“A 2° Celsius increase — or more — per decade is non-sustainable
from an ecosystem point of view.”
— Jeff Price, Nobel Laureate

CLIMATE CHANGE

“We need to think inside the watershed.”
— Brock Dolman, Occidental Arts and Ecology Center

“Think outside the box. We have an obligation
to think about things in a different way.”
— Caryl Hart, California State Parks and Recreation Commission

CLIM ATE CHANGE

ADAPTING TO
CLIMATE CHANGE
The global average temperature has
increased by approximately 0.7°C since
pre-industrial times. The United Nations
Intergovernmental Panel on Climate
Change (IPCC) projects a further
increase in global mean temperatures
of 1.1° - 6.4° C by the year 2100. The
balance of evidence obtained from
meta-analyses of published studies suggests that a significant impact from this
amount of climatic warming is already
discernible in the form of long-term,
large-scale alteration of animal and
plant populations. Thus, the question is
not whether climate change will impact
biodiversity as many of these impacts
have already been observed. Rather the
real question is one of how great the
impacts might be and how can conservation managers adapt? Models of changes
in breeding distributions of North
American birds predict that most species
will undergo some shift in their ranges.
A comprehensive analysis of the literature indicates that impacts to ecosystems
will accelerate once the global average
temperature increases by more than 2°
C. While projections of precipitation
changes vary between models, there are
some consistent model results suggesting
that climate change will lead to increasing impacts on riparian areas in the
state. While precipitation has increased
generally in the state, it has decreased
in the Central Valley. The snow season
has decreased by 16 days, and snowmelt
is occurring earlier. And in water-scarce
areas around the world, more water will
be diverted to grow crops, impacting
riparian areas.

JEFF PRICE
CALIFORNIA STATE UNIVERSITY, CHICO

CONSERVATION PLANNING – ADAPTATION STRATEGIES
• Develop individual adaptation strategies to help vulnerable areas/species adapt to
climate change.
• Remain flexible to take advantage of conservation opportunities regardless of
vulnerability.
• Adaptation must be considered at multiple scales — how do protected areas fit
within an overall protection matrix?
• Maintain healthy, connected, genetically diverse populations.
• Consider climate variability in management and restoration plans.
• The better one can manage under unusual conditions (e.g. El Niño), the better
prepared you will be for climate change.
• Drawing from a suite of adaptation options make a plan for each area/species,
and start implementing the plan.
• Measure success.
• Develop and implement monitoring protocols.
• Measure impacts on areas/species.
• Measure how accurately vulnerability was assessed.
• Determine how well adaptation measures are working.

MORE
INFO? JTPrice@csuchico.edu
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DAMS AND LEVEES:
MALADAPTED TO CLIMATE CHANGE
Climate change is expected to dramatically increase the size and frequency of
floods. “Hard path” structural flood
control based on levees and dams is a
“maladaptation” to climate change because
it is based on the assumption of a static
climate. In this fictitious static climate,
engineers decide what “design flood” a
particular dam or levee should withstand.
When this “design flood” is exceeded, the
dam will almost certainly fail.
The inflexibility of hard flood control is
a major weakness, not only because the
climate is changing, but also because the
timing and magnitude of floods changes
over time due to urbanization and other
land-use alterations as well as natural
geomorphological processes.
In contrast, the “soft path” of flood risk
management is flexible, in that it seeks
to reduce damage from any size of flood,
and adaptive in that it can respond to
hydrological changes. Flood risk management assumes that floods will happen
and that we need to learn to live with
them as best we can, by reducing their
speed, size, and duration where possible, and doing our best to protect our
most valuable assets and get out of their
destructive path. It assumes that all flood
protection infrastructure can fail and that

PATRICK MCCULLY
INTERNATIONAL RIVERS NETWORK

TAKE HOME POINTS
• Dams are designed for a static climate.
• None of the world’s large dams are designed to withstand the predicted changes in
hydrology that will occur with climate change.
• As the climate changes, the life span of dams will decrease as sedimentation from
more frequent, more intense storms occurs.
• We must adapt and mitigate for climate change.
• We must remove structures that fragment natural systems, which will help increase
their resiliency.
• We need to begin to capture rainwater in our cities and poor areas.

this failure must be planned for. It is also
based on an understanding that all floods
are not inherently bad — and indeed
that floods are essential for the health of
riverine ecosystems.
MORE
INFO? jamie@irn.org

RISING FLOODS
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CLIMATE CHANGE AND
THE ROLE OF PUBLIC LANDS
The California Department of Parks and
Recreation has several initiatives that
address climate change in riparian
ecosystems. As the owner and manager
of 278 park units, including over 280
miles of coastline and 250 miles of rivers,
many with coastal lagoons and estuaries,
California State Parks holds a critical
role in the protection, restoration, and
interpretation of the state’s wetlands.
In addition to being included in DPR’s
primary mission, wetlands preservation
is also a mandated responsibility under
the Keene-Nejedly California Wetlands
Preservation Act of 1976. The Act directs
DPR, along with the Department of Fish
and Game, to recognize opportunities
for protecting wetlands that lie within
or adjacent to state park system units,
and to consider acquisition of wetlands
in proximity of state parks. Since a
primary role for DPR is the preservation
of the state’s biodiversity and protection
of its valued natural resources, adaptation strategies in response to climate
change are increasingly important.
Wetland adapation strategies include
restoring existing and establishing new
marshland vegetation as sea level rise

CARYL HART
CALIFORNIA STATE PARKS

inundates coastal land; establishing other
marshland vegetation where freshwater
lake levels fall; reducing human water
withdrawals to restore natural hydrologic
regimens; and reforesting riparian areas.
Other, broader adaptation strategies
include acquiring large reserves with
varied topography, with room for northward and upslope movement; managing
for high species and functional group
diversity; and trying to ensure habitat
types across environmental gradients.
State Parks also hopes to coordinate with
other public land agencies, land trusts,
and private owners on conservation
goals. Outside of park boundaries, State
Parks hopes to establish and maintain
wildlife corridors, acquire new conservation areas in climate change refugia,
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eliminate dispersal barriers and create
dispersal bridges. State Parks’ additional
efforts to combat climate change include
its Cool Parks Initiative, which entails
measuring the ecological footprint of
our parks and taking action to reduce it;
switching to solar and renewable energy
in parks; monitoring emission reductions; and working with the California
Air Resources Board to develop forestry
protocols on public lands. We also plan
to bolster our public education and
outreach efforts to teach people about
the impacts of climate change on parks.
We are considering selling “cool parks”
stickers to visitors to help fund the
switch to renewables in parks.
MORE
INFO? carylo@mac.com
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CLIMATE CHANGE AND RIPARIAN CORRIDORS:
RESTORING RESILIENCY AS AN ADAPTIVE
BROCK DOLMAN
WATERSHED RESPONSE
OCCIDENTAL ARTS AND ECOLOGY CENTER
California-focused climate change
studies generally forecast significant
hydro-modifications to the behavior of
the state’s water cycle. Potential dramatic
reductions in annual snow pack, increases
in extreme runoff events, exacerbated
flooding, rising sea levels, amplified
drought events, warmer and reduced
instream flows, decreasing ground water
recharge, and affected available water
quality and quantity are but a few of the
challenges that humans and non-humans
alike will face in the near future.
This “watershed moment” should encourage Californians to ponder for a moment
how to think more like a watershed.
From ridgeline to river mouth we will
have to adeptly and astutely adapt to
climate change, and re-pattern our
settlements to be ecologically literate and
climate responsive. Making our watersheds more resilient amidst changing
climatic regimes will depend on how
we enhance the integrity of our riparian
floodplain corridors. We need to clearly
define, conserve, and regenerate the
environmental services of these keystone
riparian ecosystems, originating with the
incipient start of the smallest headwaters
springs and seasonal creeks to the grand
convergence of the mighty Delta.

Drawing by Jim Coleman
California’s water security critically
depends on riparian health. From biodiversity protection, waterway channel
stability, sediment transport, and groundwater recharge to flood attenuation,
water quality enhancement, property
value protection, recreational opportunities, and future economic viability,
riparian corridors weave together a
multiplicity of functional threads vital
to the tapestry of our shared future in
uncertain times. Will we collectively rise
to the challenge? With increased flows
and sediment transport in our streams,
fish passage and breeding will be
affected, yet we can help stabilize our
riparian systems using soil bioengineer-
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ing. We can also integrate “mini riparian
areas” into our landscape by creating
green stormwater systems that will
allow stormwater to slowly infiltrate
and be taken up by vegetation instead of
running off rapidly into our streams. In
doing so, we recharge groundwater and
improve water quality.
As has been wisely noted by many, “planning is best in advance.” Riparian areas
are intrinsically set up to be resilient, and
will be, if we allow them to be. We need
to tackle climate change watershed by
watershed.
MORE
INFO? brock@oaec.org
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CLIMATE CHANGE
CHALLENGES AND OPPORTUNITIES
California is at a crossroads — or more
likely a large multi-freeway interchange.
We face population increase, more
pressure on land development, loss of
farm lands, and aging infrastructure in
transportation networks, water supply
and wastewater systems, flood control
systems, and energy supply lines, all in
the face of a rapidly changing climate.
What is also at that crossroads is the loss
to the state’s economy of ecosystem services that have previously been ignored
or at least unrecognized. Without a
comprehensive approach that recognizes
the value of these ecosystem services to
the economy, we are facing an economic
and environmental train wreck.
The most recent bond funds approved by
the voters and legislature emphasize the
need for more comprehensive integrated
approaches to dealing with our water
supply, energy supply, land use development, and flood protection demands
while protecting and improving our
ecosystems. Integrated approaches to
these complex issues will require strong
commitments from all local, regional,

state, federal, private, research, and
non-profit organizations to develop longterm, adaptable and sustainable solutions
for the future needs of California. The
history of water and flood management
in California has set a direction that has
led to human prosperity with a great
cost to environmental and ecosystem
sustainability (and ultimately even the
detriment of human systems sustainability). This can be observed in the decline
of the many aquatic and terrestrial
species that rely on natural systems and
functions of our watersheds, rivers, and
delta estuaries, and that now face us
head-on as a result of our previous
management decisions. These species and
ecosystems at risk should be our sentinels
or canaries in the coalmine, our intersection warning signs.
In order to adapt to the observed and
predicted environmental changes
advancing with global climate change, we
need to come together to address what
has been lost in order to improve our
common future. It is time to think about
changing our human systems to be more
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TED R. FRINK
CALIFORNIA DEPARTMENT OF WATER RESOURCES

compatible with our environmental and
ecosystem needs, and to acknowledge
and understand the physical and economic benefits that we get from these
natural services. We can make decisions
that look very different than what history
has left us, and it is this bold, out-of-the
box thinking that will require a common
commitment to integrated management
and collaboration. Global climate change
will demand that we bring back lost
functions of our ecosystems so that we
can better cope with more extreme floods
and more severe droughts and still
sustain human systems while protecting
and restoring our natural history and
native species. We can avoid the same
old routes, put our environment back in
the front seat as our navigator, and take
a new offramp, but we will all need to be
carpooling in our electric vehicles into
the future on this.
MORE
INFO? tfrink@water.ca.gov

The statewide mapping of California’s riparian areas
will fill in “the big hole in the map of California wetlands.”
— Josh Collins

MAPPING
AND
MODELING

MAPPING AND MODELING

A PRACTICAL METHOD
TO MAP RIPARIAN AREAS
IN CALIFORNIA
The California Riparian Habitat Joint
Venture (RHJV) sponsored a study
of riparian mapping as a step toward
recommending a statewide riparian
inventory. The RHJV adopted the riparian definition provided by the National
Research Council (NRC), which indicates that all boundaries between uplands
and aquatic environments or wetlands
have some riparian functions. At issue is
the width of the areas that lack obvious
topographic or vegetation boundaries.
The mapping method is based on the
concept, derived from the literature
on riparian ecology and the functional
relationships between riparian areas and
adjacent waterbodies, that riparian width
varies with function, while function varies with plant community structure and
topographic slope.
Based on the literature, default widths
for maximum functional capacity were
identified for ranges of site potential
vegetation height as modified by slope.
Based on costs and accuracy, the optimal
mapping method involves (1) mapping
the drainage network including the
boundaries of all lentic and wetland
features; (2) applying default functional
widths to the channel banks, shorelines,
and wetland edges based on the site
potential vegetation height; (3) increasing the widths as a function of side slope;

JOSHUA N. COLLINS
SAN FRANCISCO ESTUARY INSTITUTE
MARTHA SUTULA AND ERIC D. STEIN
SOUTHERN CALIFORNIA COASTAL WATER RESEARCH PROJECT
ANN CHRISNEY
PRBO CONSERVATION SCIENCE

and (4) revising the map to include
recognizable riparian conditions that are
outside the areas resulting from step 3.
The method is consistent with the NRC
definition, not biased for or against any
particular physiographic or climatic setting, can be used to upgrade the National
Wetlands Inventory and the National
Hydrography Dataset, is applicable
throughout California, can be distributed
among many work centers, and seems to
be adequately accurate to serve the needs
of local agencies. The method was tested
in the Napa River and Ventura River watersheds, and is being piloted for about
15,000 square miles of coastal watersheds
in northern and southern California.

TAKE HOME POINTS
• California does not have a formal
standard definition of riparian area.
• Adopting the NRC definition increases
overall riparian extent.
• Mapping can help recreate California’s
environment at the time of European
contact.

MORE
INFO? josh@sfei.org

Historical Change in Riparian Extent
Napa Watershed
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SACRAMENTO RIVER
2007 RIPARIAN MAP
Since the early 1990s, over 5,600 acres
of the upper Sacramento River between
the cities of Colusa and Red Bluff have
either been purchased or have come
under state and federal resource agency
easements with the intent of restoring
them to their natural state. One simple
performance measure of the effectiveness
of these programs is to spatially measure
change through a comprehensive mapping program.

CHUCK NELSON
CALIFORNIA STATE UNIVERSITY, CHICO

crosswalks to the 1999 map for analysis
purposes, and making files available
via our Sacramentoriver.org website.
Included deliverables will be GIS .SHP
spatial files of the 2007 and 1999 vegetation layers, metadata files, and a 2007
Sacramento River riparian map saved in
PDF format.
MORE
INFO? cwnelson@csuchico.edu

In spring of 2007, the Geographical
Information Center (GIC), an auxiliary
of the California State University, Chico
Research Foundation, began a project
to update the 1999 riparian map of the
upper Sacramento River. The project
area includes the 223-mile section of the
river extending from the confluence of
the Feather River at Verona (RM 79) to
Keswick Dam just north of the city of
Redding (RM 302). This project is a part
of two CALFED efforts, which include
the Sacramento River Monitoring and
Assessment and Working Landscapes
Projects. Aerial color photography was
completed in June of 2007, film negatives
were scanned, ortho-rectified, and made
available as geo-referenced TIFF files.
Unlike the 1999 effort, the GIC will be
using CNPS Rapid Assessment mapping
protocol. Digitized riparian maps will be
entered into a Sacramento River database
and made available to project researchers.
Our project includes building a revised
vegetation layer that is compatible and

Riparian map overlay for River Mile 210 to
220 near Woodson Bridge, Tehama County.
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TAKE HOME POINTS
• The project will support habitat conservation incentive programs and establish
a baseline for future monitoring efforts.
• Special attention will be given to
restored areas.
• Ground surveys are recording geology,
soil characteristics, and riparian
vegetation categories.

MAPPING AND MODELING

THE SACRAMENTO RIVER
ECOLOGICAL FLOWS TOOL
In the summer of 1999, The Nature
Conservancy initiated a study to
investigate whether regulation of the
Sacramento River’s flow regime by
dams, diversions, levees, and other
infrastructure was resulting in limitations
on natural cottonwood tree recruitment.
This study provided TNC with a better
understanding of when and how cottonwoods regenerate along the river,
including how much river flow would be
required to “mimic” the flow patterns
needed to regenerate streamside forests.
TNC also began to study the
Sacramento River’s flow regime as it
relates to the numerous large-scale water
management and planning efforts with
the potential to affect riparian ecosystems. These efforts include the proposed
Sites Reservoir, raising Shasta Dam,
and new diversions and water transfers.
Water use planning for the river system
currently attempts to balance the social
and economic needs of agricultural
production, flood protection, municipal
and industrial water supply and power
generation. A full understanding of the
operational impacts of these projects is
currently limited by a lack of ecosystem
information that could help inform a
multiple benefit project design — ideally,
one that meets human water demands
while providing ecological benefits.

RYAN LUSTER AND MIKE ROBERTS
THE NATURE CONSERVANCY

TAKE HOME POINTS
• Better ecological information is needed to ensure the best possible development of
future water projects.
• The six “focal” species act as a lens through which to evaluate flow regimes and
provide an alternative to the current primary focus on salmon.
• SacEFT data can provide daily assessments of performance measures or multi-year
rollups.

To better inform these management
decision processes, TNC has developed a
water management and riparian system
ecological trade-offs analysis tool. The
Sacramento River Ecological Flows Tool
(SacEFT) is a computer tool developed
as one component of TNC’s Sacramento
River Ecological Flows Study. The purpose of the SacEFT is to improve water
use decisions on the Sacramento River,
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incorporating physical models of the
river (historical and simulation scenarios
of discharge, temperature and gravel
augmentation) with biophysical habitat
models of six “focal” species: Chinook
salmon, steelhead, green sturgeon,
bank swallow, western pond turtle, and
Fremont cottonwood.
MORE
INFO? rluster@tnc.org
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USE OF 2-DIMENSIONAL HYDRAULIC MODELING IN
THE PLANNING OF RIPARIAN RESTORATION WITHIN
THOMAS W. SMITH
DESIGNATED FLOODWAYS AND FLOODPLAINS
AYRES ASSOCIATES
The Sacramento River Flood Control
System has received considerable attention of late with regard to its ability to
protect the adjacent lands and population
from a 100-year flood event. At the same
time progress is being made in converting marginal farming operations within
the levees to native habitat. Gaining support for these projects with local boards
and some state regulatory agencies has
not been easy. The greatest perceived
impact to the flood control system is
seen to be a reduction in flow capacity
by dense growth created by restoration.
Some success in gaining local support
has been achieved through the use of
two-dimensional hydraulic modeling of
the existing and proposed restoration,
showing the effect of different revegetation scenarios on velocity and water
surface elevation.

TAKE HOME POINTS
• We have new opportunities to incorporate environmental features into the Central
Valley’s flood control features.
• Two-dimensional modeling allows both greater accuracy and better communciation
with the public.

This type of modeling can be done to
a level of detail that will capture even
relatively small changes (several acres),
but one of the strongest points is being
able to present the result in color graphic
format that works well to demonstrate
results for both the planners and the
general public. Output in a plan view
format has received a much higher level
of understanding of the overall changes
than the more traditional engineering
output of charts and graphs.
MORE
INFO? smitht@AyresAssociates.com
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FLOODPLAIN RESTORATION
ON THE LOWER COSUMNES RIVER
Recent floodplain management planning on the lower Cosumnes River
has focused on integrating the river’s
natural flow regime with restoration of
its historic floodplain. The Cosumnes
River, which is largely unimpaired,
provides a unique opportunity to reestablish connection between the river
and its historical floodplain to improve
fisheries and riparian habitat conditions. The evaluation and planning of
potential floodplain restoration actions
has been completed as a component
of the Cosumnes and Mokelumne
River Floodplain Integrated Resources
Management Plan and the Cosumnes
River Preserve Management Plan.
Floodplain modeling performed using
FLO-2D, a two-dimensional software
package, evaluated alternative floodplain
configurations and levee removal over
five miles of river channel and ten
square miles of floodplain. Evaluation of
alternative configurations was guided by
the goals and objectives set forth by the
Cosumnes River Preserve and focused
on restoration of riparian oak woodlands,
which historically dominated the area.
This historic environment supported
both terrestrial and aquatic species, and
has recently been shown to provide the
same benefits in nearby restoration sites.
Hydrologic analyses and floodplain
modeling indicate that the project can be
successful in meeting annual inundation
frequencies and flood durations that
support riparian regeneration, flood and
drainage patterns that minimize fish
stranding, and no-net-impact criteria
for adjacent landowners. The design
of the restoration project incorporates
sustainable land features and scientific
evaluation protocols for monitoring

LARRY RODRIGUEZ AND SATYA GALA
ROBERTSON-BRYAN, INC.

TAKE HOME POINTS
• Floodplain restoration via levee breaching has been very successful on the lower
Cosumnes.
• The creation of the “Accidental Forest” via an unintentional levee breach provides a
model for future restoration projects.
• The need for water retention on the floodplain must be balanced against the risk of fish
stranding.

riverine and riparian processes and
surface water-groundwater interaction in
the floodplain.
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MORE
INFO? larry@robertson-bryan.co
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TERRESTRIAL VEGETATION COMMUNITIES
ALONG THE LOWER MOKELUMNE RIVER
EBMUD, in collaboration with the
U.S. Fish & Wildlife Service, and the
California Department of Fish and
Game, is working to provide habitat
quality and availability to maintain
biological resources in good condition
through a Water Quality and Resource
Management Program. This vegetation
community assessment has provided
valuable baseline information on present
conditions of the riparian community.
This information has been used to plan

JAMES S. JONES AND JAMES R. SMITH
EBMUD
KENT A. REEVES
BROOK R. EDWARDS

TAKE HOME POINTS
• Understanding patterns of vegetation change is essential to wildlife and fisheries
conservation.
• In contrast to other mapping systems, nonvegetative features such as riprap and roads
were documented.
• Vegetation mapping will help us connect the best habitat. We have enough islands.

hectares of riparian lands, were mapped
and quantified. Community composition was analyzed based on reaches and

over time. The 16 terrestrial vegetation
communities and 4 non-vegetated
classes are visually depicted, with the
amount of land each community and
class encompasses. A description for each
community with cross-references to the
California Native Plant Society vegetation community classification system,
and the California Terrestrial Natural
Communities, California Natural
Diversity Database vegetation classification system is provided.
MORE
INFO? jjones@ebmud.com

and prioritize restoration projects
along the river. Terrestrial vegetation
communities adjacent to the lower
Mokelumne River from Camanche Dam
downstream to the confluence of the
San Joaquin River were classified and
mapped between 2001 and 2003 using
aerial photographs taken in 2000 and
2002. A special vegetation classification
system was created for the mapping
exercise. Sixteen terrestrial vegetation
communities and four non-vegetated
classes, comprising approximately 2,500
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EDITOR’S NOTE
This report includes a mixture of original
unpublished and published research presented
at the December 2007 Riparian Habitat
Conservation and Flood Management conference.

It includes abstracts for all presenters who attended
the conference. A few original abstract titles have
been slightly modified. Information from all posters
and presentations can still be found in the original
conference abstract book.
Our thanks to those presenters who provided
additional information and graphics in response
to our requests.

In addition we would like to thank the American
River Natural History Association for various
illustrations borrowed from “The Outdoor World
of the Sacramento Region: A Local Field Guide,”
which can be ordered online at www.arnha.org.

