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| NTRODUCTI ON

Cooper ati ve wat ershed nmanagenent research in California' s Lower Conifer
Zone started July 1, 1961. The research is conducted by the Pacific Southwest
Forest and Range Experinment Station of the U S. Forest Service with the
formal cooperation of the State of California, Departnent of Water Resources
and the Division of Forestry.

California' s Lower Conifer Zone is a 12-1/2 mllion-acre conmerci al
forest belt bel ow the Snowpack Zone. Snow occurs in the Lower Conifer Zone
but rainfall rather than snow contributes nore than half of the zone's
streanflow in an average year (Col man, 1955). Water is a mmjor product.
Thirty-two percent of the state's streanflow comes fromthis zone. The zone
i s providing about 80 percent of the State's annual tinber harvest.
Wilidlife, livestock grazing, and increasing outdoor recreation make
i mportant | ocal demands throughout the zone. Forest fire hazards are high
and fire protection and control are basic requirenents. Mning has played a
large role in creating bare soil areas, areas of dredging debris, and
sedi ment | oads in streans.

The job of watershed managenent research is to conduct studies which
wi || suggest better nethods of managenent for water and predict the effects
of a wide span of |and managenent practices upon streanflow, water yield,
and sedi nmentation. A program for watershed nanagenent research was prepared
by Henry Anderson in 1960 (Anderson, 1960). In addition to predicting the
consequences of existing and planned practices, research is ainmed to find
ways of managi ng Lower Conifer Zone watersheds to:

1. Increase total streanflowin all years, and especially in
dry years.



2. Inprove the tinmng of streanflow by reducing fl ood runoff and
by reducing water losses in the late spring and summer.

3. Mai ntain water quality.
4, M nim ze | ocal floods and sedi nentation

To neet these, watershed managenment research in the Lower Conifer Zone
will take a four-pronged attack:

1. Inventories of present conditions of water yield, |and
conditions, soils, and flood potenti al s.

2. Basic studies of forest hydrol ogy which will suggest nethods of
| and managenent for inproving water yield, preventing fl oods and
control ling sedinent.

3. Plot and small scale tests of managenment nethods.

4. Pilot testing of watershed nanagenent alternatives on whol e
wat er sheds.

| NDI VI DUAL STUDI ES

A STUDY OF LOGGE NG EFFECTS UPON STREAMFLOW SEDI MENTATI ON, FI SH LI FE AND
FI SH HABI TAT I N THE NORTH COAST REDWOOD- DOUGLAS- FI R FOREST TYPE JACKSON
STATE FOREST, FORT BRAGG, CALIFORNI A (STUDY NO. 2-1).

Two experinental watersheds in second grow h Redwood- Dougl as-fir
forest type have been established on the Jackson State Forest which is
under the intensive managenent of the California Division of Forestry.

oj ectives

Essentially no quantitative data exist on the conparative performance of
| ogged and unl ogged wat ersheds in the North Coast Regi on. Fundanmental to
good mamnagemnent, answers are needed for such questions as:

1. What is the water and sedi nent production of North Coast
wat er sheds whi ch have been undi sturbed for nmany years?

2. How are water yield, water quality, flood peaks, and stream
sedi nentati on affected when road buil ding and | oggi ng practices
are designed to mnimze excessive runoff and erosion?

3. What changes take place in the channel follow ng | ogging and what
ef fect do these changes have upon fish life and upon the stream
as a habitat for fish?



Met hods

The wat ershed pair consists of the North and the South Forks of
Caspar Creek which flows into the Pacific Ccean about 5 miles south of
Fort Bragg, California. Each watershed is roughly 1,000 acres in size.
Bot h support excell ent stands of dense second growth Douglas-fir and
Redwood tinmber varying in age from65 to 80 years. The California
Department of Fish and Gane is and has been studyi ng anadronous fish
popul ations in Caspar Creek and hopes to expand their activities to
i ncl ude habitat research in the two forks of the streamas part of this
study. The study will seek to assess the differences in streanflow and
sedi mentation, fish life and fish habitat between the North Fork and South
Fork wat ersheds after |ogging. The South Fork is to be carefully | ogged
usi ng the best know edge of side slope and streanbank protection avail able
t hrough research and experience while the North Fork is left unlogged and
undi sturbed as a control

Acconpl i shnent s

Thanks to the very active interest and participation by the
California Division of Forestry (C.D.F.) personnel |ocated at the State
Forest, bedrock streangagi ng sites have been | ocated and surveyed in each
wat er shed, 5 standard rai ngages are established in the watersheds,
maxi mum (peak) stage and staff gages are installed, and watershed
performance has been regul arly neasured since the begi nning of the water
year, Cctober 1, 1961. C. D.F. personnel have been obtaini ng weekly
suspended sedi nent sanpl es and stage hei ghts. (Additional neasurenents
were made during stornflow periods.) Suspended sedi nent sanples are
periodically sent to Berkeley and anal yzed.

The above tenporary arrangenents were to obtain calibration information
during the 1961-62 water year. In the neantinme, plans and action are under
way to nore thoroughly neasure watershed perfornmance. A recordi ng raingage
has been purchased by the Station and will be installed in the sunmer of
1962. The Departnment of Water Resources, working with personnel fromthe
Station, Division of Forestry, and Departnent of Fish and Gane, has desi gned
a weir type streangaging station for each watershed, and the C. D.F. has
prepared the detailed engineering specifications and nmaterials needed. These
desi gns include suppl enental splash dans and | adders below the weirs to
permt the passage of fish. Cenent, reinforcing steel, and aggregate have
been purchased by the Station and the gaging stations will be built by the
Di vision of Forestry during the sumrer and fall of 1962. The Station has
purchased two Stevens water-stage recorders for installation at the gaging
stations. It is everyone's aimto have these stations in operation by
Cctober 1, 1962, the start of the 1962-63 water year



Pl ans for 1962-63

Construct concrete streangagi ng stations and establish intensive
measur enents of watershed performance in the North and South Fork watersheds
of Caspar Creek. Continue rainfall, streanflow, and sedinentation
measurenents for calibration of the watershed pair. Make intensive
i nventories of soils and vegetative cover of both experinmental watersheds.

EVALUATI ON OF FACTORS CONTRI BUTI NG TO FLOOD PEAKS
I N NORTHERN CALI FORNI A W LDLANDS ( STUDY NO. 2-2)

This regional flood analysis is one of three conpanion studies
spanni ng wat ersheds in both the Snowpack and Lower Conifer Zones. The
other northern California regional studies are part of the California
Cooperati ve Snow Managenent Research Project and are:

Eval uation of Variation of Water Yield with Terrain and
Met eorol ogi ¢ Conditions in the Sierra Nevada, (Study No. 1-10.)

Erodibility of California's.Wldland Soils in Relation to
Sedi nentation, (Study No. 1-18.)

The water yield and erodibility studies are reported in the 1961-62_
Progress Report of Cooperative Snow Managenent Research.

In California, about 95 percent of the state's water supply has its
source in wldland regions (Col man, |1955). These | ands receive the nost
precipitation and present the first opportunities to manage this critica
commodity. Floods pose one of the nobst serious water managenent probl ens
facing the people of California.

To illustrate the magnitude of California' s flood problem fl oods
fromstreams and rives flowing to the Pacific cause an average annua
damage of nore than $520. 00 per square mle. Mre than half of this
damage occurs in small watersheds--those with areas of |ess than 390
square mles (Senate, |960).

Since a mpjority of the flood damage occurs on small watersheds and
al most all of the flood waters originate in wildland areas, this problem
may be susceptible to noderation by vegetational control if contributing
factors and fl ood peak source areas can be quantitatively deternined.

bj ecti ves

One of the goals of watershed managenent is to even out the
di sparate distribution of water over tinme. Qur present know edge is too
i nadequate to allow us to rationally nmanage northern California watersheds



to achieve this goal, particularly when we are called upon to retard fl ood
flows. W do not know nuch about flood potentials under existing
conditions and | ess about how t he magnitudes of peak flows are affected by
forest managerment. Before the | and nanager can design and apply | and use
practices for flood reduction purposes, he will need the answers to the
foll owi ng questions:

1. What conbinations of inherent watershed characteristics
cause the greatest flood potential s? Which cause the | east?

2. How does vegetative cover and condition interact with other
wat ershed characteristics in influencing flood peaks?

3: How are the magnitudes and timng of peak discharges affected solely
by | and managenent practices under given conditions?

4. In evaluating flood frequenci es and magni tudes over a span of
years, how have changes in | and use and the resultant changes in
veget ati on cover influenced these frequencies and nagnitudes?

Wth answers to the above questions, the w ldland manager can | ocate
areas of high flood potential and manage t hem considering their
contributions to flood hazards. Knowi ng the trouble spots, he can better
bal ance his | and managenent plans for flood reduction. For exanple,
replanting and fire control efforts nay be concentrated in high flood
yi el di ng wat er sheds when assigning priorities; logging and rel ated tinber
managenment deci si ons night be nodi fi ed because of potential flood
hazards. The design of mnor structures (i.e., culverts) could take into
account the effects of |and use changes upon streamreginmen. Al in all
the answers to these questions would provide sound criteria by which
flood reduction possibilities of alternative w | dl and managenent,
proposal s can be eval uated. These answers are possible using techni ques
t hat have been successfully applied in other regions.

Met hods

Mul tiple regression analysis and high speed data processi ng net hods
will be used to quantify the follow ng physical nodel

Q@ =f(M+P+G+V+L)

Expressed verbal ly, flood peak discharge (@) is a function of neteorol ogy
(M, watershed geonetry and topography (P), geology (G, vegetative cover
(V), and land use (L).

Data for the dependent and i ndependent variables in this nodel are
bei ng coll ected and conpiled from maps, aerial photographs, and existing
publ i shed and unpublished records. Existing flood records will be secured
fromthe U S. Ceol ogical Survey, the California Departnent of



Wat er Resources, and ot her agencies; precipitation data fromthe U S
Weat her Bureau, Army Corps of Engi neers, and Departnment of Water
Resources; topographic maps primarily fromthe U S. Geol ogi cal Survey;
geol ogic maps fromthe California Division of Mnes, and other sources;
aerial photographs fromthe U S. Departnent of Agriculture; and fire

records fromthe U S. Forest Service and California D vision of
Forestry.

The final watersheds and storns will be selected to represent the
wi de range of conditions encountered in northern California. A detail ed

di scussi on of the problem objectives, and proposed nethods is avail abl e
in a formal study plan.1/

The results will be expressed as a mat hemati cal - physi cal nodel of
fl ood peaks. Because it is only a nodel, it will not be able to predict
t he exact magnitude of flood flows but it can be used to estinmate this
magni t ude within a known range of error

Acconpl i shnent s

Initially, past work in related flood investigations was revi ewed,
and the adequacy of various data sources checked before setting up this
study. Then, a prelininary selection of about 350 northern California
wat er sheds varying in size fromless than 1 square nmile to nore than 9,000
was nmade. These wat ersheds have flood flow records unaffected by reservoir
storage or diversions. Geographically, they cover the w ldland portions of
the state, north of the Santa Barbara-Ventura county |ine and the
Tehachapi Mountains -- and west of the Sierra Nevada crest.

The wat ersheds used in this and the two rel ated conpani on studies
(water yield and erodibility) have been delineated on maps suitable for
data coll ection purposes, nost conmonly at a scale of one-half inch
equals one mle. In nany instances the three regional studies require

the sane data -particularly |land use information -- so a conmon data
pool has been forned.

Thanks to the cooperation of the California Division of Forestry in
| oaning original fire reports to the Experinent Station, all fires over 100
acres in size (1939-1959) and reported to themor to the U S. Forest Service
have had their acreages partitioned anong the study watersheds (approxi nately
400 units) and/or Departnent of Water Resources hydrographic regions (110
units). The filing systemis designed to pernit considerable

|/ Bowden, Kenneth L. 1961. An Evaluation of Factors Contributing to
Fl ood Peaks in Northern California WIdlands, Study No. 2-2. Division of

Wat er shed Managenent Research, Pacific Sout hwest Forest and Range Experi nent
Station, Berkeley. 19 pp




flexibility in rapidly determning the fire history of additional water-
sheds.

Qur other | and use data are based upon rapid aerial photo inter-
pretation sanpling techniques. Information is being collected on the
percent of the watershed area in the follow ng categories: urban,
cropl and, roads, stream channel, water surface, grass, barren, brush
forest, and |l ogged area. In addition, slope and aspect estimates are
made for each vegetative cover type and for barren areas. Cover
densities are estimated for brushlands and forest. Several neasures of
| ogging effects are collected in this inventory including road
| ocati on, and exposure of bare ground within the | ogged area.

The Region Five office of the U S. Forest Service has cooperated by
| oani ng aerial photographs. Aerial photo interpretations have been
conpl eted for study watersheds w thin Sonoma County, Six Rivers Nationa
Forest, and portions of the Trinity-Shasta and Kl anath National Forests.
Al'l land use data are being recorded on forns suitable for direct punching
on | BM cards for nachi ne processing.

Establ i shnent reports giving detailed discussions of the nethods
of collection, organization, and scope of the fire and aerial photo
| and use data are in the process of preparation

Pl ans for 1962-63

Assign a fire intensity index (based upon fire danger rating regions
and climatic data) to each 100-acre fire occurring during the |ast decade.
These indi ces have been computed for this period by the D vision of Forest
Fire Research, Pacific Southwest Forest and Range Experinent Station. Then
the fire data for study watersheds will be key punched on IBM cards and
tabul ated by wat ersheds. Conplete the collection of |and use data from
aerial photographs and tabul ate these data by study watersheds.

Concurrently, work will proceed on the collection of geol ogic,
physi ographi c, and neteorol ogi cal data. The data will then be anal yzed
utilizing the computer facilities of the University of California.

SEARCH FOR EXPERI MENTAL WATERSHEDS

The Lower Conifer Zone is conplex in its make-up, extending fromthe
southern Sierra Nevada to the Cascades, Siskiyous, and the North Coast.
Rai nfal |, topography, geol ogy, streanflow, and forest cover vary consider-
ably. At present, we feel that at |least three nore sets of experinental
wat er sheds are needed--one set in the Douglas-fir region, another in the
pi ne type of the northern Sierra, and another in the pine type of the
sout hern Sierra.



Fi ndi ng suitable experinental watersheds in the largely undi sturbed
and nostly unl ogged Snowpack Zone for our Cooperative Snow Managenent
Research project was relatively easy. In contrast, we are finding that
many of the Lower Conifer sites which at one tine mght have been
consi dered, have been recently | ogged or burned, or |ogged and burned.
Many of these and others al so are burdened with nmines and nmine debris,
nost often in and al ong stream channel s.

Briefly, the ideal, which is seldom attai ned but always strived
for is:

1. The experinmental watersheds are representative in forest type,
density, topography, geology, and climate for a |large portion
of the research area

2. Each experinental watershed be of sufficient size (at |east
100 acres) so that |and managenent neasures can be applied
and evaluated on a practical basis, but sufficiently snal
(not over 2,000 acres) so that such neasures can be applied
at a reasonabl e expense.

3. The watersheds contain representative forest conditions
(i.e., timber, riparian growh, brush) of sufficient maturity
t hat managenent neasures can be applied in the next 5 to_
10 years.

4. The watershed group at the site includes at |east a matched pair
and preferably, 3 or nore, all nearly the same in size, shape,
el evation, forest type and density, and oriented in the sane
di rection.

5. A bedrock control site be |located for each streangagi ng
station.

6. The streangaging station site in each watershed be accessible by
road or jeep trail so that the stations can be conveniently
constructed and mai nt ai ned.

7. The watershed contain no active, abandoned, or contenplated
m nes; or that mnes and m ne dunps are neasured and eval uat ed
so their sedinent contribution can be determn ned.

8. The ownership of the watersheds be such that control can be
exercised for sufficient years (mninmum 15) so that studies
and treatnents can be adequately eval uated

Lucille Richards of the Station's Watershed Managenent Research staff has
pored over a great nmany nmps, quadrangl e sheets, and aerial photos as tine
saving prelinmnaries in our search for experinental watersheds. Fromthese



prelim naries, the choice of the Caspar Creek watersheds evolved. O her areas
in the Feather, Yuba, Klamath, Eel, Mad, and Van Duzen Ri ver drai nages have
been field checked. One set of Douglas-fir watersheds in the West Fork of the
North Fork of the Eel River headwaters has been tentatively selected, but as
it msses several of the ideals |listed above, we are continuing our search in
t he Dougl as-fir region, as well as in the Lower Conifer pine type of the

Si erra Nevada.

Pl ans for 1962-63

Locate and establish suitabl e experinental watershed pairs or groups in
i mportant representative areas of the Lower Conifer Zone. Priority enphasis
first in the pine type of the northern Sierra Nevada, second in the
Dougl as-fir forest type of the Siskiyous or North Coast, then the southern
Si erra Nevada.

FURTHER PLANS FOR 1962- 63

SO L MO STURE STORAGE AND LOSSES

Initiate a study of soil noisture | osses under different forest
condi tions throughout the Lower Conifer Zone. Study to include pine,
Dougl as-fir and Dougl as-fir-Redwood types, in the najor soils. Substudies
to include different |ogging practices, stocking, and nmaturity.

Eval uating soil noisture characteristics and their |osses under a span
of conditions comobn to the Lower Conifer Zone and relating themto other
wat er shed characteristics should provide a know edge of the range in water
| osses, the prospects of reducing water |osses, and a neasure of the extent
of the areas that may be subjected to nanagenent for the inprovenent of
wat er yield.

LANDSLI DES

Initiate a basic study of the physical and chemical characteristics of
| andsl i de- prone geol ogy and soils in the Lower Conifer Zone.

Slide soils are a critical problemto | and use and sedinentation. To
date, no quantitative anal yses have been nade rel ating characteristics to
slide probability, and insufficient work has been done in the way of
under st andi ng chem cal. and physical characteristics, and nodifying these to
obtain better control and managerment of slide areas.

HEAT BALANCE

Initiate a study of heat balance in the northern portion of the
Si erra Nevada Lower Conifer Zone.

Shal | ow, | ow el evati on snowpacks have been serious contributors to
maj or floods. A study of the heat exchange on shall ow packs during rain
events can increase understanding and help in the prediction of floods.
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