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RESEARCH ARTICLE

▼

Decision support tool seeks to aid stream-fl ow 
recovery and enhance water security 

by Adina M. Merenlender, Matthew J. Deitch 

and Shane Feirer

In many parts of coastal California, 

agricultural water needs during the 

summer are met by tapping riparian 

and groundwater resources, which 

has led to documented decreases in 

stream fl ow during the dry season. 

This has consequences for salmon, 

including sudden drying of habitat, 

higher water temperatures and 

changes in the invertebrate prey 

base. We developed a new, spatially 

explicit analytical tool to quantify 

and map human and environmen-

tal needs, model daily stream-fl ow 

rates, and estimate regulatory fl ow 

requirements and cumulative impacts 

of reservoirs. This tool is part of a 

decision support system that can be 

integrated in a Geographic Informa-

tion System (GIS) with other restora-

tion considerations. This research 

provides a basis for placing additional 

reservoir storage where projects are 

not likely to affect adult salmon pas-

sage, while reducing water demand 

from surface and subsurface fl ows 

during spring and summer, ultimately 

improving both habitat for salmonids 

and water supply for growers.

IN 2000 we reported on the expan-
sion of vineyards into upland 

coastal watersheds (Merenlender 2000). 
With this expansion came changes in 
where, how and to what extent water 
is extracted from these watersheds for 
agriculture. Like most premium wine-
grape-growing regions around the 
world, coastal California has a Mediter-
ranean climate with most rainfall in 
the winter months, followed by a dry 
period of up to 6 months. Stream fl ow 
follows a similar trend, with the major-

ity of fl ow occurring during winter and 
early spring, mostly as a series of high-
fl ow events separated by lower base 
fl ows in winter (fi g. 1, page 149). When 
the rains end, stream fl ow then recedes 
gradually to reach or approach inter-
mittence by late summer.

Precipitation is highly variable, sea-
sonally and interannually, leading to an 
extremely uncertain renewable supply 
of fresh water. For example, deviations 
in mean annual fl ows of 30% or more 
from long-term annual averages are 
common, resulting in continual uncer-
tainty about water supply for human 
use year to year (Deitch 2006). 

Moreover, California’s coastal re-
gions often have complex geology 
that can lead to differences in stream 
fl ow within and between watersheds. 
Large, natural freshwater lakes are 
rare, and groundwater tends to be deep 
or restricted to bands along river cor-
ridors, so that humans rely heavily on 
streams for fresh water. Because water 
is not often available at the times when 

it is needed for irrigation, growers 
must carefully manage water supplies 
throughout the growing season. As a 
result, much of California’s water needs 
are met by disseminating water stored 
behind large reservoirs. In areas not 
served by large water projects, includ-
ing many coastal watersheds where 
premium wine grapes are grown, 
water is often diverted from streams 
or pumped from the ground, and if 
possible, stored on-site in small private 
reservoirs that growers establish for use 
during the dry season. 

In addition to irrigation, grape grow-
ers may require water for other pur-
poses, such as the protection of young 
buds from frost in early spring and 
relief from high summer temperatures. 
Analyses of seasonal water demand, 
which describe the fi ne-scale means 
through which needs are met, illustrate 
that direct pumping from streams can 
cause stream fl ows to drop by more 
than 90% locally, and downstream ar-
eas are also affected (Deitch et al. 2008).

Vineyard managers need water for irrigation, as well as other purposes. In areas 
without reservoirs water often comes from local streams, which may also supply 
municipal water and provide salmon habitat. Balancing these competing water 
needs is a critical challenge facing the California wine-grape industry. Above, 
vineyards in the Russian River (top right) basin.
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Fig. 1. Mean daily in-stream flows for 2004 
from Maacama watershed, below a 43-square-
mile catchment with 4.5% of its area in 
vineyards. Y-axis representing flow magnitude 
is on a log scale. To measure stream flows, 
Global Water WL15 pressure transducers were 
encased in high-pressure flexible PVC hose, 
attached to solid substrate and operated as 
stream-flow gauges according to standard 
USGS methods (Rantz 1982). Flow was 
measured using Price Mini and AA current 
meters at biweekly-to-monthly intervals to 
develop rating curves; instruments recorded 
stage at 10-minute intervals from November 
2003 to September 2005. Arrows show 
examples of winter peak and base flows.

Water in the Russian River basin

Surface-water diversions may have 
the most substantial impacts on aquatic 
biota during spring and summer be-
cause stream flow is naturally low. The 
limited water available is critical for 
maintaining suitable habitat conditions, 
yet stream flow at this time is most sus-
ceptible to water diversions. In many 
parts of the Russian River basin, water-
rights records predict that the demand 
for water during the spring and summer 
growing season exceeds supply, under-
scoring the imbalance between water 
need and supply (Deitch et al., in press); 
yet normal-year discharge (stream flow) 
during the wet season exceeds annual 
water removal (diversion) estimates by 
an order of magnitude (fig. 1).

In watersheds where water demand 
is high, surface-water diversions may ac-
celerate drying over substantial stream 
reaches, reducing habitat for juvenile 
salmon and other aquatic species. 
Secondary effects of stream drying, such 
as increased competition, higher water 
temperatures and increased predation 
risk may also occur where flows are re-
duced (Kocker et al. 2008).

The Russian River is home to three 
species of salmonids: coho salmon, chi-
nook salmon and steelhead trout. All 
three species have experienced serious 
population declines and were listed  
under the federal Endangered Species 
Act in 2004. Although their life cycles 
are similar, they are not identical with 

respect to timing and physiological 
tolerance; therefore, each species re-
quires special consideration for their 
recovery. The life cycles of native sal-
monids are well adapted to the natural 
hydrologic regime of the region (Moyle 
2002) (fig. 1).

Winter floods maintain appropri-
ate sediment distributions and prevent 
vegetation encroachment, while provid-
ing an environmental signal for adults 
to migrate from the ocean to coastal 
streams. Lower-velocity winter base 
flows between storm events allow adult 
salmon to swim upstream to spawning 
sites and provide suitable hydrologic 
conditions for egg laying and incubation. 
Spring flows maintain in-stream connec-
tivity, allowing juvenile fish to migrate 
out, aerating eggs until fish emerge, and 
permitting microinvertebrates — im-
portant food for salmonids — to drift 
downstream. In summer, streams may 
become intermittent (interupted by dry 
areas) at which point pools continue to 
provide over-summering habitat. Flows 
resume again with the onset of winter 
rains, triggering the movement of adult 
salmon downstream (Kocker et al. 2008).

State water regulation

Since 1990, the State has hesitated 
to grant new or change existing water 
rights, in part because of concerns that 
additional appropriations will affect 
the in-stream flows necessary to sustain 
salmonid migration. As a result, there 
is a backlog of requests for additional 

Small reservoirs, such as in the Dry Creek watershed (shown), can help grape growers to store winter rainfall 
for irrigation. They also safeguard creek flows that are critical for rearing salmonids in the dry season.

appropriative rights, many to increase 
the storage of winter runoff (SWRCB 
1997, 2007). Until recently, the basis 
for these decisions hinged on draft 
joint guidelines from the California 
Department of Fish and Game (CDFG) 
and National Oceanic and Atmospheric 
Administration (NOAA) Fisheries 
Service to maintain winter flows suf-
ficient for adult salmonid migration. 
In December 2007, the State proposed 
regulations for storing surface water 
in northern-coastal California, related 
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Reservoirs were also digitally 
mapped from aerial photographs, and 
the surface area for each reservoir was 
used to estimate total volume based 
on an empirical statistical relationship 
between a sample of recorded volumes 
and surface area (n = 100) from the 
State. The estimated volume of winter 
water storage in existing reservoirs 
on a given parcel was subtracted from 
the estimated water need per parcel as 
described above. We then calculated 
total water need per parcel not met by 
winter water storage. Total water need 
for each land parcel was then summed 
downstream using a flow accumula-
tion model to determine the cumulative 
need through the entire drainage net-
work (ESRI 2006) (fig. 2).

In-stream flow thresholds

To compare the amount of water 
permitted for removal under the new 
proposed in-stream flow regulations 
with amounts permitted under exist-
ing guidelines, we mapped the regula-
tory flow thresholds based on these 
two policies and estimated allowable 
withdrawals. The new proposed regula-
tions restrict water diversion actions to 
the winter rainy season, Oct. 1 through 
March 31. Also, a specific flow thresh-
old must be exceeded before water can 
be diverted from the stream. This flow 
threshold is defined as the minimum 
flow corresponding to a depth that al-
lows salmonids to migrate upstream, 
preserving the potential for them to 
find adequate spawning reaches. This 
standard, the minimum bypass flow, is 
calculated as:

Qmbf = 9.4 Qm (DA)-0.48 

where Qmbf is minimum bypass flow 
in cubic feet per second; Qm is mean 
annual unimpaired flow in cubic feet 
per second; and DA is the watershed 
drainage area in square miles (for 
streams with watershed area less than 
295 square miles). If the upper limit of 
anadromy (the point above which the 
stream is no longer considered salmo-
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Fig. 2. Estimated cumulative need for water from upstream 
vineyards and rural residential development in the 
Maacama and Franz watersheds (tributaries to the Russian 
River, map inset), plotted along the stream network.

sheds where there are no large, cen-
trally controlled reservoirs is essential 
for evaluating the environmental and 
social tradeoffs with different water-
management schemes widely imple-
mented across coastal California.

Estimating dry-season water needs

A Sonoma County vineyard map 
based on orthorectified aerial photos 
from 1993, 2000, 2002, 2004 and 2005, 
as well as oblique aerial photos from 
2006 (59,000 acres in Sonoma County; 
see California Agriculture Vol. 62, No. 1, 
page 11; and Merenlender 2000), were 
used to estimate the agricultural water 
need by multiplying each acre by two-
thirds acre-foot. (This estimate does 
not include additional water needed in 
areas where overhead sprinkling is re-
quired for frost protection [Lewis et al. 
2008]). We also added 0.226 acre-foot 
per rural residential unit to account 
for outdoor water use by the average 
home. Rural residential units were 
mapped based on county parcel and 
assessor’s data, which includes units 
per parcel. Estimated water need was 
then summarized for each individual 
land parcel.

to aquatic ecosystem conservation, as 
part of its draft “Policy for Maintaining 
Instream Flows in Northern California 
Streams” (SWRCB 2007). They are being 
considered for adoption in 2008.

Because the proposed new policies 
for surface-water appropriations may 
not allow growers to meet agricultural 
water needs, we expect that they will 
continue to turn to alternative means, 
including riparian water diversions 
and groundwater pumping during the 
growing season, neither of which are 
subject to the same standards as appro-
priations (Sax 2002). We theorize that 
it may be more useful to consider the 
impacts of small water projects relative 
to cumulative impacts on discharge 
through the year, rather than to set a 
required flow condition that uniformly 
protects winter flows sufficient for adult 
salmonid migration at all locations.

We describe spatially explicit models 
for agricultural and rural-residential 
water needs, daily stream flow through-
out a watershed, proposed environ-
mental stream-flow requirements, and 
cumulative impact analysis of small 
reservoirs on stream flow. Integrating 
this information across entire water-
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nid habitat, defined as a 12% gradient 
over a length of 100 meters; SWRCB 
2007) is downstream of the point of di-
version, the drainage area at the upper 
limit of anadromy may be used.

Part of the proposed regulation is re-
lated to the total amount of water that can 
be diverted at any time. This is intended 
to protect peak storm flows, which are 
important for moving large materials in 
the stream and reshaping stream chan-
nels. This standard, described as the 
maximum cumulative diversion criterion 
(Qmcd), is defined as 5% of the 1.5-year 
instantaneous peak flow at the proposed 
point of diversion (this peak flow rate 
is estimated using historical data). We 
calculated the minimum bypass flow 
and maximum cumulative diversion in 
the GIS for every point in the drainage 
network to examine how the conditions 
for diversion established by the regional 
protective criteria vary spatially; where 
and when stream flow is expected to 
exceed these threshold levels; and how 
much water could be diverted when these 
thresholds are exceeded. 

We used the GIS to map the amounts 
of surface water that would be allowed 
under these proposed policies for all 
points across the drainage network, using 
the following steps: (1) estimating mean 
daily flow from the normal-year U.S. 
Geological Survey (USGS) stream-flow 
data according to watershed area and 
precipitation differences for all points 
throughout the drainage network; (2) cal-
culating the Qmbf and Qmcd according 
to the definitions above; (3) counting the 

number of days at each point when the 
expected mean daily flow exceeded the 
calculated minimum bypass flow thresh-
old over the diversion season, using an 
average rainfall hydrograph from the 
historical period of record (1966); and (4) 
multiplying the number of days by Qmcd 
(up to the defined Qmbf). 

For example, we used stream-flow 
data at the centrally located Maacama 
Creek near Kellogg USGS gauge 
(number 11463900, in eastern Sonoma 
County, with a 20-year period of record 
from 1962 to 1981) for a normal-type 
year (1966, a year with median annual 
discharge over the period of record), 
and scaled this stream-flow data by 
watershed area and mean annual pre-
cipitation to create a daily stream-flow 
value for each point in the drainage. We 
then counted the number of days for 
each stream segment where stream flow 
exceeded Qmbf to determine the num-
ber of days during the winter diversion 
season that water users could divert.

For comparison, we calculated the 
maximum annual diversion for each 
point in the Maacama Creek drain-
age network using a standard of no 
more than 10% of the winter-season 
discharge, approximately equivalent 
to the maximum allowable diversion 
volume given in the 2002 draft joint 
guidelines (CDFG/NMFS 2002). This 
comparison allowed us to quantify the 
differences between policies relative 
to the impacts they have on potential 
appropriators and relative to their loca-
tion in the watershed.

Cumulative small-reservoir impacts

We also created a model using our 
GIS to examine the cumulative impact 
of small surface reservoirs on stream 
flow through the year, as reservoirs fill 
from the onset of the rainy season in fall. 
Estimated reservoir volumes (mean =  
28 acre-feet, median = 9 acre-feet; 91% 
of 1,087 mapped reservoirs are less than 
50 acre-feet) in the Sonoma County 
portion of the Russian River watershed 
were incorporated into our watershed 
model, and the upstream catchment 
area was calculated for each reservoir. 
We modified the digital elevation model 
by inserting existing mapped reservoirs 
so that water flowed from the upper 
watershed into the reservoirs until they 
filled and then out the lowest point 
of the reservoir into the downstream 
drainage network. 

The start of the delineated network 
began at the reservoir outlets. All seg-
ments of the stream network had the 
maximum flow accumulation value 
from upstream assigned, and the hy-
drologic network was then exported 
from ArcGIS (ESRI 2006) as lines and 
points into a spatial database. The 
database files related to the shapefiles 
were then imported into a Microsoft 
Access database, which manipulated 
the stream network created by the GIS. 
The database was then used to estimate 
flow across the watershed. The model 
assumes that reservoirs are empty at 
the onset of the water year, and that 
small dams block discharge from up-

Aerial photography of vineyards, coupled with stream-flow data, is being used to develop models 
that will help growers and regulators to better plan for future water needs and salmon recovery. 
In, left, Alexander Valley and, right, Dry Creek, vineyards grow on hillsides.
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Salmon Coalition has agreed to a partici-
patory research effort that will greatly 
increase understanding of the various 
ways that water is managed across 
private lands. One way to empower a 
group early on is to begin collecting 
and evaluating existing information to 
increase understanding of the system 
(Cestero 1999). Wine-grape growers are 
providing us with information on water 
management practices, and private land-
owners will provide access for further 
stream-flow monitoring. Without this 
cooperation, local information could not 
be collected and we would continue to 
rely on coarse assumptions and manage-
ment models that are ill-suited for such 
a complex system. The data will enhance 
our understanding of human-ecosystem 
interactions — a necessary step to better 
inform future water management and 
policy decision-making. 

We intend for these efforts to help 
the State and local stakeholders resolve 
problems over additional requests for 
appropriative rights to store more wa-
ter during the rainy season. Our data 
analysis and models will also be used by 
Sonoma County to improve its estimates 
of available flows for ecological pro-
cesses (including enhancing salmonid 
recovery efforts) and municipal uses.

— A.M. Merenlender

Collaborative conservation helps achieve 
regional water-quantity goals

The outcomes of collaborative con-
servation are generally untested. In an 
attempt to define a common language 
and share lessons from case studies, a 
Sonoran Institute report called “Beyond 
the Hundreth Meeting” focused on 
public land issues, offering guidelines 
for improving the success of public 
planning processes (Cestero 1999). 
Place- or community-based efforts are 
distinguished from those that address 
a specific policy or interest-based initia-
tives, like the Salmon Coalition. 

Cestero (1999) also reports that 
place-based efforts work best if they 
are led by local participants rather than 
government representatives, and take 
place in an open and inclusive process 
that can accommodate a full range of 
perspectives — including government 
representatives. It is also better if par-
ticipants do not try to represent larger 
interest groups, because confusion can 
arise when individuals are held ac-
countable for the larger, diverse group, 
some of whom will feel their interests 
were not well represented. In addition 
to completing the desired projects, 
collaborative conservation increases 
capacity among community residents 
to respond to external and internal 
stresses that will inevitably arise. This 
capacity can help prevent future prob-
lems from becoming crises. 

Collaborative conservation groups 
that focus on smaller areas are more 
likely to succeed, because those in-
volved can relate to the landscape in 
question and regular participation from 
people spread across a large geographic 
area is not required (Cestero 1999). The 
Quincy Library Group in Northern 
California, for example, was a group 
of approximately 30 people who de-
veloped a plan for 2.5 million acres of 
public forestland. Ultimately, the plan 
did not adequately address the diverse 
interests represented in this large and 
relatively populated area (Duane 1997). 
Such larger-scale conservation projects 
are better addressed through a network 
of local efforts (Cestero 1999). 

The Salmon Coalition is primarily fo-
cused on two subwatersheds within the 
Russian River. Equally important, the 

Land and water conservation in places  
 such as coastal California, which 

is almost entirely comprised of private 
land, cannot occur without landowner 
participation. We are engaged in a col-
laborative conservation process with a 
public interest group called the Salmon 
Coalition, to facilitate landowner par-
ticipation in transformative restoration. 
This coalition represents a growing 
demand for more adaptive local ap-
proaches to resource management.

The Salmon Coalition was formed 
in 2006 to increase communication 
among the private landowners of Dry 
Creek, Knights and Alexander valleys 
(northern Sonoma County); resource 
agency staff (the National Oceanic 
and Atmospheric Administration 
and the California Department of 
Fish and Game); the Sonoma County 
Water Agency and their urban clients 
(nine water districts in Sonoma and 
Marin counties); environmental inter-
est groups; and other stakeholders. Its 
goal is to set restoration priorities for 
salmon recovery while protecting and 
hopefully improving water security for 
rural and urban uses, and providing 
certainty to private landowners dealing 
with the federal Endangered Species 
Act (ESA). The coalition is an example 
of a policy-based initiative that utilizes 
stakeholder participation to design 
plans intended to protect habitat as 
compensation for regulatory protec-
tion against potential ESA violations 
(Cestero 1999). 

Collaborative conservation is increas-
ingly popular as decision authority on 
how to implement species recovery 
devolves from government to public 
stakeholders. An increased emphasis 
on farmer participation in water man-
agement planning is now part of the 
2008 Farm Bill. The Agriculture Water 
Enhancement Program changes existing 
ground- and surface-water conserva-
tion programs to allow cooperative 
agreements between the Secretary of 
Agriculture, multiple producers, govern-
ment entities and tribes, with $70 million 
for each of fiscal years 2008 through 
2012. Collaborative conservation will 
provide the basis for these agreements. 

The Salmon Coalition and Trout Unlimited 
hosted a “Water and Wine” field tour.
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stream until the reservoir fills (that is, 
when the cumulative discharge volume 
from the upstream watershed equals 
the volume of the reservoir), at which 
time the upstream drainage network 
is reconnected hydrologically with the 
rest of the watershed. 

We then used the flow accumulation 
model to determine the fraction of dis-
charge accumulating from unimpeded 
parts of the watershed, and adjusted 
this fraction to reflect flow conditions 
as reservoirs fill through the winter. 
In addition to showing local effects of 
reservoirs (i.e., immediately below the 
dam), the model is designed to illustrate 
the cumulative impacts of reservoirs on 
stream flow anywhere in the drainage 
network, including flow from unim-
paired streams.

Calculating water needs

Our calculated estimate of total wa-
ter need ranged from approximately 
1,500 to 4,500 acre-feet at the bottom 
of the major tributaries to the Russian 
River. This is the estimated demand 
that is currently unmet by storage 
ponds and may be extracted during the 
dry season from surface water, subsur-
face stream flow and groundwater.

Policy scenarios. Analysis of the new 
proposed policy restrictions reveals 
that in headwater streams where new 
vineyards rely on freshwater resources, 
surface-water projects would only be 
permitted to remove water for 2 to 
8 days in a normal year during the 
rainy season in Maacama Creek (fig. 3). 
Expanding to a broader area, this analy-
sis reveals that an estimated 57% of the 
drainage network across the Russian 
River in Sonoma County would be re-
stricted to 0 to 4 days for the diversion 
of winter stream flow. This is because 

▲ Fig. 3. Number of days per year that estimated 
flow exceeds proposed new instream flow 
policy’s minimum-bypass threshold along the 
Franz and Maacama drainage network. Under the 
proposed policy, surface-water removal would 
be allowed in 57% of the continuously mapped 
drainage area for 0–4 days, 19% for 5–9 days, 7% 
for 10–16 days and 9% for 17–32 days. Only 8% 
of the mapped area would allow surface-water 
removal for 33 days or more. 

Fig. 4. Levels of flow impairment due to a reservoir’s impeding winter flows estimated for 
week 15 of the water year, based on (A) 1966, a nomal-year hydrograph (median annual 
discharge) and (B) a dry-year hydrograph (1971, lower-quartile annual discharge, based 
on historical data). Higher levels of impairment for small reservoirs can be seen for this 
very dry year. Stream order is also mapped: unbranched tributaries are first order, two 
first-order streams join together to form a second-order stream, and so on.

much (79%) of this area is made up of 
watersheds less than 0.63 square mile 
(1 square kilometer) where first-order 
streams (unbranched tributaries) pre-
dominate. We compared the estimated 
amount of winter surface water allowed 
to be stored, based on the existing joint 
policy guidelines, with those proposed 
by new regulations (table 1). The ob-
served differences for small headwater 
streams are important because more 
than 90% of the 1,000 reservoirs in the 
Sonoma County portion of the Russian 
River watershed have upstream catch-
ments of less than 0.5 square mile.

Small reservoirs and winter flows. 
Using normal-year flow data from a time 
of few dams and diversions (representing 
unimpaired flow), the model indicates 
that early-season stream flow in some 
major tributaries to the Russian River 
may be reduced by as much as 50% and 
that these impaired sites are predomi-
nately found in small watersheds (fig. 
4A). Therefore, we expect that early- 
season rains may produce only a fraction 
of the stream flow that would be ex-
pected in the absence of small reservoirs. 

However, the impact diminishes as 
the rainy season progresses because 

TABLE 1. Amount of water allowed to be  
removed from watersheds under existing joint 

guidelines, compared with those recently  
proposed by the State*

Watershed area
(square miles)

Joint  
guidelines

New  
proposed policy

. . . . . . . . . acre-feet . . . . . . . . . 
45  5,180 9,100
15 1,835 2,800
5 630 581
1 120 36
0.4 48 7

  * Based on calculations from Maacama creek watershed 
(Sonoma County) using GIS methods described.

A (normal year) B (dry year)
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Fig. 5. Estimated need for water not met by existing winter water storage 
along Pena Creek, tributary to Dry Creek, from residential areas and two 
upland vineyards. 
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reservoirs fill over time: stream flow is 
reduced by less than 10% by the end of 
December for most reaches in normal 
rainfall years because many reservoirs 
have filled by this point (fig. 4A). Also, 
90% of the most-impaired sites are in 
very small watersheds because reser-
voirs in the Russian River watershed 
are commonly focused in headwater 
streams (table 2). The window for 
upstream bypass is larger lower in 
the watershed as compared to upper 
tributaries, and these reservoirs are 
less likely to affect the ability of salmon 
to migrate through lower reaches to 
find suitable spawning tributaries. The 
impacts increase when the driest year 
on record is used to run this reservoir 
impacts model (fig. 4B). This modeling 
effort can help reveal where additional 
reservoirs for storing winter rainfall can 
be placed to minimize impacts on adult 
salmon passage and relieve the effects 
of current management practices on 
spring and summer stream flow.

A hypothetical example illustrates the 
tradeoffs between site-level impacts on 
winter flows from increasing reservoir 
storage in upland sites for vineyard use, 
and reductions in water demand over 
the dry season (figs. 5–7). This upland 
tributary to Dry Creek in the Russian 
River basin currently has two upland 
vineyards requiring an estimated 90 
acre-feet of water for irrigation (fig. 5). 
Reservoirs for winter water storage cur-
rently do not exist and the water used 
is pumped on demand during the dry 
season, which could reduce intermittent 
summer flows. To offset impacts on sum-
mer flows, small reservoirs averaging 20 
acre-feet in size can be hypothetically 
placed in the upper watershed where 
they are needed. This reservoir impact 
model can then be run to estimate the 
impacts to winter flows (fig. 6), which are 
limited to just downstream of the stor-
age pond. These small, distributed reser-
voirs can store sufficient winter water to 
offset the water needs of these vineyards 
(fig. 7) and offset the demand for water 
in the summer.

Water management framework

By quantifying and mapping esti-
mated human needs, environmental 

Fig. 6. (A) Impacts of the few existing reservoirs (blue dots) along this creek. (B) Impacts esti-
mated to occur if small, 20 acre-foot reservoirs (yellow dots) were placed on vineyard parcels to 
meet estimated water needs during the dry season from winter runoff early in the season  
(day 63 of the water-year based on Pena gauge station data for 1981, a normal rainfall year).

TABLE 2. Percentage of watershed area across entire Russian River basin in Sonoma County  
that falls within each impairment class, and percentage of those percents  

that are found in different-sized watersheds

Upstream catchment area (square miles)

Impairment (%) Impaired drainage < 0.4 0.5–4 4.1–15 15.1–40 > 40.1 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

< 10 46 17 41 18 9 15
10–20 17 28 34 18 10 10
20–50 15 37 30 10 3 20
> 50 22 55 26 5 4 10

A (current) B (proposed reservoirs)
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Fig. 7. Greatly diminished water need during 
the dry season for Pena Creek after the 
hypothetical placement of several upland 
reservoirs.
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needs and reservoir impacts — and pre-
senting them visually with other resto-
ration considerations — we can provide 
decision-support for informing water 
management and salmonid restoration 
in the wine country of northern-coastal 
California.

In particular, we demonstrate that 
these tools can be used to evaluate vari-
ous water-policy scenarios (i.e., changes 
to bypass flow thresholds), estimate the 
cumulative effects of water extraction 
methods on the natural hydrograph 
across a large spatial scale (including 
temporal variation), and provide infor-
mation for the watershed-level planning 
required to recover environmental flows 
for salmonids. Given highly variable 
year-to-year rainfall patterns it is impor-
tant that the modeling tools described 
here allow hydrographs based on low, 
moderate and high rainfall years to be 
used to evaluate the impacts of water 
management. These applications are 
relevant to the State’s water-allocation 
decision-making process, resource 
agencies involved in salmonid recovery 
planning, and private landowners in-
terested in water management solutions 
and habitat restoration. These models 
can be compared with existing data on 
salmon habitat, physical barriers and 

other mapped information including ex-
isting and proposed appropriative water 
rights, to help prioritize stream-flow res-
toration needs for salmon recovery.

Our model expresses water needs 
over a coarse annual scale, while eco-
logical requirements operate at finer 
scales. However, we are working with 
the agricultural community to provide 
increased insight into the timing of 
water needs throughout the growing 
season (see sidebar, page 152). Decisions 
about reservoir management and the 
amount of water needed during the 
growing season are currently made 
based on uniform assumptions, but 
we believe that better decisions can be 
made by working with growers to pa-
rameterize the models based on their 
actual water-use practices. 

The models presented here quantify 
the tradeoffs for both wine-grape grow-
ers and salmonid recovery efforts, be-
tween storing more water in the winter 
and pumping on-demand year-round to 
meet agricultural and residential water 
needs. Environmental flows should be 

considered across the entire year to im-
prove salmonid habitat. This framework 
can help to identify potential solutions 
for ecological and economic interests in 
the region, helping to prevent future re-
gional environmental and social crises 
that can arise around salmon and other 
endangered-species recovery programs. 
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