in an sventual increase of
snowmelt runcff, Snowmslt during precipitetion also snters the picturs,

Since there are currently no prscipitation records available from the high slevation
watersheds, it was impossible to correlate a rise in runoff directly with precipitation
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summer atorms in the Sierra, Thz smaller, high, rocky basins without much
timber covar probably show more runoff occurrences for any or all of the
following reasans:

a, Thera are undoubtedly more pracipitstion occurrsnces, Expsrience
in the Sierrs wouwld certainly point to this as a factor,

5., Losses in the higher, rocky basins are lowsr so that ewven small
precipitation amounts may produce detectable runoff,

¢, Gmall basins should show occurrsnces, in terms of acrs-feet per
squars mile, more easily than larger basins for geographically
localized precipitation events,

The physical charactaristics of a watershed which ssem to be associated
with high runoff production from sumwer precipitation are discussed below,

a, Hydrolegic: Staep, rocky, high elevation basins, major portions
of which are above timber lime, seem to be grsatest producers,
Lossas are much lpwer in these basins than in more heavily for-
ested hasins found at lowsr elevsticns, Basins with substantial
arsa of msadow aisc ssem to be poor producers, psrheps as a re-
sult of both transpirstion losses and stream gradient which
would tend to mask hydrograph shapes,

b, Mstesrslogics The clossr a basin is leocated to the main Sisrra
crest or other major berrier, the higher the production, indicate
ing that the intensity of storms and perbaps the number of storms
may be greater than in the lower basins locatsd further from ths
crest,

Preliminary analysis of rasults has been completed involving the mors ob-
vious factors relating to physicel besin charactsristics te summer runoff
production, Tws factors which seem to correlate guite well with summer
runoff production ars percentage of the basin without wvegetative cover
and distance from the main Sierra crest or other major barrisrs, The per-
centage of ths basin without vegatative cover may be significant both hy-
drolegically and metsorologicelly as it integrstes basin lossss, elevat-
ions {above or below timber line), steepness, and perhaps other chysical
characteristics,

Estimated areas of highest potenmtial are delineated on Figure 1, Detailed
analysis of resulis will be made to develop mere satisfactory means of
digitizing physical charscteristics for further esnalysis of productien
potential,

Timing

1.

Early sesson ruroff attributeblie to summer precipitation appeasrs to be
much greater than late season {taksn by tsn~day periods). This might be
expected as a resull of smaller lossss when the basin is wet earlier in
the ssason (Figure 4},
During early season; espscially in ths higher basins whers snowmelit is an
important factor, tha separeted runoff befors the end of snowmelt shows a
large increase in the averacs ten-day volume (Figurs 4), A portion of this
is variation in flow resulting from snowmelt, Howsver, visual inspection
of pictted hydrograph shapes reveals that 2 substantial portion of this
low is the result of precipitatism on a basin which no longer has enocugh
snow to completely mask out earlv summer storm sffects,

It is intersesting to note that the number of ccourrences before the end of
snowmelt does nnt incveass as rapidly 23 the volume, suggesting that wmuch
increased sfficiency of rumoff in early seasen is primarily responsible
for the incrsase in runoff, assuming thabt guentities of precipitatiocn per
occurrence ars comparable, .

Storm Characteristics

Although we heve no precipitation data from most basins which were studied in
this project, some inferences can be drawn concerning characteristice of summer
sterms which oroduced appresiable runoff,
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during the snowmelt period, Initial inspection indicated snowmelt rises correlate with
temperatures at Huntington Lake, However; runoff occurring much befors the “end of snow-
melt" was extremsly difficult to separate into snowmelt runcff and runoff attributable
to summer precipitation, Some success was achievaed late in the snowmelt season through
visual observation of the hydrograph shape, including diurnal variation., It is believed
that successful separation can be achieved up to two weeks before snd of snowmelt, The
effects of precipitation occurring befors this time are almost completely obscured by
interaction of precipitation, snowpack and snowmslt,

Results
The following are the results of this study:

A, Hydragraph Characteristics

1. Some very high slevation basins may tend to slightly overstate total
velumes attributable to summer precipitation as a result of snow which
remains at higher elevations throughout the summer. Rather flat, late-
summer hydrographs which correlate well with temperatures ccocur in these
basins, However; quantities are normally small cempared to volumes from
showsr activity,

2, The shape of hydrographs caused by summer precipitation is usually rather
distinctive, with a sharp rise and fall as determined from mean daily
runoff data, Rises caused by snowmelt are generally much flatter on both
rising and falling limbs,

3. Most Sierra basins studied, throughout all elevation ranges tended to show
a slight rise im the base flow in late season, sven in the absence of late
season storms, This verifies results of others (2) indicating decreasss
in transpiration in the late ssason,

B. Volume of Runoff

1. Volume of runoff attributable to summer precipitation betwsem end of
snowmelt and September 30 (using the 13-year 1952 - 1964 average *) varies
from less than 2 acre~feset per squars mile to ovsr 40 acre-feet per square
mile, (Table I) or a difference in production of pver 30 to 1, Note that
the period of production considered in this study (end of snowmelt to Sept-
ember 30) is shorter in the higher=-elesvation, high production basins than
in the lower-slevation, low producers, further increasing the difference
in potential production, If a longer period of record is used ur analy-
sis is based upon median annual volume, volumes are somewhat decreased
but the ratio betwsen the high and low contribution basins is increased,
This points out that the runoff from the higher-centributing basins is
not only greater, but far more dependable, than that from the lowsr pro-
ducers,

2, The number of cccurrences producing detectable runoff doss not vary as
much from basin to basin as does the runoff. The ratio between cccur~
rences in high producers and low producers is only on the order of 2 to 1
(for all occurrences; regardless of magnitude of occurrence). Note again
that the study period beginning with end of snowmelt undoubtedly decreases
the probable ratio between number of occurrenges in high~  versus low-
production basins since the anmalysis peried is shorter at higher eleva-
tions, As magnitude of runcff occurrences considered lncreases, this ratio
increases rapidly (Figure 5) especially for the average and minimum cases,
indicating that high production of runoff from summer precipitation is the
result of a relatively small number of occurrences in geographically
definable areas of the Sierra,

Definition of these areas and the storm characteristics which produce high
runoff will be of value to A W,R,R. in designing future summer programs,

Both runoff volume and number of occurrences suggest favored locations for

* This period of record was used for averagess as many of the stations used in analysis
were initiated about 1952, However, a number of statisns were analyzed from 1940 =
1964,
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For purposes of this report thsre are three broad categories of sterms
which produced appreciable runoff. These storm types are not distinguish-
ed here by their meteorolegic characteristies, but by runcff characteris-
tics and geegraghical distribution of runoff which they produce.

a, Isclated thupdershowsr activity: Thundershower activity isclated
either gsographically (covering only a few square miles) or in
time (lasting only a single davy). These storms have not beesn con-
sistent producers of runeff, Dnly on a Tew occasiens have isclated
showers produced major amounts of runoff and this runoff has been
rastricted to rocky,; high slevation watersheds,

b. Generalizsd thundershewer activity; By far the greatest consiste-
ent runoff producers are thundershower type storms covering large
areas and lasting for s number of days, An example of a storm of
this type occurred during August 1961 {(Figure 6), This storm (or
serigs of storms) was extrese in voiume of runoff it produced,

ut its features indicate 2 type of storm which wmay be sxpectec
to coniribute significant amounts of runoff, The 1961 storm ex-
tended from ths Kern RlJar tn the Mokelumne River, (It is inter.
ssting to note that shower activity extended throughout all of
southern Califernia). From available observations, sach morning
thundershorms would nmni to build, precipitation would be pro=-
duned in afternoos and evening and clouds would dissipate over-
night. The cyvele would repesat the Following day,

i

Through comgarvisen of runoff reccrds wn different streams, it is
apparent that although precipitation did scour throughout the en=-
tire Southern Sierva, amounts of precipitation and timing must
have varisd tremendously from arvea to area (Figure 6},

¢, Genaval stopms These storms must be very much the same as winter
storms, swesping large areas; sometimes with heavy precipitation,
Hydrographs show similarity in timing from basin to basin, aven
though widely distributed gesgrasphically, However, there is evid-
ence of larage warlaﬁion in precipitation from ares toc arsa sven

in these general storms, Storms last for several days or more, A
storm of this vos sccurred in September 1558, 1T was primarily
concentrated in the zrea between the Stanislaus and Kings Rivers,

This storm resulted in cver 100 acre-Taeti per souare mile or
about 2 inches of runeff from Neorih Fovk of the San Joaguin River
below Iron Cresk, and about 1.4 inches on Fall Creek near Hetch
Hetchy, During the same peristds orecipitation recorded at
Huntingion Laks, spprowimately 30 miles south of North Fork, was
5.45 inchss,

Less productive st

E,”PUlPﬂ From gene

analysis,
As basins become more widely separated geographi
hydrographs becomz less comparable, 1t is intere
vaolumes also hecome less wumpaﬂatie”
During the pariod afisr end of spowmelt, runcff is apparently increased
substantially by a numbsr of consecutive deys of precipitation, This may
have two causes, ona hvdrologic and the other meteorologic, First, with
sevaral days of precipitation, runcff efficisncy incrsases as more pracipe
itation falls without a "drying out” period between storms, Second, and
this may merii further ipvestigation, precipitation guantities and/or ine
tensities could inorgess after several consenutive days of thundershower
activity due to residual meisiure Vrom the esvlier storms,
Even in the ogenerslized thunderstorm situation, high correlation betwsen
guantities of zuneff on twe basins or between precipitaticn and runcff at
Lwn imaa&ienn may be difficult to establish, An exawsple of gensraiirzed
thundershower activity is delinested on Figure 6, The figurs shows runoff
from tﬁﬂaa storm perieds during August 1961 orn Nerth Fork ef the San
Joaguin below [ron Cresic (38,0 square miles) and Bear ,?eok near Laks

"

Thomas A, Edison (53,92 souare miles), two basins located along the Slerra

of this type might be difficult to dis-
ed thundershowmer activity by hydrograph

vy the shapes of daily

call
sting to note that annual




TABLE 1

RUNDFF ATTRIBUTABLE TO SUMMER PRECIPITATION
AND
PHYSICAL CHARACTERISTICS 0OF BASINS USED IN HYDROLOGIC STUDIES

Runoff Attributable To
Summer Precipitation

End of Snowmslt to September 30
Acre Feet/Sauare Mile

Watershed

Average Median Range of Area

Runoff Runoff Runoff (Square
Station Number and Name 1/ 2/ Mmin Max miles)
A-1 Cols Cresk nr Mokeslumne Peak 1.7 g.6 0.1 5.1 20,4
C-1 Clark Fork nr Dardenelles 4.8 4,8 2,3 10,1 67.5
D=1 Falls Creek nr Hetch=Hetchy 14.8 7.1 1.3 88,4 46,0
D~2 middle Fork Tuclumne B 2,0 1.3 0.4 6,1 73.5
E~1 mMerced River at Happy Isles 12.4 8.2 3.8 36,3 181.0
E~2 So, Fork flerced nr Wawona e 4,0 2.3 6. 17,9 100.0
F=1 Chiguito Creek nr Bass Lake 3.2 1.5 0.9 19.1 59.6
F-2 Jackass Creek nr Bass Lake 4/ 2.1 0.9 0.3 16,8 12.8
F=3 Granite Creek nr Cattle Mountain 11.8 5,6 1.7 61,0 47,8
F-4 No. Fork San Joaguin blo Iron Creek 43,5 33.3  17.1 144.3 38,0
F=5 San Joaquin at Miller Crossing 16,5 13.2 5,9 48,6 254.0
F-6 Mono Creek at Vermillion Valley 3/ 13.6 12,3 - = 92.0
F=7 Bear Creek nr Lake Thomas A, Edison - 19.4 17.6 5.7 44,8 53,5
F-8 San Joaguin nr Big Creek 3/ 6.6 - - - 1050,0
F=8 pitman Creek blo Tamarack Cresk 2.5 1.9 0.5 8.0 22,7
G-1 Big Creek nr Pine Flat e 1.4 0.9 0,06 2,0 £9.9
G-2 Post Corral Creek nr Blackcap e 6.9 6,2 0.6 31,0 27.9
G-3 Fleming Creek nr 8lackcap 8 4/ 3.8 8.8 1.9 26,1 15.0
G-4 No, Fork Kings nr Meadowbrook e 16.1 14,4 3.3 43,6 37.7
G-5 No. Fork Kings nr CLiff Camp 3/ 2.5 1.5 - - 181.0
G-6 Kings River abv North Fork 8.9 8.2 1.9 16,9 952.0
H-1 Marble Fork Kaweah at Potwisha =& 7.0 6.5 0.9 12,2 51.4
H-2 middls Fork Kawsah nr Potwisha e 7.8 7.0 2,5 13.1 102,0
I-1 No, Fork of middle Fork Tule ] 3.5 3.3 2.0 5.1 39,3
J=1  Little Kern nr Quaking Aspen e 2.8 2,0 0.9 4,9 134.0
J=2 (oldan Trout Creek nr Cartago 8 3.8 3.1 2.1 7,7 23,4
J=3 Kern River nr Quaking Aspen 8 v 8 Insufficient Data 13,3 530,0
J=4 Kern River nr Kernvills 4,6 4,1 1.1 10.0 848.0
J=5 So, Fork Kern nr Qlancha e 1.6 1.3 0.1 5,2 146,0
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TABLE I

{Centinued)
Mean
Elevation Distance From
Station Maan Basin of Basin Basin Centroid Percent of

Station Elsvaticn Elsvation Barrier : to Craest Vepatative
Number (Fest) (Feet) (Feet) (miles) Cover
A-1 6000 6,900 8,400 12 58
C=-1 5507 5,400 9,800 5 70
D=1 5350 8,400 9,800 B 53
D=2 2800 6,800 8,200 24 85
E-1 4047 75650 11,400 9 53
E=2 4030 8,150 9,800 25 77
Fet 4860 75200 9,000 24 &3
F=2 6800 8,155 8,400 L) ]
F=3 6800 8,500 10,750 15 65
Fad £900 5,680 11,750 3 16
F=5 4550 8y 200 11,800 5 52
F=6 7400 9,250 12,400 7 58
Fe7 7400 10,050 12,500 & 48
F=8 2400 e R - e
Fe=8 7035 8,0R0 5,000 27 ag
G=1 962 3,400 6,200 36 95
G=2 8145 9,750 10,500 15 52
G=3 8580 10,100 11,200 G 37
=4 8145 10,250 11,900 11 44
G=5 5144 8,600 14,500 14 66
=6 1004 o, B e s
H=1 2150 5,000 18,500 24 652
H=2 2100 6,400 11,500 20 61
I=1 29203 7,200 8,800 30 a7
J=1 4682 74400 12,400 24 36
J=2 8840 9,900 14,500 35 81
J=3 46583 . womczma o .
J=4 3542 i — o -
J=5 7840 9,400 10,000 3 93

Average snnuwal runoff volume for 13-ysar periocd 1952-1964, If record does not
cover entire psriod, averags is eéstimated using other basins in arsa,

N

Median 2nnual runoff volums For 13-ysar period 1952-1964, If record doss not
cover entire period, median is esstimated using other basins in ares,

IQ

No rescord is used for periods after which reservoirs wsre constructed on theese
streams, Averages and medians are sstimatsd from prior rscerd,

e

These straam basins are probably ftoo small for adequats hydrograph analysis from
mean daily discharge rscords.

&

Rezord used in analysis is started after 1952, Average; median, minimum and maximum
estimated from data availabls,
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Crest and approximetely 25 miles apart, Also tabulated is recerded precip-
itation at Huntirmgiteon Lake, Theres is soms evidence that on the upper Kern
River, somz 60 miles sowth of 8ear Cresk, the runoff is again increased
susstantially, with ;. of similar magnitude occurring on both the 12th
and 23rd of August,

Summary and Conclusions

fs a consequence of computer analysis of basic deta, results can be analyzed and
assembled in virtually any form desived, As of the present date, not all possible analyses
of the data have besn completed, However, summary of and reflection upon the major Findings
to date might be in order at this point,

hAverage (19252-1964) runaff from summer storms from end of snowmelt through Ssptamber
30 in terms of percentage of annuzl runoff varies from sver 2% on the higher, rocky basins
tog less than 0,1% on the lower, more Limbsred basins,

Mopth Fork San Joaguin below Irvan Cresk 2,2%

Bear LCreok nsar Laks Thomas A, Edison 1. 7%
pitman Crsek below Vamarack Cresk e2%
Cale Oreek nzar Mokelumns Peak .07%

Runoff produced as
to both volume and timing
15 aven on the wmost despendablsz producing basines,

summer precinitation is guits wvariable wilih respect
VYariation in voluma from ysar bo yeer is on the order of 10 io

st producticn, natural op herwisa, may be expected Ffrom high elsvation basins
Lief and iittle veqa{at'zug onated adjacent to major ridges ar hargl rs, Run-
duction capability of a given b@alx is possible through sical
teristics of the basing for which preliminary analysi

P

s has been cumple,ad.

The number of gccurrences producing rurmoff over 0,2 acre-feet per squars mile on the
most productive basins varies from yesr to year from about 5 to 15, In many cases an
"gwocurrence” is the result of several daye of precinitation. Comseguently, the number of
occagions upon which weather madification activitiss may have to be carried cut ocould be
quite large.

Althouoh very moderats smounts of increass in summer precipitation will show sub-
stantial psreentage increass in summer runoff, onily in a few sslected areas will potential
for incresasing volume of runeff be comparabie to that of winter oparations, For example,
it weuld teke a four- or Tive-fold increase in runaff attributable to summer precipitation
on the most productive basins befors a mld«summ r program would be abls to provide increas-
ed volumes comparable to those reported from well organized effsctive winter programs,

o
of
zhl

From a hydroleolic standpeing, the most effective times to modify summer-type storms
would be 1) early seasson [that is, befcr@ gnd of snowmalt), 2} during gensral thundsrshower
activity, and 3) during any general storms which might occur during the snowmelt season or
summer, Strictly imolated storms prmbaﬁly of fer least potentizl for good runoff production

from larger sized arvsas,

An interssting sidelight from the water supply furecaster®s psint of view is the
effect thet variations in higheslevation, laroely unmeasured precipitation from cumulus
activity oceurring ouring the snowmmalt may have upon runoff during the Aarileuiy
peried, from initl graph analysis, it is conservatively estimated that runcff re
sulting From cumulue activity ocourring prior fc end of snpowmslt which is unresorded as
precipitation elsewhers, may be from tws to ten Limes as great as that resulting from pre-
cipitatian during the midesummer peried; dependent upon the basin,

uainq the Kings R*v&v atiove North Fork {9
Lo opunof? resulting from summsr or

2 sguare miles) as an example, thes mawi-
pipitaticn over the last 25 ysars is
apprux1maMELv 16,0038 aw,ﬁw:ch, ﬂs*um*ng @ variation three Limes as great during the snou-
melt parisd this would he ap wimately 30,000 asve=fest, Interestingly enough, this is in
the same order of i the standard errer of snowmellt forecast procedurss in
current use., This that all of the remaining relationship ervur is the re-
sult of unmeasursd p ELLﬂL“ tiogn but it is apparent that significant contributions could

-
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be mads in improvement of forscast accuracy with more adecuate high-elevation precipitation
data,

Future Work

A rssearch project ef this nature gensrally opens up more new questions than it
answers, In this cass, most of the new auestions center about hydrology of the period
prior to the end of snowmslt and the character of summer-type, particularly cumulus-
associated, precipitation including intensities, gesgraphical distribution, and similar
parameters,

Listed below are suggestions for further analysis work on this project:

1. Extend analysis to Sierra east side in study of basin charasteristics, to further
delineats the effects of summer precipitation along ths crest of the Sisrra,

2. Extend detailed study of daily hydrograph data, particularly on the larger
basins, where contributions from many minor, high elsvation tributaries make up
the flow of the stream,

3, Look for suitable basins with some precipitation record to try to get some idsa
of magnitude of precipitation amcunts and thus secure a better understanding of
losses from summar precipitation,

4, Study separation of hydrographs before end of snowmelt in more detail prebably
through analysis of diurnal hydrogreph fluctuation, dstermination of precipita-

tion ocourrences by radar and finally by Field measurement of high slevation
precipitation,
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