





Village Homes Blends Urban Lifestyle and Environmentally Sound Planning
into a Diverse, Livable Neighborhood

Local Government Commission®?

Village Homesis a planned unit development of single-family homes, apartments, a community center and office
building on a 60-acre site in Davis, California. Located fourteen miles west of the state's capital city, Sacramento,
Village Homes features solar water and space heating, natural cooling systems, agricultural areas and greenbelts,
cooperative maintenance of common areas, awell-used bicycle and pedestrian path network, and a natural drainage
system.

The project serves as a national model for environmentally sustainable development, energy-conserving planning,
architecture and engineering, and community planning. Energy consumption is one-third to one-half that of
neighboring development. Homes sold quickly when the development was first built. Initially, prices were the same
asin neighboring developments. Today, homes sell for $11/sq. ft. more and sell in half the time as othersin Davis.

Environmental Focus. Natural Heating & Cooling

North-South Orientation. All houses are oriented toward the south, accommodating the use of solar panels. This
design also allows south facing windows to be shaded in the summer by an overhang and to take advantage of the
low winter sun for space heating. Passive Heating and Cooling. Homes are well-insulated and incorporate thermal
mass. The mass absorbs excessive heat during the day and dissipates it at night when temperatures drop. Most
windows are south facing with overhangs that shade the windows in the summer and allow sun to penetrate the
house in the winter.
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Energy consumption in Village Homes is much lower than that of surrounding areas —with annual kilowatt/hour per
capita of 7,320 compared to 12,069 in outlying vicinities. Solar Hot Water Systems. Solar systemsin Davis, CA,
can meet 100% of a home's hot water needs in the summer and at least 50% in the winter. A natural thermosiphon
system warms water in aflat plate collector asit rises to an insulated storage tank. No pumps or controls are
necessary.

Landscaping. Roads are narrow and shaded by deciduous trees, which allows the streets to be shaded in the summer,
reducing the ambient temperature by 10 degrees. Homes stay cool without air conditioning despite the hot summer
climate.

Implementing the Plan

The development was proposed by the developer as a Planned Unit Development. The plan evolved over severa
years as the devel oper worked to respond to perceived needs for a greater sense of community and an ecologically
sound lifestyle.

Greenbelts and community facilities were designed by the developer. Residents assisted in their construction during
the weekend work parties. Common areas shared by clusters of eight homes were landscaped by the developer who
then gave residents of each cluster $600 to customize the space. Lots were developed at arate of about 50 per year
over afive-year period. Each unit sold within 12 months. Partners earned 23% per annum on their investment. Five
houses were built using sweat equity.

An aerial view of Village Homes shows walking and bicycling paths. Note that there are no dividing fences, leaving
residents less than one minute to the nearest park and only three minutes from the community center.

The results of these design features? The average person knows 42 people in their neighborhood, compared to 17 by
those in outlying areas. Residents spend 3.5 hours a week with friends in the neighborhood, compared to a vicinity
average of 0.9 hrs./week. The average resident identifies 4.0 of their best friends living within the neighborhood,
while the average is 0.4 for people living elsewhere in the vicinity.
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A Strong, Nurturing Community Life

Community Building. Rather than relying on city parks and recreational facilities, Village Homes contains its own
facilities. A swimming pool and community building, two "village greens,” and two playgrounds offer places where
neighbors can socialize and kids can play safely. Common areas shared by clusters of eight homes provide places for
immediate neighbors to meet.

The residents also have administrative reasons to come together. The neighborhood makes management and
financia decisions regarding the maintenance of open space and recreational facilities, the harvesting and
distribution of fruits and nuts, the income-producing office space and apartment units, and new planning
developments. The process of carrying out these decisions also enriches the interaction among neighbors.

Self-Government. Residents maintain all agricultural lands, own the major building complexes and apartment units,
and control future devel opment themselves through their homeowners' association.

Supportive Environment for Children. The children of Village Homes can safely explore their own environment (not
restricted to their own small block) and have the opportunity to develop socia relationships among a broad spectrum
of people. The daycare center is a safe walk away for every child in the neighborhood.

Rural Atmosphere. In addition to community gardens, mini-orchards and vineyards, there are common areas
adjacent to every house used for growing fruits and vegetables. A homeowners committee determines how fruits
and nuts are picked and distributed. In addition to providing food, residents are directly involved in the decision-
making, thus fostering interaction between neighbors.

Reduced Living Costs. With lower utility bills, a reduced need for the automobile, and the ability to grow most of
your own fruits and vegetables, homeowners have an opportunity to be more self-sufficient.
Economic Sustainability

The office building, apartments and community building a Village Homes are owned and operated by the
homeowners' association - producing a substantial amount of income. The neighborhood is adjacent to its largest
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employer, the University of Californiaat Davis. Off-street bicycle paths run from every home to the campus center.
There are a so job opportunities within the neighborhood through employment by the homeowners' association, at
the neighborhood office building and the daycare center. Several entrepreneurs have used the agricultural lands to
earn aliving by growing and selling fruits and vegetables.

A Healthy Environment

Healthy environments emphasi ze elements that improve our well-being while minimizing the sources of emational
and physical stress. Accentuate the Positive: Walking and bicycling paths link all sites. Rich and dense foliage of
trees are generously planted throughout. Communal areas and activities are prevalent, and there are many places for
children to play. Fresh fruits and vegetables are everywhere. Eliminate the Negative: Narrow streets inhibit speeding
cars. Fenced backyards are replaced by common areas. With houses oriented toward the common areas, crimeis less
of aconcern.

Village Homes' pedestrian-oriented plan increases the opportunity for large amounts of open space through compact
and efficient land use, and reduces vehicle trips and auto emissions. The average walking distance to the grocery
store is approximately 10 minutes, and 4.6 minutes to the on-site office buildings.

Creating Land-Use Diversity

Housing Blend. The mix of housing types allows a diverse population to form a vibrant community. There are 220
individual homes and 20 apartments. Sizes range from 3,000 sq. ft. to a cluster of 600 sg.-ft. units with a shared
community room. A co-op house accommodates a dozen people in a nine-bedroom house.

Mobility Network. Walking, biking, and driving are all supported with networks that traverse the entire
neighborhood. There are more walking and bicycling paths than roads.

Commerce. The central commercial areais currently occupied by an office building, with more offices, apartments,
an inn, adeli/restaurant, and a dance/exercise studio to follow.

Community Focus. The village green and recreation center - with alarge meeting and party room, kitchen,
swimming pool and large playing field - provide the focus for socializing a gatherings. A preschool operatesin the
building during the week.

Area Livable Higher Reducing
Devoted to . Density Vehicle Miles
Streets and Sl (people per (milestraveled
Parking square mile) per car)
Village Ho\g;?%esft Village Homes: | Village Homes:
Homes: 15% ' ’ 6,933 11,300
Vicinity: 22% Vﬂ?:ty: Vicinity: 3,458 | Vicinity: 13,400
Total Acres Housing Units Office Sg. Ft. Agricultural
60 240 4,000 12,000 sq. ft.
. Avg. Density Avg. Walk to Avg. Min. & Max.
Popglsgtl on (units/net acre) Village Center Temperature
7.7 4.3 minutes 39° - 95°
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Urban Design and Stormwater Runoff

Stormwater runoff can be beneficialy used to recharge groundwater systems and relieve pressure
on expensive stormwater infrastructure. Often perceived as a problem in the past, due to the
costs of controlling storm flows and pollutants, stormwater flows present an opportunity for
groundwater recharge and other beneficial uses. Water managers are exploring new approaches
to harvesting stormwater flows, and water quality regulations are increasingly requiring localized
capture and treatment approaches. The National Water Sector Assessment notes that: %

Many urban areas aready have a problem with urban storm runoff that, when
untreated, |eads to problems with both inland and coastal water quality, whichin
turn has well documented direct effects on human health. Changesin climate
conditions can affect the intensity of urban storm runoff, particularly in regions
where precipitation increases.

Village Homes utilized and effective surface drainage approach at a savings of $800 per lot (in
1975 dollars). Rather than piping stormwater off site in the conventional approach, the
developers utilized natural drainage systems. The following images indicate how the system
works.

Water flows in surface channels through the site to ponding areas, where the water soaksin.
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Surface drainage and recharge designs are a simple, cost-effective strategy to deal with
stormwater flows. The climate models indicate the possibility of increased precipitation, and
there is some indication that the intensity of precipitation events may increase. Thistype of
coping strategy would build resilience in systems, improve groundwater recharge, and reduce
damages due to high flows from impervious surfaces.

Two views of surface channels during rain events.

The site design includes swales and drainage channels to direct the water.

Cadlifornia Regiona Assessment 5-20



Reducing Urban Heat I1sland I mpacts

Summer temperatures in urban areas are elevated by a“heat island” effect resulting from paved
areas (hardscape) and buildings absorbing solar radiation. The result is an increase in energy use
for air conditioning and increased ozone formation. During heat waves, heat islands exacerbate
the extreme conditions.

Several strategies are available for reducing the heat island effect and thereby improve quality of
life conditions and decrease both energy use and negative health impacts. These strategies
include such ssimple measures as light roof colors, reducing paved areas, and planting appropriate
trees and vegetation for shading. The results can be significant.

Art Rosenfeld et al. calculated that cool roofs and shade trees could reduce summer temperatures
in Los Angeles by about six degrees F, which would in turn cut the air conditioning load (at peak
time) by 20% and population-weighted smog by about 12%, saving $0.5 billion per year.*

The “Cool Roofs” program is an example of an incentive-based policy approach designed to
assist in delivering multiple benefits through energy efficiency programs. Additional
information on the program is available at the Local Government Commission’s web site:
http://www.lgc.org/techserve/coolroofs/index.html.
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The“Cool Roofs’ Program®

The Cool Savings Program provides rebate incentives to reduce the peak electricity demand from air conditioning
systems resulting from solar energy absorbed by roof surfaces and rooftop ducts and transferred as heat into air-
conditioned space.

What's a Cool Roof? Most traditional roof materials stay "hot", absorbing 70% or more of the solar energy striking
them. Cool roofs absorb less than 35% of this solar energy staying 50 to 60° F cooler during peak summer
conditions than traditional dark roof materials.

What are the Benefits of a Cool Roof? Because cool roof materials stay cooler, they offer many benefits to building
owners and the community at large, including:

Reduced peak €electricity demand
Reduced cooling energy use
Improved building comfort

Reduced building maintenance costs
Reduced heat island effect

Reduced air pollution

Reduced roofing waste

The Local Government Commission site provides information on the program and links to other
sites.

Green Building

Green building is aterm and concept that covers a number of elements from improved energy
efficiency to the use of specific building materials. Many of the practicesincluded in green
building are directly relevant to reducing the potential impacts of climate change. For example,
buildings that remain comfortable under increased temperatures without requiring additional
energy inputs provide various benefits including cost savings and improved comfort and
productivity.

Alexis Karolides of Rocky Mountain Institute’s Green Development Services provides the
following description of green building: *°

The goal of green building is to analyze interconnected issues such as site and
building design, energy and water efficiency, resource-efficient construction,
lighting and mechanical design, and building ecology, and optimize al these
aspects in an integrated design. Features that might have higher individual costs
(e.g. better windows) may actually reduce the whole building cost because other
elements such as the heating system can be downsized or eliminated. In order to
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capture these multiple benefits of synergistic design elements, the building must be
evaluated as awhole, not “value-engineered” item by item.

Karolides notes that green building does not have to cost more up front. In fact, building green
often costs less. “Careful front-loaded planning and design can pay for itself—with interest—in
avoided downstream costs such as elaborate mechanical systems, expensive redesigns, drawn-out
approvals, litigation, and stalled construction.”

Here is how leading practitioners approach integration to achieve multiple benefits:*’

Green building experts encourage project teamwork to promote an open exchange
of ideas and generate integrated, whole-systems solutions. In the conventional,
linear development process, key people are often left out of decision-making or
brought in too late to make afull contribution. Collaboration, on the other hand,
can reduce and sometimes eliminate both capital and operating costs while at the
same time meeting environmental and social goals. In addition, the process can
anticipate and avoid technical difficulties that could add expense later in the
process. It can aso produce a“big picture”’ vision that goes beyond the original
problem, permitting one solution to be lever-aged to create many more solutions—
often at no additional cost.

The U.S. Green Building Council’s LEED (Leadership in Energy and
Environmental Design) rating system for new and existing commercial,
ingtitutional, and high-rise residential buildingsis atool to evaluate environmental
performance from a“whole building” perspective over abuilding' slife cycle,
providing a definitive standard for what constitutes a green building. The Council
has asserted that a LEED silver-rated building should not cost more than a
conventional building. (LEED Platinum does typically cost more because it may
involve cutting edge technologies and levels of performance that are far above and
beyond standard construction.)

Many playersin the real estate market are realizing that green development is good
business. Developers, builders, and buyers are discovering that “ green” enhances
not only health and quality of life, but also the pocketbook.

Quantification of multiple benefits has been undertaken is various studies. Joe Romm (then at
the U.S. Department of Energy) and William D. Browning at Rocky Mountain Institute provide
some impressive numbers in a series of case studies included in a paper entitled: Increasing
Productivity Through Energy-Efficient Design: Greening the Building and the Bottom Line. *®
Romm and Browning note that some of the most valuable benefits, in both direct economic
metrics and in the contribution these buildings make to quality of life, are on top of the
substantial energy savings. They point to benefits such as a 15% drop in absenteeism and a 15%
increase in production as evidence of significant multiple benefits.
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Increasing Productivity Through Energy-Efficient Design
Greening the Building and the Bottom Line®

Adapted from a Report Prepared by
Joseph J. Romm, U.S. Department of Energy, and
William D. Browning, Rocky Mountain Institute

Energy-efficient building and office design offers the possibility of significantly increased worker productivity. By
improving lighting, heating, and cooling, workers can be made more comfortable and productive. An increase of 1
percent in productivity can provide savings to a company that exceed its entire energy bill. Efficient design practices
are cost-effective just from their energy savings; the resulting productivity gains make them indispensable.

In their paper, Romm and Browning document eight cases in which efficient lighting, heating, and cooling have
measurably increased worker productivity, decreased absenteeism, and/or improved the quality of work performed.
They also show that efficient lighting can measurably increase work quality by reducing errors and manufacturing
defects. The case studies presented include retrofits of existing buildings and the design of new facilities, and cover
avariety of commercial and industrial settings. They include:

1. Themain post office of Reno, Nevada, alighting retrofit with a six-year payback that led to a 6-percent
gain in productivity—worth more than the cost of the retrofit.

2. Boeing's“Green Lights’ effort, which reduced its lighting electricity use by up to 90 percent, with atwo-
year payback (a 53-percent return on investment) and reduced defects.

3. HydeTools implementation of alighting retrofit with a one-year payback and an increase in product
quality estimated to be worth $25,000 annually.

4. PennsylvaniaPower & Light's upgrade of the lighting system in a drafting facility that produced energy
savings of 69 percent and a 13-percent increase in productivity, with a 25-percent decrease in absenteeism.

5. Lockheed's engineering development and design facility, which saved nearly $500,000 ayear on energy
bills and gained 15 percent in productivity with a 15-percent drop in absenteeism.

6. West Bend Mutual Insurance's new building, which yielded a 40-percent reduction in energy consumption
per square foot and a 16-percent increase in claim-processing productivity.

7. Wa-Mart's new prototype Eco-Mart, where enhanced daylighting through the use of skylightsin one half
of the store led to “significantly higher” sales than in the other half.

8. ING Bank’s new headquarters, which used one-tenth the energy per square foot of its predecessor, created
apositive new image for the bank, and lowered absenteeism by 15 percent.

Each case study identifies the design changes that were most responsible for increased productivity. While such
gains may not necessarily be achievable by all companies, the cases profiled in the paper are by no means out of the
ordinary. These companies realized significant productivity and energy savings because their former offices and
plants were inefficient—but no more so than those of most American companies. Asthe eight case studies
illustrate, energy-efficient design may be one of the least expensive ways for a business to improve the productivity
of itsworkers and the quality of its product.

Clearly, thereis aneed for further research; however, the results of these few case studies indicate that the economic
benefits of energy-efficient design may be significantly greater than just the energy cost savings. That energy
efficiency provides numerous benefits has long been known. That it can lead to productivity gains far exceeding the
energy savings givesit a new imperative. The results of these case studies are compelling, for two reasons. First, the
measurements of productivity in most of the cases came from records that were already kept, not from anew study.
Second, the gains in productivity were sustained and not just atemporary effect. Will just any energy retrofit
produce gains in productivity? No, only those designs and actions that improve visual acuity and thermal comfort
seem to result in these gains. This speaks directly to the need for good design, a total-quality approach that seeks to
improve energy efficiency and improve the quality of workplaces by focusing on the end user—the employee. This
isapoint that seems to have been forgotten by many designers and building owners.
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One of the eight studiesis Lockheed' s “Building 157.” This project in Southern California provides an interesting
example of the value, in both economic and quality of life terms, provided by intelligent design.

NEW BUILDING CASE STUDIES
LOCKHEED BUILDING 157 %

Cost: $2 million

Measures: Daylighting, Energy Efficiency

Energy Savings/Yr: $500,000

Productivity: 15% increase in production, absenteeism down 15%

One of the most successful examples of daylighting in alarge commercial office building is Lockheed' s Building
157 in Sunnyvale, California. In 1979, Lockheed Missiles and Space Company commissioned the architectural
firm, Leo A. Daly, to design a new 600,000-square-foot office building for 2,700 engineers and support people.

The architects posed a question to Lockheed: “If we could design a building for you that would use half as much
energy as the one you're planning to build, would you be interested?’ Lockheed said yes, and Daly’ s architects
responded with a design for energy-conscious day-lighting that was completed in 1983.

Daly used 15-foot-high window walls with sloped ceilings to bring daylight deep into the building. “High windows
were the secret to deep daylighting success,” says the project architect, Lee Windheim. “The sloped ceiling directs
additional daylight to the center of each floor and decreases the perception of crowded space in avery densely
populated building.”

Daylighting is also enhanced by a central atrium, or “litetrium,” as the architects call it. The litetrium runs top to
bottom and has a glazed roof. Workers consider it the building’s most attractive feature. Other light-enhancing
features include exterior “light shelves’ on the south facade. These operate as sunshades or as reflectors for
bouncing light onto the interior ceiling from the high summer sun; in the winter, when the sun’s angle is lower, they
diffuse reflected light and reduce glare.

The overall design separates ambient and task lighting, with daylight supplying most of the ambient lighting and
task lighting fixtures supplementing each workstation. Continuously dimmable fluorescents with photocell sensors
maintain a constant level of light automatically to save even more energy.

The open office layout and a large cafeteria were de-signed to foster interaction among the engineers. At the same
time, workstations were tailored for employee needs. They included acoustic panels and chambers to block out
ambient noise. When aworker moves forward into a chamber, the annoying sound of telephones becomes
practically inaudible. Ambient noise was further controlled by sound-absorbing ceilings and speakers that
introduced background white noise on each floor.

Employees love the building. More than a year after occupancy, a survey of workers at the building included the
following representative responses. “My work space,” says engineer Ben Kimura, “is 15 feet from the litetrium and
the lighting is great. The office decor, arrangement, and temperature are ideal. There are many people working on
thisfloor, but the feeling is not one of crowding, but of spaciousness. Inter-face with other departmentsiis greatly
facilitated because we're finally all in one building. By nature I’m very cynical, but the conditions in this building
are far superior to any I’ ve experienced in 30 years in the aerospace industry.”
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“1 love my work space,” says financial controller Joanne Navarini. “1 think the building itself is very pretty; my own
workstation is very functional. | am five workstations from the window and the light isfine. | use my task light and
could order an additional desk lamp if | felt the need to. | like the daylight.” Daylighting has saved L ockheed about
75 percent on its lighting bill. Since daylight generates less heat than office lights, the peak air-conditioning load has
also been reduced. Overall, the building runs with about half of the energy costs of atypical building constructed at
that time.

Daly’s energy-efficient improvements added roughly $2 million to the $50 million cost of the building. The energy
savings aone were worth nearly $500,000 ayear. The improvements paid for themselvesin alittle over four years.

Perhaps more important, Russell Robinson, manger of Facility Interior Development, reported that productivity is up
because absenteeism has declined. Lockheed itself has never published the figures concerning the improvementsin
absenteeism and productivity. But according to Don Aitken, then chairman of the Department of Environmental
Studies at San Jose State, “L ockheed moved a known population of workersinto the building and absenteeism
dropped 15 percent.” Aitken led numerous tours of Building 157 after it opened and was told by Lockheed officias
that the reduced absenteeism paid 100 percent of the extra cost of the building in the first year.

The architect, Lee Windheim, also reports that L ockheed officials told him that productivity rose 15 percent on the
first major contract done in the building com-pared to previous contracts done by those L ockheed engineers. Aitken
reported something even more astonishing: Top Lockheed officias told him that they believe they won avery
competitive $1.5 billion defense contract on the basis of their improved productivity—and that the profits from that
contract paid for the entire building.

William S. Becker, of the U.S. Department of Energy, notes that green building makes good
business sense in addition to providing environmental and health benefits.**

In the not-too-distant future, all development will be green. Developers, builders
and buyers will discover that green not only enhances their pocketbooks, but also
their health and the quality of their lives. The developers who grasp this first will
have an edge in a massive, emerging market.

The California Blueprint for Green Buildings

The California Sustainable Building Task Force released a report entitled Building Better
Buildings: A Blueprint for Sustainable Sate Facilities in December of 2001.% It provides a 10-
point comprehensive plan to implement the sustainable building goal “to transform California’s
state-owned buildings into state-of-the-art facilities designed to save precious environmental
resources and taxpayer dollars.”* Aileen Adams, Secretary of the State and Consumer Services
Agency and chair of the Task Force, explained:*

By definition, “sustainable’ buildings use superior design and construction methods to
integrate environmentally-sound technologies and practices, which improve energy
efficiency, indoor air quality, and employee health, comfort, and productivity. This
Blueprint provides a plan to ensure that state buildings and policies incorporate practices
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that are good for the environment, fiscally responsible, and promote workplace health and
productivity. Asaresult, state facilities will operate more efficiently, but also will save
taxpayer dollars during the life of those facilities while providing more productive places
to work and learn.

The State and Consumer Services Agency Task Force notes that:*

By incorporating sustainable building practices into the capital outlay process, state
government can have a positive impact on the environment, as well as building-design
and construction practices. The State of California owns and operates nearly 190 million
square feet of building space and leases an additional 21 million square feet of office
space. The state invests more than $2.5 billion annually in the design, construction, and
renovation of itsfacilities. According to the State of California’s Five-Y ear Capital
Outlay Plan, anticipated infrastructure needs during the next 10 years exceed $82 billion,
including new schools, office buildings, infrastructure projects, renovations, and other
bond-funded construction activities.

The Blueprint includes the following sustainable building strategies:

Modifying the state' s capital outlay policies and process to incorporate sustainable
building goals,

Incorporating integrated design, life cycle costing, building commissioning, and post
occupancy evaluation processes into the state’' s capital outlay program;

Developing cost-effective building performance standards to measure the effectiveness of
sustainable building practices;

Establishing a systematic reporting and review process to ensure that state building
performance improves continuously;

Developing exemplary projects and model sustainable buildings that demonstrate the
effectiveness of sustainable building and operating processes; and

Assisting state agencies in the development of sustainable building projects.

The state is implementing green building elements in new construction, including a new complex
of buildings several blocks from the state capitol.

The most prominent example of the state’ s sustainable building implementation effortsis
the Department of General Services Capitol Area East End Complex, a $392 million,
five-building project. The largest state government office building construction project in
Cdlifornia s history, this 1.5 million square-foot complex incorporates various sustainable
building features, including recycled-content materials, raised floor ventilation, and
highly efficient plumbing and irrigation systems. These buildings are expected to exceed
existing state energy efficiency standards by more than 30 percent, saving taxpayers
roughly $400,000 annually in energy costs alone.

Cadlifornia Regiona Assessment 5-27



Land-Use Planning in Specific Regions

Coastal Land-Use Planning

The Coastal Land Use work group at the Californiaregional workshop provides the following
response strategies: *°

The term “ coastal land use” should be considered broadly to include not only the
terrestrial coastal zone, but also, offshore islands, upland watersheds, littoral
zones, marine ecosystems, and established marine refuges. Responses to impacts
and stresses from global climate changes are considered in two contexts: the built
environment and the natural environment.

For impacts to the natural environments (e.g.: water temperature warming and
species changes, flooding and freshwater impacts, wetland inundation, beach bluff
erosion) we would strive to enable nature to take its course, with natural
adaptation, new equilibrium conditions, etc. being re-established over time. We
should intensively study and research such ecological phenomena; and strive to
avoid interfering with such processes (such as premature harvesting of emerging
fishery stocks).

For impacts to the built environment (houses, roads, ports, airports, delta levees)
we should establish strategies priorities such as:
e Defend with engineered fortifications assets of high strategic value such as
airports, ports, deltalevees (for water supply security).
e Relocate (or engineer alternative solutions) vital assets to higher ground.
e For less strategic aspects of the built environment (housing on coastal
bluffs), ssmply retreat and let nature take its course.

For new development of any kind, authorize the Coastal Commission (or local
government) to consider “risk-of-harm” from impacts of global climate change.
After due consideration of risk-of-harm, developments may be approved only
with:

e No assured warranty of safety of loss

e Private insurance to underwrite the risk

e Self-insurance to bear any costs or losses

Full disclosure of potential risk (i.e.: coastal erosion, beach houses, earthquake,
slope stability, fire danger, flooding, etc.) should be used to inform the due
diligence process. After disclosure, the risk/liability shift from the public sector
to the private sector. Thereafter, any development in the coastal areawould be
tempered by incorporation of risk and cost calculus.

The group also noted that: “New institutions are not needed. Indeed, the Coastal Commission
and local governments are the appropriate bodies for planning and decision-making.”
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Planning in Fire-Prone Regions

The California Department of Forestry and Fire Protection and the USDA Forest Service conduct
land cover mapping and monitoring to enhance fire protection and natural resource management
on public and private lands in California. (This program uses Landsat Thematic Mapper (TM)
satellite imagery to map land cover types and derive land cover changes across al ownerships.)
Information is available at California Department of Forestry and Fire Protection,
http://www.frap.cdf.ca.gov/projects/land cover/index.html

Fire-prevention methods include clearing brush away from buildings, mapping fire behavior and
identifying areas of high fire hazard where devel opment should be limited, changing building
codes to increase the fire resistance of roofing, improving access for emergency and evacuation
vehicles, and increasing public education and information.*” These measures make a great deal
of sense both as away of dealing with current stresses and as a hedge against future climate
changes.

Wildland Fire Safety Regulations™

In 1986, the California Board of Forestry, supported by CDF, introduced legislation (SB 1075, Rogers) to develop
minimum statewide standards for defensible space in State Responsibility Areas (SRA). Thislegidation was
motivated by the general lack of response by local government to the wildland fire protection problem over the
previous 20 years. This comprehensive wildland fire safety |egislation was passed by the legislature and signed by
the Governor in 1987. SB1075 required the California Board of Forestry to establish minimum fire safety
requirements that applied to SRA. These requirements cover emergency access and water supplies, addressing and
street signing, and fuel modification relating to new construction and development.
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Response Strategiesfor Water

Only through enlightened public under standing of these complex issues can we
hope to integrate divergent viewpoints and contending interests into a wise
policy of water management which will have sufficient resiliency to cope with
climatic change and other developmentsin our society...”

William L. Kahrl, The California Water Atlas™

Building Resiliencein Water Systems

William Kahrl’ s observation is echoed in discussions throughout California. “Enlightened public
understanding” of these complex issuesisindeed key to building resilience in systems and to
effective coping and adaptation strategies to deal with climate change. The focus of this section
ison building that “sufficient resiliency” through policy and management to deal with climate
change.

Many strategies are available to cope with and adapt to the potential impacts of climate change
and variability on water systemsin California. Some involve non-structural approaches such as
water pricing and management practices, while othersinvolve structural approaches.
Discussions are aready occurring regarding the relative merits of the two approaches.

The purpose of this assessment isto inform the discussion. At this point in time, the computer
model s described above generally do not provide specific information regarding future
conditions in specific locationsin California. They do provide useful information regarding
potential changes and impacts such as probable changes in snowmelt patterns. While average
warming isfairly certain, it is not clear whether it will be wetter or drier in Southern California,
for example, or whether precipitation patterns will shift seasonally. Therefore, it makes sense to
first consider arange of options that build resilience through cost-effective “no regrets’
strategies under conditions of uncertainty.
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Addressing Multiple Stresses

Climate change and variability isjust one of a number of factors putting pressure on water
systemsin California. Asnoted, rapid population growth, land-use changes, contamination of
surface and ground water resources, and the need for ecosystem protection and restoration are all
occurring simultaneously. The water sector report lists the following tools water agencies and
managers are exploring:*

1. incentivesfor conserving and protecting supplies,

2. opportunities for transferring water among competing uses in response to
changing supply and demand conditions,

3. economic changes in how water is managed within and among basins,

4. evaluating how “re-operating” existing infrastructure can help address
possible changes, and

5. new technology to reduce the intensity of water use to meet specific goals.

Many of these approaches are already being used in Californiawith good results. An indication
of the potential for efficiency improvements, or example, is provided by the City of Los Angeles.
The Los Angeles Department of Water and Power (LADWP) notes that “ despite a population
increase of slightly over 35% (or nearly one million people) since 1970, current water use has
grown by only 7%, and per capita usage has been reduced by 15%.”*" Industries, farms, and
communities throughout the state are making similarly important strides in water use
efficiency.® This section reviews some of the economic and technical issues relating to water
management and suggest coping and adaptation strategies.

A useful starting point for the discussion of response strategies to climate change is a recognition
that even absent any change in climate, California can expect both wet and dry conditions. The
science reviewed above indicates that we may well see wetter wets and drier drys. In either
event, or both, the stakeholders and expertsinvolved in the California assessment agree that
response strategies that build resilience and the capacity to deal with variability will be helpful.

Design Systemsfor Flexibility

Response strategies should be designed to tap management and institutional options that allow
for flexibility. The water sector report made specific note of the IPCC conclusion that “water
demand management and institutional adaptation are the primary components for increasing
system flexibility to meet uncertainties of climate change.”*® Thisis another important feature of
the no regrets approach. Locking in large, long-term capital investments under conditions of
uncertainty isarisky strategy. Whenever possible, flexibility is desirable as a management

strategy.
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Plan and I nvest for Multiple Benefits

An example isthe water supply, energy, wastewater, and environmental benefits that accrue
from water use efficiency improvements.

Water managers often do not receive credit in the cost/benefit analysis, or otherwise, for
providing these multiple benefits. For example, total energy savings for reducing marginal (e.g.
imported) supplies of water in Southern California are estimated at about 3,500 kWh/acre-foot.>*
Conveyance over long distances and over mountain ranges accounts for the high energy
intensity. Thisisan average figure for marginal suppliesfor the region. In some geographic
areas, the figure is higher due to additional pumping requirements. In addition to avoiding the
energy and other costs of pumping additional water supplies, there are environmental benefits
through reduced extractions from stressed ecosystems such as the delta.

Water Policy, Planning, and M anagement

Roger Revelle and Paul Waggoner concluded in a 1990 American Association for the
Advancement of Science (AAAS) study on the potential implications of global climate change
for the water resources of the United States:™

Among the climatic changes that governments and other public bodies are likely
to encounter are rising temperatures, increasing evapotranspiration, earlier
melting of snowpacks, new seasonal cycles of runoff, altered frequency of
extreme events, and rising sealevel... Governments at all levels should reevaluate
legal, technical, and economic procedures for managing water resourcesin the
light of climate changes that are highly likely.

The AAAS panel recommended:*

During planning, managers should be alert for economical measures to increase
flexibility and accommodate climatic variability, sea-level rise, and aswe learn
more about it, climatic change. They should exploit opportunities to retain or
increase flexibility of systems, especially since such measures may be fairly
inexpensiveif put in an origina design.

The Second World Climate Conference concluded similarly in 1991 that:’

The design of many costly structures to store and convey water, from large dams
to small drainage facilities, is based on analyses of past records of climatic and
hydrologic parameters. Some of these structures are designed to last 50 to 100
years or even longer. Records of past climate and hydrological conditions may no
longer be a reliable guide to the future. The design and management of both
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structural and non-structural water resource systems should allow for the
possible effects of climate change.

In 1997 the AWWA, the largest professional association of water utilities and providersin the
United States, published a set of recommendations from its Public Advisory Forum. Among the
recommendations to water managers were the following:

American Water Works Association
Public Advisory Forum Recommendations™®

While water management systems are often flexible, adaptation to new hydrologic conditions may come at
substantial economic costs. Water agencies should begin now to re-examine engineering design assumptions,
operating rules, system optimization, and contingency planning for existing and planned water-management systems
under awider range of climate conditions than traditionally used.

Water agencies and providers should explore the vulnerability of both structural and non-structural water systemsto
plausible future climate change, not just past climate variability.

Governments at all levels should re-evaluate legal, technical, and economic approaches for managing water
resources in the light of possible climate change.

Cooperation of water agencies with the leading scientific organizations can facilitate the exchange of information on
the state-of -the-art thinking about climate change and impacts on water resources.

Thetimely flow of information from the scientific global change community to the public and the water-
management community would be valuable. Such lines of communication need to be devel oped and expanded.

The Water Sector report concludes that: “ Prudent planning requires that a strong national climate
and water research program be maintained, that decisions about future water planning and
management be flexible, and that the risks and benefits of climate change be incorporated into all
long-term water planning. Rigid, expensive, and irreversible actionsin climate-sensitive areas
can increase vulnerability and long-term costs.”>® The report made the following
recommendations regarding coping and adaptation:
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Coping and Adaptation®

There are many opportunities to reduce the risks of climate variability and change for U.S. water resources. Tools
for reducing these risks have traditionally included supply-side options such as new dams, reservoirs, and pipelines,
and more recently, demand-management options, such as improving efficiency, modifying demand, altering water-
use processes, and changing land-use patternsin floodplains.

We make the following observations and recommendations:

Prudent planning requires that a strong national climate and water monitoring and research program should be
maintained, that decisions about future water planning and management be flexible, and that expensive and
irreversible actions be avoided in climate-sensitive areas.

Better methods of planning under climate uncertainty should be developed and applied.

Governments at all levels should re-evaluate legal, technical, and economic approaches for managing water
resources in the light of potential climate changes.

Improvements in the efficiency of end uses and the intentional management of water demands must now be
considered major tools for meeting future water needs, particularly in water-scarce regions where extensive
infrastructure already exists.

Water managers should begin a systematic reexamination of engineering designs, operating rules, contingency
plans, and water allocation policies under awider range of climate conditions and extremes than has been used
traditionally.

Cooperation between water agencies and leading scientific organizations can facilitate the exchange of
information on the state-of-the-art thinking about climate change and impacts on water resources.

The timely flows of information among the scientific global change community, the public, and the water-
management community are valuable.

Traditional and alternative forms of new supply, already being considered by many water districts, can play a
role in addressing changesin both demands and supplies caused by climate changes and variability. Options to
be considered include wastewater reclamation and reuse, water marketing and transfers, and even limited
desalination where less costly alternatives are not available and where water prices are high.

Prices and markets are increasingly important for balancing supply and demand. Because hew construction and
new concrete projects can be expensive, environmentally damaging, and politically controversial, the proper
application of economics and water management can provide incentives to use less and produce more.

Even without climate change, efforts are needed to update and improve legal tools for managing and allocating
water resources. Water is managed in different ways in different places around the country, leading to complex
and often conflicting water laws.
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Economics and Water

Prices and markets are increasingly important tools for balancing supply and demand for
water and hence for coping with climate-induced changes.

Water Sector Assessment Team®™

There are costs and benefits to both changes and responses to change. Thoughtful consideration
of options strategies to implement them will improve our ability to cope and adapt to climate
change. Asthe water sector report notes:

All of the physical and ecological impacts of climate change will entail social and
economic costs and benefits. ... The costs of water supply and protection from
floods and droughts have been rising for much of this century and they are likely
to continue rising even in the absence of climate change. Future water costs will
depend on the costs of developing new supplies, implementing conservation
options, foregoing desired water uses, meeting water quality standards, and
protecting natural aquatic ecosystems. Additional factors likely to contribute to
higher future costs of water are the threats to existing supplies posed by
contamination and groundwater depletion.®

Understanding Water Needs and Demand

Coping and adaptation strategies are based in part on our understanding of future needs. Inthe
case of water policy, actual “demand” for water in the future is afunction of price. The
Southwest Regional Climate Assessment made an important observation regarding the role of
demand estimates and economic analysis that is equally relevant for the Californiaregion.
Noting that the “demand” projections used for water planning are based on incomplete, and at
time flawed, analyses the team notes that:

Coping mechanisms based on current studies may not result in desired outcomes
and may have unintended welfare effects on some consumer groups. Therefore,
research to improve the accuracy of demand studiesis the necessary first step in
managing the scarce water resources of the Southwest and coping with any
consequences of climate variability and change. ®

Environmental organizations have argued that economics be taken seriously. Noting that core
economic principles and analysis have not been adequately integrated into its water supply
reliability planning, a number of leading organizations in California made the following
recommendation:
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Past water pricing policies have consistently understated the “true cost” of water
development through financial subsidies and by failing to assign economic cost to
ecosystem destruction. These policies have combined to inflate expectations,
create a perception of shortages and encourage environmentally damaging water
devel opment.

Recognize that the price of water has an effect on both the demand for water and
the supply of water. Asthe cost of developing additional water supplies
increases, demand for water will decrease and other sources of water (e.g.
transfers and conservation) will become even more competitive.**

The Role of Markets and Economics

An important distinction needs to be made at the outset of this discussion of economics, markets,
and policy applications. The use of market-based policy approaches does not equal, or imply,
privatization of water systems or water marketing. Market-based tools, such as increasing block-
rate pricing structures, utilize basic economic principles as they apply to scarce resources.
Pricing structures, rebates for implementation of efficiency measures, and other policy and
management tools utilize market principles to achieve policy goals such as improved efficiency
and reliability. Water marketing and issues relating to privatization are separate. That is,
market-based tools may be applied in either public or private water management. It ispossible
to employ market-based tools in publicly owned and operated water systems, and indeed, some
of these tools are commonly employed throughout the state. The water sector report notes:

Because new construction and new concrete projects are increasingly expensive,
environmentally damaging, and socially controversial, new tools such as the
reduction or elimination of subsidies, sophisticated pricing mechanisms, and
smart markets provide incentives to use less water, produce more with existing
resources, and reallocate water among different users.®®

Water marketing and privatization of the resource raise important political concerns and
guestions. This has been especialy the case following the less-than-successful policy adventures
in the electrical energy sector in California. It istherefore important that the discussion of
markets and market tools delineate the two issues. The following discussion seeks to clarify the
elements, and differences, between the terms and concepts.
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Pricing, Demand Elasticity, and Supply “ Shortages’

Economists and others are beginning to advocate an end to the treatment of water asa
free good.

Report of the Water Sector Assessment Team %

Weater, like al goods allocated in market systems, is priced in someway. Water useisin turn
influenced by price along with other factors. When the priceis set at below-market or bel ow-
cost levels, users will tend to consume more than they would if the price reflected full costs or
market prices. Thisbit of arcane economicsisimportant because use will tend to be greater
when resources are under-priced. “Shortages’ that result arein fact “longages’ of demand for
resources that are undervalued. Thisis because userstend to under-invest in efficiency and over-
use resources when they are under-valued. We call thisa*shortage” because users want more at
that price level than isavailable. When the priceisincreased, users “demand” shifts downward.
In amarket that is allowed to “clear” there will be no shortage. Californiawill always have a
shortage of high-quality water priced below market value.

Economists argue that demand for goodsisinversely related to price. That is, asthe price of a
good increases, the quantity demanded decreases. In the classic supply and demand curves,
demand moves along the curve in response to price. (The curve shiftsif other factors such as
substitutable goods are available.) Responseto priceiscaled elasticity. This response, or
elagticity, istypically represented as aratio of the percentage change in the quantity of a good
demanded over the percentage change in the price for a unit of the good. A value greater than
oneis elastic, whereas avalue of lessthan oneisinelastic. Or, in plain English, when people
respond to price signals and use less of a good when prices go up, there is demand elasticity.®’

Demand elasticity isacritically important issue for water policy. If price matters, it can be used
as apolicy and management tool. If it does not, policies designed to use price mechanisms will
fail to have the desired results. It seemslogical that consumers would use less of agood as it
gets more expensive, but the empirical studies yield varied results.®

From a policy perspective, an accurate elasticity estimate is important for two
reasons. First, how will consumers respond to price changes? Second, given
consumer response to a price change, what happens to total revenue? For an
inelastic good, total revenue increases (decreases) if price increases (decreases).
For an elastic good, total revenue increases (decreases) as price decreases
(increases). While consumer response is important in designing effective policies
to meet water consumption goals, understanding the impact on total revenueis
important to the water provider who has traditionally tried to meet its delivery
costsin the pricing structure.®®

In California, rates are used as management tools in many water service areas. Increasing block
rate structures are used in which consumers pay a“lifeline” rate for a specified amount of water.

Cadlifornia Regiona Assessment 5-37



A second tier, or block, increasesin price, followed by additional increments. Hewitt and
Hanemann found a strong response to block rate structures in California applications, suggesting
that priceis a useful policy tool.”

Water Transfers, Banking, and Marketing

There are linkages between water transfers, marketing, and banking, but they are not
synonymous. The terms represent different activities that need to understood individually, even
though they are often linked and overlapping in practice. Water transfers can and do occur
without water markets. Water banks may facilitate both transfers and marketing, but they can
also function independent of them. Water markets do not necessarily imply interbasin transfers.
Each of the terms and concepts are outlined below.™

Water Transfers

Water transfers have been taking place between hydrologic basins, or watersheds, for a century
and ahalf in California. Water from one region is conveyed to others for various purposes. For
example, water flowing into the Owens Valley from the Eastern Sierrawas transferred to the Los
Angelesbasin in an early and infamous exampl e of inter-basin transfers. San Francisco, the East
Bay Municipal Utility District, and others tapped water from the west slopes of the Sierrato
supply distant urban areas. 1n the mid-1900s, both the federal and state water projects tapped
water in Northern California and transferred it to areas south of the delta. MWD tapped the
Colorado River for use in Southern California. Many smaller-scale transfers have occurred
throughout the state.

There are various sources of water that can be transferred. Each is constrained by various legal,
regulatory, market, and physical parameters. A CaliforniaLegislative Analyst’s Office (LAO)
report identifies the following:

Sour ces of Water for Transfers

e Land falowing and crop shifts to less water-intensive crops.

e Water recycling, such asrecycling water from wastewater treatment plants for industrial and
irrigation purposes.

e  Groundwater pumping instead of using surface water rights, thereby freeing up surface water
for transfer.

e  Storing excess surface water from wet years in underground aquifersto be later pumped when
surface supplies are low.

e Water conservation, in both the agricultural and urban sectors. For example, this includes
farmers using water-saving irrigation technologies and homes and businesses using water-
efficient landscaping and bathroom fixtures.

e Withdrawals from surface storage supplies that were not otherwise planned to be made.
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Transfers do not create new water, they simply reallocateit. The LAO report notes:

Water transfersin and of themselves do not generate new sources of water.
Rather, water transfers are a mechanism to reallocate water among water users,
thereby making water more widely available for use on a statewide basis.

Recent legislation has encouraged water transfers. In the 1980s and 1990s, the legislature was
active in encouraging and facilitating water transfers.”® Until 1980 there was some uncertainty
regarding water transfers and whether transferred rights were protected as reasonable and
beneficial. The California Constitution requires reasonable and beneficial use of the state’s
water.™ Following recommendations of the Governor’s Commission on Water Rightsin (1976),
the legislature established policy in 1980 that explicitly facilitates water transfers and declares
that they do not constitute unreasonable or wasteful use.” Two years |ater the legislature
required the Department of Water Resources and other agencies to facilitate and encourage
transfers,”® and it authorized local water districts to transfer surplus water to users located outside
of their districts.”” In 1986, the legislature went further still and mandate that DWR create a
program to facilitate voluntary transfers by providing alist of entities interested in transferring
water.”® It also prohibited the department and local agencies from denying access to unused
capacity in conveyance systems to parties interested in transferring water through them.”” A
SWRCB report on transfers summarizes the state's policy with asimple rule:*

Y ou can transfer water if it isyour water and not somebody else’ s water, provided
the transfer does not injure another water right holder or unreasonably affect
instream beneficial uses.

The LAO found “general agreement that existing state law on water transfers does not reflect a
clear and consistent policy.” They also found agreement that “the state does not have a
comprehensive database of information on transfers that are taking place and on the impact of
these transfers. According to stakeholders, the lack of a clear statutory policy and comprehensive
database impedes transfers and undermines third-party protection.®

A government website has been created to support water transfers. A cooperative effort between
state and federal agencies, the web site is “an online water market information source devel oped
as part of the CALFED Bay-Delta Program.” It is designed “to supply potential water
transaction participants, affected third parties, and other interested parties with information to
assist the efficient transfer of water.”

Water Banks

Water “banks” function as repositories into which deposits are made, presumably when water is
abundant, and out of which withdrawals are made when water is needed. Water banks are an
important element of transfers and markets. Both transfers and markets are possible without
them, but the ability to store water when it is abundant and withdraw it when it demand is high
created value.
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Drought Water Bank Summary®

Y ear Sour ce of Drought Water Bank Water (taf) Amount
Purchase | SurplusReservoir | Groundwater | Fallowing | Total | Allocated®
Price($/af) Storage Substitution Sour ces (taf)

1991 125 147 259 415 821 390

1992 50 32 161 0 193 159

1994 50 33 189 0 222 174

& Amount allocated for urban, agricultural, and environmental uses. This represents the actual supply developed by
the bank after conveyance and fish and wildlife requirements were met.

DWR is becoming afull-service banker. It provided banking servicesin 2001 and has set up
arrangements for 2002. The department “implemented a 2001 Dry Y ear Water Purchase
Program, which secured 138,800 acre-feet of water from willing sellersin Northern California
and provided it to eight water agencies to help offset their water shortage conditions.” The 2002
program “allows agencies that entered the program by November 30, 2001 to request DWR to
obtain options for water that would be exercisable by March 2002 if the year isdry. The Program
also will allow agencies that sign up and pay deposits prior to the end of March 2002 to
participate in direct purchases of water provided by willing sellers and brokered through DWR.
The program is intended to reduce the possibility of adverse economic impacts and hardship
associated with water shortages, and is open to all water agencies.”® Prospective purchasers are
invited to review the Memorandum of Understanding for the Program on the web® and are asked
to indicate how much water they have available, their interest in selling options on the water to
DWR, the water source, their asking price per acre-foot, and the address and phone number of
the contact at their agency.

Water Markets

Markets are characterized by, among other features, open access to buyers and sellers. A true
market for water does not exist in California, and there are concerns regarding the advisability of
creating such amarket. Nevertheless, market-based transactions and activities are occurring,
supported by policy, and they are providing important lessons. So far it has been a turbulent
experience for many of the participants. It isdifficult, and perhaps of no particular value, to
delineate precisely where transfers become markets. This discussion seeks to frame the issues
without focusing on a precise line separating the two terms.

Following the increasingly enthusiastic support for water transfersin Californiain the 1980s, the
federal government moved into the arena with important legislation in the early 1990s. Congress
passed the Central Valley Project Improvement Act (CVPIA) in 1992 with explicit provisions
that were designed to both facilitate and encourage water markets and water transfers.®® The
federal |legidation authorized the use of federal facilities and the transfer of federal water in the
expanding market activities. CVP water can now be sold, for a profit, either within or outside
the boundaries of the CVP service area.
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CALFED, acooperative policy effort between state and federal agencies, formally endorsed
water transfers and marketing in its Record of Decision (ROD) in 2000.%” The water transfer
program in the ROD provides that the agencies will:

Encourage the development of a more effective water transfer market that
facilitates water transfers and streamlines the approval process while protecting
water rights, environmental conditions, and local economic interests.

As part of its support, CALFED established aweb site called “On Tap” to: “provide information
on historical water transactions and provide an online resource to people involved in water
markets in California”® CALFED explainsits role as follows:*°

CALFED recognized that an effective water market is one of several water
management tools needed to improve the reliability of the State's water supply.
CALFED also recognized that a functioning water market already exists. The
existing market has raised concerns regarding adverse impacts to other users, rural
economies, and the environment. Past water transactions have highlighted
inconsistent interpretations of State water law, the need for reliable conveyance
access for cross-Delta transfers, and a need to simplify the complex approval
process.

The U.S. National Assessment water sector team provided the following observation regarding
water marketing:

The characteristics of water resources and the institutions established to control
them have inhibited large-scale water marketing to date. Water remains under-
priced and market transfers are constrained by institutional and legal issues.
Efficient markets require that buyers and sellers bear the full costs and benefits of
transfers. However, when water is transferred, third parties are likely to be
affected. Where such externalities are ignored, the market transfers not only
water, but also other benefits that water provides from a non-consenting third
party to the parties to the transfer. &

Water System Costs, Policy Planning, and Economic Models

Jay Lund and Richard Howitt of UC Davis have undertaken a major modeling effort (CALVIN)
that seeksto link physical factors (hydrology) with economics factors for both the state and
federal water projectsin the Central Valley.” The project is funded by both the California
Resources Agency and CALFED. Lund and Howitt explain the effort as follows:
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Water is scarce in California, and better options and frameworks are needed for
water management. This project provides the foundation for a different approach
to water management in California, combining powerful ideas from economics
and engineering optimization with advances in software and data to suggest more
integrated management of water supplies regionally and throughout California.
While these newer ideas and methods cannot by themselves “solve” California’s
water problems, they can help us move beyond approaches that might have been
more appropriate in the past and they illustrate what is possible and economically
desirable for water management. There are better ways to think about solving
California s water problems.*?

This modeling project isthefirst large-scale effort to model both hydrology and economic
factorsin California. It isan ambitious undertaking, and it is constrained by both the hydrology
modelsit uses and the lack of information on economic factors. Nevertheless, it is an important
step forward.

If price does matter, and if it can be used as a management tool, what are the ways in which price
signals and other market tools can be used? The next section examines the logic and role of
market-based tools.

Using Market Tools

Water policy is profoundly affected by economic factors, even if there is no explicit recognition
of the fact. For most of the 1900s, economics in water policy was restricted to analysis of the
capital costs of new supply projects and the justification of expenditures of public funds. The
perpetual “shortage” that California has been trying to “ correct” in thisway for decadesis an
elusive policy goal. Economists argue that the “gap” created by under-priced scarce resources
will never be filled because people will always want more than can be supplied. Californiawater
history validates the economists’ argument.

A better understanding of opportunity costs and the elasticity of demand, coupled to ever-
improving models of demand and supply in the context of hydrology, may yield important
guidance for policy. Thereis considerable work that needs to be done on both the hydrologic
models and the economic models.

A number of market tools are available to support water management and policy objectives.
Research indicates that these tools can be effective if water prices are within arange that is of
concern to consumers. A judicious coupling of regulatory policy and market-based tools,
employing each where they work best, holds considerable promise for more effective water
management in California.
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Demand M anagement, Conservation, and Efficiency

Water conservation professionals have only just begun to tap available efficiencies.

Richard Pinkham, Rocky Mountain Institute®™

Leading water management agencies and sophisticated water users in the commercial and
industrial, institutional, residential, and agricultural sectors are securing dramatically improved
water-use efficiency gains and increased end-use services with less water through improved
management approaches and various technology applications.* The water sector assessment
notes that “evidence is accumulating that such improvements can be made more quickly and
more economically, with fewer environmental and ecological impacts, than further investments
in new supplies.”®

Demand for water in California has generally been met through the diversion of surface water by
groundwater sources. Astechnological capabilities developed and financing was made
available, diversions and groundwater extraction increased in volume, scope, and geographic
area. Interbasin and interstate transfers supplement water available within natural hydrol ogical
basins. Facilitated by technology and capital, agricultural and urban uses of arid lands was made
possible in areas which otherwise would not have supported the activities.

Technologies of various kinds provide society with the means to use water in different ways.
The focus of technology development has until recently been on the supply-side of the water
equation. That is, the emphasis has been on extracting, storing, and conveying water from
natural water systems to urban and agricultural users. Water policy in Californiaand the West
has generally been one of facilitating the use of technologies.

Technology: New Capabilitiesin Efficiency

Technology is applied to both the task of securing supplies of water and to the actual services
provided by water. During the past century the United States has devel oped the most extensive
and sophisticated water impoundment and conveyance system in the world. California maintains
the largest and most diversified system of any state. Thistechnological accomplishment,
facilitated and managed by local agencies and the DWR at the state level, and the Bureau of
Reclamation and Army Corps of Engineers at the federal level, isa credit to engineering
capabilities and expertise. With thisinfrastructure in place, the agencies are now focusing on
more efficient delivery and use of the resource.

Innovation and devel opment of technology in the areas of end-use water applications progressed
rapidly in the 1980s. Techniques and technologies ranging from laser leveling of fields and drip
irrigation systems to the design of toilets and showerheads to new filter systems and treatment
technology for cooling towers have changed the demand side of the equation. End-use
applications of water now require much less volume than before to provide equivalent or
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superior services, and implementation of the new technol ogies often provide immediate
economic savings.

As mentioned above, the impetus for technological development and innovation in efficient use
has been provided by the price mechanism and by policy. Aswater becomes more expensive,
and as legal requirements prohibit waste, technology has provided a wide range of options for
expanding the utility value of given amounts of water. Broader application of these technologies
and techniques will yield significant "new supplies’.

Efficiency improvements are now considered supply options, to the extent that permanent
improvements in the demand-side infrastructure, including conveyance, provides reliable water
for other uses including in-stream flow and consumption. Technology is also being applied to
the problems of poisoning and contamination which past practices have created.

Richard Pinkham of the Rocky Mountain Institute provides an example of multiple benefits as
follows:

Multiple Benefits of Water Efficiency®

Wringing more work from each drop of water sustains vital water supplies, lowers water bills, reduces the need for
wastewater treatment, protects the environment, and creates wealth. Everybody wins:

Consumers. Installing water-efficient faucets, showerheads, toilets, and other devices can substantially reduce
household water and sewage bills, and it can save even more money on energy for heating water. The use of these
devices may also reduce or eliminate such problems as an overflowing septic tank. And don't overlook the comfort
factor—an efficient showerhead lets twice as many people use the shower before the hot water runs out!

Communities. Some communities are physically short of water, or at least of uncontaminated water; some must pay
expensive pumping costs; and many are seeking ways to avoid paying enormous capital costs to increase water
storage or wastewater treatment capacity. Local budgets can be stretched only so far. A community that avoids
building alarger water or wastewater facility will have more money for other services.

Utilities. Increasing water efficiency can enable utilities to reduce base-load and peak demand, making it possible to
postpone or avoid tapping new supplies, expanding storage, or expanding treatment facilities. Programs that promote
efficiency can enable a utility to achieve more predictable patterns of demand and buy time for effective long-term
planning. For these reasons, many utilities offer rebate programs that enable customersto install efficient fixtures at
areduced price or for free, thus saving consumers even more money.

Companies. Using water more efficiently can reduce operating costs, often including fuel, chemicals, and labor.
The environment. Water not consumed can save ariver from a dam and a wetland from destruction. Water not
heated with fossil fuel means oil or gas not depleted, coal not burned, carbon not released to cause global warming,

and sulfur not deposited as acid rain.

The economy. Money not spent on wasted water and energy is used more productively to create jobs and strengthen
local businesses.
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The measures listed in the California Urban Best Management Practices (BMPs) provide a
specific example of cost-effective, technically viable options that are being successfully

implemented around the state.®”’

California Urban Water Conservation Council
Urban Best Management Practices™

Water Survey Programs For Single-Family Residential and Multi-Family
Residential Customers

Residential Plumbing Retrofit

System Water Audits, Leak Detection And Repair

Metering With Commodity Rates For All New and Retrofit of Existing Connections
Large Landscape Conservation Programs And Incentives

High-Efficiency Washing Machine Rebate Programs

Public Information Programs

School Education Programs

Conservation Programs For Commercial, Industrial, and Institutional Accounts
Wholesale Agency Assistance Programs

. Conservation Pricing

Conservation Coordinator
Water Waste Prohibition
Residential ULFTs Replacement Programs

Energy, water supply, wastewater reduction, air quality, and environmental benefits accrue from
the implementation of many of these measures.
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Stormwater Management Strategies

Managing stormwater to reduce runoff and flood damage, reduce pollution, and improve water
supply availability and quality isapolicy goa in California. Recent efforts and policy measures
aim to improve stormwater management. Climate change may bring additional challenges for
those responsible for managing stormwater. This short review of design and retrofit options
provides a set of alternative worth consideration.

Applications of stormwater strategies are site dependent. The following examples are provided
for illustrative purposes. Local soil conditions, permeability, and other factors must be examined
for each specific application.

Impervious surfaces such as roofs, roads and parking lots increase runoff during storm events.
Thefirst “flush” often collects and concentrates contaminants from those surfaces such as oils

and sediment.
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Various design approaches are available to direct stormwater runoff to landscaped areas where
the water can percolate into the soil. In many cases, such asthe Village Homes example
presented earlier, groundwater recharge is one of the benefits derived from this approach.

Courtesy of Bruce Ferguson Courtesy of Low Impact Development Center
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In each of these examples, water is directed to landscaped areas where runoff isintercepted. The
designsinclude sloping of both the paved areas and the landscaped areas to follow normal
drainage patterns.

Thisisan example of aparking lot retrofit. Water isfirst directed into alandscaped area. When
flows exceed the capacity of the soils, water flows into the storm drain. By diverting a portion of
the first flows the design reduces demands on the storm drain system.

Courtesy of Low Impact Development Center

Swales, like the one pictured below, capture down-slope flows and direct them along contours.
This slows the rate of runoff and allows for recharge.
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Courtesy of Portland Bureaul of Environmental Services

“Daylighting” strategies involve restoring surface flows where underground pipes currently
exist. These two examples of before and after daylighting are from Zurich. Examplesin
Cdliforniainclude creeks on the University of California, Berkeley campus and many other sites.
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Courtesy, City of Zurich

Paving options exist to provide permeability and reduce runoff. Two examples are shown below.

Courtesy of Pavestone Co.
Public Education



The Union of Concerned Scientists developed an interesting web-based tool to represent the
interactions and relationships between various aspects of climate change and water systems. Itis
captured below in a static form. On the web, the linkages and information isinteractive. The
web siteis. http://www.ucsusa.org/pixcc/diafull.gif
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Re-Operation of Water Systems

It will likely be necessary to reconsider operating rules for major water supply systems. The
water sector report, citing Lettenmaier and Sheer, noted the “ sensitivity of the California State
Water Project to GCM-derived scenarios of climate change under current operating rules. They
concluded that changes in operating rules might improve the ability of the system to meet
delivery requirements, but only at the expense of an increased risk of flooding. Thiskind of
trade off is now being seen in a broader set of analyses.”*°

The IPCC calls for a systematic reexamination of engineering criteria, as also noted in the water
sector report;'®

The IPCC urged water managers to begin “a systematic reexamination of
engineering design criteria, operating rules, contingency plans, and water
allocation policies” and states with “high confidence” that “water demand
management and institutional adaptation are the primary components for
increasing system flexibility to meet uncertainties of climate change.”*™ This
emphasis on planning and demand management rather than construction of new
facilities marks a change in traditional water-management approaches, whichin
the past have relied on the construction of large and expensive infrastructure.
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Policy Strategiesfor Multiple Benefits and No Regr ets Responses

California has devel oped a number of programs and policies to respond to the issue of climate
change and variability. The state has invested millions of dollarsin climate change research, and
it is planning to continue this effort in order to build and maintain the scientific basis for
informed policy approaches.

A number of state agencies are actively engaged in research and information dissemination of the
issue. As noted above, the California Department off Water Resources is planning a chapter in
the state’ s water plan to address climate change. Other agencies, including the Office of Health
Hazard Assessment within CalEPA, are developing information and programs to build an
understanding of the issues.

Local governments and non-profit organizations in the state are also engaged. As the Southwest
assessment notes: “Urban managers and political bodies will need to enhance their understanding
of the interplay between climate and social processin order to assure their city’ s continued
viability and prosperity.” % The“Cool Roofs’ program described above, for example, is being
promoted by the non-profit Local Government Commission.

Finally, as noted throughout this assessment report, a number of federal agencies have been
extremely helpful in providing scientific information and undertaking research that expands our
understanding of the issues. As should be clear, the partnership and collaboration among awide
variety of stakeholders has been invaluable in this assessment process.

This section briefly reviews several programs in Californiathat are dealing with climate change
iSsues.

California Energy Commission

The California Energy Commission (CEC) isthe lead state agency for addressing global climate
changeissues. Willam A. Keese, Chairman, California Energy Commission, commented on the
state’ s efforts over the past two decades:'®

California's major energy policies over the past 20 years were designed to respond
to energy and air quality issues affecting the state's economy and environment.
Adopting these "no-regrets' policies -- including improving energy efficiency,
reducing regulated pollutants and devel oping renewable energy resources.
Californiais aleader in developing renewable energy resources, and since the late
1970s, California has led the nation in promoting energy efficiency in buildings
and appliances, supported by building and appliance regul ations that exceed
federal standards; utility energy efficiency programs; and state government
programs, including loans for energy efficiency measures; training programs for
builders, manufacturers, and service technicians; and public and classroom
education.
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Greenhouse Gas | nventory

In 1998 the CEC published areport entitled: 1997 Global Climate Change Report: Greenhouse
Gas Emissions Reductions Strategies for California under the auspices of the U.S.
Environmental Protection Agency's Climate Change Partnership Program.'® The report
analyzes greenhouse gas emission sources in California, explores the status of emission
reduction strategies, and provides an update on policies to address climate changes previously
discussed in the Energy Commission's 1991 global climate change report.'®

California Climate Registry

In 2000, California established aregistry for greenhouse gas emissions managed by a new non-
profit organization for the state.

California Climate Registry'®

Senate Bill 1771, chaptered in September of 2000, specified the creation of the non-profit organization, the California Climate
Action Registry (California Registry). The California Registry will help various California entities' to establish greenhouse gas
(GHG) emissions baselines. Also, the California Registry will enable participating entities to voluntarily record their annual GHG
emissions inventories. In turn, the State of Californiawill use it best efforts to ensure that organizations that voluntarily inventory
their emissions receive appropriate consideration under any future international, federal, or state regulatory regimes relating to
GHG emissions.

On October 13, 2001, Governor Davis signed California Senate Bill 527 (SB 527). This bill requires the California Energy
Commission to provide guidance to the California Registry on a number of issues, such as, developing GHG emissions protocols,
qualifying third-party organizationsto provide technical assistance, and qualifying third-party organizations to provide
certification of emissions baselines and inventories.

Policy Challenges: Overcoming Market and I nstitutional Barriers

If all these multiple benefits are available, why haven’t we taken advantage of them? Thisis areasonable
guestion, and there are several parts to the answer. Oneisthat we often fail to recognize, and account for,
the benefits that result from smart investments. Daylighting in buildings, for example, saves energy,
improves performance and test scores in schools and sales in commercial space, and reduces absenteeism
in businesses. These are ample reasons to improve building designs. But daylighting also reduces peak
energy demands, reduces air quality emissions from power production, and reduces greenhouse gas
emissions. Often, we're just not counting all the benefits.

Another reason isthat there are barriers, both market and human/institutional, that get in the way.

Professor Stephen DeCanio, Senior Staff Economist for President Reagan’s Council of Economic
Advisers, notes; 1%
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...to discard the baggage carried by most economists (the author confesses membership
of that much-maligned group) that immersion in a market environment guarantees
efficient behavior by the market participants. Much of modern economic theory
practically defines efficiency as the outcome of competitive market exchanges. But the
bloodless “ competition” of mathematical general equilibrium models bears only a partial
relationship to the actual experience of real firms.

DeCanio points out that beyond market failures, human behavior and institutions also lead to lost
opportunities (or “sub-optimal alocation” of scarce resources).

As the Southwest assessment notes, improving market signals by utilizing full-cost accounting would be

auseful thing to do: 1%

A major contribution to managing the consequences of climate variability would
be to increase economic efficiency while protecting the environment through
introduction of full-cost accounting methods™® and changes in government
subsidy practices.**°

California s efforts to cope with and adapt to climate change must incorporate an understanding
of the market and institutional barriers to otherwise cost-effective and useful response strategies.
One valuable approach to this challenge is the kind of multi-stakeholder dialogue that has
occurred as part of this assessment. By facilitating communication across various boundaries,
scientists, decision-makers, and other parties can work together to find appropriate strategies and
approaches.

Regional Scale Research and Responses

There are several reasons why California should move forward with state-level efforts to address the
potential impacts of climate change as a complement to, not a replacement for, other important national
programs.

1. Every regionisuniquein both its environmental setting and in its social and economic context.
There are important assetsin the state and region that can be brought to bear on the climate
change issue. Both impacts and solutions are a function of the environmental and social context,
and it isimportant to explore the specific approaches that fit the region.

2. Peoplerelate to local and regional impacts, and they can also relate to local solutions. Thereisa
greater potentia for buy-in for programs at the regional level than at the national or international
levels. California-specific droughts and floods, snowpack and water supplies, and landslides and
coastal erosion, can be addressed in a different context.

3. Thereisinfact a“community” of interested parties who tend to know each other and who can

work together. Thiswas evident in the workshop business representatives, resource managers,
and experts from government agencies talked with university researchers, NGOs and others about
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issues and response options. By focusing on these natural communities of common interests we
can develop policy approaches that meet immediate as well aslong-term needs and concerns.

4. Finaly, regiona efforts engage people where they live, and they utilize expertise from awide
variety of stakeholders who have a direct concern with the results.

Statutory Authority for Emergency Response

Thereis, unfortunately, a need to anticipate emergency situations arising from impacts of climate
change and variability. The governor is authorized by the Emergency Services Act to proclam a
state of emergency when conditions of disaster or extreme peril exist. According to the act:''*

These conditions of emergency must be beyond the control, or likely control, of
the services, personnel, equipment and facilities of any single city or county. The
emergency must also require the combined forces of amutual aid region to
combat. Generally, the act istriggered by alocal emergency proclamation and a
request to the Governor to proclaim an emergency.

Some of the scenarios set forth above, particularly in cases of extreme events such as floods,
fires, and droughts, would require such action. These situations may arise without climate
change of course. A part of the planning process in response to the potential impacts of climate
change should be an improved understanding of the circumstances under which climate change
may increase either the probability or intensity of an emergency situation. Timely information
on weather events, like that provided by NOAA during the El Nifio event in the late 1990s,
would be an example of effective response strategies.

Specific measures may be required to deal with impacts on infrastructure and natural resource
systems. For example, California’ s Water Code authorizes public and private water purveyorsto
declare gtwaler shortage emergency and to adopt regulations and restrictions to conserve
water.™t

The governing body of a purveyor may declare awater shortage emergency
whenever it determines that consumers' requirements cannot be satisfied without
depleting the water supply to the extent that there would be insufficient water for
human consumption, sanitation, and fire protection. The governing body may
adopt regulations and restrictions on water delivery and use to conserve water for
the greatest public benefit, with particular regard to domestic use, sanitation, and
fire protection. The regulations may provide for connection moratoria. The
California Department of Health Services has the authority to impose terms and
conditions on permits for public drinking water systems to assure that sufficient
water is available. Thisincludes the authority to require an agency to continue its
moratorium on new connections.*?
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Summary

Numerous opportunities exist to respond to climate change and variability through “no regrets’
investments in measures that also deliver substantial benefits to society. Exploiting these strategies will
yield multiple benefits for the economy, society, and the environment in addition to hel ping reduce
negative impacts due to climate change. Policies that incentivize and encourage these sensible
investments exist and can be expanded.

California should examine opportunities for cost-effective applications of technology and technique,
implemented by private- and public-sector actors, to achieve multiple benefits for climate change as well
as for the environment, economy, and society. We should also consider ways these benefits could be
supported and encouraged by policy at all levels of government. An appropriate next step would be the
development of specific policy recommendations to leverage opportunities.
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4 Kahrl, William L., 1978, The California Water Atlas, State of California, Governor's Office of Planning and Research and the
Department of Water Resources, p.3.

% Gleick, Peter H. (Lead Author), 2000. Water: The Potential Consequences of Climate Variability and Change for the Water
Resour ces of the United Sates, The Report of the Water Sector Assessment Team of the National Assessment of the Potential
Conseguences of Climate Variability and Change, U.S. Global Change Research Program, Pacific Institute for Studiesin
Development, Environment, and Security, p.111.

®! Los Angeles Department of Water and Power, 2000. City of Los Angeles urban water plan, year 2000 update,
http://www.ladwp.com/water/supply/index.htm, and City of Los Angeles Water Services, 1996. “Water supply fact sheet”. City
of Los Angeles Water Services, http://www.ladwp.com/water/supply/facts/index.htm..

52 Owens-Viani, Lisa, Arlene Wong, and Peter Gleick, Eds., 1999. Sustainable Use of Water: California Success Stories, Pacific
Institute.

%3 Gleick, Peter H. (Lead Author), 2000. Water: The Potential Consequences of Climate Variability and Change for the Water
Resources of the United States, The Report of the Water Sector Assessment Team of the National Assessment of the Potential
Conseguences of Climate Variability and Change, U.S. Global Change Research Program, Pacific Institute for Studiesin
Development, Environment, and Security, pp.10-12.

5 Wilkinson, Robert C., 2000. Methodology For Analysis of The Energy Intensity of California’s Water Systems, and an
Assessment of Multiple Potential Benefits Through Integrated Water-Energy Efficiency Measures, Exploratory Research Project,
Ernest Orlando Lawrence Berkeley Laboratory, California Institute for Energy Efficiency.

%5 Waggoner, P.E. (editor). 1990. Climate Change and U.S. Water Resources. John Wiley and Sons, Inc., New York. (Emphasis
inoriginal.) Citedin: Gleick, Peter H. (Lead Author), 2000. Water: The Potential Consequences of Climate Variability and
Change for the Water Resources of the United States, The Report of the Water Sector Assessment Team of the National
Assessment of the Potential Consequences of Climate Variability and Change, U.S. Global Change Research Program, Pacific
Ingtitute for Studiesin Development, Environment, and Security, p.113.

%6 Waggoner, P.E. (editor). 1990. Climate Change and U.S Water Resources. John Wiley and Sons, Inc., New York, p.5.

57 Jager, J. and H. Ferguson. 1991. Proceedings of the Second World Climate Conference, Geneva, Switzerland. Cited in: Gleick,
Peter H. (Lead Author), 2000. Water: The Potential Consequences of Climate Variability and Change for the Water Resources of
the United States, The Report of the Water Sector Assessment Team of the National Assessment of the Potential Conseguences
of Climate Variability and Change, U.S. Global Change Research Program, Pacific Institute for Studiesin Development,
Environment, and Security, pp.113-114. (Emphasis added by Gleick.)

%8 American Water Works Association (AWWA). 1997. Climate change and water resources. Committee Report of the AWWA
Public Advisory Forum. Journal of the American Water Works Association, Vol. 89, No. 11, pp. 107-110.

% Gleick, Peter H. (Lead Author), 2000. Water: The Potential Consequences of Climate Variability and Change for the Water
Resources of the United States, The Report of the Water Sector Assessment Team of the National Assessment of the Potential
Conseguences of Climate Variability and Change, U.S. Global Change Research Program, Pacific Institute for Studiesin
Development, Environment, and Security, p.2. (Emphasis added.)

% Gleick, Peter H. (Lead Author), 2000. Water: The Potential Consequences of Climate Variability and Change for the Water
Resources of the United Sates, The Report of the Water Sector Assessment Team of the National Assessment of the Potential
Conseguences of Climate Variability and Change, U.S. Global Change Research Program, Pacific Institute for Studiesin
Development, Environment, and Security, pp.10-12.

81 Gleick, Peter H. (Lead Author), 2000. Water: The Potential Consequences of Climate Variability and Change for the Water
Resour ces of the United States, The Report of the Water Sector Assessment Team of the National Assessment of the Potential
Conseguences of Climate Variability and Change, U.S. Global Change Research Program, Pacific Institute for Studiesin
Development, Environment, and Security, p.118.

82 Gleick, Peter H. (Lead Author), 2000. Water: The Potential Consequences of Climate Variability and Change for the Water
Resources of the United Sates, The Report of the Water Sector Assessment Team of the National Assessment of the Potential
Conseguences of Climate Variability and Change, U.S. Global Change Research Program, Pacific Institute for Studiesin
Development, Environment, and Security, p.107.
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8 Preparing for a Changing Climate: The Potential Consequences of Climate Variability and Change, 2000. A Report of the
Southwest Regional Assessment Group for the U.S. Global Change Research Program.
http://www.ispe.arizona.edu/research/swassess/. Brookshire and Chermak provided input for the Southwest study. See also their
papers on the subject: Brookshire, David, Stu Burness, Janie M. Chermak, Kate Krause, 2001. Urban Residential Water Demand
(Draft Paper), University of New Mexico, Department of Economics, 1915 Roma NE/SSCI, Albuquerque, NM 87131-1101,
October 2001; and Chermak, Janie M. and David Brookshire, 1999. Urban Water Demand in the Southwest, (Draft Paper)
University of New Mexico, Department of Economics.

54 Save San Francisco Bay Association, Natural Resources Defense Council, The Bay Institute of San Francisco, Environmental Defense
Fund, Natural Heritage Institute, Sierra Club, California Trout, Public Officials for Water and Environmental Reform, League of Women
Voters, Center for Marine Conservation, Mono Lake Committee, Clean Water Action, California League of Conservation Voters,
California Sportfishing Alliance, Pacific Coast Federation of Fisherman’s Associations, Friends of the River, Marin Conservation League,
SierraNevada Alliance, Earth Island Institute, 1998. Blueprint for an Environmentally and Economically Sound CALFED Water Supply
Reliability Program.

% Gleick, Peter H. (Lead Author), 2000. Water: The Potential Consequences of Climate Variability and Change for the Water
Resources of the United Sates, The Report of the Water Sector Assessment Team of the National Assessment of the Potential
Conseguences of Climate Variability and Change, U.S. Global Change Research Program, Pacific Institute for Studiesin
Development, Environment, and Security, pp.118-119.

% Gleick, Peter H. (Lead Author), 2000. Water: The Potential Consequences of Climate Variability and Change for the Water
Resour ces of the United States, The Report of the Water Sector Assessment Team of the National Assessment of the Potential
Conseguences of Climate Variability and Change, U.S. Global Change Research Program, Pacific Institute for Studiesin
Development, Environment, and Security, p.118.

" «Elasticity (€) is calculated as aratio of the percentage change in the quantity demanded (%.Q ) to the percentage change in the
price (%.P). That is, e = %Q + %P. Since quantity demanded and price move in opposite directions, the elasticity measureisa
negative number. However, the interpretation of the number is based on the absolute magnitude of the measure. Goods can be
classified into three categories; elastic, unitary elastic, or inelastic. Elastic goods have an absolute elasticity value of greater than
one. That is, the percentage change in the quantity of the good demanded is greater than the percentage changein price.
Consumers are responsive to price changes when their elasticity number islarger than one. A good is unitary elastic if the
percentage change in the quantity demanded is exactly equal to the percentage change in price. The absolute value of the
elasticity measurement for aunit elastic good is one. A good is classified as inelastic when the absolute value of the elasticity
measurement is less than one, indicating little response in quantity demanded to price changes.” Preparing for a Changing
Climate: The Potential Conseguences of Climate Variability and Change, 2000. A Report of the Southwest Regional
Assessment Group for the U.S. Global Change Research Program.  http://www.ispe.arizona.edu/research/swassess/

% The survey conducted by Brookshire et al. found that Empirical elasticity estimates range from -0.11 (Nieswiadomy, M.L.
(1992) “Estimating Urban Residential Water Demand: Effects of Price Structure, Conservation, and Education,” Water
Resources Research, 28:609-15., Renwick, M.E. and S.O. Archibald (1998) “Demand Side Management Policies for Residential
Water Use: Who Bears the Conservation Burden?’ Land Economics, 74:343-59.) to —3.33 (Lyman, R.A. (1992) “Peak and Off-
Peak Residential Water Demand,” Water Resources Research, 28:2159-67.), with an average value of —0.51 (Espey et a. 1997).
Brookshire, David, Stu Burness, Janie M. Chermak, Kate Krause, 2001. Urban Residential Water Demand (Draft Paper),
University of New Mexico, Department of Economics, 1915 Roma NE/SSCI, Albuquerque, NM 87131-1101, October 2001.

% Preparing for a Changing Climate: The Potential Consequences of Climate Variability and Change, 2000. A Report of the
Southwest Regional Assessment Group for the U.S. Global Change Research Program.
http://www.ispe.arizona.edu/research/swassess/

™ Hewitt, J.A. and W.M. Hanemann (1995) “A Discrete/Continuous Choice Approach to Residential Water Demand Under
Block Rate Pricing,” Land Economics 71:173-92

™ Several particularly useful sources on water transfers and marketing are have been prepared by California government agencies
and others. The two government documents (available of the web) are: A Guide to Water Transfers prepared by the staff of the
State Water Resources Control Board on water transfers, and an analysis prepared by the California Legidative Analyst’s Office,
The Role of Water Transfersin Meeting California's Water Needs. The Pacific Institute’s California Water Transfers: An
Evaluation of the Economic Framework and A Spatial Analysis of Potential Impactsis another good source, also available on the
web. Two earlier studies are also useful: Henry Vaux and Richard Howitt’s, Managing Water Scarcity: An Evaluation of
Interregional Transfers (1984), and a RAND report by Phelps, Moore, and Graubaurd; Efficient Water Usein California’'s
Water Rights, Water Districts, and Water Transfers (1978). The National Research Council’s Water Transfers in the West:
Efficiency, Equity, and the Environmen (1992) and the Western Water Policy Review Advisory Commission’s Water in the West:
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Challenge for the Next Century (1998) are also useful sources. Finally, the Water Education Foundation has done a nice job of
summarizing the issue in severa publications including a“Layperson’s Guide to Water Marketing” by Josh Newcome and
Elizabeth McCarthy, and the March/April issue of their magazine Western Water, also by Newcome. See: California State Water
Resources Control Board, 1999. A Guide to Water Transfers, Division of Water Rights, California Environmental Protection
Agency, Draft Document, July 1999. At http://www.waterrights.ca.gov/watertransferguide.pdf ; Legidative Analyst's Office,
1999. The Role of Water Transfersin Meeting California's Water Needs September 8, 1999.

http://www.la0.ca.gov/090899_ water transfers/090899 water transfers.html ; Pacific Institute for Studies in Development,
Environment, and Security; 1998. California Water Transfers: An Evaluation of the Economic Framework and A Spatial
Analysis of Potential Impacts. www.pacinst.org; Vaux, Henry and Richard Howitt, 1984. Managing Water Scarcity: An
Evaluation of Interregional Transfers.; Phelps, Moore, and Graubaurd, 1978. Efficient Water Usein California’s Water Rights,
Water Districts, and Water Transfers. RAND.; National Research Council (NRC). 1992. Water Transfersin the West:
Efficiency, Equity, and the Environment. National Academy Press. Washington, DC.; Western Water Policy Review Advisory
Commission. 1998. Water in the West: Challenge for the Next Century. National Technical Information Service. Springfield,
VA.; Newcome, Josh, and Elizabeth McCarthy, 2000. Water Marketing, Water Education Foundation, Layperson’s Guide,
Sacramento, CA.; Newcome, Josh, 2001. “Isthe California Water Market Open for Business?’, Western Water, Water Education
Foundation, March/April 2001.

2 |_egislative Analyst's Office, 1999. The Role of Water Transfersin Meeting California's Water Needs September 8, 1999.
http://www.la0.ca.gov/090899_water transfers/090899 water transfers.html

3 California State Water Resources Control Board, 1999. A Guide to Water Transfers, Division of Water Ri ghts, California
Environmental Protection Agency, Draft Document, July 1999, p.1-1.

" Cdlifornia Constitution, Article X, Section 2. (Article X of the state's constitution is provided in its entirety in the appendix.)
" California Water Code, Section 109 (a) and Section 1244. (1980)

"6 California Water Code Section 109 (b). (1982)

" California Water Code Section 382. (1982)

"8 California Water Code Section 489 (1986).

™ California Water Code Section 1810.

8 california State Water Resources Control Board, 1999. A Guide to Water Transfers, Division of Water Ri ghts, California
Environmental Protection Agency, Draft Document, July 1999, p.1-1.

8 |egislative Analyst's Office, 1999. The Role of Water Transfersin Meeting California's Water Needs September 8, 1999.
http://www.lao0.ca.gov/090899 water_transfers/090899 water_transfers.html

82 CALFED, “On Tap": http://ontap.ca.gov/overview.cfm

8 California Department of Water Resources, Bulletin 160-98, The California Water Plan Update, November, 1998, Table 6-7

8 Cdlifornia Department of Water Resources, http://watersupplyconditions.water.ca.gov/dry_yr_program.htm

8 California Department of Water Resources, http://watersupplyconditions.water.ca.gov/memo_understnd.htm.
% Central Valley Project Improvement Act of 1992, Title 34, Public Law 102-575. (Also known as the “Miller-Bradley” act after
its sponsors.)

87 CALFED, 2000. Record of Decision (ROD), signed on August 28, 2000. http://calfed.water.ca.gov/

8 On Tap: http://ontap.ca.gov/overview.cfm

8 CALFED: http://ontap.ca.gov/fag.cfm

% Gleick, Peter H. (Lead Author), 2000. Water: The Potential Consequences of Climate Variability and Change for the Water
Resources of the United Sates, The Report of the Water Sector Assessment Team of the National Assessment of the Potential
Conseguences of Climate Variability and Change, U.S. Global Change Research Program, Pacific Institute for Studiesin
Development, Environment, and Security, p.119.

Cadlifornia Regiona Assessment 5-63


http://www.waterrights.ca.gov/watertransferguide.pdf
http://www.lao.ca.gov/090899_water_transfers/090899_water_transfers.html
http://www.pacinst.org/
http://www.lao.ca.gov/090899_water_transfers/090899_water_transfers.html
http://www.lao.ca.gov/090899_water_transfers/090899_water_transfers.html
http://ontap.ca.gov/overview.cfm
http://watersupplyconditions.water.ca.gov/dry_yr_program.htm
http://watersupplyconditions.water.ca.gov/memo_understnd.htm
http://calfed.water.ca.gov/
http://ontap.ca.gov/faq.cfm

% Lund, Jay R. and Richard Howitt, 2001. Integrated Economic-Engineering Analysis of California’s Future Water Supply,
Project Overview, October 2001. http://cee.engr.ucdavis.edu/faculty/lund/CALVIN

92 Lund, Jay R. and Richard Howitt, 2001. Integrated Economic-Engineering Analysis of California’s Future Water Supply,
Project Overview, October 2001. http://cee.engr.ucdavis.edu/faculty/lund/CALVIN

% pinkham, Richard, 2000. “21% Century Water Systems: Scenarios, Visions, and Drivers,” Proceedings of the Workshop on
Sustainable Urban Water Infrastructure: A Vision of the Future, U.S. Environmental Protection Agency.

% A good review of “success stories” inimproved water use efficiency is Lisa Owens-Viani, Arlene Wong, and Peter Gleick,
Eds., January 1999. Sustainable Use of Water: California Success Sories, Pacific Institute. See also: Wilkinson, Robert C.,
1991, California BMP Assessment: Analysis of Methodology and Assumptions for Assessing Water Savings Potential Resulting
from Specific “ Best Management Practices’ , Rocky Mountain Institute, Snowmass, CO; Vickers, A. 1999. The future of water
conservation: Challenges ahead. Water Resources Update, Issue No. 114, Universities Council on Water Resources, pp. 49-51.;
Dziegielewski, B. (editor). 1999. Management of water demand: Unresolved issues. Water Resources Update. Issue No. 114,
Universities Council on Water Resources. Carbondale, Illinois.; Gleick, P.H. 1998. The World's Water 1998-1999. |sland Press,
Washington, D.C.; and Vickers, A. 1991. The emerging demand-side erain water management. American Water Works
Association, Vol. 83, No. 10, pp. 38-43.

% Gleick, Peter H. (Lead Author), 2000. Water: The Potential Consequences of Climate Variability and Change for the Water
Resources of the United Sates, The Report of the Water Sector Assessment Team of the National Assessment of the Potential
Conseguences of Climate Variability and Change, U.S. Global Change Research Program, Pacific Institute for Studiesin
Development, Environment, and Security.

9% Adapted from; Pinkham, Richard, 2000. “1 Century Water Systems: Scenarios, Visions, and Drivers,” Proceedings of the
Workshop on Sustainable Urban Water Infrastructure: A Vision of the Future, U.S. Environmental Protection Agency.

97 California Urban Water Conservation Council, www.cuwcc.org

% California Urban Water Conservation Council. A full description of each practice, and associated studies and information, are
available at: www.cuwcc.org

9 Gleick, Peter H. (Lead Author), 2000. Water: The Potential Consequences of Climate Variability and Change for the Water
Resour ces of the United States, The Report of the Water Sector Assessment Team of the National Assessment of the Potential
Conseguences of Climate Variability and Change, U.S. Global Change Research Program, Pacific Institute for Studiesin
Development, Environment, and Security, p.82, citing: Lettenmaier, D.P. and D.P. Sheer. 1991. Climatic sensitivity of California
water resources. Journal of Water Resources Planning and Management, Vol. 117, pp. 108-125.

19 | ntergovernmental Panel on Climate Change (IPCC). 1996. Hydrology and Freshwater Ecology. In Climate Change 1995:
Impacts, Adaptations, and Mitigation of Climate Change. Contribution of Working Group I to the Second Assessment Report of
the Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge, UK.; Gleick, Peter H. (Lead Author),
2000. Water: The Potential Consequences of Climate Variability and Change for the Water Resources of the United Sates, The
Report of the Water Sector Assessment Team of the National Assessment of the Potential Consequences of Climate Variability
and Change, U.S. Global Change Research Program, Pacific Ingtitute for Studies in Development, Environment, and Security,
p.114.

101 I ntergovernmental Panel on Climate Change (IPCC). 1996. Hydrology and Freshwater Ecology. In Climate Change 1995:
Impacts, Adaptations, and Mitigation of Climate Change. Contribution of Working Group 11 to the Second Assessment Report of
the Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge, UK.

192 preparing for a Changing Climate: The Potential Consequences of Climate Variability and Change, 2000. A Report of the
Southwest Regional Assessment Group for the U.S. Global Change Research Program.
http://www.ispe.arizona.edu/research/swassess/

103 K eese, William, 1998. California Energy Commission Chairman. Comments made at the International Global Climate Change
Conference, Japan, January 1998. http://www.energy.ca.gov/global_climate change/documents/98-01_keese japan.html.

104 A copy of the three-volume report is available from the Energy Commission's Publications Unit. http://www.energy.ca.cov

105 See http://www.energy.ca.gov for further information on programs.
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196 California Energy Commission, http://www.enerqy.cagov/global _climate change/index.html

17 beCanio, S.J. 1994. “Why Do Profitable Energy-Saving Investment Projects Languish?,” J. Genl. Mgt. 20(1), Autumn. See
also: DeCanio, S.J. 1994. “Agency and Control Problemsin US Corporations: The Case of Energy-efficient Investment
Projects,” J. Ecs. Business 1(1):105-123.; DeCanio, S.J. 1994. “Energy Efficiency and Managerial Performance: Improving
Profitability While Reducing Greenhouse Gas Emissions,” at 86-101 in Feldman, D.L., ed., Global Climate Change and Public
Policy, Nelson-Hall, Chicago.

198 preparing for a Changing Climate: The Potential Consequences of Climate Variability and Change, 2000. A Report of the
Southwest Regional Assessment Group for the U.S. Global Change Research Program.
http://www.ispe.arizona.edu/research/swassess/

109 Mullaly, M., 1996: Lifecycle costing for a sustainable economy. Perspectives on Business and Global Change 10 (3), p. 73.
10 Meyers, N., 1998: Lifting the veil on perverse subsidies. Nature 392.

11 California Government Code Sections 8550 et seq. (http://www.leginfo.ca.gov/cgi-
bin/di splaycode?section=gov& group=08001-09000& file=8550-8551)

112 The California Water Code Sections 350-358, http://www.| eginfo.ca.gov/cgi-bin/displ aycode?section=wat& group=00001-
01000& file=350-359

13 pyrsuant to Water Code Sections 350 et seq. See California Department of Water Resources,
http://watersupplyconditions.water.ca.gov/
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VI. Research Prioritiesfor California

Resear ch Recommendations

Research recommendations are provided here in detail for four key areas of climate impact
research and analysis. ecosystems, water systems, modeling regional climate change, and the
economics of adaptation. There are other research topics equally deserving of priority that are
not listed here. Theinclusion of these specific topicsis not intended to indicate that others are
lessimportant. This assessment was limited in the scope of topics which could be examined in
thetime available. As such, the research issuesidentified should be viewed as a sub-set of a
broader research agendato be developed. It ishoped that on-going assessment efforts will
expand the list of important research areas and topics.

The research topicsidentified here are drawn from the work of the California Energy
Commission’s PIER program. Credit for the development of these listsis as Follows: Rebecca
Shaw, Stanford, ecosystems; Maurice Roos, Department of Water Resources, water; Larry Gates,
Lawrence Livermore National Lab, climate modeling,; and Alan Sanstad, Lawrence Berkeley
National Lab, economics. The lists have been adapted for this assessment.

Ecosystems

| ssue Statement
There isaneed for improved methods, tools, and data that will support better understanding of
the effects of climate change on California s ecosystems.

Background

Cdlifornia s diverse natural and managed ecosystems provide amultitude of goods and services
that benefit Californians, including marketable products, environmental services such aswater
purification, recreational opportunities, and aesthetic pleasure. Despite this, California’s
ecosystems are being lost and degraded at an unprecedented rate, and a steadlily increasing
population is placing great pressure on natural systems. The result has been habitat destruction,
exotic speciesintroductions, community and species |osses, and associated decreasesin air and
water quality and other health factors. The challenge of responding to the pressures on
ecosystemsis exacerbated by global climate change, which increases atmospheric temperature
and changes the timing and magnitude of precipitation. Climate is amgor factor controlling
the distribution of species and the structure and functioning of ecosystems, so these changes
could affect natural systemsin novel, dramatic, and unpredictable ways.

Evauating California ecosystems, and predicting the potentia climate change impacts on those

systems, requires research in avariety of areas, and the close cooperation of ahost of public
and private entities. In the short term, research should focus on developing a comprehensive
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assessment and monitoring research plan, conducting ecological monitoring, refining climate
and vegetation models to make them more predictable in time and space, and collecting data to
validate the models' predictive capabilities.

e Develop and implement ecological assessment monitoring programs. A literature search
would identify useful long-term data sets and gaps to develop a plan that specifies:
monitoring locations and methods, criterialecological indicators that the data must meet, and
how the data would be stored and disseminated. Once this framework is established,
monitoring would begin.

Benefit: Thiseffort would establish an essentia baseline database on California ecosystems,
from apine regions to coastal marine systems. These data would provide the basic
information necessary for researchers throughout the state in avariety of disciplinesto
conduct analyses of climate change on California ecosystems.

e Develop ecological indicators for data collection. A broad-based Advisory Committee
could develop a list of ecological indicators that address California's unique ecosystems.
This effort would give priority to developing indicators of ecologica capital and indicators
of ecological functioning for the 10 maor biomes defined by the California Resources
Agency, and coordinate them with national indicators. Researchers would then implement
the indicators in monitoring efforts.

Benefit: A standardized set of ecological indicators would enable researchers to compare
monitoring data effectively with one another, which would result in much more accurate
ecosystem analyses and facilitate cooperative research among different entities.

e Develop a more accurate regional climate model. A broad-based Modeling Advisory
Committee (composed primarily of modelers) would guide the development of more
accurate regiona climate models that could adequately address the needs of regiona climate
modeling for California.

Benefit: Thiswork would provide the data necessary to begin to predict the ecosystem and
societal impacts, both direct and indirect, of climate change on California. Results could be
used by any personsinterested in ng the long-term impacts of climate change on
ecosystem structure and biodiversity.

e Develop a rapid method of disseminating regional climate model data. This effort
would assess current methods of disseminating regiona climate model data and develop and
implement a central, Web-accessible database for regional climate model data.

Benefit: Evaluating climatic changes on California ecosystemsis a complex endeavor,
involving research in many disciplines and across many agencies. This effort would enable
researchersto readily access information that would otherwise be inaccessible, thereby
gresatly increasing the resources of al of the entitiesinvolved.

e Expand datainputstoimprove ecosystem and species modeling in vegetation models.
Using existing vegetation models, researchers would incorporate inputs that account for the
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successional state of the ecosystem, transient states, substrate types, dispersal modes and
rates, disturbance regimes, migration corridors, land use change, and CO; fertilization. Once
complete, researchers would model ecosystems using the additional criteria and disseminate
the results.

Benefit: Thiswork would incorporate climate change impacts in vegetation analyses, which
would make the policy decisions based on those analyses much more accurate.

e Compileand analyze existing paleontological data to better under stand past ecological
responsesto climatological change.
A literature search of sound paleontological datawould illustrate past ecological responses
to climatological change. Researchers would analyze that data to determine associations
between ecological variables and historical climatological changes, and disseminate the
results.

Benefit: Better understanding past ecological responses to climatological change would help
researchersto better evaluate current responses, and would enable policy makersto base
decisions on more-probable scenarios.

Water Systems

| ssue Statement
Thereisaneed for improved methods, tools, and data to eval uate the effects of climate change
on Cdifornia’ s water resources and to develop appropriate response strategies.

Background

Climate change is expected to affect the hydrologic cycle and water resources in California—
influencing water supply, hydroelectric power, sealevd rise, timing and intensity of
precipitation, water use, and water temperature. Water resourcesin California are aready
stressed from a high and rapidly growing population, and aquatic ecosystems are imperiled by
intense competition for limited supplies of fresh water. The impacts of climate change on water
systems are expected to further intensify these problems.

Both California s climate and its water delivery systems are among the most varied and
complex in the world, and research plans must adequately address the complete portfolio of
water systemsin the State. In the short term, a high priority should be placed on measurement,
monitoring, modeling, and assessment of California’ s water system. This work would establish
abasdine for future assessment and enable researchers to begin to identify potential water
challenges likely to be caused by climate change.

e Support theregular, consistent, and sustained measur ement of hydrologically
important variables. This effort would help the National Weather Service' s Climate
Services Division develop and operate California westher stations as part of its national
climate reference network. Research would also focus on increasing hydrologic
measurements in the high Sierra snow zone.
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Benefit: These stations would provide basic California climate data over the next 50 years,
which could be used to research climate change, as well as many other weather issues.

e Support the processing and dissemination of up-to-date depth-dur ation-frequency
rainfall data. Researchers would coordinate the collection and revision of depth-duration-
frequency rainfall data with the Department of Water Resources (DWR), design and
develop a Web-based database to disseminate this data, and coordinate database
mai ntenance with DWR.

Benefit: Depth-duration-frequency datais used by water engineers and water planners.
Updated information would allow them to plan for potential water project needs, while
developing datathat can be used by climate change researchers.

e Conduct asmpletest of theimpact on water supply of a 3° war mer climate scenario,
with the expected changesin snowmelt volume. Usng DWR’s CALSIM modedl,
researchers would test the impact of a 3° warmer climate scenario on California s water
supply, then confirm the estimates with the UC Davis CALVIN model.

Benefit: Thisresearch would give planners arough estimate of whether California’ s Centra
Valley Project and State Water Project system could accommodate potential flooding
brought on by climate change.

e Conduct detailed tests of the impact of a 3° warmer climate scenario on water supply,
with the expected changesin snowmelt volume. This effort would identify the best model
for developing input to the CALSIM model, and use that model to run a more detailed test
of the impact of a 3° warmer climate scenario on water supply.

Benefit: Thisresearch would give planners amore detailed estimate of whether California's
CVP-SWP system could accommodate potential flooding brought on by climate change,
and would produce year-by-year results over along hydrologic base period.

e Support the development of global climate modelsthat can better predict future
precipitation in California. This effort would help the University of Californiaand U.S.
National Lab experts anayze the results of newer global climate model runsin terms of their
application to California.

Benefit: Researchers would be better able to smulate historical precipitation and predict
future precipitation, and thereby better evaluate various climate change scenarios on water
systems.

e Useempirical and satdlite techniquesto confirm the stability of the datum of the
Golden Gatetide gage. Researchers would compare the datum elevation of the gage with
nearby benchmarks sited on solid rock, and then compare the precise vertical elevations
using a satellite GPS system.

California Regional Assessment 6-4



Benefit: Confirming the stability of this key reference point for amultitude of sealevel
determinations would validate its accuracy and help ensure the reliability of research based
on its data

e Conduct athorough survey of all thetide gage data and any other sea level references
along the Califor nia coast.

Benefit: This survey would help researchers determine trendsin sealevel in recent decades.

e Measurecurrent evapotranspiration to compare current data with earlier data. This
effort would identify existing lysmetersin Cdifornia, reinstall or reoperate lysimeters at
Davis and Five Points, and maintain any others. Researchers should maintain lysimeter
operation for ten years, to account for seasonal and yearly natural variations.

Benefit: These lysimeters would enable researchers to better evaluate whether
evapotranspiration (ET) rates have changed since data was taken in the 1960s and 1970s, to
determine whether groundwater recharge and agricultural water use may be affected.

e Assesslikely changesin ET in ayear 2050 or 2100 scenario with warmer average
temperaturesand higher carbon dioxide content of the atmospher e. Researchers would
obtain reasonable median-type regiona projections of weather, primarily temperature, from
GCM modélers.

Benefit: Expertsin plant water consumption and land and water use analysts at DWR would
use these data to estimate likely future ET rates for the major California crops, by region.

e Conduct asystematic review and evaluation of flood protection adequacy in major
multipurpose flood control reservoirsunder projected climate scenarios. Researchers
would conduct a systematic review and analysis of the likely increase in flood control
brought about by climate change, determine the feasibility of expanding flood control space
in reservoirs deemed inadequate, and determine whether changesin flood operation rules
can help to handle bigger floods.

Benefit: Thisinformation would help state water planners ensure that future projects
adequately meet the state’ s water needs.

e Modd water temperatures in both regulated rivers and natural streams. Researchers
would identify appropriate rivers to model, collect basic temperature data at various depths
in existing reservoirs to calibrate models, and then model water temperatures in the rivers
and streams sdected. They would aso evaduate the effectiveness of potentia
countermeasures to unacceptable temperatures.

Benefit: Thiswork would help identify rivers where altered temperatures may be affecting
ecosystems and help researchers devel op effective mitigation measures.
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Modeling Regional Climate Change

| ssue Statement

It is necessary to develop more powerful regiona climate models to address|ocal or site-
specific variables as part of the climate change impact assessment processin California, and to
design and implement a coordinated regional climate modeling program for the State.

Background

Climate changesin California, especialy in the winter precipitation, may have seriousimpacts
on the state’ s water and energy supply; whereas changesin coastal and regional climates may
affect the state’ s economy and resources in significant ways. There is considerable uncertainty
surrounding possible future climate changesin California, and it is expected that improved
high-resolution regional models will be able to portray the magnitude and distribution of future
climate changes in California more accurately. Regional climate modeling provides amore
detailed spatia depiction of possible future climate changes than that provided by global
models, and bridges the gap between the large-scale and the local scale—on which most
impacts of climate change occur. Thisinformation is crucia in Caifornia, where complex
mountain ranges and extended coastline support a variety of regiona and loca climates. A
coordinated regiona climate modeling program for Californiawill be an important and
necessary tool for addressing climate change in the state.

In the short term, a balanced research program that focuses on the evaluation and
intercomparison of high-resolution climate models for Cdifornia, the development of
improved statistical downscaling techniques for hydrologic applications, and the assembly of a
regional Californiaclimate databank is recommended. This research will reduce the
uncertainties involved in projecting future regional climate changesin Caiforniaand provide
guidelines for the more effective management of the state’ swater and energy resources, in the
face of the expected increasesin population and devel opment.

e Design amode intercomparison protocol. Thisresearch would define adomain for
Cadliforniaregiona climate models (RCMs), select aforcing atmospheric GCM, determine
asimulation length and resolution, and identify and document participating RCMs.

Benefit: This protocol would enable modelers to compare models systematically.

e Perform control smulationsand analyze results. Researchers would run a selected GCM
at high resolution (50km); then repeat the run with selected imbedded RCMs at high
resolutions (50km, 20km). They would then determine the systematic errors of the GCM
and anayze the systematic errors of the RCMs in simulating mean and variability of
selected variables over diurnal, seasonal, interannual and decadal time scales, including
occurrence of coastal and valley fog, and extreme precipitation events

Benefit: Thisresearch would identify each model’ s characteristic errors, and determine the
statistical confidence with which regiona California climate changes can be smulated.
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e Evaluate downscaling methods. This effort would determine the relative accuracy of
aternative downscaling techniques, and compare performance with comparable regiona
models.

Benefit: Thiswork would help researchers determine the accuracy of various methods for
statistically downscaling global climate model datato aregional scale.

e Document uncertainty of hydrologic applications. Researchers would evaluate modelsto
determine the sensitivity of selected hydrologic variablesto downscaling errors and
determine the sengitivity of hydrologic variables to resolution.

Benefit: Thiswork would enable researchers to better determine the accuracy of hydrologic
data outputs.

e Develop California climate database. Researchers would collect dl available local and
regional climate data, document the data, and place it into a Web-accessible database.

Benefit: A comprehensive California climate database would enable researchersto cdibrate
regional climate models. Easy data accessibility would speed research and save limited
research funds.

e Develop data access system. Thisresearch project would develop software for data storage,
access, diagnosis, and display and distribute it to the research community.

Benefit: This software would enable all researchersto access, display, and manipulate
climate change data.

The Economics of Climate Change Adaptation in California

| ssue Statement

Thereisaneed for new tools, methods, and empirical study that can be used to analyze the
complex economic problems of adapting to climate change in California, and to provide a
sound basis for decision-making.

Background

Rapid and/or extreme shiftsin the climate system could be substantial and costly for California.
Researchers have examined the economics of climate change over several decades; however,
much is still unknown about the costs associated with climate impacts on California and on the
measures to mitigate them. In particular, research gaps exist in the areas of greenhouse gas
abatement, the promotion of energy efficiency, and how technological change can reduce the
costs of addressing climatic change.

The standard economic methods and techniques that have been applied to the problem are till
insufficient to fully address the issue. In the short term, a priority on basic research to improve
these tools, and thereby develop improved technical foundations for the state's climate-related
analysis and policy making, is recommended.
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Build an aggr egate agent-based model of the Califor nia economy that includes
representations of lar ge-scale climate change impacts. Once built, researchers can link
this model with existing modeling toolsto analyze strategies under “deep uncertainty” for
climate change adaptation and GHG mitigation in California

Benefit: These new models and economic tools would help economic anaysts address
fundamenta economic uncertainties, future climate and economic scenarios, and responses
to rapid, severe, and unanticipated climate impacts.

Conduct theoretical and empirical research on energy-related decison-making using
a behavioral economics appr oach. Researchers would examine how advancesin
behavioral economics could be applied to better include energy-efficiency in economic
analyses. A related research effort would construct and econometrically estimate or
calibrate one or more models of energy-efficiency investment, incorporating relevant
concepts and techniques.

Benefit: Thisresearch would help identify how energy-efficiency investment decisions are
made and their implications for policy.

Conduct econometric resear ch on endogenous technological change and “learning”
effectsrelated to energy technology in Califor nia. Researchers would build or adapt a
computational model for energy-technology scenario analysis under uncertainty.

Benefit: Thisresearch would identify how price-induced innovation, learning effects, and
government policies have affected trendsin energy efficiency in the Caifornia economy. As
aresult, researchers would be able to better project future trends and analyze policies to
promote technology adoption.

Develop a strategy of “ harmonized options’ for integrated air quality enhancement
and greenhouse gas abatement in a cost/benefit framework. This effort would formulate
strategies for integrated air quality and GHG abatement policiesin Californiaand estimate
thelr costs and benefits. It would aso incorporate the estimates into state-economy-wide
integrated mitigation assessments.

Benefit: When implemented, these integrated strategies would be designed to
simultaneously improve regional air quality and reduce greenhouse gas emissions.

I ncor por ate uncertainty and the possibility of rapid and/or severe climate change
into the economic models currently used to assess impact costs. This work would
estimate economic impacts of climate change on California agriculture, taking account of
water infrastructure impacts; conduct valuation studies of the non-market California
impacts of climate change.

Benefit: Thisresearch would advance economic modeling of sector-specific climate change
impacts, and the role of adaptation in those changes. It would also help researchers estimate
the value of non-market climate change effects on California.
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e Empirically assessthe recent, current, and potential futureimpacts of information
technology on energy trendsin the California economy.

Benefit: Thisresearch would help decision makers analyze energy use and formulate policy
decisions more effectively, based on sound information.
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Appendix 1

Key Findings of the US National Assessment Synthesis Report

Key Findings

Climate Change | mpacts on the United States
Report for the United States Global Change Research Program

1. Increased warming

Assuming continued growth in world greenhouse gas emissions, the primary climate models used in this
Assessment project that temperatures in the US will rise 5-9°F (3-5°C) on average in the next 100 years. A
wider range of outcomesis possible.

2. Differing regional impacts

Climate change will vary widely across the US. Temperature increases will vary somewhat from one
region to the next. Heavy and extreme precipitation events are likely to become more frequent, yet some
regions will get drier. The potential impacts of climate change will also vary widely across the nation.

3. Vulner able ecosystems

Many ecosystems are highly vulnerable to the projected rate and magnitude of climate change. A few,
such as alpine meadows in the Rocky Mountains and some barrier islands, are likely to disappear entirely
in some areas. Others, such as forests of the Southeast, are likely to experience major species shifts or
break up into a mosaic of grasslands, woodlands, and forests. The goods and services lost through the
disappearance or fragmentation of certain ecosystems are likely to be costly or impossible to replace.

4. Widespread water concerns

Water is an issue in every region, but the nature of the vulnerabilities varies. Drought is an important
concern in every region. Floods and water quality are concerns in many regions. Snowpack changes are
especialy important in the West, Pacific Northwest, and Alaska.

5. Securefood supply
At the national level, the agriculture sector is likely to be able to adapt to climate change. Overal, US
crop productivity is very likely to increase over the next few decades, but the gains will not be uniform
across the nation. Falling prices and competitive pressures are very likely to stress some farmers, while
benefiting consumers.

6. Near-term increasein forest growth

Forest productivity is likely to increase over the next several decades in some areas as trees respond to
higher carbon dioxide levels. Over the longer term, changes in larger-scale processes such asfire, insects,
droughts, and disease will possibly decrease forest productivity. In addition, climate change is likely to
cause long-term shiftsin forest species, such as sugar maples moving north out of the US.
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7. Increased damage in coastal and permafrost areas

Climate change and the resulting rise in sea level are likely to exacerbate threats to buildings, roads,
powerlines, and other infrastructure in climatically sensitive places. For example, infrastructure damageis
related to permafrost melting in Alaska, and to sea-level rise and storm surge in low-lying coastal aress.

8. Adaptation deter mines health outcomes

A range of negative health impacts is possible from climate change, but adaptation is likely to help
protect much of the US population. Maintaining our nation's public health and community infrastructure,
from water treatment systems to emergency shelters, will be important for minimizing the impacts of
waterborne diseases, heat stress, air pollution, extreme weather events, and diseases transmitted by
insects, ticks, and rodents.

9. Other stresses magnified by climate change

Climate change will very likely magnify the cumulative impacts of other stresses, such as air and water
pollution and habitat destruction due to human development patterns. For some systems, such as coral
reefs, the combined effects of climate change and other stresses are very likely to exceed a critical
threshold, bringing large, possibly irreversible impacts.

10. Uncertaintiesremain and surprises are expected

Significant uncertainties remain in the science underlying regional climate changes and their impacts.
Further research would improve understanding and our ability to project societal and ecosystem impacts,
and provide the public with additional useful information about options for adaptation. However, it is
likely that some aspects and impacts of climate change will be totally unanticipated as complex systems
respond to ongoing climate change in unforeseeable ways.

National Assessment Synthesis Team
Climate Change Impacts on the United State.
Report for the United States Global Change Research Program
Cambridge Univ. Press. 2001

Thefull report is available at:
http://prod.gcrio.or g/nationalassessment/

California Regional Assessment Appendix 3




Appendix 2

Stakeholder Involvement in the Regional Assessment

The California Regiona Assessment process included presentations, meetings, and discussions
with various stakeholders. Listed below are the major presentations and key meetings.

California Regional Assessment Workshop, Santa Barbara(March 1998)
EPA Climate | mpacts M eeting Phoenix, (September 1998)
Air and Waste Management Annual M eeting, Washington DC (October 1998)
Potential Impacts on Water Resour cesin the West (February 1999)
Workshop for the Great Basin Regional Analysis, National Center for Ecological Analysis and
Synthesis (Santa Barbara)
EPA Workshop on Multiple Benefits (March 1999)
Climate Change and Land Use Planning, EPA Workshop (Davis)
Aspen Global Change Institute Summer Session on Urban Impacts (July 1999)
(Co-chaired the AGCI Session with Tom Wilbanks, Oak Ridge National Laboratory),
Advanced Technology Program, United States Department of Commer ce (October 1999)
Water, Technology, and Climate Change (San Jose)
Silicon Valley Manufacturer’s Association (December 1999)
Case Studies and Climate Change (NASA/AMES Research Center)
Kaweah-Tule Water shed Management Council (January 2000)
Climate Change, Watersheds and Agriculture (Visalia)
World Environment Center International Environment Forum (February 2000)
Environmental Policy and Climate Change (Santa Barbara)
World Resour ces I nstitute (March 2000)
Credible Science: The US Impacts Assessment and Communication (Washington DC)
UCSB Geography Colloguium (March 2000)
The USGCRP Assessment of Climate Impacts: The California Region (Santa Barbara)
California Resour ces Agency (March 2000)
Continuing Resource Investment Strategy Project, Potential Climate |mpacts, (Sacramento)
CERES- Coalition for Environmentally Responsible Economies (April 2000)
Potential Impacts of Climate Change on Water Resources (San Francisco)
White House Office of Science and Technology Policy (OSTP) (May 2000)
Presentation, President’ s Science Advisor / White House Task Forces (Washington DC)
Udall Center Conference on Technology and Conflict Resolution (May 2000)
Climate Change Impacts Assessment and Urban Planning (Tucson)
PACLIM (Pacific Climate) (May 2000)
Potential Impacts on Climate Change and Variability for California (Catalina I sland)
Electric Power Research Ingtitute (EPRI) / California Energy Commission (June 2000)
Workshops on Climate Impacts in California (Sacramento)
NASA/RESAC Meeting, Earth Sciences Division, Berkeley Lab (June 2000)
Water Education Foundation (July 2000)
Potential Impacts of Climate Change and California Water Law (San Diego)
PEW Center on Climate Change (July 2000)
Potential Impacts on Climate Change and Variability for California (Washington DC)
MEDEA / USIntelligence Briefing for the President (August 2000)

California Regional Assessment Appendix 4



Climate impact analysis and the US Assessment (Preparatory meeting briefing for incoming
president) (Santa Barbara)

US Environmental Protection Agency (September 2000)

Keynote for EPA’s Climate Programs Retreat (West Virginia)

Haas Business School, UC Berkeley, Future 500 Confer ence (October 2000)
Climate Change and Corporate L eadership (Berkeley)

EPA Workshop on Multiple Benefits (October 2000)

Climate Change and Green Building, EPA Workshop (Santa Barbara)

American Nuclear Society Annual M eeting (November 2000)

Potential Impacts on Climate Change and Variability for California (Washington DC)

Oberlin College (November 2000)

Guest Lecture on Potential Impacts of Climate Change in California (Oberlin, Ohio)

National Water Resear ch I nstitute (October 2001)

Urban watershed management strategies and climate change (Costa Mesa)

Electric Power Research Institute (EPRI) / California Energy Commission (January 2001)
Meeting on Climate Impactsin California (Sacramento)

California Senate, Select Committee on Delta Resour ces and Development (November 2001)
Global Climate Change and Its Potential Effects on the Sacramento-San Joaquin Delta
(Sacramento)

California Assembly, Select Committee on Air and Water Quality (November 2001)

Potential Impacts of Global Climate Change and Variability on California (Santa Monica)

Resour ce Landowners Coalition (November 2001)

The California Water Plan and Potential Impacts of climate change in California (Sacramento)

California Association of Water Agencies (ACWA) (November 2001)

Impacts on Climate Change and Variability for California (San Diego)

Public Officialsfor Water and Environmental Reform (December 2001)

Impacts on Climate Change and Variability for California (Los Angeles)

Other meetings:

Metropolitan Water District of Southern California (MWD)
(Briefing for General Manager and top management)
California Energy Commission
(numerous meetings with Commissioners and staff)
California Resour ces Agency
(numerous meetings with the Resources Secretary and staff)
California Department of Water Resour ces
(numerous meetings with staff and with staff / business and other stakeholders)
California Continuing Resour ce I nvestment Strategy Project (CCRISP) / Legacy
(keynote for the program launch and numerous meetings with staff)
California EPA
(numerous meetings with the Secretary and staff)
California Office of Environmental Health Hazard Assessment
(meetings with staff and advisory role for indicators)
California Department of Food and Agriculture
(meetings with staff)
US Environmental Protection Agency
(advisory role for administrator, Region 9, on climate change, meetings with staff)
Global Business Network
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(discussions on impacts to business, scenario planning options for California, GBN provided
keynote for the California Workshop)
California Environmental Dialogue
(numerous discussions with California’ s leading businesses regarding climate change and related
topics)
Various Businesses
(individual meetings with numerous companies in the region regarding potential impacts of
climate change and variability)
Farmers
(individual meetings with farmersin different parts of the region regarding potential impacts of
climate change and variability)
Major Landowners
(individual meetings with mgjor landownersin the region regarding potential impacts of climate
change and variability)
Environmental Organizations
(individual meetings with numerous organizations in the region regarding potentia impacts of
climate change and variability)
Pew Center
(meeting with the director of the Pew Center regarding the California Assessment work)
International Network of Resour ce Information Centers
(several meetings with |PCC participants and others involved in climate impact analysis from
various countries)
Western Governors Association
(numerous meeting with the WGA and with Governors and their staff regarding climate change)
Asia Development Bank
(discussion of climate change in the context of long-range planning for the bank)
Department of Energy
(discussions regarding climate change)
Society for Ecological Restoration
(discussion regarding climate change and ecological impacts and the role of restoration)
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Appendix 3

California Workshop on Climate Variability and Change

California Regional Assessment
USGCRP

Santa Barbara, Cdlifornia
March 9-11, 1998

Workshop Convener:

National Center for Ecological Analysis and Synthesis
University of California, Santa Barbara

735 State Street, Suite 300

Santa Barbara, CA 93101-3351

Sponsor:
National Science Foundation

Wor kshop Steering Committee Chair:

Jeff Dozier

Donald Bren School of Environmental Science and Management
University of California, Santa Barbara

Workshop Coordinator:

Robert Wilkinson

Environmental Studies Program
University of California, Santa Barbara

California Regional Assessment Appendix 7



Steering Committee

California Workshop on Climate Variability and Change

Jeff Dozier (Chair, Steering Committee)
Dean, School of Environmental
Science and Management

University of California

Santa Barbara, California

Richard Berk

Professor of Sociology and Statistics
Department of Statistics

University of California

Los Angeles, California

Dan Cayan

Scripps Institution of Oceanography
University of Cdifornia, San Diego
LaJolla, Cdifornia

Frank Davis

Deputy Director

National Center for Ecological
Analysis and Synthesis

Santa Barbara, California

James Dehlsen

Director

Enron Renewable Energy Corporation
Santa Barbara, California

Nicholas Graham

Scripps Institution of Oceanography
University of Cdifornia, San Diego
LaJolla, Cdifornia

Peter H. Gleick

Director

Pacific Institute for Studies in Devel opment,
Environment, and Security

Oakland, California

William J. Keese

Chairman

California Energy Commission
Sacramento, California

Charles Kolstad

Professor, Economics and Environmental Studies
University of California

Santa Barbara, California

California Regional Assessment

Jm McWilliams

Institute of Geophysics and Planetary Physics
University of California

Los Angeles, California

John Melack

Professor, School of Environmental
Science and Management
University of California

Santa Barbara, California

Harold A. Mooney
Department of Biology
Stanford University
Stanford, California

Peter Moyle

Dept. of Wildlife, Fish, and Conservation Biology
University of California

Davis, Cdifornia

Walter C. Oechel

Director, Global Change Research Group and
Professor of Biology

San Diego State University

San Diego, Cadlifornia

Larry Papay
Senior Vice President

Bechtel Group, Inc.
San Francisco, California

Claude Poncel et

Manager, Environmental Affairs
Pacific Gas and Electric Company
San Francisco, California

Terry Surles

Deputy Secretary for Environmenta Technology
Cdlifornia Environmental Protection Agency
Sacramento, California

Thomas Suchanek

Director, Western Region

National Institute for Global Economic Change
Division of Environmental Studies

University of California

Davis, Cdlifornia
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Henry Vaux

Associate Vice President
University of California
Oakland, California

Douglas Wheeler
Secretary of Resources
Sacramento, California

James R. Y oung
Manager, Environmental Research

California Regional Assessment

Environmenta Affairs
Southern California Edison
Rosemead, California

Cadlifornia Workshop Coordinator

Robert Wilkinson
California Regional Climate Assessment
Lecturer, UCSB Environmental Studies Program
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Advisory Committee

CaliforniaWorkshop on Climate Variability and Change

Donald Aitken
Union of Concerned Scientists
Berkeley, California

James Cole
CdliforniaInstitute of Energy Efficiency
Berkeley, California

Judy Corbett
Local Government Commission
Sacramento, Cdlifornia

Steven DeCanio
Economics Department
University of California
Santa Barbara, California

William Dempsey
The Nature Conservancy
San Francisco, California

Peter Frumhoff
Union of Concerned Scientists
Cambridge, Massachusetts

Dorothy Green
Heal the Bay
Los Angeles, California

Blair Henry

Regiona Workshop on the Impacts of Global
Climate Change on the Pacific Northwest

Seattle, Washington

Reed Holderman
Cdlifornia State Coastal Conservancy
Oakland, California

Huey Johnson
Resources Renewal Institute
San Francisco, California

Laurence Laurent

County of San Luis Obispo
San Luis Obispo, California

California Regional Assessment

Ants Leetmaa

National Oceanic and Atmospheric Administration
National Weather Service Climate Prediction Center
Camp Springs, Maryland

Mark Levine
Lawrence Berkeley National Laboratory
Berkeley, California

Andy Lipkis
TreePeople
Beverly Hills, California

Michael MacCracken

National Assessment Coordination Office
United States Global Change Research Program
Washington, DC

FeliciaMarcus
U. S. Environmental Protection Agency
San Francisco, California

Michael Moore
California Energy Commission
Sacramento, California

Wilson Orr

Sustainability and Global Change Program
Prescott College

Prescott, Arizona

Dennis Pendleton
University of California Extension
Davis, California

Stephen Schneider

Department of Biological Sciences
Stanford University

Stanford, California

Barry Schuyler

Environmental Studies Program
University of California

Santa Barbara, California
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Richard Somerville
Scripps Institute of Oceanography
LaJolla, Cdifornia

R. Michael Stenburg

Air and Toxics Division

U. S. Environmental Protection Agency
San Francisco, California

Paul Wack

City and Regional Planning Department
Cadlifornia Polytechnic State University
San Luis Obispo, California

California Regional Assessment

Carol Whiteside
The Great Valley Center
Modesto, California

Thomas Wilbanks
Oak Ridge National Laboratory
Oak Ridge, Tennessee

John Wilson
California Energy Commission
Sacramento, California

John Wise
U. S. Environmental Protection Agency
San Francisco, California
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California Regional Assessment
Workshop Program
March 9-11, 1998

MONDAY, March 9

9:00 am - 10:45 am SantaYnez Plenary Session

Welcome to the California Regional Workshop on Climate Change and Variability
Jim Reichman, Director, National Center for Ecological Analysis and Synthesis
University of Cdifornia, Santa Barbara
Jeff Dozier, Dean, Donald Bren School of Environmental Science and Management
University of California, Santa Barbara, and Chair, Steering Committee for the California Workshop

The California Climate Assessment: Goals and Process for the Workshop
Robert Wilkinson, Coordinator, California Workshop on Climate Change
Lecturer, Environmental Studies Program, University of California, Santa Barbara

Global Climate Change and Variability: The Science of Climate Change and the Assessment Process in the
United States

Robert Coréll, Director, US Global Change Research Program, and

Assistant Director for Geosciences, National Science Foundation

Modeling Climate Change and Future Climates
Mike MacCracken, Executive Director, National Assessment Coordination Office
US Global Change Research Program

Climatically Sensitive California: Past, Present, and Future Climate
Norman Miller, Staff Scientist, Earth Sciences Division, Lawrence Berkeley Laboratory

Visualizing Climate Change | mpacts at the Local Level: A California Case Study
Wil Orr and Hoyt Johnson
Sustainability and Global Change Program, Prescott College
Ashton Shortridge, Researcher
National Center for Geographic Information Analysis, University of California, Santa Barbara

11:00 am -12:00 noon SantaYnez Plenary Session
Socio-Economic I mplications of Climate Change for California
Tapan Munroe, Chief Economist, Pacific Gas and Electric Company

12:00 noon - 1:30 pm Lunch San Rafael
The Art of the Long View: Creating Scenarios for Alternative California Futures
Peter Schwartz, President, Global Business Network

2:30 pm-5:30 pm Breakout Sessions
Breakout Discussions on Potential Climate | mpacts to Human Systems

San Miguel W
1. Urban Centersand Suburban Sprawl: Growth, and the | mpacts of Climate Change
Nancy Skinner, Director, International Council for Local Environmental Initiatives
Paul Wack, Lecturer, Environmental Studies Program, UCSB
Judy Corbett, Executive Director, Local Government Commission
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San Miguel E
2. Energy Systems
Claude Poncelet, Pecific Gas & Electric
Jan Shar pless, Commissioner, California Energy Commission

Santa Rosa W
3. Coastal Land Use
Jo Bodovitz, The California Trust

Madelyn Glickfeld, Senior Research Fellow, Claremont Graduate School Research Institute

Santa Rosa E
4. Community Impacts and Initiatives
Andy Lipkis, President, TreePeople
Catherine McKalip, President’s Council on Sustainable Devel opment

Santa CruzW
5. Public Education and Information
Kelly Sims, Science Policy Director, Ozone Action
Wilson Orr, Director, Sustainability and Global Change Program, Prescott College

Santa Cruz E
6. Public Perception of Climate | ssues
Richard Berk, Professor of Sociology and Statistics, UCLA
Bud Laurant, Supervisor, San Luis Obispo County

Anacapa W
7. Impactsand Optionsfor Water Systems
Susan Munves, Conservation Coordinator, Environmental Programs
Maurice Roos, Chief Hydrologist, Department of Water Resources

Anacapa E
8. Transportation Systems: M obility and the Climate | ssue

Thomas Crumm, Manager Envisioning & Alternative Futures Development, General Motors

Al Sweedler, Professor of Physics, San Diego State University

7:30 pm Dinner San Rafael
From Rio to Kyoto: International Policy Process
John Fialka, Wall Street Journal

California Regional Assessment
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TUESDAY, March 10

9:00 am- 10:30 am SantaYnez Plenary Session

Climate | mpacts on the Ecosystem Services

Underpinning California’s Economy and Quality of Life
Walter C. Oechel, Director, Global Change Research Group and San Diego State University
Camille Parmesan, Research Scientist, National Center for Ecological Analysis and Synthesis, UCSB
Peter H. Gleick, Director, Pacific Ingtitute for Studiesin Development, Environment, and Security

11:00 am-12:30 pm Breakout Sessions
Breakout Sessions on Key Ecosystem Sectors

San Miguel W
1. New Ecosystem Distributions and Ecotones: Planning for Ecosystems, Habitat, and Preserves for
2050 and beyond
Hal Mooney, Professor, Biological Sciences, Stanford University
Rachael Craig, Kent State University
Camille Parmesan, NCEAS

San Miguel E
2. Marine Fisheries and Ecosystems: Coastal Marine Services, Nursery Functions, Pelagic and Blue
Water Fisheries, and Effects of Water Temper ature Changes and Changesin Upwelling
Craig Fusar o, Director, Joint Oil/Fisheries Liaison Office
George Boehlert, National Marine Fisheries Service

Santa Rosa W
3. Managing Rangeland, Chaparral, and Oak Woodland Ecosystems for
Water Yield, Fire, Grazing, and Habitat
Frank Davis, Deputy Director, National Center foe Ecological Analysis and Synthesis

Santa Rosa E
4. Habitat Conservation Plans (HCP), Natural Communities Conservation Plans (NCCP), and Multiple
Species Conser vation Plans (M SCP) and Biodiversity in the Context of Climate Change
Jim Young, Southern California Edison
Walter Oechel, Director, Global Change Research Group and San Diego State University

Santa Cruz W
5. Forestry, Forest Impacts, and Climate Change
William Stewart, Director, California Department of Forestry and Fire Protection
Tom Suchanek, Director, Western Regional Director of NIGEC, at UC Davis

Santa Cruz E
6. The Dynamics of Water Systems, Inland Water Ecosystems, and Potential |mpacts of Climate
Change

Peter Gleick, Director, Pecific Institute
John Melack, Professor, Biology and Environmental Science and Management, UCSB

Anacapa W
7. Agro-Ecosystems and the I mpacts of Climate Change
Don Ermin, Director, Centers for Water and Wildlands Resources
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Anacapa E
8. Desert Ecosystems. Climate Change Implications for Boundary Shifts and Species Distribution and
Composition
Kelley Redmond, Desert Research Institute
Fred Wagner, Director, Ecology Center, Utah State University

12:30 pm - 1:30 pm Lunch San Rafael
Special Presentation on the National Institute for Global Environmental Change (NIGEC): Cutting-Edge
Research on I mpacts of Global Change in the Western U.S.

Ruth Reck, National Director, NIGEC, at UC Davis

Tom Suchanek: Western Regional Director of NIGEC, at UC Davis

2:30 pm - 4:30 pm Breakouts Sessions

Breakout Discussions on Topics of Special I nterest and Self-Organized Meetings
(Timeis available here for meetings which participants wish to organize themselves to address topics of specific
interest.)

San Miguel W
1. California Greenhouse Gas Emissions Inventory
Guido Franco, Cdifornia Energy Commission

San Miguel E
2. Regional Ecosystem Impact Studies: Union of Concerned Scientists and the Ecological Society of
America

Peter Frumhoff, Union of Concerned Scientists

Santa Rosa W
3. California Pilot Project on the Use of Climate For ecast | nformation (NOAA)
Ants L eetmaa, Director, Climate Prediction Center, NOAA
Claudia Nierenberg, International Economist, Office of Global Programs, NOAA

Santa Rosa E
4. Climate Modeling and California: Discussion of the Science
Norman Miller, Staff Scientist, Earth Sciences Division, LBL
Mike MacCracken, Executive Director, National Assessment
Coordination Office, US Global Change Research Program

Santa Cruz W
5. (ToBeDetermined by Participants)

Santa Cruz E
6. (ToBeDetermined by Participants)

Anacapa W
7. (ToBeDetermined by Participants)

Anacapa E
8. (ToBeDetermined by Participants)
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WEDNESDAY, March 11

9:00 am - 10:30 am SantaYnez Plenary Session

A California Climate I nitiative:
Exploring Stakeholder Collaboratives for a Sustainable Future
Jeff Dozier, Dean, Donald Bren School of Environmental Science and Management, UCSB
Jim McWilliams, Professor, Institute of Geophysics and Planetary Physics, UCLA
Larry Papay, Senior Vice President, Bechtel Group
Michael M oore, Commissioner, California Energy Commission

11:00 am-12:30 pm
Breakouts Discussions Exploring Opportunities for Collaboration and Research Priorities Following the
Morning Presentations

San Miguel W
1. Exploring aProgram for 2020 Foresight: Building an Alliance
Jim M cWilliams, Professor, Institute of Geophysics and Planetary Physics, UCLA
John Wise, Environmental Protection Agency, Region IX

San Migud E
2. Redefining Progress: New Technologies and Approachesto Deal With Climate Change
Jim Dehlsen, Enron Renewable Energy Corporation
Maureen Kennedy, Director, Redefining Progress

Santa Rosa W
3. Creating a California Collabor ative to Address Climate Change | ssues
Jeff Dozier, Dean, Donald Bren School of Environmental Science and
Management
Michael M oore, Commissioner, California Energy Commission

Santa Rosa E
4. Community-Based Collaborativesto Address Climate Change
Kelley Sims, Science Policy Director, Ozone Action
Blair Henry, Chair, Northwest Council on Climate Change

Santa Cruz W
5. Developing Strategies to Quantify Potential Costs and Benefits of Climate Change Impacts in
California

CharlesKolstad, Professor of Economics and Environmenta Science and Management, UCSB

Santa CruzE
6. Private Sector/Resear ch Institute Collabor atives on Climate
Larry Papay, Senior Vice President, Bechtel Group
Jim Cole, Cdlifornialnstitute for Energy Efficiency

Anacapa W
7. Multiple Benefits of Climate Change Adaptation and Mitigation Strategies
Eileen Shea, Center for the Application of Research on the Environment, Institute of Global Environment
and Society

Anacapa E
8. International Dimensions of Climate Change | mpactsin California
ChrisBernabo, President, Science and Policy Associates
Claude Poncelet, Pacific Gas & Electric
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1:30 pm-3:30 pm Santa Ynez Plenary Session

Summary of the Top I ssuesfor California and Plansfor Follow-On Activities
Jeff Dozier, Dean, Donald Bren School of Environmental Science and Management, University of California,
Santa Barbara, and Chair, Steering Committee for the California Workshop
Robert Wilkinson, Coordinator, California Workshop on Climate Change
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Workshop Participants

Peter
Roger
Susan
Bill

Ed.
Richard
Chris
Ralph
Joseph
George
Barry
Katherine
Gail
Thomas
Edward
Glennda
Marc
Kristin
Casey
James
Judy
Robert
Rachael
Thomas
Sharon
Gary
Bert
Frank
Jeff
Monica
Mark
Don
Sarah
Michael
John
John
Guido
Ed

Asmus
Bales
Bassow
Becker
Begley, Jr.
Berk
Bernabo
Bernstein
Bodovitz
Boehlert
Bortnick
Boxer Latipow
Brown
Burns
Cassano
Chui
Chytilo
Coates
Coates Danson
Cole
Corbett
Corell
Craig
Crumm
Darby
Darling
Davis
Davis
Dozier
Dunne
Eckenrode
Erman
Fangman
Feinstein
Fiaka
Foster
Franco
Frazier
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Pathfinder Communications
University of Arizona

OSTP - Environment Division
Denver Support Office

University of California, Los Angeles
Science & Policy Associates Inc.

Electric Power Research Institute
California Environmental Trust
NOAA/NMFS

Santa Barbara Newspress

California Utilities Emergency Association
University of California, Santa Barbara
The Chevron Companies

Channel Islands National Marine Sanctuary
San Jose Mercury News

Environmental Defense Center

Global Possibilities

Cdlifornia Institute of Energy Efficiency

Local Government Commission

National Science Foundation

Kent State University

GM Research & Development Center

Southern California Gas Company

California Resources Agency

USArmy Corps of Engineers, CRREL
University of California Santa Barbara - NCEAS
University of California, Santa Barbara
University of California, Santa Barbara
Minerals Management Service Department of Interior
University of California, Davis

Channel Islands National Marine Sanctuary

City of SantaMonica

Wall Street Journal

USEPA

California Energy Commission

TRW
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Barbara
Peter
Craig
Larry
Gilbert
Catherine
Mary
Peter
Madelyn
Lisa
Robert
Nicholas
Adel
Raymond
Sandra
Blair
Todd
Daniel
Austin
Curwood

John
Sheila
Vijaya
Mark
Huey
Hoyt
Ralph
Vivian
Maureen
James
John
Dave
Charles
Peter
Bud
Ants
Andy
Christopher
David
Michael
Sharyn
Mel

Freese
Frumhoff
Fusaro
Gage
Garcia
Gautier
George
Gleick
Glickfeld
Goddard
Gough
Graham
Hanna
Hart
Henderson
Henry
Hinkley
Hisey
Hoggatt
Hunter
Hurst, Ed.D.
Jammalamadaka
Jeffreys
Johnson
Johnson, 111
Kahn
Kahn, AICP
Kennedy
Kennett
Kermond
Kirtland
Kolstad
Kuch
Laurent
Leetmaa
Lipkis
Lund

Lund
MacCracken
Main
Manalis
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Minnesota Attorney General's Offfice
Union of Concerned Scientists
Joint Oil Fisheries Liaison Officer

State of Cdlifornia

Santa Barbara City Council Member
University of Cdifornia, Santa Barbara

Kaiser Permanente

The Pacific Ingtitute

CGS Research Ingtitute

Scripps Institute of Oceanography
Intertribal Council on Utility Policy
Scripps I nstitute of Oceanography
North Carolina Supercomputing Center

State of California
NCAR

North West Council on Climate Change
US Geological Survey

ARCO

President, Achmetgork, Inc.

The Irvine Company

Cdlifornia Resources Agency

Santa Barbara County Air Pollution Control District
University of Caifornia Santa Barbara- NCEAS
Resources Renewal Institute

Sustainability & Global Change Program

Jet Propulsion Lab/Cal Tech
Kahn/Mortimer/Associates

Redefining Progress

University of California, Santa Barbara

NOAA, Office of Global Programs

US Geological Survey

University of California, Santa Barbara

USEPA

County of San Luis Obispo

NOAA/NWS
Treepeople

Carnegie Ingtitution

NOAA - Office of Global Programs
National Assessment Coordination Office
Community Environmental Council
University of California Santa Barbara
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Katie
Niall
Genie
Catherine
Jeff

Jm
John
Joel
Norman
Harold
Michael
Barbara
Philip
Marla
William
Tapan
Susan
Claudia
Walter
Wilson
Camille
Matt
Louis
Claude
Nan
Chris
Frank
Ruth
Kelly
Jm
Wendy
John
Jerry
Maurice
Paul
Teresa
Steve
Jeff
Barry
Peter
Jananne

Mastriani
Mateer
McGaugh
McKalip
McMahon
McWilliams
Melack
Michaelsen
Miller
Mooney
Moore
Morehouse
Mote
Mueller
Mumbleau

Munroe, Ph.D.

Munves
Nierenberg
Oechel
Orr
Parmesan
Petersen
Pitelka
Poncelet
Powers
Pyke
Quinn
Reck
Redmond
Reichman
Reid
Roads
Rogers
Roos
Rosenstein
Rounds
Sachs
Sandberg
Schuyler
Schwartz
Sharpless
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NOAA's Office of Global Programs
University of California

Ventura County Air Pollution Control District
President's Council on Sustainable Development
New Times

University of California, Los Angeles
University of California, Santa Barbara
University of California, Santa Barbara
Lawrence Berkeley Laboratory

Stanford University

California Energy Commission

University of Arizona

University of Washington

CA Air Resources Board

Metropolitan Transportation Authority
Pacific Gas and Electric Company

City of SantaMonica

NOAA/Office of Global Programs

San Diego State University

Sustainability & Global Change Program
NCEAS

Globa Green USA

UMCES Appalachian Laboratory

Pacific Gas & Electric

California Energy Commission

University of California, Santa Barbara
Great Lakes Environmental Research Lab
National Institute for Global Environmental Change
Desert Research Institute

University of California Santa Barbara- NCEAS
Sacramento Municipal Utility District
Scripps ECPC

GM R & D Center

Department of Water Resources

City of SantaMonica

Santa Barbara Museum of Natural History
SANDAG

U.S. Bureau of Reclamation

University of California Santa Barbara
Global Business Network

California Energy Commission
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Eileen
Ashton
Barry
Dave
Kelly
Arve
Candace
Anthony
Patrick
R. Michael
William
Thomas
Terry
Nancy
Al
Chuck
Rick
Chris
Linda
Daniel
Paul
Frederic
James
Kenneth
Robert
Richard
John
James
Jill
David

Shea
Shortridge
Siegel
Siegel
Sims
Sjovold
Skarlatos
Socci
Spears
Stenburg
Stewart
Suchanek
Surles
Sutley
Sweedler
Thomas
Thomas
Tooker
Trocki
Tunnicliff
Wack
Wagner
Wells
Wilcox
Wilkinson
Wilson
Wise

Y oung
Zachary
Zilberman
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Ingtitute of Global Environment & Society Inc.
University of California Santa Barbara- NCGIA Student

University of California, Santa Barbara
Ozone Action

Bank of AmericaNT & SA

Office of USGCRP

Intertribal Council on Utility Policy

USEPA

California Department of Forestry and Fire Protection
National Institute for Global Environmental Change
Cdlifornia EPA

US-EPA, Region IX

San Diego State University

Ventura County APCD

Metropolitan Water District of Southern California
Califronia Energy Commission

Bechtel Group

Orange County Sanitation District

California Polytechnic State University

Utah State University

Metcalf & Eddy Inc.

California Energy Commission

University of California, Santa Barbara

State of California

USEPA, Region 9

Southern California Edison

Community Environmental Council

University of California, Berkeley
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California Contribution to
the National Assessment on the Potential Consequences
of Climate Change for the United States

The overall goal of the National Assessment is to analyze and evaluate what is known about the potential con-
sequences of climate variability and change for the Nation in the context of other pressures on the public, the
environment, and the Nation's resources. The National Assessment process has been broadly inclusive, drawing
on inputs from academia, government, the public and private sectors, and interested citizens. Starting with
broad public concerns about the environment, the Assessment is exploring the degree to which existing and
future variations and changes in climate might affect issues that people care about.

The National Assessment has three major components:

1. Regional analyses: Workshops and assessments are characterizing the potential consequences of climate vari-
ability and change in selected regions spanning the United States. The reports from these activities address the
interests of those in the particular regions by focusing on the regional patterns and texture of changes where
people live. Most workshop reports are already available (see http://www.nacc.usgcrp.gov) and regional assess-
ment reports will become available as they are completed.

2. Sectoral analyses: Workshops and assessments are being carried out to characterize the potential conse-
guences of climate variability and change for major sectors that cut across environmental, economic, and soci-
etal interests. The sectoral studies analyze how the consequences in each region affect the Nation, making these
reports national in scope and of interest to everyone. The sectors being focused on in this first phase of the
ongoing National Assessment include Agriculture, Forests, Human Health, Water, and Coastal Areas and Marine
Resources.

3. National overview: The National Assessment Synthesis Team has responsibility for summarizing and integrat-
ing the findings of the regional and sectoral studies with the broader literature, and then drawing conclusions
about the importance of climate variability and change for the United States. Their report is to be available in
2000.

Each of the regional, sectoral, and synthesis activities is being led by a team comprised of experts from both
the public and private sectors, from universities and government, and from the spectrum of stakeholders.

California 27779177

Address: 77? University of Arizona
City: 77 Tucson, Arizona 85721-0156
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