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ABSTRACT
Mark West Creek is an important stream for the recovery

of salmon in the Russian River watershed. One of the
principalchallenges to recovering these fishes is
maintaining sufficient flowing water through the summer
dry season, when human water demands can result in
reduced flow during a time when it is naturally very low.
Analyses of rainfall dynamics, streamflow dynaspiand
human development indicate that there is sufficient water
on an annual scale to meet existing human and
environmental water needs; but diverting water from
aquifers, springs, and streams has likely contributed to les
water in upper portions of MaM/est Creek than would be
present naturally. Agricultural needs and residential need:
are similar in magnitude, and if water is stored in winter tc
meet these needs rather than obtained during the dry
season, these management changes could have a
meaningfll benefit on streamflow during the dry season.
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Cover photo: Mark West Creek downstream of Neal Creek, Summer 2013.
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Report on the Hydrologic Characteristics of Mark West Creek

Center for Ecosystem Management and Restoration

November 4, 2014

1. Introduction

Mark West Creek isne of the largedtibutaries to the Russian River, draining a catchment of

51 square miles before its confluence with the Laguna de Santa Rosa southwest of Windsor.
NOAA Fisheries regards the Mark West Creek watershed as having high potential for supporting
anadromous salomids, ranking it as critical habitat for steelhead and coho salmon, and

assigning it as a Phase 1 stream for coho recovery in its CCC ESU Coho Salmon Recovery Plan
(Figure 1).Anecdotal reports from stakeholdeénshe Mark West Creek watershed and-fish
monitoring groupslso indicate that Mark West Creek and its tributaries currently support
salmonidgmostly steelhead troutthough in lower numbers than were preserthe recent past



Like manyparts ofrural Sonoma County, the Mark West Creek watershed has undergone land
use changes thate believed talter the dynamics of the hydrologic regighMFS 2012) In
recent decades, vineyards have expanded to join the many rural residencésarktidéest
Creekwatershedconcerns have arisen ab@ubposedndustrial facilities (namely, wineries)s
well. Depending on how water is obtained, each of these human developmagatter the flow
regime: déta from across the county indicate that a number of wags, ranging from
agricultural to recreational to domestic, all have potential to influence streamflow during the
summer dry seasom partbecause streamflow is naturally véoyv. Concerns have also arisen
that water storage in winter could reduceterrflows diring salmon migration periods, though
studies have indicated that these impacgsvariable through the Russian River watershed
(Deitch et al. 2013)

This reportdescribes the hydrologic characteristics and factors that influence thebaiatere
of the upper Mark West Creek watershed (Figure 2). Much of this report focuses specifically on
the area upstream of the confluence of Humbug Creek with Wadt Creek (near the west end
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Figure 1. Areas in the lower Russian River watershed m MFS CCC Coho Recovery Plan, by priority (NMFS
2012).



of St. Helena Road)eferedto hencefortrasUpper Mark West Creekn particular,this report
focuseson characteristics of land cover and human development, rainfall and runoff, geology,
and channel geomorphology as they pertain to the hydrology apgerMark West Creek
watershedBased on the information presented, we conclude the report by sumngariz
management toothat could be utilized to increasammer base flown Mark West Creek

Figure 2. Mark West Creek watershed, with the upper Mark West watershed used in this study identified



2. Rainfall

Rainfall is the principal driver diydrologic processes in coastal California. Virtually all

precipitation occurs as rainfall, and streams generally respond quickly faInaith elevated
streamflow. When rainfall ends, streamflow gradually recedes until the following rainfall event
(which, depending on the time of year, may occur several months lataddition, streamflow

in years with highethanaverage rainfall have appreciably different streamflow dynamics than

in years with lesshanaverage rainfal{Deitch and Kondolf, 2012 These streamflow dynamics

define instream conditions for anadromous salmonids through the year: fishes such as steelhead
trout and coho salmon migrate upstream to spawn during and followindldwglpulses, and

juvenile fishes rear in freshwater streamsdt least one year before migrating to the ocean as
smolts (coho spend one year as juveniles in freshwater streams, while steelhead may spend up to
three).The purpose of this section isqaantify the amount of rain that falls on the Mark West

Creek waershed, based on standard data sources; describe differences between these standard
sources and measured data within the watershed; and estimate the differences between rainfall in
a fAndrympalo fdrydyped year.

Annuatscale rainfall

On an annuascale, the Mark West Creek watershed receives a considerable amount of rainfall.
Reports on the Mark West Creek watershed frequently cite an average annual precipitation of 50
inches of rainn the upper portion of the watersh@g., ESA2012, Todd Enmpeers 2005 Our
analysis of patialrainfall data based on the PRISM data s&rémeteelevation Regressit on
Independent Slopes Modeéleveloped by researchers at Oregon State Univevditigh is

frequently cited as the standard for rainfall estion in California)provides a slightly lower
estimate of 2.5inches in an average yefar the entire watershedcludingthe lower portion in

the Santa Rosa PlajRigure 3) Orography ifluencesthe spatial variability of rainfall: whereas
PRISM estinates the lowelief downstream portion of the watershed receBinches in an
average year, the upper higilief portion receives more th&® inches on averagéd his
underestimate®cal rainfall measurementaken at théMark Westheadwaterslocal

measurements indicate an averagapgroximately65 inches through the yearecorded from
19652011 (Doerksenunpublished daja

Based on the PRISM average annual rainfall data set (which, as described above, provides a low
estimate of rainfall in the headwaters), 42.5 inches of rainfall over the 51 square mile watershed.
This corresponds to 117,000 adreor 38.2 billion gallonspf water as rainfall to the Mark West
watershed in an average year (Table 1). As discussed above, upper Mark West Creek is the
wettest portion of the Mark West watershed: PRISM estimates that it receives approximately



46.4 inches of rain over its 14 sgeanile catchment (34,500 aeiteor 11.2 billion gallons) in
an average year. Though this is likely an underestimate based on locally collected data described

above, the PRISM rainfall data provide a conservative estimatedrowater resource
perspective
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Figure 3 Average annual rainfall over the Mark West Creek watersH@&RISM data)

Table 1. Average and diyear rainfall in the Mark West Creek watershed and upper Mark West watershed, in

inches, acrefeet, and gallons.

Average annual rainfall Estimated dryyear rainfall
Watershed | Catchment| Rainfall, Total precip, Total, gallons | Rainfall, Total precip, Total, gallons
area, mf | inches acreft inches acreft

Mark West 51.70 42.5 117,000 = 38,200,000,000 21.2 58,600 19,100,000,000
Watershed
UpperWark

West 14.0 46.3 34,500 11,300,000,000/ 23.1 17,300 5,600,000,000
watershed




Rainfall in coastal California can be highly variable from one year to the theis, multiannual
variability must be considered in amgter resourceanalysisintended to evaluate water

availability for human or ecological needngtermdatameasurect nearby Healdsburg

indicate that the rainfall in @ery dry year is approximately half of the rainfall in an average

year: rainfall in water year 1972, excedd® 95% of 61 years from 1951 to 2011, was 21.4
inches (half of the average annual rainf4l.9 inchesfecorded at Healdsburg over the 61 year
period of record; Figure 4). In a very wet year (e.g., 1995, exceeded by 5% of 61 years), rainfall
is approximatelytwo-thirds more than average (71 inches). These comparisons provide useful
rulesof-thumb for what might be expected at the oppasites of extreme rainfall years.

Evaluations that considery-year conditionsre especiallyimportant because thelepict water
availability during times of scarcityif rainfall in a very dry year is approximately half of the
average, then water managers need to consider the implications of having half the rainfall that
typically occurdfor facilities such as wateterageand water delivery systems. If a very dry year
were to have half the rainfall of an average year, the Mark West watershed would receive
approximately68,600 acrdt (19.1 billion gallons) of water as rainfall over the entire watershed
in a very dryyear(Table 1, above, with 17,300 a€fteof rainfall in the upper Mark West
watershed in a dry year)

Dry-type year Median year
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Figure 4 Probability of exceedence for annuadinfall recorded at Healdsburg, CA, 192011 (by water year)



Seasonavariations in rainfall

Though dryyear and wetearrainfall analysesn the Mark West watershegrovide important
insights into water resourcésat reactthe waterséd over the entire year, anmsglale analyses
neglect important characteristics about the timing of waternflaence the capacity for water
to meet human and ecosystem negitisin the yearLike most of coastal Californiajimate
patternsn eastern Sonoma Courdyecharacteristically Mediterranean, resulting in a very wet
season and a very dry seasbhe 6tyear data set of rainfall aearbyHealdsburg, CAised in
the above analysis alsthow that 90 percent of the average annual rainfall occurs during the wet
half of the year November through April; less than 2 percent of the average annual rainfall
occurs from June through August (Fig&e While the total amount of rainfall may be variable
from one year to the next, the seasonality of precipitation is consistent among a|Dygstats
and Kondolf, 2015)

This seasonal variation has profoungplications for people living and working in the Mark

West watershed and across coastal California. Rainfall will not provide water to meet
agricultural, industrial, or domestic needs during the summer dry season, so water is instead
typically obtained trough sources such as wells and springs. If wells and springs provide an
uncertain or unsteady supply of water, it may be advantageous to store water in reservoirs or
water tanks in winter for use during summer. This seasonality also has implicatiomedar s
hydrology (further described below): streamflow begins to recede at the end of the rainy season
toward intermittence through the dry season until rainfall occurs again the following water year.
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Figureb. Average monthly rainfall recorded at Hedgburg, CA.



3. Land cover and land use

T h e taad coveditlassifies the features found on the surface of thié.e#t usually focuses

on vegetation cover, including types of forest (deciduous, riparian, evergreen, ran@tigr
vegetation €.g, shrub/scrub, grassland), but ateay includefeatures such as barren lamedg
exposed rock), and various types of human development (classified as either developed or
cultivated crops)Variations inland covemelpto understand the extent of hunfaotprint in a
watershed, as well as hdeatures such ageology, soil type, and climate influence the types of
plants that grow in an arelm addition,land covercan influence watershed hydrologgescribed
further in subsequent sections). In this eGtwe use existing land cover data sets to explore the
spatial distribution of the human footprint in the Mark West watershed, and develop an estimate
of human water need in the upper portion of the study area.

Land Cover by Percentage

Like the resbf the Russian River watershed, the land cover of the Mark West watershed is
diverse.We usedhe 201 National Land Cover Databaghn et al. 2011a US Geological

Survey producavailable through the MuliResolution Land Characteristics Consortium,
mrlc.gov)to identify the variations in land cover in the Mark West Creek watershed; we further
refined the cultivated crop data to reflect an agricultural crop data set prepaesaénchers at

UC Berkeley andhe University of California Cooperative texsionin 2004and updated by
CEMAR in 2014 to more accurately reflect the actual agricultural coverage in the watershed
(this was necessary becausech of the agricultural coverage, especially in the upper portions
of the watershed, were not includedthe Land Cover Database).

As summarized belorable 3, the majority of the Mark West Creek watershed is covered in
eitherforest(43.8 percentor shrub/scrub22.2%). The additional 33% of land covercludes
grasslanfpasture (11.%), cultivated cres (12.86), anddeveloped (9.%, includingurbanand
open spacsuch as parRsMost of the Upper Mark West watershed is evergreen forest, with
some portions as grassland, mixed forest, shrub/sdeveloped, and cultivated cropigure

6B).

Table 2.Percentagenf the Mark West Creek watershed by land cover type (based on 28&fional Land Cover
Database and CEMAR agricultural crop GIS data)

Deciduoug
Mixed Grass | Shrub/ Cultivated Barren
Evergreen forest land scrub | Developed crop Reservoirs| land
Lower Ganta
Rosa Plain 0.03 1.2 11.5 1.1 22.6 63.5 0.13 0.06
5,700ac)
s 460'\2325) 32.8 16.7 124 | 27.2 8.9 1.9 0.06 013
Upper
(8.960 acrep 51.6 7.9 9.6 25.5 3.5 1.8 0.02 0.04
Total
(33,12 ac) 32.3 11.6 11.3 22.2 9.8 12.6 0.06 0.10




Figure &\-B.Land cover in the Mark West Creek watershed and surrounding area (tapyl land cover in Lpper
Mark West watershed(bottom).
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