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I n recognition of the special need to protect the water quality and natural
resources of our nation’s estuaries, Congress passed the Water Quality Act of 1987.
This act amended the Clean Water Act and established the National Estuary
Program. The program, administered by the U. S. Environmental Protection Agency
(EPA), requires the development of Comprehensive Conservation and Management
Plans (CCMP) for the nation’s most significant estuaries.

Pursuant to the Water Quality Act, the Governor of Californianominated the San
Francisco Bay and Sacramento-San Joaquin Delta for inclusion into the National
Estuary Program. In response, the Administrator of EPA formally established the
San Francisco Estuary Project (SFEP) in April 1988. The SFEP is a planning effort
with broad-based involvement of the public and local, state, and federal agencies.
The SFEP’s goals, adopted by its participants, are:

« Develop a comprehensive understanding of environmental and public
health values attributable to the Bay and Delta and how these values interact
with social and economic factors.

* Achieve effective, united, and ongoing management of the Bay and Delta.

» Develop a Comprehensive Conservation and Management Plan (CCMP) to
restore and maintain the chemical, physical, and biological integrity of the
Bay and Delta, including restoration and maintenance of water quality, a
balanced indigenous population of shellfish, fish, and wildlife, and recre
ation activities in the Bay and Delta, and assure that the beneficial uses of
the Bay and Delta are protected.

* Recommend priority corrective actions and compliance schedules address
ing point and non-point sources of pollution. These recommendations will
include short- and long-term components based on the best scientific
information available.

Under the Water Quality Act, the SFEP has five years in which to convene a
Management Conference, identify and characterize the Estuary’s priority issues, and
developa CCMP. The SFEP is scheduled to complete the CCMP by November 1992.
After adoption by the Management Conference, the CCMP must be approved by the

ix
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Governor of California and the Administrator of the EPA. Once approved, the
CCMP will guide local, state, and federal agencies in efforts to improve protection
of the Estuary.

The SFEP’s Management Conference, with over 100 participants representing
environmental, business, and government interests, has identified five management
issues of concem: (1) decline of biological resources; (2) increased pollutants; (3)
fresh water diversion and altered flow regime; (4) increased waterway modification;
and (5) intensified land use.

To characterize and better define the management issues, the SFEP is preparing
a series of status and trends reports (STR). The purpose of these technical reports
is to seck development of a scientific consensus on the major aspects of the issues
and identify important gaps in information and knowledge. In this characterization
phase of the SFEP, individual subcommittees oversee the development of these
reports. STRs are being prepared on: (1) dredging and waterway modification; (2)
wetlands and other habitats; (3) land use and population; (4) pollutants; (5) aquatic
resources; and (6) wildlife.

In addition, several other reports, including this report, are being prepared during
the characterization phase of the SFEP. A report on quality assurance and quality
control of pollutants analysis will assess the changes needed to improve technical
procedures of pollutant analysis. A report evaluating the regulatory, institutional,
and management programs will develop an understanding of the relevant regulatory
responsibilities and lay the groundwork for improving protection of the Estuary. In
addition, an analysis of fresh water inflow and altered flow regimes will be
undertaken, The characterization effort will culminate in the completion of a State
of the Estuary report. This report will summarize the information in the individual
technical reports and provide an objective assessment of current conditions in the
estuary. This assessment will form the basis for the SFEP to develop actions for
inclusion in the CCMP.

The purpose of this report is to assess the relationship between land use change
and intensification and 1and use regulation on the future environmental health of the
Estuary. The SFEP’s Land Use Subcommittee developed goals to address the effects
of land use change and intensification on the San Francisco Estuary and played a
pivotal role in shaping the scope of the report, defining the major issues to be
evaluated, and helping form the management options. This report and the goals
developed by the subcommittee will form the basis of developing land use actions

for inclusion in the CCMP.

C—098807

C-098807



S ince World War II, the 12-County San Francisco Estuary region (Alameda,
Contra Costa, Marin, Napa, Sacramento, San Francisco, San Joaquin, San Mateo,
Santa Clara, Solano, Sonoma, and Yolo counties) has experienced profound economic
and population growth. During the 1980s, the population of the San Francisco Bay
Area increased 14 percent as the Bay Area become the fourth most populated
metropolitan area in the country. Over this period Alameda, Contra Costa, Sacra-
mento, and Santa Clara counties ranked among the ten California counties with the
greatest population increase. Rapid population growth brought with it an increased
demand for housing, highways, and public facilities and services and led to a low-
density, disbursed urbanization pattern. Agricultural and rural lands, as well as some
open water and wetlands, were developed for urban uses. Currently, approximately
896,000 acres—14 percent—of the approximately 6.5 million-acre Estuary region
is in urban use and approximately 5.7 million acres—86 percent—is in agriculture
or rural use.

During the next two decades (the time horizon of the San Francisco Estuary
Project (SFEP)), the population of the Estuary region is expected to increase by over
one million people—an approximately 13 percent increase. The challenge to the
residents of the region is to find locations for jobs, housing, and commerce and to
provide transportation systems for these additional people in a manner that mini-
mizes the potential adverse consequences of increased urban growth on the region’s
most important natural resource—the Estuary.

Althoughthe precise amount, kind, and location of future land use change cannot
be predicted, the construction of plausible land use change scenarios is an instructive
method to assess future land use patterns and related impacts on the environmental
health of the Estuary. This study, a team effort by the San Francisco Bay Conserva-
tion and Development Commission, the Center for Environmental Design Research
at the University of California, Berkeley, and the Greenbelt Alliance, with assistance
from Philip Williams & Associates, Ltd., utilizes a Geographic Information System
(GIS) as an analytical tool for assessing the effects of land use change on the
environmental well being of the San Francisco Estuary. The GIS spatially and
quantitatively models land use information and pollutant concentrations associated
with land use types to: (1) arrive at defensible pollutant loadings for the receiving

xi
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Study Methadology

water segments of the Estuary; and (2) develop defensible estimates of the amount
and location of Estuary open water, wetlands, and stream environments impacted by
land use change. The process presents for the first time, an ability to examine the
cumulative effects of future urbanization on the wetlands and stream environment
zones which are essential hydrologic components of the San Francisco Estuarine
system, as well as the additional amount and kinds of pollutants contributed to the
Estuary by urban runoff from increased urbanization. In addition to the GIS work,
the report analyzes the public and private institutions that affect land use change and
alternative forms of land use planning, regulation, and management that appear
desirable to better protect, restore, and enhance the Estuary.

The methodology used in constructing and analyzing the land use and impact
assessment scenarios has five distinguishing features: (1) the analysis is regionally
comprehensive, embracing the entire 12-county Estuary region; (2) the analysis is
geographic specific and generally accurate to a scale of one hectare (2.47 acres); (3)
the impacts are expressed in consistent natural resource categories; (4) essential
study assumptions and limitations are clearly identified and explained; and (5) data
and findings for all classes of impacts are reported according to consistent geographic
units—Estuary receiving water segments and watersheds.

Fourmethods were used to determine effects of 1and use change and intensification
on the San Francisco Estuary: (1) construction of existing land use of the Estuary
region (as of 1985); (2) construction of two future land use scenarios; (3) measurement
of the direct, physical impacts of scenario land use change on Estuary wetlands and
stream environment zones; and (4) measurement of the effects of scenario land use
change on Estuary water quality represented by the increase in pollutants entering
the Estuary in urban runoff.

Fourteen Estuary receiving water segments—based on a classification scheme
of the Bay-Delta waters as developed by the Aquatic Habitat Institute which group
the 14 zones on circulation, bathymetry, and other hydrographic characteristics—
and 31 corresponding receiving watersheds are constructed which form the geo-
graphic units for portraying and analyzing data. Although the water segments and
watersheds transcend political boundaries, they are the logical geographic units for
tracing and analyzing the important hydrological connects in the Estuary Region.
Consequently, the receiving water segments and receiving watersheds are the
geographical units used to report the findings of each of the classes of impacts ofland
use change on the Estuary—impacts on wetlands, stream environment zones, and
urban run off pollutant loads—under existing conditions and under the two future
land use change scenarios.

The construction of current Estuary region land use is the only composite spatial
and quantitative land use map and data for the Estuary region. Existing land use
information is essential as baseline information for use in measuring future land use
change and the effects of that change on the Estuary. The map was generated by
utilizing the Bay Area Spatial Information System (BASIS) Land Use File devel-
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oped by the Association of Bay Area Governments (ABAG) which in turmn was based
on mapping prepared by the U.S. Geological Survey (USGS), adapted to 1985
conditions. The many land uses were aggregated into six general land use types for
analytical purposes in this study—residential, commercial and light industrial,
heavy industry, intensive agriculture, rural and extensive agriculture, and open
water.

The first scenario portrays growth based on a composite of the 12 Estuary county
General Plan land use maps. This scenario involved creating a single map of the
future land use designations as adopted by each of the 12 counties. The General Plan
land use maps are the counties’ graphic designation of land use allocation policy.
However, because community plans are constantly undergoing revision and updat-
ing, the scenario reflects what was planned at the time the data was gathered (early
1990) and therefore the scenario is a snap shot of planned land use at the time. The
individual General Plans were scaled and rectified to a standardized base map series,
digitized for computer analysis, and a composite land use map was developed.

The second land use scenario was constructed from a computer model based on
the population growth projections to the year 2005 (the SFEP time horizon)
developed by ABAG. The process involved generation of a map of physical urban
growth incentives and limitations and the distribution of the forecast population
growth within the Estuary region based on the incentives and limitations. Three sets
of criteria were used to establish growth incentives and limitations: land availability,
geographic incentives, and geographic limitations. Geographic incentives included
areas within existing city boundaries; areas designated for development in county
plans; and proximity to existing cities, highways, and employment centers. Numeri-
cal weights were assigned to reflect importance of the factors and the areas were
delineated in an incentives map. A similar procedure was followed in the creation of
alimitations map in which a numerical weighting was given to growth disincentives
such as lands dedicated to agricultural use, high value crop lands, steeply sloped
terrain, historic wetlands, and areas susceptible to flooding. The GIS then combined
the map layers to create a single map portraying the relative potential for urban
development within the Estuary region.

Population growth was distributed within the areas with a potential for growth
based on the order of growth potential. That is, the first increment of growth was
allocated to land with the highest weighted development potential. When that area
was filled, the area with the second highest urbanization potential received the next
allocation of growth. This procedure was followed until all the forecast population
increase had been distributed.

In order io evaluate the effects of land use change on wetlands and stream
environment zones, specific natural resource data was obtained and entered into the
GIS. The National Wetlands Inventory (NWT) data for the Estuary region available
at the time of this study was obtained from the U.S. Fish and Wildlife Service
(USFWS) in digital form. For consistency with other SFEP reports and analysis, the
210 NWI categories of wetlands were aggregated into the 14 wetland types used in
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the Status and Trends Report on Wetlands and Related Habitats. At the time
information for this study was gathered, only 85 of the 104 USGS quadrangle maps
prepared by the USFWS for the Estuary region had been digitized. Consequently,
information from the remaining 19 quadrangle maps, which were digitized subse-
quent to completion of this study, were unavailable for analysis. Thus this study does
not include an analysis of the impact of land use change on wetlands in certain parts
of the Estuary region, including the important Delta lowlands. However, the
acquired coverage includes the immediate shoreline of San Francisco Bay, and most
of the Delta.

The two scenario land use maps were overlaid onto the composite wetlands map.
The acreage of wetlands potentially impacted by land use under the two scenarios
was then quantified.

Digital information on Estuary region streams was obtained from the USGS and
loaded into the GIS for analysis. This data layer portrayed a 100-meter (328 feet)
wide stream environment zone which included the stream channel and adjacent
riparian area. As in the wetlands impact analysis, the regional map of the stream
environment zones was overlaid on the two scenario land use maps to calculate the
acreage of stream environment zones potentially impacted under each land use
scenario.

Because urban areas generally have greater concentrations of pollutants in water
runoff than non-urban land, the increased impervious land surface and higher
concentration of pollutants associated with urban land uses was used to estimate
increased pollutant loading associated with1land use change. Construction of a model
to analyze the increase in urban runoff to the Estuary under existing land use
conditions and the two land use change scenarios involved the following calcula-
tions: (1) Estuary region rainfall and natural runoff; (2) pollutant concentration by
land use type; and (3) pollutant loading to the Estuary.

The natural runoff coefficient is the unimpaired, non-urbanized mean for each
one hectare (2.47 acre) cell in a watershed and describes the relationship between
precipitation and the amount of water available for runoff for a given area. The
natural coefficient used in the study was derived from the mean annual precipitation
map of the San Francisco Bay Region and a table relating mean annual runoff and
runoff coefficient to mean annual precipitation for sub-regions of the Bay Area as
developed by Rantz. Rantz’ precipitation map provided isohyets (precipitation
amount contours) of mean annual precipitation. The isohyets were digitized into the
GIS and a continuous surface model was interpolated. The table was entered as adata
file. Both rainfall and runoff were empirically derived from 40 years of rain gauge
station records, rather than being modeled from physiographic and other factors.
Consequently the data is responsive to local variations in the conditions of the Bay
and Delta areas.

Urbanization is associated with an increase in impervious ground surfaces, and
consequently the volume of runoff increases because rain falling on impervious
materials is routed to streets and storm drains and runs off relatively quickly rather

Xiv
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than percolating into the soil. The runoff component for urbanized land use was
modeled from the percent of impervious surface assigned to different land use
categories. The mean value was chosen from values developed by the U. S. Soil
ConservationService’s study of urban hydrology. The value produces results that are
consistent with modeled runoff coefficients produced by the Storm Water Manage-
ment Model (SWMM) in the Santa Clara Valley Nonpoint Source Study which was
the source of pollutant concentration data used in this study.

Muchofthe researchassociating specific land use types to pollutant concentrations
is included in two nationwide studies: the Nationwide Urban Runoff Program
(NURP) conducted by the U.S. Environmental Protection Agency in 1983 and the
Urban-Stormwater Database for 22 metropolitan areas of the United States prepared
by the USGS in 1985. However, it was determined that the recent (1991) Woodward-
Clyde study of urban runoff water quality in the Santa Clara Valley, the Santa Clara
Valley Nonpoint Source Study, contained more relevant, regional data for this study.
The Woodward-Clyde study considered seven land use types and modeled loads of
heavy metals(cadmium, chromium, copper, lead, nickel, and zinc), nutrients (ni-
trates, phosphates, and total nitrogen), biochemical oxygen demand (BOD) and total
suspended solids (TSS).

The NURP and the USGS studies were analyzed as a reference to the modeled
unit mass loads. Comparisons were made of the mean, median, and first and third
quartiles of run off concentrations of 11 pollutants used to characterize urban run off.

For each hectare-sized cell in a watershed, the mean annual pollutant loads were
computed by multiplying total annual precipitation by the adjusted run off coeffi-
cient by the pollutant concentration for each of the 1and use types. Annual loads were
then aggregated by receiving watershed and a sum calculated foreach pollutant. The
loads associated with each future land use scenario is subtracted from the existing
land use to derive the increase in pollutant loading to the Estuary.

Land use change in the Estuary region is determined by a wide range of factors.
For example, the desirability of the area for business location and expansion and
population in-migration will affect where and how land use changes. Interest rates
affect the development of industrial plants, commercial facilities, and housing.
Construction of transportation routes into undeveloped areas can induce growth or
shift the growth in urban development from one area to another. The desire to own
asingle-family house in the suburbs with a yard and two or three automobiles creates
amarket force for low-intensity, dispersed urbanization patterns resulting in conver-
sion of agricultural and rural land to urban uses and reliance on the automobile for
travel to work and to shop. Private and public sector plans and decisions conceming
the location or relocation of new businesses and where people should live, work, and
recreate directly affect land use change in the Estuary region and, consequently, the
environmental health of the Estuary.

The private sector, especially real estate developers, corporate business, and
owners of undeveloped land play a major role in shaping new land use patterns. Land

'
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developers generally seek to develop their “product,” whether a new residential
subdivision or a commercial development, in ways that reduce costs to maximize
return on investment. They are pulled to development sites in which land is at a
relatively low price, of sufficient size, where there is a receptive and predictable
regulatory structure, low development costs and a market for the proposed develop-
ment. Corporate business also looks for low cost sites with a predictable land use
regulatory system when looking for new locations. Corporate business is concerned
with land and leasing costs, market proximity, land and space availability, labor
force availability, and good transportation. Often, the effects of these development
criteria is the location of new development at the urban fringe or completely outside
existing towns or cities, a process that leads to dispersion of urban development,

Land owners whose purpose in holding land is to sell at an opportune time to
obtain a profit, generally make decisions effecting land use from an individual or
corporate investment or business strategy view rather than from a regional land use
management goal. The principal means of guaranteeing a link between the private
sector land use decisions and broader regional land use and environmental manage-
ment goals, is through public land use goal development, aland use and environmen-
tal strategy, and a companion regulatory system that provides for and directs
development to appropriate areas.

In addition to economic factors, which play the major role in private sector
decisions effecting land use change, governmental decisions greatly shape land use
patterns, change and intensity. Local government (counties, cities, Local Agency
Formation Commissions (LAFCOs), and special purpose districts) play the primary
role in land use change. Counties and cities guide the physical development of their
land resources through their General Plans and carry out the policies of their plans
throughland use regulations, primarily zoning, which set specific criteria for, among
other things, intensity and density of land use. LAFCOs have the authority to
determine the limits of urban expansion and the provision of urban services.
Regional Councils of Government have limited authority overland use change, their
land use planning and regulatory role is primarily advisory to their member city and
county members.

When compared with cities and counties, state and federal government agencies
have limited ability to control land use changes in the Estuary region primarily
because their authority is restricted by law to specific resources orlimited geographic
areas. However, even though state and federal agencies have limited land use
powers, they are likely to have an influential role in controlling land use change that
has a direct impact on the Estuary, specifically diking, filling, and discharges in the
Estuary and adjacent wetlands.

Land use tax policies and laws also have asignificant bearing onland use change.
For example, the land use consequences of Proposition 13 include changes in
development patterns, increased use of alternate public fiscal financing such as
developer fees, and changes in the importance of f{iscal considerations in local 1and
use development decisions.
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Public-private land use and management partnerships are important vehicles for
acquiring and managing lands to protect and improve natural resource areas, such as
migratory waterfowl areas and agricultural lands, and to maintain lands in their
natural state.

As the Estuary region continues to grow and agricultural and rural land is
converted to urban uses, the process will impact the Estuary in three general ways:
(1) elimination or modification of Estuary wetlands; (2) encroachment into stream
(riparian) environment zones; and (3) impacts from pollutant loading from urban run
off as well as from waste treatment facilities.

Of the original approximately 545,000 acres of tidal marsh in the Estuary,
approximately 509,000 acres (93 percent) have been diked or filled and converted
to other uses—primarily agriculture—and salt pond and urban uses. Elimination of
wetlands deprives the Estuary of one of its organic parts resulting in a patchwork of
wetlands that have reduced value to wildlife, a greatly reduced ability to filter and
absorb pollutants, and a significantly reduced regional biodiversity.

Modified wetlands adversely alter the natural hydrologic condition and role of
wetlands in providing habitat for wildlife, assimilating pollutants, and trapping
sediments. Encroachment into stream environment zones disrupts and alters the
ecological integrity of the Estuary in several ways. Stream environment zones are a
complex of vegetation, soil, and stream channels that comprise some of the most
important aquatic and wildlife habitats in the Estuary region and which carry a
considerable portion of storm water run off, and, consequently, pollutants to the
Estuary. Riparian vegetation contributes nutrients to the Estuary through decompo-
sition of debris and detritus. Vegetation also intercepts precipitation and slows
delivery of surface and ground water to streams; thereby reducing both sediments
and turbidity, which would otherwise smother fish nesting areas, clog fish gills, and
block light penetration. Removal of natural vegetation or channel modification
accelerates transfer of agricultural and urban fertilizers, pesticides, herbicides,
animal wastes and sediments to streams and to the Estuary by storm water run off.
In addition, urban run off can carry other pollutants, including heavy metals and
hydrocarbons. Consequently land use change that results in modifying stream
environment zones can result in significant adverse impacts on the Estuary.

Five major classes of pollutants are contained in urban run off and discharge
from sewage and industrial treatment facilities: organic matter, total and dissolved
solids, nutrients, heavy metals, and organic compounds. Pollutant loading from
urban run off is a major source of pollutants in the Estuary.

In this study, the 12-county Estuary region was classified as to its basic land use
types: urban and non-urban uplands, and wetlands. Urban uplands were classified
into three generalized land use categories (residential, commercial and light industrial,
and heavy industry) and two non-urban upland land use categories (agricultural and
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Land Use Change
Impact Assessment

rural) to provide a consistent land use classification system compatible with Estuary
local government land use plan designations. The wetlands were classified based on
the U.S. Fish and Wildlife Service’s National Wetlands Inventory. The existing
(1985) land use information was derived from the Association of Bay Area
Governments’ digitized Bay Area Spatial Information System (BASIS), version
1989 and the U.S. Geological Service’s digitized 1976 Land Use Data files. The
existing land use information serves as the base line for comparison and analysis of
the amount, location, and impacts of the two land use change scenarios developed
in this study.

Of the approximately 6,566,860 acres in the Estuary region, 896,498 acres (14
percent) are in residential, commercial/light industrial, and heavy industry use. Of
that amount, 582,444 acres (nine percent) is in residential use; 150,081 acres (two
percent) in commercial/light industrial use, and 163,973 acres (three percent) in
heavy industrial use. Intensive agriculture accounts for 1,822,595 acres (28 percent)
and extensive agriculture and rural land amounts to 3,847,767 acres (59 percent).

Wetlands are an integral part of the Estuary system. Wetlands are intermediate
between terrestrial and aquatic ecosystems and exhibit characteristics common to
both, forming a continuous gradient between uplands and open water. The wetlands
for the Estuary Region are mapped and quantified in this report, except for 19
quadrangle sheets for the Delta for which the USGS had not completed digitizing
work when this report was prepared. The wetland categories are open water,
mudflats and rocky shore, vegetated tidal marsh, tidal channels or ponds, diked
vegetated wetlands, seasonal ponds, farmed wetlands, freshwater marsh, riparian
forest, salt ponds, perennial lakes and ponds, tidal rivers, nontidal rivers and streams,
and marine.

Two scenarios of future urbanization were developed to assess the impacts of
plausible conditions resulting from land use change that will occur before 2005 in the
Estuary region. Scenario I: Growth Based on County General Plans presents a
picture of impacts based on land use change in the region planned by the 12 counties.
Scenario IT: Growth Based on Modeled Incentives and Limitations allocates population
increase by the year 2005 forecast by the Association of Bay Area Governmenis
based on a computer model of urban growth physical incentives and disincentives.

Under Scenario 1, the area planned for new urban uses in the Estuary region is
approximately 331,530 acres; a 37 percent increase in urbanization. The increase
includes an additional 165,980 acres in residential use; 88,840 acres in commercial/
light industrial use; and 76,710 acres in heavy industrial use. Thus the urbanized area
of the Estuary region would increase to approximately 1,228,028 acres (19 percent
ofthe Estuary region’s land area) and the agricultural/rural area would decrease from
5,670,362 acres to 5338,832 acres (81 percent of the land area of the region).

Under Scenario II, urban use would increase by nine percent, or approximately
79,810 acres, from the existing 896,498 acres, resulting in a total of 976,308 acres
(15 percent) of the region devoted to urban uses. Conversely, the amount of
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agricultural/rural land would decrease from approximately 5,670,362 acres to
5,590,552 acres; a reduction from 86 percent to 85 percent of regional land use.

Approximately 39,511 acres of wetlands are likely to be impacted under the
county General Plan full build-out scenario. Of the 15 wetland categories, the largest
acreage subject to modification would be farmed wetlands and salt ponds. Areas
particularly impacted would be farmed areas in the Delta and the North Bay and
diked vegetated wetlands near Suisun Bay, San Pablo Bay, and in the San Jose area.

A far lesser amount of wetlands—3,550 acres—would be impacted under
Scenario II. But as in Scenario I, virtually every receiving watershed would have
wetlands effected by land use change.

The construction of land use scenarios for the Estuary region presents forthe first
time, an opportunity to examine the cumulative contribution of urban run off to the
levels of pollutants in the Estuary. To date, more modest studies in smaller urban
watersheds have provided only a glimpse of the overall effect that urbanization has
in a region the size of the Estuary.

Loadings (expressed in kg/yr) on the Estuary for eleven pollutants (heavy
metals, nutrients, biochemical oxygen demand, and total suspended solids) in each
of the Estuary receiving watersheds are computed and analyzed. The pollutant
loading analysis shows that substantial increases in loading of all pollutants in urban
run off are expected from the receiving watersheds in the Estuary region. For
example, the increment of total loading under Scenario I is 705 kg/yr for cadmium,
12,174 kg/yr for copper, and 122,649 kg/yr for zinc, Nutrient loadings from nitrates
are anticipated to be 230,400 kg/yr and 109,592 kg/yr for phosphates. Modeled
pollutant loadings are heavily dependent on the size of the Estuary receiving
watershed, predominant land uses, and rainfall, as well as absolute amount of 1and
use change in the watershed.

Continued urbanization of the Estuary region will increase the load of urban run
off pollution. This source of pollution is already the single largest contributor to the
volume of pollutants entering the Estuary.

The principal tools for managing land use and the effects of land use change on
estuarine systems are land use planning and regulation. Until 1970, land use
regulation generally consisted of local zoning. The 1970s brought about a major
change in land use planning as a number of states passed legislation dramatically
increasing the direct role of the state in land use planning and regulation. Moreover,
the federal government recognized the need for major state involvement in planning
and regulating natural resource areas of national significance. In 1972, the federal
Coastal Zone Management Act was enacted which provided federal grants to states
to develop and implement management plans and programs for the nation’s coastal
zone. In 1972, the public’s concern for the California coast led to approval of
Proposition 20, and the creation of the Coastal Zone Conservation Commission
(CZCC) with the authority to develop a plan for the coast. In 1976, the California
Coastal Commission was established by the Legislature to implement the California
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Coastal Act which incorporated many of the recommendations of the coastal plan
prepared by the CZCC. In 1977, the federal Department of Commerce certified the
San Francisco Bay Conservation and Development Commission’s management
program for the San Francisco Bay segment of the California coastal zone. And in
1978, the Department certified the Coastal Commission’s management plan for the
coastal segment of the California coastal zone. The segment of the California coastal
zone missing a management plan and program is the Delta.

During the 1980s, land use debate centered on urban sprawl, unplanned growth,
and traffic congestion; heretofore primarily local government issues. However, in
recent years these issues have been viewed as regional and state-wide issues. In
California there is renewed interest in new forms of regional land use management
as shown by the formation and recommendations of the Bay Vision 2020 Commis-
sioninthe San Francisco Bay Area and the LA 2000 Committee inL.os Angeles. Such
regional land use and growth management and governance efforts address head on
theissue of whatnew, ormodified existing institutions, are necessary in orderto have
amore comprehensive, greater-than-local decision-making structure to provide for
rational economic and population growth, while preserving and enhancing the
region’s natural environment, such as the San Francisco Estuary.

Nonetheless, decisions about zoning, building permits, infrastructure financing,
housing subdivisions, and related development projects are currently made largely
by local government without effective review or controls to require changes at the
regional orstate level. Therefore, land use policy, except for certain environmentally
sensitive areas such as the water and narrow strip of shoreline surrounding San
Francisco Bay, the ocean coast, or the Lake Tahoe Basin, is made at the local level.
Within California, state law has strengthened the planning and regulatory capabilities
of local governments but has not provided any regional or state supervision or
oversight. Although, each California city and county must prepare a comprehensive
General Plan containing state-specified elements, these provisions are oriented
toward meeting local goals and needs. All local ordinances, development plans, and
activities are required to be consistent with that plan. However the plan is not
required to deal with adjacent communities, regional or state goals and objectives.
Additionally, although under the California Environmental Quality Act (CEQA)
each locality must undertake the process of environmental review and prepare an
environmental impact report whenever a proposed project may cause significant
adverse impacts on the environment, there are weaknesses in both the state planning
law and CEQA vis-a-vis Estuary protection. Within the state planning process, there
isno provision to resolve conflicts or inconsistencies betweenlocal, state, orregional
plans. In fact, acity orcounty can approve alocal plan calling for anew development
even if that project is inconsistent with regional plans or needs, such as Estuary
protection, an efficient regional transportation system, or regional sewage treatment
capacity.

California lacks clear, consolidated, enforceable state-wide policies onland use
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California lacks clear, consolidated, enforceable state-wide policies onland use
issues. Thus, there is no enforceable comprehensive state policy on Estuary open
water, wetland, or stream environment protection. Under CEQA, the decision about
whether or not a mitigation measure “ensures the long-term protection of the
environment” rests with the lead agency; which can have a vested interest in the
outcome of a project. Although other agencies are free to comment, they are usually
unable to condition the 1and use decision of the lead agency even if the decision may
cause damaging impacts to areas of regional or state-wide importance.

Currently, there is no region-wide enforceable plan or policy in place for
management of lands that contain significant natural resources such as the San
Francisco Estuary. The San Francisco Bay Plan and the Suisun Marsh Protection
Plan only apply to core portions of the Estuary, not adjacent wetlands, many
tributaries, stream environments, or the Delta. Regional goals such as protecting
Estuary wetlands or tributary streams thus have no consistent voice in law or agency
regulation. The state’s General Plan law does not require local governments to give
special attention to such resources. Although protection of wetlands and stream
environments appears inconsistent and weak, the control of nonpoint source pollu-
tion is receiving unprecedented attention at both the federal and state levels.

In November 1990, the U.S. EPA published regulations establishing National
Pollutant Discharge Elimination System (NPDES) permit application requirements
for storm water discharges. Entities required to obtain permits include: (1) munici-
palities with populations greaterthan 100,000; (2) facilities associated with industrial
activity; and (3) those storm waters which contribute to violations of water quality
standards, or contribute pollutants to receiving waters. Industrial activities include
construction that disturbs more than five acres of land, or, that disturbs less acreage
but the construction activity is part of a larger, common plan of development.

The permits will require a number of specific structural and source control
measures to reduce pollutants in runoff from commercial and residential areas both
during and after construction. Such measures are expected to go a long way toward
controlling the source (urban runoff) now composing the larger part of pollution
entering the Estuary. At this time, a framework for implementation which uses the
resources of the municipalities involved, the San Francisco Bay Regional Water
Quality Control Board and the concerned water districts in a coordinated fashion, is
emerging. Such coordination is essential as the direct involvement of the Regional
Board in reviewing every sizable development in the region would place a great
burden on the agency and could potentially slow down the application process to the
point that land developers begin to incur unacceptable expense waiting for permit
review and approval. However, it would be in the general public interest to have local
governments (cities and counties) address control measures prescribed by the
Regional Boards in their planning and regulatory activities, particularly their
building permit process.

While the broadening of 1and use authority has increased the quality of the plans
and contributed to a greater openness and participation in community planning, ithas
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Management Options

failed to address the fundamental Estuary land use planning management issue: that
Estuary-related planning and regulation continues to respond primarily to local
objectives without consideration of state or regional needs and resources. Since this
arrangement for land use decision making is not the optimum for specific protection
of the Estuary’s well-being, there is a need to modify the arrangement to insure the
consideration of greater-than-local impacts of projects in the land use decision-
making process, particularly as those impacts affect the Estuary.

Six bills (AB 3 (Brown), AB 76 (Farr), SB 434 (Bergeson), SB 797 (Morgan),
SB 907 (McCorquodale), and SB 929 (Presley)) are pending in the 1991 Session of
the California Legislature that would institute combinations of state-wide regional
land use planning and regulation. Action on the bills is postponed pending legislative
hearings concerning general and specific issues regarding state and regional growth
management. However, it appears inevitable that California will at some point soon
enact a greater-than-local system of land use planning and control. Itis essential that
the Estuary Project recognize and positively react to this pending and possibly
enacted state land use planning as a principal meansof carrying outmany, if not most,
of the recommendations of the Comprehensive Conservation Management Plan for
the San Francisco Estuary.

Land use change in the region will continue to impact an already stressed San
Francisco Estuary. It is therefore essential that options presently available for
comprehensively managing this complex and vast natural resource be evaluated, and
strategics and tools to better protect the Estuary be considered.

A management option can be viewed as a complimentary arrangement of: (1)
management strategies and tools for implementation; (2) an institutional arrange-
ment facilitating goal achievement and plan implementation; and (3) an agenda for
applied research and evaluation which in turn feeds back to improved management
strategies and tools.

The management strategies considered in this report address 1and use change and
control in relation to stream environments, wetlands, and nonpoint source pollution.

Stream protection strategies are designed to carry out resource and water quality
protection goals. Protection tools are designed to control the amount of sediment and
pollutants which can potentially reach streams and eventually the Estuary. To protect
streams from direct and indirect impacts of land use change and intensification, it is
important to develop stream protection goals and to define the stream riparian zone
to which these goals and complimentary plan policies and regularly controls can be
applied. Regulatory boundaries can be established within the riparian zone according
to general physical criteria and stream-specific characteristics and functions. These
boundaries can establish fixed, variable, or independent zones. Within these zones,
allowable land uses can be identified, design and performance standards established,
and best management practices (BMP) set.

The goals of wetland protection are to protect wetland environments and their
functions, promote compatible uses in and adjacent to the wetlands, and limit or
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prohibit land uses and practices which adversely impact wetlands and adjacent
wetland-related areas. Land use policy plans and implementing regulations provide
a mechanism to protect wetlands from activities which pose significant threats to
wetland environments. As with stream protection strategies, it is important to
identify wetland protection goals and to define and delineate the wetland areas that
protection policies and regulatory programs, which include best management
practices (BMP), apply.

Non-regulatory tools, such as wetland acquisition and management, easement
acquisition or donation, and tax incentive programs can assist in rounding out a
carefully crafted wetland protection strategy.

Of particular promise to minimize the impacts of nonpoint source pollution on
the Estuary are strategies which utilize education and regulatory means to control
pollutants at their source, before they enter the Estuary drainage system. By carrying
out specific best management practices (BMP) such as control of soil erosion,
curbing illegal discharges into storm drains, control of the use of chemicals including
household use of toxicants, and the safe disposal of household toxic wastes, the
Estuary can be better protected from urban run off pollution.

As observed earlier, the existing system of land use planning, control, and
management is focused locally, not on the Estuary as a single, comprehensive
system. This has suggested a need to look at Estuary protection from a greater-than-
local perspective and to consider alternative land use planning, control, and manage-
ment institutional arrangements that would provide mechanisms to better protect the
Estuary. Three alternative models appear relevant and practical: (1) voluntary
adoption of stronger land use controls by local government; (2) creation of a new
state agency to manage the Estuary; (3) creation of a state/local collaborative land
use planning and control process.

Over 20 examples of greater-than-local land use planning and control exist
around the country. These examples can be categorized into four groups: (1) state-
wide—comprehensive such asin New Jersey, Oregon, and Florida; (2) state-wide—
selective, such as the California Coastal Commission; (3) regional-comprehensive
such as the Suisun Marsh Local Protection Program, the Tahoe Regional Planning
Agency, and the Pinelands and Hackensack Meadowlands commissions in New
Jersey; and (4) regional—selective, such as the San Francisco Bay Conservation and
Development Commission and Martha’s Vineyard Commission in Massachusetts.
State-wide—comprehensive land use planning and control programs apply to the
entire state while state-wide—selective programs apply to a specific, but extensive
geographic area of the state. Regional—comprehensive programs apply to a specific
region of a state whereas regional—selective programs establish land use planning
and controls over a specific resource of a region.
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Conclusions

xxiv

1. The Estuary is a Single, Hydrologic System

2.

The open Estuary waters—salt, brackish, and fresh water—and sur-
rounding wetlands and tributary stream environments make a single,
hydrologic system.

The 28 receiving watersheds of the Estuary are the logical geographic
units for the analysis and management of 1and use effecting the Estuary’s
health.

The Estuary Region Consists of Two Subregions: the San Francisco
Bay Area and the Delta Area

A review of the physiographic characteristics, current land use pattemns,
future plans for urban expansion, and existing land use planning and
control institutional arrangements, reinforces the view that the 12-
county Estuary region consists of two distinct subregions: the nine-
county San Francisco Bay Area (Alameda, Contra Costa, Marin, Napa,
SanFrancisco, San Mateo, Santa Clara, Solano, and Sonoma Counties),
and the three-county Delta Area (Sacramento, San Joaquin, and Yolo
Counties).

3. Rapid Population Growth and Land Use Change Will Continue in the
Estuary Region

Because of a favorable economic climate and high quality of life, which
isinpartrelated to the unique environmental qualities of the Estuary, the
Estuary region will continue to grow in population at amoderately high
rate. This growth will be concentrated along the major highway systems
of the Bay and Delta Areas—Interstate 80 between the East Bay and
Sacramento; Highway 101 in northern Marin and Sonoma Counties and
south of San Jose; Interstate 680, Interstate 580, and State Highway 4 in
Contra Costaand Alameda Counties; and Interstate 5 in Sacramento and
San Joaquin Counties.

Of the approximately 6,567,000 acres of land in the Estuary region,
about 5,670,000 acres (86 percent) are currently (1985) devoted to
agricultural and rural uses and 896,000 acres (14 percent) are in urban
use.

If the land use plans adopted by the 12 Estuary region counties were
carried out, approximately 300,000 acres of existing agricultural and
rural land would be converted to urban use—a 37 percent increase in
urban land use in the Estuary region. Under this scenario of future land
use, close to 1,228,00 acres of land would be in urban use (19 percent
of total 1and use) and approximately 5,339,000 acres in agricultural or
rural land use (81 percent of total land use).

The population projection for the Estuary region in the year 2005
combined with a geographic model of urban growth incentives and
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limitations indicates that approximately 80,000 acres of existing agri-
culture and rural land would be converted to urban use—a nine percent
increase in urban land use in the Estuary region. Under this scenario,
around 976,000 acres of the Estuary region would be devoted to urban
use (15 percent of total land use) and approximately 5,591,000 acres
would be in agricultural or rural use (85 percent of total land use).

4. Land Use Change Will Produce Adverse Impacts on the Estuary

As the Estuary region continues to grow, and current agricultural and
rural lands are converted to urban uses, the Estuary would be adversely
impacted by (1) the elimination or modification of wetlands, (2)
modification of strecam environments, and (3) additional pollutant
loading from urban runoff.

Under the growth scenario based on county General Plans, approxi-
mately 40,000 acres of Estuary wetlands would be eliminated, modi-
fied, or in some way adversely impacted, while under the scenario of
growth based on modeled incentives and limitations, approximately
3,500 acres of wetlands would be eliminated, modified, or adversely
impacted. Adverse impacts to wetlands include, but are not limited to:
dredging and filling, removing vegetation, altering local hydrology
through diversion of tributary waters, increasing sedimentation, de-
grading water quality through increased pollutant carrying urban run-
off, and disruption of wildlife breeding through increased human
activities.

Of the approximatcly 380,000 acres of stream environments in the
Estuary region, under the scenario of growth based on county general
plans, approximately 28,000 acres (seven percent) of Estuary stream
environments would be eliminated, modified, or in some way adversely
impacted. Under the scenario of growth Based on modeled incentives
and limitations, approximately 10,500 acres (three percent) of Estuary
stream environments would be eliminated, modified, or adversely
impacted. Adverse impacts to stream environments include, but are not
limited to: channelizing, dredging, removing vegetation, altering local
hydrology through diversion of tributary waters, increasing sedimen-
tation, increasing potential for flooding, and disturbance of riparian
aquatic life and wildlife habitat.

Both land use scenarios indicate that substantial increases in pollutant
loadings from urban runoff can be expected in all receiving water
segments of the Estuary. To the extent that the environmental health of
the Estuary is already stressed by pollution, increased urban runoff from
additional urbanization will further exacerbate the Estuary’s deteriorat-
ing health.

C—098822

C-098822



Recommendations

xXxvi

5. Current Land Use Planning, Regulation, and Management Practices
Inadequately Protect the Estuary

Currently, there is no Estuary region-wide enforceable land use plan,
policy, or regulatory structure for management of lands that contain
significant natural resources (other than San Francisco Bay). Regional
goals such as protecting wetlands and stream environments have no
uniform or consistent voice in law or agency regulation.

California General Plan law does not require local governments to
protect the Estuary’s natural resource system. Some counties and cities
currently revising their codes are including policies which specifically
address the protection of wetlands and streams, and the control of
nonpoint source pollution. Presently only 16 percent of the region’s
jurisdictions have specific ordinances for stream and wetland protection.
Many existing plans reveal no coordination with neighboring jurisdic-
tions, and contain vague and contradictory language regarding resource
protection and development. In addition, General Plan policies are often
inconsistent with local jurisdictions’ zoning ordinances.

There is need for a comprehensive, coordinated regional approach to
land use planning and control in the Estuary region that protects,
enhances, and restores the Estuary system—its open waters, wetlands,
and stream environments—from potential adverse impacts associated
with land use change and intensification.

Historically, pollution control programs have focused on reducing the
load of chemical pollutants (e.g., nutrients, heavy metals, biochemical
oxygen demand) to water bodies. Although reduction of chemical
contaminants will continue to constitute a major element of pollution
control efforts, water quality objectives can only be achieved if open
Estuary waters, stream environment areas, and wetland habitat planning
and regulation is integrated into a comprehensive Estuary management
plan and regulatory scheme and restoration and enhancement strategy.

The existing system of land use planning, regulation, and management must be
improved and strengthened to protect, enhance, and restore the environmental well-
being of the Estuary. This action will require new policies, regulatory authority,
management strategies, institutional arrangements and regional will. Additionally,
the management system can be further improved by the timely completion of a
priority research and analysis agenda.

1. Set Enforceable Regional Estuary Resource Protection Goals, Policies,
and Controls

State-wide goals for land use planning should be adopted calling for
protection and restoration of wetland habitats and stream environment
zones.
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State agencies with resource management responsibility in the Estuary
should establish specific goals to protect, enhance and where possible
restore open Estuary waters, wetlands and stream environments.
Local governments and special districts should adopt policies to bring
their General Plans, zoning ordinances, and resource management plans
into conformance with state-wide Estuary open water, wetland habitat
and stream environment protection and restoration goals.
Management objectives based on the best available scientific informa-
tion should be developed. These objectives should include specific
targets for restoration of Estuary open water, streams and wetlands and
for reduction of nonpoint source pollution.

Any new regional agency created for the San Francisco Bay Area or the
Delta Area, should include protection, enhancement, and restoration of

the Estuary open water, related wetland habitats and stream environment

zones among its goals and objectives.

To promote and protect the environmental health of the Estuary,

specific, enforceable land use policies and controls should be adopted

at the state, regional, and local levels that would:

« Stabilize and begin reducing the total run-off and volume of
pollutants entering the Estuary (nonpoint source control);

+ Minimize the destruction of—or adverse impacts on—wetlands
and stream environments;

» Reduce the amount of impervious surfaces in new existing devel-
opment; and

» Promote more compact, dense urban development.

2. Develop and Carry Out New Estuary Management Strategies

The 28 receiving watersheds of the Estuary are the logical management
units for improving the Estuary’s health. These watersheds provide the
basis for an integrated, comprehensive Estuary watershed management
approach that requires creation and adoption of individual watershed
plans. This approach necessarily cuts across political boundaries and
allows for a systematic and comprehensive hydrologic approach to land
use planning, regulation, and management.
The watershed plans should identify the specific management strategies
(including best management practices (BMP) and best development
practices (BDP)) for: (1) eliminating or significantly reducing storm
water and pollution from urban runoff; (2) wetland protection, en-
hancement, and restoration, and; (3) stream environment area protec-
tion, enhancement and restoration appropriate for each watershed.
» Storm water and urban runoff pollution elimination or reduction
programs should include: (1) residential and commercial area
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Xxviii

control programs; (2) prohibition on non-storm water discharges;
((3) industrial storm water control programs; and (4) construction
activity control programs. These primarily local government pro-
grams call for best management and development practices, edu-
cational and training programs, and monitoring and enforcement
programs.

Wetland protection, enhancement, and restoration programs should
include: (1) delineation of wetland boundaries; (2) delineation of
buffer areas around wetlands; (3) aland use plan for and regulations
applicable to wetlands and buffer areas; and (4) acquisition, en-
hancement, and restoration programs by public, non-profit, and
private institutions and organizations.

Stream protection, enhancement, and restoration programs should
include: (1) delineation of stream environment areas; (2) delinea-
tion of stream channel and riparian areas along the channel; (3)
development of channel and riparian area alteration performance
standards; and (4) a permit system to carry out and enforce the
performance standards.

3. Adopt Improved Institutional Arrangements
» In preparing the Comprehensive Conservation and Management Plan
(CCMP), three alternative institutional arrangements for helping to
carry out the land use elements of the CCMP should be considered:

One option for improving the existing system is to promote the
voluntary adoption of new land use controls by local government.
The capacity for local planning regulation, and enforcement could
be strengthened, for example, by organizing technical and financial
assistance from the State. The intent would be to give local gov-
ernment the tools to better plan for, regulate and manage natural
resources within their jurisdiction. This model relies on creation of
a program of local assistance, perhaps in an agency such as the
Governor’s Office of Planning and Research. Creating such an
arrangement requires the lowest level of effort of the three models
discussed here. It is also likely to encounter the least political
opposition given its deference to local authority. However, a
voluntary program has several weaknesses, as well. Our review of
local protection ordinances, together with the results of many other
analyses, suggests that reliance on voluntary cooperation of local
governments would produce an uneven commitment to resource
protection.

A second option is to create a new state-level agency charged with
improving management of the Estuary. Such an agency could be
given powers and duties to establish carrying capacities and
thresholds for the region, against which impacts of regionally
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significant projects could be compared, much along the lines of the
Califormnia Tahoe Regional Planning Agency. SuchaSanFrancisco
Estuary Agency could also be the institutional home for the drafting
and implementation of the specific management strategies for
stream protection, wetland protection, and nonpoint source pollu-
tion control. A possible variation of this model would be to
strengthen and clarify the regulatory and planning functions for
existing agencies in the San Francisco Bay Area and to create a
unified agency for the Delta Area. Another variation on the model
of a single centralized agency would be to create a federation of
agencies, perhaps sitting on a San Francisco Estuary Management
Authority. Such an interagency Authority would conduct joint
hearings, coordinate preparation of EIRs and EISs, and cooperate in
setting environmental targets and thresholds for the Estuary against
which new programs and projects can be evaluated.

* An intermediate option would be to create a set of policies and
planning standards for the Estuary region and delegate their
implementation to local government. Under this arrangement,
policies would be prepared at the state level to foster protection and
restoration of wetlands and stream environments and wetland
resources, and to reduce nonpoint source pollution. Local gov-
ernments would then be called upon to prepare amendments to their
general plans and zoning ordinances, perhaps called Local Estua-
rine Protection Plans. These plans would be the subject of review
and cross acceptance by the state. Alternatively, plan review and
certification could be accomplished by the regional agency for
growth management now proposed in some of the legislation
discussed earlier.

4. An Agenda for Applied Research and Analysis

Any management or regulatory system hoping to achieve success must
have the capacity to continually expand the information base upon
which it is founded. Identifying gaps in knowledge early on, and taking
measures to fill them is an essential task in institution building. Manage-
ment options should offer provisions to fill those gaps and expand the
knowledge of both the natural resources being managed, and the
effectiveness of various strategies for protecting them.

There are two general areas wherein further research and analysis would
offer considerable returns. These include both impacts and their effects,
and regulatory and institutional performance.

Additional research and analysis on the impacts of land use change is
needed.Continued efforts to describe land use change and understand its
impacts and effects on the Estuary can only improve upon the efforts
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made to date. The natural resource inventories upon which the analysis
in this report was based, could be improved. For one, the inventories are
silent on the condition of the resources they quantify. Additionally, the
National Wetlands Inventory should be completed for the Estuary in
order to provide a more accurate sense of the wetland areas at risk to
urbanization.

There is still considerable debate over what is in fact the most appropri-
ate configuration or pattern of land use in a region like the Estuary.
Future research should seek to clarify the relative impacts of dispersed
and concentrated development patterns on wetlands, streams, and
pollutionloading. Efforts to determine the meaningful limits to growth—
the carrying capacity—in the region must be undertaken as well.
Determining the Estuary’s carrying capacity to a level that will also
protect the Estuary from further degradation will require more complete
and accurate scientific information. As this information is developed it
must be integrated with the decision-making process through well
established channels. For example, with greater attention now being
paid to controlling nonpoint source pollution, it is hoped that an
understanding of the routing and fate of pollutants generated by differ-
ent land uses will be reached. As this gap in knowledge is filled, it must
inform decisions about where to locate different 1and uses and where to
reinforce control strategies.

Additional research and analysis of the performance of regulatory
agencies should be conducted. The performance of existing regulatory
and other governmental agencies throughout the region has only been
partially assessed in this report. There remain many unanswered questions
regarding the effectiveness of these agencies’ efforts to manage the
resources of the Estuary. In particular, no evaluation of permit compliance
has been performed for the myriad permitting agencies at the federal,
state and local levels of govemnment. Additionally, the success of
various best management practices for stream and wetlands protection,
and nonpoint source pollution control employed in some jurisdictions,
has not been assessed. The effectiveness of currently mandated, yet-to-
be implemented, control measures for nonpoint source pollution, is an
area in which information will contribute significantly to managing the
Bay’s water quality. Mitigation, where it occurs, often is not followed-
up on to insure its success. Often the concluding phase of the permit
process, mitigation appears to occur on a sporadic basis, but no full-
scale study has been done to verify the success of mitigation require-
ments. These points illustrate the importance of continuing to probe the
areas of research this reportis concemed with. Obviously the management
system which evolves to protect the Estuary will have to accommodate
other subjects and fields of study wherein our knowledge is incomplete.
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Thus the agenda for applied research and analysis is an important
component of resource management and should be developed concur-
rently with institutions and implementation strategies.

The impacts on local government of additional responsibilities to
protect the estuary should be examined. The financial, administrative,
and personnel required to provide further protection to the Estuary by
local government needs to be analyzed and quantified. Many of the costs
and responsibilities forimproved protection, enhancement, and restora-
tion of the Estuary will fall on the shoulders of local government.

5. Identify Vehicles for Implementation

Estuary managers will need to move quickly to ensure that resource
protection goals are incorporated in pending federal and state legisla-
tion. Realistically, this may require action concurrent with the final
drafting and ratification of the CCMP. There are several vehicles for
creating improved management strategies and institutional arrangements.
The options outlined above will require that new legislation be enacted
to articulate clear policies and provide the necessary authority and funds
to better manage the Estuary. Two clear opportunities are the pending
reauthorization of the federal Clean Water Act and the current efforts to
enact state growth management legislation, which most likely will come
to avote in 1992. It is timely for Estuary managers to begin developing
specific proposals to be incorporated in this legislation at the federal and
state level.

xxxi
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The San Francisco Bay-Delta Estuary is the largest estuary and possibly the
most important natural and economic resource on the western coast of the American
continents. The Estuary region contains the nine Bay Area counties—Alameda,
Contra Costa, Marin, Napa, San Francisco, San Mateo, Santa Clara, Solano, and
Sonoma—and the three Delta counties—Sacramento, San Joaquin, and Yolo (see
Figure 1). The Estuary is one of the world’s great natural harbors and centers of
ocean-going commerce, and the setting for the fourth largest metropolitan region in
the United States. In addition to this urbanized and highly commercial face of the
Estuary, the meeting and the mixing of the cold salt waters of the Pacific Ocean with
the warmer fresh waters of the Sacramento and San Joaquin River systems provides
diverse and abundant habitats and breeding grounds for a multitude of aquatic life
and wildlife. The Estuary provides not only an extensive habitat for resident fish and
wildlife, butis an essential resource for amultitude of migratory fish, waterfowl, and
shorebirds. Moreover, the Estuary provides its approximately 7.5 million residents
and substantial number of visitors with significant and multiple economic, recre-
ational, and aesthetic benefits. As an economic resource, the Estuary affords
navigable, secure sites for deep water ports and water-related industries; facilities for
commercial and sport fisheries; areas for the production of salt; numerous tourist
attractions; and cooling waters for electricity production. It also provides recre-
ational and aesthetic values for boaters, swimmers, fishermen, hikers, and all those
who appreciate its natural beauty. The many benefits that the Estuary provides make
it a resource of inestimable values—values that must be protected for future
generations.

All uses of the Estuary depend to a greater or lesser extent on the quality and
health of its waters and wetlands. While many uses inthe Estuary region coexist with
and enhance the Estuary, others can conflict with or degrade the value and beneficial
uses of the Estuary. A leading cause of degradation and a fundamental threat to the
present and future benefits of the Estuary is the loss of the Estuary’s open water areas,
wetlands, and stream environments through modification or conversion to other
uses, and contamination by pollutants.

The Estuary consists of the open tidal, brackish, and fresh water system of the
San Francisco Bay and the Sacramento-San Joaquin Delta, their adjacent wetlands,

1
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Figure 1
Estuary Region

SOURCE:
San Francisco Estuary Project

and tributary streams. Changes inland use can have a direct impact on the Estuary—
physical conversion of the Estuary’s open waters, wetlands and streams to other uses
such as homes or shopping centers—or indirect impacts—pollutants carried by rain
water into the Estuary from upland uses and activities.

Historically, land use change in the Estuary region has had considerable impact
on the Estuary’s ability to function as a dynamic natural and economic resource. For
example, through diking and filling for urban and agricultural uses, the current size
of San Francisco Bay relative to 100 years ago is 60 percent; the average depth, 50
percent; and the amount of tidal marshes, five percent (BCDC, 1988). Conversion
of Estuary waters and wetlands to other uses seriously effects the Estuary’s natural
functions and beneficial uses. Contamination ofthe Estuary with pollutants continues
to threaten its environmental health and well-being. Most of the pollutants entering
the Estuary emanate from urban and non-urban runoff rather than sewage discharges
(see Figure 2). Water pollution can render water contact recreation hazardous, harm
or destroy aquatic organisms, degrade drinking water and sport and commercial
fisheries, and even preclude use of Estuary waters by industry. Consequently,
preventing or controlling water pollution is crucial to obtaining full benefit from the
Estuary’s many uses. While some of the most dramatic direct and indirect impacts
on the Estuary associated with land use change and intensification occurred many
years ago, our present and possible future land use allocation and practices continues
to threaten its future biological condition.

—
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The change and intensification of 1and use and the consequential impacts of this
change on the Estuary has been established by the San Francisco Estuary Project’s
Management Conference as a major management issue of concern regarding the
future biological health of the Estuary. Since World War II, the Estuary region has
experienced profound economic and population growth. By most standards of
measurement, California—including the Estuary region—has been one of the
world’s most successful societies in terms of economic expansion and population
growth (The Economist, 1990). To accommodate this growth, rural and agricultural
land, as well as open water and wetlands, have been urbanized to provide the sites
for homes, businesses, and industry. The Status & Trends Report on Land Use &
Population has chronicled the historic changes in population and land use in
California and around the Estuary from the Mission era through 1975. During this
past decade, perhaps more than at any time in its history, California and the Estuary
region have experienced the most fundamental change—change that could well be
a harbinger of additional, significant economic and population growth and land use
change and intensification in the years to come.

For example, during the 1980s, the State and the Estuary region bounced back
from a national recession and became an economic locomotive on a world-wide
scale. During this period 3.2 million jobs were created in the State—an increase
greater than one-half the jobs created in the entire country (The Economist, 1990).
The Silicon Valley in Santa Clara County emerged as a dynamic economic force
spawning micro-electronic, high-technology industries throughout the Estuary
region, from eastern Sacramento County to Santa Rosa in central Sonoma County.
The economic opportunities and generally perceived high quality of life in California
and the Estuary region attracted people from other parts of the United States and
foreign countries in record numbers. During the 1980s, California’s population grew
to approximately 29 million people, an astonishing 23 percent increase. Althoughthe
Estuary region’s population growth rate did not equal that of the entire state, the
growth increase was still remarkable. The nine-county San Francisco Bay Area’s
population increased approximately 14 percent to just over six million people,
surpassing the Philadelphia metropolitan areain population and becoming the fourth
most populated metropolitan area in the country. The Sacramento area, which had
one of the nation’s highest growth rates, added approximately one-quarter of its 1.38
million population in the 1980s (San Francisco Chronicle, February 14, 1990). This
significant increase in economic and population growth over the past decade has
resulted in profound changes inland use and 1and use patterns throughout the Estuary
region. The 1990s appears likely to be a decade of continued economic and
population growth in the Estuary region and, consequentially, expansion and
intensification of urbanization. The recent and likely future record economic and
population growth in the Estuary region presents the citizens of the area with difficult
and urgent choices concerning the region’s future quality of life and the environmen-
tal health of the Estuary.
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Purpose
of the Report

Sources of
Estuary Pollution

Figure 2
Pollutant Loading to the
Bay-Delta Estuary

SOURCE:

State Water Resources Control Board,
Pollutant Policy Document, San
Francisco Bay/Sacramento-San
Joaquin Delta Estuary, June 21, 1990.

The purpose of this report is to characterize the extent and nature of the impacts
of future land use change and intensification on the water quality and biological
resources of the Estuary, and identify management options for Estuary land use
planning, regulation, and management that will minimize the adverse impacts
associated with land use change and intensification on the environmental beneficial
uses of the Estuary.

Direct impacts associated with urbanization and land use change are readily
apparent to the observer. For example, a wetland filled for a housing development
or a stream channeled as part of a flood control program is easily detectable. Indirect
impacts, for example hydrocarbons washed into the Estuary from a new shopping
center parking lot, are not as easily detected, and are very difficult to quantify.
Pollutants enter the Estuary from a variety of sources: conveyed by riverine inflow
from upstream sources; urban runoff (storm water and other runoff from urban
areas); non-urban runoff (water runoff from agricultural lands, forests, and range
lands, and irrigation return flow as surface runoff and subsurface drain water); point
sources (publicly-owned treatment facilities and industrial discharges); dredging
and dredged material disposal; spills of petroleum, chemicals, and other materials;
and atmospheric deposition (fallout, or settling of pollutants transported by winds)
(State Water Resources Control Board, 1990). The estimate of the range in magni-
tude of the Estuary pollutant loadings by the State Water Resources Control Board
is shown in Figure 2.
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NOTE: Bars reprasent tonnes per year of calculated pollutant loads from identified sources. It should be noted however,
that bocause of inadequate data the loads for some important categories of poliutants were not cakculated for the sources
shown and are therefore not included in this figure. Due to the varying toxicity of different pollutants, bar heights do not
reflect either the toxicity of the poliutants or their impacts on bensficial uses.
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According to the State Water Resources Control Board, annual pollutant
loadings do not provide a complete picture of pollutant impact on the Estuary. This
isin part explained by the variability of urban runoff over time. For example, the first
rains of the wet season cause the discharge of highly concentrated pollutants over a
short period with minimal dilution into the near shore waters of the Estuary. Further,
estimates for pollutant loads from urban runoff are far less accurate than point source
estimates (State Water Resources Control Board, 1990). Therefore the State Board
used other sources of data to estimate the pollutant loads to the San Francisco Estuary
as shown in Figure 2. The importance of this figure is the indication it gives of the
relative magnitude of sources of pollutants. The most recent programs (1960s and
1970s) to abate Estuary pollution focused on municipal and industrial discharges of
waste water. As a result, Estuary pollution from this former major source has
declined significantly and contributes far less total pollutants than runoff and
riverine inflow (State Water Resources Control Board, 1990). Riverine inflow
originates outside the Estuary, and thus is not addressed in this report. However, the
major source of pollutants to the Estuary is runoff—urban and non-urban—from
within the region. The amount of pollutants entering the Estuary from runoff is
directly affected by land use changes in the Estuary region. To address the most
significant aspect of the problem, this report analyzes the impact of projected land
use change on the quantity and location of pollutants entering the Estuary under
existing land use patterns, and under two future land use scenarios.

This study represents an innovative approach to problem analysis and land use
planning in that it utilizes a Geographic Information System (GIS) developed at the
University of California, Berkeley. (Note: the methodology for each phase of the
analysis is explained in Chapter 2.) Because of the importance of the computer-
driven GIS use in this report, a brief description of GIS generally, GIS as used in this
report, and the technical capabilities of the process carried out in this study, which
are applicable to similar regional planning studies, is discussed below. A description
of the system is included here because this is the first time a GIS has been used to
portray existing land use and to model possible future land use pattems and impacts
for the 12-county Estuary region. As such, the system and the process offer a new
and highly versatile regional planning analytical tool.

A Geographic Information System is a set of computer hardware, software, and
procedures for sorting, manipulating, and displaying information about the earth.
Combined with data describing earth features, a GIS becomes an application useful
for answering questions and solving problems related to geographic features, and in
particular, land use and land use change.

The technology of GIS borrows heavily from database management systems,
computer graphics, computer aided design, computerized cartography, and image
processing. However, it is unique in its view of geographic phenomena as data about
the earth which can be defined both graphically, with respect to position, and
textually or numerically, with respect to description. Through the use of acommon
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Report Contents

coordinate system, in which every geographic feature is associated with an actual
geographic location, information can be compared, studied, and analyzed.

The capabilities of GIS include inventorying a specific geographic variable, e.g.,
land use of a specific geographic area, querying for the existence of items of interest,
measuring the extent of various features, analyzing the coincidence of multiple
factors, monitoring change and its effects, and modeling past, present, and future
conditions. Common applications include natural resource management, environ-
mental assessment, land use planning, infrastructure mapping, and dynamic mod-
eling.

The use of GIS capabilities has been critical to this study in several areas. GIS
was used to develop a common data base for evaluating baseline conditions and
testing assumptions. In particular, the GIS was used as a tool to:

»  Map factors related to land use change and its impacts

¢ Study the coincidence between land use patterns and County plans

« Analyze the relationships between land cover and environmental

factors

»  Measure the extent of urbanization

+ Evaluate historic patterns of environmental change

« Identify the location of development incentives and limitations

* Model aggregate potential development/growth areas

» Allocate projected growth based on development potential

«  Assess environmental impacts of growth scenarios

» Project estuarine effects due to contamination/runoff

This reportutilizes GIS to spatially and quantitatively model land use information
and pollutant concentrations to: (1) arrive at plausible pollutant loadings for the
receiving waters of the Estuary; and (2) estimate the amount and location of Estuary
open water, wetlands, and stream environments impacted by land use change. In
addition to the GIS work, the report analyzes the public and private institutions that
affect land use change and different forms of Estuary regional land use planning,
regulation, and management for better management of the Estuary. It is these
analytical tools and management alternatives that, in concert with the information
and suggested management options from the status and trends reports, are intended
to provide the SFEP Management Committee with the information needed to
develop actions to improve, restore, and protect the Estuary.

To establish an understanding of the information base and analytical process
leading to the conclusions and recommendations of this report, Chapter 2 discusses
the methodology used in this study to analyze the effects of land use change. The
methodologies described include those used in developing the baseline of land use
information, and the two land use change scenarios that drive the impacts analysis.

Chapter 3 gives a general description of the underlying forces of population
growth and land use change and the kinds of private and public sector decisions,
institutions, and authority that currently affect land use change.
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Chapter 4 describes the relationship between land use and the environmental
health of the Estuary and sets the stage for the examination and analysis of the
impacts of land use change.

Development of an information baseline to compare future 1and use change and
impacts is essential in this analysis. Consequently, Chapter S classifies, describes,
quantifies, and maps the present (1985) basic land use types of the Estuary region:
(1) wetlands; (2) urbanized uplands; and (3) non-urbanized uplands.

To quantify the possible future impacts of 1and use change, Chapter 6 presents
two scenarios of future land use. The first scenario is based on the adopted land use
plans of the 12 Estuary counties. The second scenario, founded on population
forecasts for the region developed in the Status & Trends Report on Land Use &
Population, presents a future land use pattern modeled on selected urban growth
incentives and limitations.

The existing land use planning and regulatory framework in the Estuary Region
is analyzed in Chapter 7, with particular attention to controls on wetlands and
streams. Inaddition, the chapter contains a brief discussion of the contents and status
of enforceable state-wide and regional planning legislation being considered in the
California Legislature and the relationship of the legislation to Estuary protection.

Chapter 8 offers a range of land use management options which can assist in
protecting, enhancing, and restoring the Estuary’s environmental health and beneficial
uses.

The report conclusions and recommendations are contained in Chapter 9.
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The methods of analysis used in this report is described here. Three proce-
dures were used to determine effects of land use change and intensification on the
Estuary: (1) constructing land use scenarios; (2) measuring direct effects of land use
change and intensification on wetlands and streams; and (3) measuring indirect
effects of land use intensification on water quality. Figure 3 illustrates this process.

The first procedure produced a picture of current (1985) land use and two
scenarios of futureland use: Scenario I, General Planland use, and Scenario I, aland
use scenario based on modeled incentives and limitations to growth.

The second procedure measured the direct effects on Estuary wetlands and
streams of the two land use scenarios. This process utilized an overlay method in
which maps with different features and attributes were stacked in order to determine
coincident and overlapping areas.

The third procedure generated estimates of pollutant loadings based onland use
types and rainfall runoff. This nonpoint source urban runoff eventually makes its
way to the Bay through streams, other waterways, and storm drains, carrying
pollutants with it. Estimates of the quantities of heavy metals, nutrients and
suspended solids were made for existing land use and both scenarios of future land
use.

Figures 4, 5, and 6 illustrate the procedure used to construct the three land use
maps. Figures 7 and 8 detail the procedure used to evaluate direct effects on wetlands
and streams, and Figure 9 illustrates the process used to estimate indirect effects of
land use change associated with urban runoff.

Effects were evaluated on the basis of hydrologic boundaries. Receiving water
segments, comprising hydrologically and ecologically distinct parts of the Estuary,
were mapped, along with theirassociated receiving watersheds. The receiving water
segments used here and the receiving watersheds, in turn, were constructed to
correspond to the receiving water segments, were based on a classification of the
Bay-Delta by the Aquatic Habitat Institute (Gunther, 1987). Estimated impacts
were then assigned to each water segment and watershed. Figure 10 describes the
process by which the Estuary water segments and watersheds were delineated to
serve as the unit of analysis for summarizing impacts.
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Figure 3

Methodology for
Characterizing Effects of
Land Use Change and
Intensification

SOURCE:
Center for Environmental Design
Research, 1991,
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Measuring Impacts

Prepare
Land Use Scenarios

a, Current Land Use
b. County Plan-Based Growth
Scenario
c. Incentives/Limits Growth Scenario
(See Figures 4, 5, and 6)

i

Select
Land Use Model
for Analysis
/ i
Methodology Methodology Methodology
for Characterizing Impacts for Characterizing Impacts for Characterizing Impacts
of Land Use Intensification of Land Use Intensification of Pollutant Loadings
on Wetlands on Streams Due to Land Use Intensification
(Sec Figure 7) (See Figure 8) (See Figure 9)
l Y l
Characterize
Impacts of Land Use Models
on Wetlands, Streams, and Nutrient
and Pollutant Loading

Completion of this analysis was accomplished by building a Geographic
Information System (GIS) using a software package called Geographic Resources
Analysis Suppott System (GRASS). GRASS isan interactive tool forthe management,
analysis, and display of geographic data. This software includes capabilities for
digitizing maps, for importing existing vector and raster (grid-based) data, and for
performing boolean overlay, weighted modeling, tabulation, and other statistical
analysis. Data, generally available in either digital form on computer tapes, or as
paper maps that were converted to a digital format by technicians, were compiled
into a comprehensive Bay-Delta data set to predict future land use patterns and
associated environmental impacts.

The procedures used here reflect the uncertainties inherent in any method of
projecting future development pattemns and their impacts. However, an explicit
statement of the nature of these uncertainties and the assumptions the analysts used
to deal with this uncertainty is essential to appreciating the usefulness of the findings
produced by this analysis. Frequently areas of uncertainty point to the direction in
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which further research will enhance our understanding of how land use affects
Estuary health. Consequently, in this discussion of methods, an effort is made to
identify sources of uncertainty.

Aggregating land use types into a six category classification scheme masks the
true diversity of land uses on the ground. Each type will necessarily capture a range
of land uses and the concomitant range of impacts to the environment. However, in
this report, the level of aggregation arrived at by the analysts represents the most
detailed classification that could be consistently applied across all General Plan
designated land uses. The analysts feel comfortable with this level of accuracy for
providing a characterization of the effects of land use change and intensification.

1. Current Land Use. Figure 4 shows the sequence of steps taken to arrive at
a map of current land use (as of 1985) for the Estuary region. For the Bay Area, the
Bay Area Spatial Information System (BASIS) Land Use File, in digital raster

Obtain
Under 2 Cooperative Agreecment
Digital File of 1985 Land Use
(ABAG, 1989)

A

Load and Convert
Data From ABAG Land Use File (1989)
To Geographic Resource Analysis
Support System (GRASS)

¥

Rectify
Data to Eliminate
Coordinate Errors

!

Aggregate
80 Land Use Types

in ABAG Files
into 6 Generic Land Use Types
(residential, commercial and

light industrial, heavy

industrial, agricultural, rural,

and open water)

|

Adjust
Range and Cropland Designations
for 9 Bay Arca Counties
and 3 Delta Counties
Based on Review by Greenbelt Alliance

Y

Characterize
Existing Land Use
in the 12-County Study Arca
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format, was obtained from the Association of Bay Arca Governments (ABAG,
1989). The ABAG land use file was in tum based on mapping prepared by the U. S.
Geological Survey (USGS, 1972 et seq.), as part of its nationwide Land Use Data
(LUDA) map series, from aerial photographs and satellite imagery, adapted to 1985
conditions by field inspections, census information, and imagery. The detailed land
use types were aggregated into the six generic land use types used for this study—
residential, commercial and light industrial, heavy industrial, agriculture, rural, and
open water.

The Greenbelt Alliance adjusted range and cropland designations forthe 12-
county area to reflect more accurately the true status of these land types.

The resulting map of Current Land Use (see Figure 14) is the baseline for
comparison of effects of land use change anticipated by each of the two scenarios of
future land use.

2. Scenariol: Growth Based on County General Plans. Figure 5 illustrates
the procedure used to develop the county plan land use scenario. The process
involved creating a single map of land use allowed by each of the 12 Estuary county
plans.

Current, adopted land use plans for the 12 Estuary counties were collected
and reviewed. The land use planning categories of the different plans were
reclassified to conform with the generic land use types chosen for this report.

General Plans are constantly undergoing revision and updating so the
General Plan maps used in this scenario reflect only what was planned at the time of
the analysis. This scenario is therefore a snap shot of planned growth taken in the
early part of 1990, based on county land use plan maps through 20035, the horizon date
of the SFEP.

The general plan maps were scaled and rectified to a standardized base map
series at 1:62,500 scale (Metropolitan Transportation Commission, 1972), and then
aggregated to produce a composite plan map for each county. These maps were sent
to the county planning staffs in 1990 for review and comment, and corrections were
incorporated. Then, each county plan map was digitized for computer analysis and
a composite map describing the type, location, and extent of land uses proposed by
the 12 counties was prepared.

Next, a future land use scenario map, based on general plans, was created by
merging existing urban areas as shown in the current land use map (ABAG, 1989)
with the General Plans. This also enabled the remaining urban land use categories
in each county General Plan to be classified as future urban land use.

3. Scenarioll: GrowthBased on Modeled Incentivesand Limitations. The
purpose of the second scenario is to model the effects of land use change and
intensification based on actual growth projections to the year 2005 (the SFEP time
horizon). This required a two step process: step one generated a map indicating
development potential for all lands in the Estuary, and step two allocated projected
growth to those areas (see Figure 6).

This land use scenario projects where growth will occur by use of a modcl
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assigning weights to the geographic factors believed to determine growth. Though
only one scenario using this model was generated for this report, changing the
weighting of factors or updating growth projections would produce other scenarios
with different effects on the Estuary.

It should be emphasized that while the growth model is certainly plausible,
the authors do not claim it is either the preferred land use strategy or the most likely
one.

a. Generating a Map of Development Potential. Three types of param-
eters which influence the urbanization potential of land were examined: land
availability, geographic incentives, and geographic limitations. In future work in
this GIS system, these parameters could be changed or modified to reflect new
conditions that influence urbanization (e.g., service limits, strict seismic zoning,
etc.).
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SOURCE:
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Figure 6

Methodology for
Generating Scenario II:
Growth Based on Modeled
Incentives and Limitations

SOURCE:
Center for Environmental Design
Research, 1991.
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Project
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Status and Trends Report v
(ABAG, 1990)
Allocate
Extent of Land Use Change
per HUCO
to Areas of
Highest Development Potential
Land Use Change
Anticipated by the
Altemative Growth Model

A map layer delineating the areas not available for development was
created. This layer included major water bodies, existing urban areas, dedicated
public parks and similar protected open space, and the Yolo Bypass.

Next, a series of geographical incentives to development was identified.
Areas designated for development by county General Plans, areas within existing
city boundaries, adjacent to existing cities, along major highways, and within
commute distances of major employment centers, were all considered to present
incentives forurbanization. Eachincentive was scaled into several classes. Numerical
weights were assigned to reflect the relative importance of factors and the areas were
delineated. The weights were then summed by overlaying the areas to produce an
incentives map layer. Table 1 illustrates how weights were used in this process. The
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weights were then summed by overlaying the areas to produce an incentives map
layer.

A similar procedure was used 1o create a development limitations map
layer. These limitations included protected agricultural 1and, high value croplands,
areas of moderate to high relief (slope), historic wetlands, Bay and Delta lowlands,
and other areas of poor drainage. Table 2 provides an example of the weighting
system used in this procedure.

DESCRIPTION CATEGORY VALUES
Land Use

residential, industrial, commercial, 1-3,7 25
agriculture, rural 45 0
Proximity to Highway Corridors (meters)

0-1,000 1 30
1,000-5,000 2 20
5,000-10,000 3 10
>10,000 4 0
DESCRIPTION CATEGORY VALUES
Slope (degrees)

2-6 2-6 0
0-1,11-20 1-7 5
21-30 8 20
3140 9 35
4190 10 50
Lowlands

At or below 5 ft. (msl) 10
Inside Nichols & Wright Line 10

The GIS then permitted a combining of these map layers to generate a
single map representing the relative potential for urban development of all lands
within the Estuary.

b. Allocating Growth. Growth projections to the year 2005 were pub-
lishedin ABAG’s Projections 89 (1989). These projections were documented in the
San Francisco Estuary Project’s Status & Trends Report on Land Use and Popu-
lation. ABAG considered employment trends, population growth rates, current
zoning, General Plans, and local development policies to forecast the physical extent
of land use change. To ensure consistency between the specific allocations for
growth in this scenario and the more general description in that report, the same
projections were used. The projections were aggregated for 38 planning units known
as HUCOs (hydrologic units plus county boundaries—areas defined by overlaying
county boundaries onto major watersheds). Although more specific projections
were available from ABAG on a census tract basis for the nine-county portion of the
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Procedures for
Estimating
Direct Effects of
Land Use Change

study area, these were not included in the Status & Trends Report on Land Use and
Population. Nor were they used in this study, since these detailed allocations
reflected a different set of urbanization assumptions than used by the study team.
However, inorderto determine the impacts of urbanization on wetlands,
streams and water quality, it was necessary to identify geographically where the
growth was occurring. To locate this urbanization within each HUCO, a cascade
approach wasused. Thatis, the first increment of urban growth was assigned toland
with the highest development potential; the areas with the second highest urbaniza-
tion potential received the next increment. This procedure was continued until all
the ABAG growth projections had been assigned to areas prone to urbanization.

In order to evaluate the effects of land use change on stream and wetland
resources, data describing the location and type of each resource were acquired and
loaded into the GIS. The precision of an analysis such as this is in part a function of
the size of the unit of analysis. The single hectare (2.47 acres) was the unit of analysis
used for managing data. Units for area are given in acres throughout this report, but
it is important to recognize that the figures given as estimates of potentially effected
wetland and stream environments are calculated from hectares and are not accurate
to the level of one acre.

1. Wetlands. AsFigure 7 shows, the National Wetlands Inventory (NWI) was
central to the assessment of impacts of urbanization on wetlands. The inventory,
prepared by the U. S. Fish and Wildlife Service (USFWS), is based on the agency’s
interpretation of satellite and photo imagery. The agericy digitized the interpreted
images for computer manipulation using standard United States Geologic Survey
1:24,000-scale quadrangles as base maps. The National Wetlands Inventory digital
files were obtained from the USFWS for this study and were instrumental to the
analysis.

To facilitate meaningful analysis, the 210 categories contained in the
original digital files were aggregated into the 14 wetland types used in the Status and
Trends Report on Wetlands and Related Habitats prepared for the San Francisco
Estuary Project (ABAG, 1991). These included: open water, mudflats and rocky
shore, vegetated tidal marsh, tidal channels, diked vegetated wetlands, seasonal and
permanent vegetated wetlands, seasonal ponds, farmed wetlands, freshwater marsh,
riparian forest, salt evaporators, perennial lakes and ponds, tidal rivers, and nontidal
rivers.

The next step was to prepare a composite wetlands map of the study area by
assembling the individual maps. Eighty five of the 104 USGS quadrangle maps that
have been prepared by the USFWS for the Bay-Delta region were obtained from the
Fish and Wildlife Service. This acquired coverage includes the immediate shoreline
of the San Francisco Bay, and most of the Delta. However, important lowland
sections of the Delta were excluded because they had not been digitized by the
USFWS, and thus were unavailable for this study. Obtaining the remainder of these

16

C—098843

C-098843



files will enable analysts to produce comprehensive findings on the impacts of land
use change on wetlands. At present, these findings should be discussed in full
knowledge that for a percentage of the area, no wetlands data were obtained.

The two land use maps were then overlayed onto the composite wetlands
map. The acreage of wetlands potentially impacted by land use under the two
scenarios was then quantified.

2. Streams. As illustrated in Figure 8, the analysis of impacts on streams was
based on 1:100,000 scale Digital Line Graph (DLG) files obtained from USGS

5 - Oban Figure 7
Impacts of Urbenization National Wetlands Enventory Digital Information Methodolpgy for
on Wetlands (USFWS, 1980 et seq.) Characterizing Effects of
Based on Literature Review interpreiation of Imagery and Field Surveys Land Use Intensification
. . . Used 10 Classify and Delineate Weilands n n
I. Diking, dredging, and _ filing by Vegetation, Soils, and Hydrology on Wetlands
eliminates or modifies wetland habitas.
* SOURCE:
2. Vegesation removal and destruction Center for Environmental Design
destroys habitat value. Assemble Research, 1991,
Available 7.5 - Minute Quadrangle Maps
3. Construction may alter hydrologic to Create Wetlands Map
regime, rerouting requisite waler 10 of SFEP Study Area

the welland. Sedimemation may
increase the elevation of the wetland 10
a point beyond its viability as a

Y

wetland, Aggregate
210 Categories from NWI into 14 Categories

4.Increased  wrban  runoff  from Identified in Wetlands Status and Trends Report
impermeable  surfaces  carvies open water Jarmed wetlands
pollutants, such as grease and oil, into mudflais and rocky shore  freshwater marsh
wetlands. vegelated tidal marsh riparian forest

. tidal channels peremnial lakes and ponds
S.Increased  recreational  usage diked vegetated wetlands  tidal rivers
disrupts  wildlife breeding, thereby Upermanent idal rivers
nduciag the viability of p{)pnlatiau:. vegelated wetlands salt evaporators, crysiallizers,
Domestic peis distard wildlife, forcing seasonal ponds and bittern ponds
them 10 move further from their ideal

habitas. ¢

Select
Land Use Mode!
for Analysis

| L
Y Y

Overlay Ove;lay
County Plan-Based Incentives/Limitations
Growth Model Growth Model

Locate and Quantify
Impacts on Wetland
Areas

i
Characterize
Impects on Wetlands
in SFEP Study Area
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Figure 8

Methodology for
Characterizing Effects of
Land Use Intensification
on Streams

SOURCE:
Center for Environmental Design
Research, 1991,
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increases the potential for flooding and I I
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<
w
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Impacts on Streams
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which portray streams, reservoirs, salt evaporation ponds, springs, aqueducts,
ditches, canals, river banks and islands. These files were loaded into the GIS creating
adatalayer depicting streams as 100-meter (328 feet) wide zones encompassing the
stream channel. The two land use maps were then overlayed onto the streams map.
The acreage of stream environment zones potentially impacted by land use under the
two scenarios was then quantified.

The use of area measurements for what appear as linear hydrographic
features is appropriate from both an ecological and a data management standpoint.
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The use of area conveys more effectively the processes and functions existing within
a stream environment. Specifically the absorption of solar energy occurs over area,
and this single input provides the basis for all other processes affecting the stream
(plant growth, food web dynamics, etc.). The “stream environment zone” or
“riparian corridor” is considered here in order to fully assess impacts to streams.
Furthermore, units of area allow a more realistic comparison of streams in different
areas. The distinction between small streams with narrow channels, and wide
channel streams, is lost when the two are compared in linear terms.

From the standpoint of data management, area measurement permits the
comparison of the full variety of data produced by the GIS, including impacts to
wetlands. Area units also permit comparison to the BASIS land use file and its
derivative products.

3. Bay Lowlands/Delta Lowlands. Lowlands of the Bay and Delta region
were described using two classification systems: (1) for the Bay area, the Nichols
and Wright Margin delineates tidal marsh that existed in the Bay in the mid-1800s
(Nichols, Wright, 1971); and (2) in the Delta, lowlands were identified as areas at or
below an elevation of 5 feet (MSL). Maps from the State Water Resources Control
Board (SWRCB, 1988) identifying this region were obtained and entered as a data
layer in the GIS.

These two classifications were combined to create the category “Bay
Lowlands/Delta Lowlands,”—a class of resources used to identify limitations to
development in creating Scenario II, the model based on incentives and limitations
to urbanization.

Urbanization results in concentrations of pollutants in runoff higher than those
of undeveloped lands. In this study, both the increased impervious cover and the
higher concentrations of pollutants were used to determine estimates of increased
pollutant loading associated with land use change and intensification.

1. Rainfall and Runoff. Land use change and intensification is often associ-
ated with an increase in impervious cover. As impervious cover increases, the
volume of rainfall runoff is increased. This is because rain falling on impervious
surfaces is routed to streets and storm drains and runs off relatively quickly rather
than infiltrating into the soil.

The runoff coefficient describes the relationship of precipitation to the
amount of water available for runoff, for a given area. The top row of boxes in the
flow diagram in Figure 9 illustrates the steps taken to determine the natural runoff
coefficient. This coefficient is used to calculate the unimpaired, non-urbanized
mean annual runoff for each one hectare cell in a watershed. It is derived from the
mean annual precipitation map of the San Francisco Bay Region developed by Rantz
(1974). Rantz’ map provides isohyets (precipitation contours) of mean annual
precipitation in one and two inch increments. The isohyets were digitized into the
GIS, and from these contours a continuous surface model was interpolated.

The table developed by Rantz (1974) relating mean annual runoff and runoff
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Figure 9

Methodology for
Estimating Nutrient and
Contaminant Loading

SOURCE:
Center for Environmental Design
Research, 1991,
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coefficient to mean annual precipitation for sub-regions of the Bay Area, wasentered
as a data file. Thus for each hectare-sized cell in the region a natural runoff
coefficient was obtained. Both rainfall and runoff were empirically derived from 40
years of gagging station observations, rather than being modeled from physiography
and other factors. Thus these numbers are responsive to local variations in the
conditions of the Bay and Delta.

The runoff component for urbanized land was modeled from percent
impervious surface in different land use categories, and on an assumed runoff
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coefficient for totally impervious surfaces of 0.87. This last coefficient, it is critical
tonote, represents the losses due to evaporation, and local catchment and percolation
foratypical impervious surface. It is consistent with published values of “C” forthe
Rational Formula, and it produces results that are consistent with modeled runoff
coefficients produced by the Storm Water Management Model (SWMM) in the
Santa Clara Valley Nonpoint Source Study (Woodward-Clyde Consultants, 1991).

The amount of impervious surface associated with different land uses was
estimated from U. S. Soil Conservation Service studies of urban hydrology (USDA-
SCS, 1986). The mean value was chosen from these data. Local conditions may vary
from this mean, thus introducing some uncertainty in the calculated runoff volumes.
However, the significance of this source of uncertainty will be known only when
future studies yield more accurate information regarding the relationship of pollutant
loadings to impervious cover.

The flow diagram illustrates how the determination of this impervious
surface runoff component was combined with the pervious surface runoff compo-
nent to create an adjusted runoff coefficient.

2. Pollutant Loading in Runoff

a. Water Quality Data. In spite of considerable research detailing runoff
and pollutant loading there have only been a few studies associating specific land use
types to discrete unit mass. The bulk of research done is reflected in two nationwide
studies: The Nationwide Urban Runoff Program, NURP (1983), conducted by the
EPA; and the U. S. Geological Survey’s Urban-Stormwater Data base for 22 Met-
ropolitan Areas throughout the United States (1985). Because of the lack of a
regional context and the wide range of values between urban areas in the report cited
above, this report employs dataderived locally in Woodward-Clyde’s study of urban
runoff water quality in the Santa Clara Valley prepared for the Santa Clara Valley
Water District (Woodward-Clyde Consultants, 1991).

The Woodward-Clyde study considered seven land use types and
modeled loads of heavy metals (cadmium, chromium, copper, lead, nickel, zinc),
nutrients (nitrates, phosphates, total nitrogen), Biochemical Oxygen Demand (BOD),
and Total Suspended Solids (TSS).

The NURP and the USGS reports were analyzed to provide a “yard
stick” by which to reference this project’s modeled unit mass loads. Comparisons
were made of the mean, median, and first and third quartiles of runoff concentrations
(inug/l and mg/l) of ten pollutants used to characterize urban runoff. This statistical
analysis allowed comparison with published data; it enabled a range of values to be
modeled; and it permitted a comparison between individual sites or groups of sites
within a study area.

Additional comparisons were made of data derived from the DUST
Marsh, a “Demonstration Urban Stormwater Treatment’ Marsh at the Coyote Hills
Regional Park in Fremont (Alameda County), California (Meiorin, 1986). The
DUST Marsh is a series of marsh segments that take diverted runoff from the
Crandall Creek “K-Line” which drains stormwater runoff from a mostly residential
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Delineation of
Receiving Water
Segments and
Receiving Watersheds

(with minor commercial and agriculture) area of Fremont. These studies all com-
pared favorably to the Woodward-Clyde data, and supported the choice to use that
data in developing mean runoff concentrations for this analysis.

b. Pollutant Loading. For each hectare-sized cell in a watershed, the
mean annual pollutant loads were computed by multiplying total precipitation, the
adjusted runoff coefficient, and the mean runoff concentration. Annual loads (kg/yr)
were then aggregated by receiving watershed and a sum calculated for each
pollutant. This process was repeated for each 1and use scenario developed in the first
phase of the study.

c. Limitations of the Method. The method of calculation used in this
study takes account of the average changes in both runoff water quality and
hydrology that are associated with urban development. In applying this methodol-
ogy to the estuary study, there are inherent limitations based on the assumptions.

The first limitation is that this study uses water quality data from one
area of the Estuary (Santa Clara Valley) and assumes that these data can be applied
to the rest of the Bay Area. Differences in the character of industry, the degree of
street cleaning, the relationship between annual precipitation and runoff concentration,
etc., could all affect the average concentration of runoff.

Second, the methodology only calculates the load of material in runoff,
and not the delivery to the Estuary. The routing of pollutants through the stream
system to the Estuary is not taken into account. Dredging of flood control channels
and detention basins, for example, could intercept pollutants associated with
sediment and remove them from the water flow system before they reach the Estuary.

In the long run, however, it scems reasonable to assume that a steady-
state will be reached, in which the outflow of pollutants from the fluvial system is
equal to the inflow, with temporary storage in the system.

Additionally, some factors known to influence pollutant loading were
not included in this model. These parameters, which include climatic variability,
natural occurrences of heavy metals in soil, and vegetative uptake of pollutants, are
the subject of future investigations.

Though a formal sensitivity analysis could not be performed on the
models developed in this study due to their theoretical or predictive nature, the
analysts developed a sense of the relative importance of the various parameters in
modeling the effects of land use change and intensification. What the models offer
is a characterization of the effects of land use change and intensification on the
Estuary. Naturally, future iterations of this process will improve the resolution of the
results and contribute yet further to the efforts underway to preserve the health of the
San Francisco Estuary.

Though watersheds naturally transcend political boundaries, they are the basis
fordetermining hydrologic connections in the Estuary region. Therefore, watersheds

and water segments are used as the geographical units of analysis for reporting each
of the three classes of impacts of land use change and intensification presented in this
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report—impacts on wetlands, streams, and effects on nonpoint source pollution

loads.

Figure 10 shows the process used to divide the Estuary Region into meaningful
geographic units for analysis and presentation of results. Recognizing the need to
treat the water and land components of the study area as alinked hydrologic system,
14 zones in the Bay and Delta waters were delineated. These zones, derived from
a map prepared by Gunther (1987), show divisions of the Bay-Delta system based

Obtain Obtain
Segmentation Map California Hydrologic Unit Map
of San Francisco Bay (USGS, 1975)
and Delta Receiving Waters -
Developed by AHI
{Gunther, 1987)
* Delineate
Define .
D"“‘msjg‘:‘;':;“” L into 9 Bay and 5 Delta on USGS 7.5-Minute Quads
. Receiving Water Segments Using California Hydrologic Unit
Delta Receiving Waters e i e asa éuidc ¥ v
Digitize > Digitize
14 Receiving Waters 34 Receiving Watersheds
Refine
Receiving Waters in the Delta
By Distinguishing >
Delta Islands and Waterways
Using the USGS Digital
Hydrologic Features File Y
Create
a Composite Map of
Receiving Waters and
Receiving Watersheds
Delineate *
Subwatersheds Extending from Identify and Label
the Receiving Water Boundary . Receiving Watersheds
to Watershed Divides > Associated With
Using Visual Inspection of Each Receiving Water
USGS Digital Hydrologic Feature
and Elevation Files ¢

Use
Receiving Waters and Receiving Watersheds
as Unit of Analysis and
as Unit for Reporting Impacts of Urbanization
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Figure 10

Methodology for
Delineating Receiving
Water Segments and Their
Receiving Watersheds

SOURCE: Center for Environmental
Design Research, 1991.
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Figure 11
Recceiving
Water Segments

SOURCE: Gunther, 1987.

on circulation, bathymetry, and other hydrographic characteristics. Figure 11
illustrates the Estuary’s water segments.

USGS maps containing the major watersheds of the Bay and Delta region were
obtained and transferred to 7.5 min. quads then digitized. The hydrologic units on
these maps were then compared to the water segments identified by Gunther. Using
visual inspection of elevation and hydrography, additional watershed boundaries
inland from the receiving water divides were drawn, terminating at major watershed
divides. In this process, 28 smaller watersheds were delineated, all feeding into the
14 watersegments. Each water segment receives water from one or more watersheds.
The terms receiving waters and receiving watersheds were coined 1o indicate this
relationship.

San Pablo Suisun

* East
Delta

* South
Delta

Richardson

Bay X
Central:
Bay :
South
Bay

South
South Bay

Santa Clara
Reach

)

* Segment contains Delta waterways

A process similar to the above was used to identify upland watersheds in the
Delta. However, the remaining lowland portion of the Delta presented certain
challenges to compartmentalizing its land and waters into receiving waters and
receiving watersheds. Gunther divided the Delta Service Area (a State Water
Resources Control Board administrative district surrounding state and federal water
opcrations) into five receiving water segments of hydraulic and bathymetric similar-
ity. For our purposes it was necessary to identify the land portions of these zones.
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The islands and tracts within each zone were therefore identified collectively as a
receiving watershed. The sloughs, river segments and channels were similarly
grouped as one receiving water. Anexample of this is the East Delta where a portion
of the San Joaquin River was identified as a receiving water and where two receiving
watersheds were identified. The larger East Delta watershed is the partly urbanized
upland segment containing eastern portions of Stockton. The smaller East Delta
Island watershed is within the Delta Service Area and includes portions of Middle
Roberts Island, Rough and Ready Island, and Sargent Bamhart Tract. Figure 12
shows the Estuary receiving watersheds.

Table 3 summarizes the extent of the 14 Bay-Delta receiving water segments and
theirrespective receiving watersheds. The receiving water segments range from 360
acres for the East Delta to 86,200 acres for the South Bay.

Richardson Bay receives runoff from a single watershed. Cther water segments,
such as South Bay, South South Bay, San Pablo Bay, and Carquinez Strait are fed
by two watersheds on opposite sides, arranged in a “butterfly wing” configuration.
The receiving watersheds range in size from 1,140 acres for North Bay (east) to
1,646,50 acres for the North Delta.

In addition, Table 3 displays the islands within each receiving water segment,
including small islands in North Bay (10 acres) and 5,110 acres of islands in the
South Bay segment. (These islands are too small to be shown on the Receiving
Watersheds map, Figure 12.)
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Table 3
Receiving Water Segments
and Their Receiving RECEIVING INDIVIDUAL TOTAL
Watersheds (Acres) WATER RECEIVING WATERSHED  FOR
SEGMENT AREA WATERSHED AREA SEGMENT
(acres) (acres) (acres)
Santa Clara Reach 10,480  Santa Clara Watershed 525,200
Coyote/Alviso Slough Islands 280
525,480
South South Bay 25,300  South South Bay Watershed West 36,470
South South Bay Watershed East 443,700
South South Bay Islands 3,620
483,790
South Bay 86,200 South Bay Watershed West 66,560
South Bay Watershed East 105,520
South BayIslands 5,110
177,190
Central Bay 34,250  Central Bay Watershed West 2,450
Central Bay WWatershed East 25,720
Central Bay Islands 1,470
26,640
Richardson Bay 2,900  Richardson Bay Watershed 12,200
12,200
North Bay 16,080  North Bay Watershed West 21,170
North Bay Watershed East 1,140
North Bay Islands 10
28,320
San Pablo Bay 74,090  San Pablo Bay Watershed West 513,380
San Pablo Bay Watershed East 65,580
578,960
Carquinez Strait 4,010  Carquinez Strait Watershed North 5,230
Carquinez Strait Watershed South 14,990
20,220
Suisun Bay 24,510 Suisun Bay Watershed North 212,600
Suisun Bay Watershed South 130,550
Suisun Bay Islands 1,440
344,590
West Delta 16,290 West Delta Watershed North 23,820
West Delta Watershed South 32,680
West Delta Islands 11,000
67,500
North Delta 14,390  North Delta Watershed 1,646,560
North Delta Islands 285,480
1,932,040
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RECEIVING
WATER
SEGMENT AREA
{acres)
Central Delta 24,110
East Delta 360
South Delta 2,000
Prepared by CEDR 1991

RECEIVING
WATERSHED

Central Delta Watershed West
Central Delta Watershed East
Central Delta Islands

East Delta watershed
East Delta Islands

South Delta Watershed
South Delta Islands

Modified after Gunther (1987), and USGS (1975)

INDIVIDUAL
WATERSHED
AREA

({acres)

85,990
85,270
207,960

284,760
33,160

176,580
89,290

TOTAL
FOR
SEGMENT

(acres)

379,220

317,920

265,870
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Figure 12
Receiving Watersheds

SOURCE: Center for Environmental Design Research, U.C. Berkeley, 1990.

29

No. Receiving Water Segments/ No. Receiving Water Segments/
Receiving Watersheds Receiving Watersheds
Santa Clara Reach Carquinez Strait
21  Santa Clara Watershed 91  Carquinez Strait Watershed North
23 Coyote/Alviso Slough Islands 92  Carquinez Strait Watershed South
South South Bay Suisun Bay
31  South South Bay Watershed West 101  Suisun Bay Watershed North
32 South South Bay Watershed East 102  Suisun Bay Watershed South
33 South South Bay Islands 103  Suisun Bay Islands
South Bay West Delta
41  South Bay Watershed West 111 West Delta Watershed North
42 South Bay Watershed East 112 West Delta Watershed South
43 South Bay Islands 113 West Delta Islands
Central Bay North Delta
51  Central Bay Watershed West 121  North Delta Watershed
52 Central Bay Watershed East 123 North Delta Islands
53 Central Bay Islands
Central Delta
Richardson Bay 131  Central Delta Watershed West
61  Richardson Bay Watershed 132 Central Delta Watershed East
133 Central Delta Islands
North Bay
71 North Bay Watershed West East Delta
72 North Bay Watershed East 141  East Delta Watershed
73 North Bay Islands 143 East Delta Islands
San Pablo Bay South Delta
81  San Pablo Bay Watershed West 151  South Delta Watershed
82  San Pablo Bay Watershed East 153  South Delta Islands
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L and use changes in the Estuary region are determined by a wide range of
factors. Forexample, the desirability of the area for business location and expansion
and population in-migration will affect where and how land use changes. Interest
rates affect the development of industrial plants, commercial facilities, and housing.
Construction of transportation routes into undeveloped areas can induce growth or
shift the growth in urban development from one area to another. The popular desire
to own asingle-family house in the suburbs with a yard and two or three automobiles
will create amarket force forlow-intensity, dispersed urbanization pattemns resulting
in conversion of agricultural and rural land to urban uses and extensive reliance on
the automobile for travel. Private and public sector plans and decisions concerning
the location or relocation of new businesses and where people should live, work, and
recreate directly affect land use change and intensification in the Estuary region and,
consequently, the environmental health of the Estuary.

In this chapter, the kinds of private sector decisions that affect 1and use will be
discussed and the role and authorities of public agencies to plan for and regulate land
use change and intensification effecting the Estuary will be outlined (a subsequent
SFEP report) will discuss the jurisdiction and authorities of local, state, and federal
agencies affecting the Estuary in much greater detail). Further, because state tax law
and policy, particularly post Proposition 13, greatly affects how local governments
address land use, the fiscal determinants of land use affecting the Estuary will be
briefly analyzed. Finally, because partnerships between the private sector and the
public sector concerning stewardship of land affecting the Estuary are playing more
and more of a role in land management in the Estuary region, the role of public-
private land management partnerships will be discussed.

One of the key determinants of land use change is the large array of land use-
related decisions made by the private sector, especially real estate developers,
corporate businesses and owners of undeveloped land. How different individuals
and business entities shape their land use decisions and, consequently, achieve their
financial aims, dependson a wide range of diverse factors. Chicfamong these factors
are: (1) the nature of the private enterprise and the product it sells; and (2) the time
perspective of the enterprise, whether short- or long-term. Additionally, private
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sector land use actions are shaped by a vast array of exogenous circumstances,
including market proximity, public facility provisions (such as transportation),
quality of life concems, and government land use regulation.

The following examines how land developers, corporate businesses, and land
owners make land use decisions.

1. Land Developers. Land developers specialize in a variety of “products” for
the market, among them office buildings, warehouses, manufacturing facilities,
housing subdivisions, planned unit developments, and large lot luxury home
developments.

For most developers, the goal is to build and market these products as
quickly as possible, in a way that cuts the cost and delay of new development, while
maximizing the sales or leasing potential of the development. This creates among
many developers an essentially short-term perspective that “pulls” (or attracts) them
to adevelopment site which hasland at low prices and adequate size, a receptive and
predictable regulatory system, low development costs, and a market demand for the
kind of development proposed.

a. Landat LowPrices and Adequately Sized Parcels. Depending on the
type of project, developers are also strongly inclined toward land that is flat, or that
can be easily graded—in other words, land which is easily buildable and where the
cost and time of land preparation is minimal. Coincidentally, flat land in the Estuary
region often includes sites that are composed of prime soil for agriculture—and even
applies to lands containing seasonal or year-round wetlands.

b. A Receptive and Predictable Regulatory System. Perhaps above all,
developers seek certainty in land use regulation. They want to know all planning and
mitigation requirements upfront and are concerned about eleventh hour regulatory
changes that could delay and/or add new costs to a project. The key is a land use
regulatory process that is clear, puts development responsibilities up front, and does
not change midstream during a project.

¢. Low Development Costs. Land developers will pay close attention to
taxes and fees (foreverything from infrastructure to public art to child care) imposed
by local jurisdictions and how those added costs will affect the marketability of their
products. Often, these potential costs will influence where developers will locate
their projects. Preferably, sites will be 1ocated as closely as possible to existing urban
infrastructure, including roads and sewers, or to communities that have the financial
resources and will invest the capital in new infrastructure. In addition, developers
will carefully monitor the potential costs of environmental mitigation—for example,
the cost of compensation for filling a wetland.

d. Market Demand. Developers will look at the intensity of public
demand for their particular product. Inaddition, they may tailor their product to the
path of least public resistance (irrespective of environmental impact), in terms of the
type of development they believe the general public, neighborhood groups, and
elected officials will accept. As a result, developers may opt for the “safe” route of
lower density commercial and residential projects, despite the worsening effect such
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development might have on impacts like urban run-off or automobile traffic and its
attendant environmental impacts.

The combined effect of these factors compels developers to look for
locations with low land and infrastructure costs and reduced regulatory require-
ments. Often, the locations meeting these criteria are at the urban fringe or
completely outside of existing towns or cities—candidate sites for “leapfrog devel-
opment”—which have the effect of continuing to pull new development outward and
away from existing urban areas.

This is not to say that commercial and residential developers ignore
opportunities in already built-up areas. In fact, in some instances a number of
developers will agrec to work within existing urban areas and accept significant
community-based requirements if, in exchange, their development proposals are
guaranteed smooth passage through the permitting process and are protected from
new requirements during the course of construction. This type of arrangement stems
not so much from private enterprise concern for community standards and overall
land use patterns, but from concern about reducing risk and assuring a reasonable
financial return. The principle means of guaranteeing a link between private
developerland use decisions and environmental or community standards, is through
aclearpublicland use regulatory framework, identifying appropriate receiving areas
for development (in terms of available infrastructure and reduced environmental
impacts).

2. Corporate Business. Corporate businesses also look for low costs and
certainty in the planning process. However, because large- and medium-sized
corporations oftenlocate (or re-locate) major shares of their operations, and live with
the consequences of those locations for some years, they tend to think more
strategically about where 10 locate new facilities.

In the United States, the top five “pull” factors (which attract enterprises)
considered by large- and medium-sized employers are straightforward business
concems: (1) land and leasing costs; (2) market proximity; (3) land and space
availability; (4) available pools of skilled labor; and (5) high quality transportation
systems.

However, in the San Francisco Estuary region “quality of life” also plays a
major role in determining corporate location. In a recent report by Pacific Gas &
Electric Company and Greenbelt Alliance (Pacific Gas and Electric Company et al.,
1990), researchers found that quality of life issues, such as the surrounding physical
environment, ranked consistently high among the factors looked at by corporate
planners. This finding remains true, irrespective of the enterprise focus (manufac-
turing, research and development, or services). Only in the case of distribution and
warehousing enterprises did business concemns, such as land cost and availability,
significantly outweigh quality of life factors.

The authors of another study done at the University of California, Berkeley
(Center for Real Estate and Urban Economics, 1990), observed that quality of life
factors, such as housing costs, figure more heavily in the Estuary region. One of the
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main explanations for this is the high-end service and manufacturing nature of the
region’s economy, and the need for a highly educated and well trained labor force,
especially in the Bay Area.

Because of quality of life concems, corporate businesses may factor
environmental concemns into key land use decisions. However, these concemns may
be related more to a corporate facility’s labor needs (available pool of relatively well
educated, skilled employees) rather than environmentally sound land use planning.
Forexample, Bank of America is moving many of its back-office operations into the
last undeveloped valley along the Interstate 80 corridor between San Francisco and
Sacramento (Lagoon Valley near Vacaville, Solano County), in part because of its
pleasing environment (it is now home to extensive agriculture and nurseries) and
despite available, already-serviced land within the adjacent city of Vacaville.

Accordingly, as with land developers, corporate businesses base their land
use decisions on immediate and internal interests, and not necessarily on the larger
community or environmental concemns. In fact, much of the outward spread of
urbanization in the nine-county Bay Area has been catalyzed by the shift of major
corporate offices to outlying communities where the main reason for moving was (at
the time) relatively cheap and plentiful land. This trend is also evident in the three
Delta counties, particularly Sacramento County.

3. Land Owners. Owners of non-urbanized lands can be gencrally divided
into two basic categories: those with a short-term interest in selling their property and
making a profit, and those with a long-term interest in holding their 1and, either in
the hope of increasing their financial return from future sales or for the purpose of
keeping their 1and in a non-urban use, most likely agriculiure.

The ratio of short- to long-term buyers depends on the rate of sales tumover
in the real estate market and the extent to which transactions are influenced by aclear
and firmly enforced governmental land use policy. The tendency toward short-term
ownership—and a strong desire to subdivide land into developable parcels—is
obviously higher in a hot seller’s market. But the tilt toward short-term ownership
isincreased by the lack of a clear, enforceable land use plan. Farmers who know that
their land is planned and zoned for agriculture—without any foreseeable changes—
are unlikely to option or outright sell their property. In large part, that is why rural
properties in western Marin County, zoned at a 60 acre minimum parcel size (and
enforced that way for nearly 20 years)—have remained in dairy farming and not in
speculative bidding. On the other hand, much of the agricultural 1and around Tracy
(in San Joaquin County, between Interstate Highways 580, 5, and 20S), has been
optioned to development interests, not only as a result of investment pressures but
also because of continual revisions of the city’s General Plan. The situation is
increasingly similar in Solano County, where the impending expiration of county-
wide land protection policies (in 1995) is spurring the rapid turnover and optioning
of thousands of acres of prime farmland along what developers have termed the “path
of growth”—the Interstate 80 and 505 corridors between Vacaville, Dixon, and
Winters.
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‘While such anexplosive short-term market may favorland owners interested
in a quick and lucrative return, it can have two damaging effects in terms of a stable
land use pattern and environmental management. First, an unstable market domi-
nated by soaring speculative 1and values can put enormous pressure on land owners
withalong-term perspective—especially farmers and ranchers—to sell theirholdings
and move on, due to the low yield nature of their business and mounting tax burdens.
Second, short-term speculation can encourage land owners to seek the sudden and
maximum parcelization of their lands, even though, in the long-term, the parcel sizes
and patterns may not be conducive to the best development site design, in terms of
environmental protection.

Again, as with decisions taken by developers and corporate businesses,
commercially-driven decisions by land owners are frequently divorced from larger
land management and environmental considerations.

In addition to the economic factors which influence private sector decisions
effecting land use change discussed above, governmental decisions play a major role
in shaping land use patterns, change, and intensity throughout the Estuary region.
Land use within the Estuary is planned, regulated, and managed by a number of
public agencies: local, regional, state, and federal. Of these four, local government
has the most broad and direct authority concerning land use and is thus the most
influential or critical sector in the decision-making array. In a democracy, govern-
mental decisions concerning land use and intensification occurs in a process of
public involvement and participation. Consequently, land use decisions are subject
to the political tugs and pulls that is the hall mark of our political and democratic
process. We beginourdiscussionofthe public sectoragencies by focusingonthe role
of local government in land use matters.

1. Local Government. Local governments affecting land use in the Estuary
region include counties and cities, Local Agency Formation Commissions, and
special purpose districts.

a. Counties and Cities. Broad general powers were granted to cities and
counties by the Legislature through the State of California’s Planning and Zoning
Law (California Government Code Sections 65000-65997). Local gbvernment was
delegated the task of protecting “California’s land resource, to insure its preservation
and use in ways which are economically and socially desirable in an attempt to
improve the quality of life in California.” Cities and counties in the Estuary region
guide the physical development of their land resources through their General Plans
and carry out the policies of these plans through their land use regulations,
principally zoning, which set specific criteria for, among other things, intensity and
density of land use.

The General Plan policies that are most indicative of how the Estuary
will be affected by local government decisions are found in the state-mandated land
use, conservation, open space, and safety elements of each community’s General
Plan. The land use element must designate the proposed extent of the various
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categories of use (e.g., residential, commercial, industrial, agricultural) and reflect
the community’s intent regarding land use change, and intensity of use, including
population growth. The conservation element is required to address pollution of
streams and other water, use of land in stream channels, and erosion and flooding.
The open space element must address what land should be managed for recreation,
wildlife habitat, and agriculture. The safety element is intended to identify and
protect the community from natural hazard risks such as earthquakes, landslides,
subsidence, and flooding. These last three elements can be used to set the community
goals regarding management of growth to protect natural resources, such as the
Estuary. Thus the tools for Estuary protection are included in local planning law
mandating city and county General Plans to guide the future land use and intensity
of use of a community.

Each Estuary region local jurisdiction will, of course, use the mandated
general plan clements to guide development and land use management in its own
unique way according to the values of the particular community, and thus an analysis
of each of the plans and elements in conjunction with implementing regulations is
necessary before one can reasonably predict how land use will change in a specific
community.

b. Local Agency Formation Commissions. Local Agency Formation
Commissions (LAFCOs) were created by the Legislature (California Government
Code Sections 56300 - 56498) to discourage urban spraw! and encourage orderly
formation and development of local agencies. Members of each county LAFCO
include members of the Board of Supervisors, city councils, special districts, and a
public member. The 12 LAFCOs within the Estuary region are influential in
determining land use change, or more precisely, urban growth patterns. While the
LAFCOs have no land use planning and regulatory authority, they do determine the
limits of where urban expansion may occur and the provision of urban services, such
as water supply and sewage treatment. LAFCOs control the boundaries of cities and
special districts and have the authority to approve or deny requests for annexations,
detachments, consolidations, city incorporations and district formations,
disincorporations and dissolutions, mergers, subsidiary districts, and reorganiza-
tions. To guide its regulatory decisions, LAFCOs must adopt a plan known as a
“sphere of influence” for each city and special district. A sphere is an agency’s
probable, ultimate service area and boundary. All LAFCO boundary decisions must
be consistent with these sphere of influence.

Thus, the conversion of agricultural or rural land to urban uses is to a
large degree within its control. Because the change of land use from rural to urban

affects the amount and kinds of pollutants that reach the Estuary, LAFCOs have an -

indirect, but important, land use management role in determining what kinds of
pollutants are carried to the Estuary from nonpoint sources.

¢. Special Districts. The plans and proposals of special purpose districts
can also affect the Estuary. Special districts are formed to provide some type of
community service and the service is financed by taxing or charging fees to the
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landowners within the boundaries of the district. Such services could include such
things as water supply, sewer facilities, flood control, and park and recreation
services.

Special districts, for the most part, do not consider themselves to be
instrumental in affecting 1and use change, but instead interpret their role as reacting
to land use changes by providing essential services. For example, many districts
believe they are required to provide urban service under their mandate, but do not
believe their decisions facilitate urban growth. This view may be somewhat
misleading. First, some districts in the Estuary region include both urban and
agricultural uses (e.g., irrigation districts), and the facilities constructed to serve the
district are often adequate to service both kinds of uses. Thus, an irrigation district
witha 5,000 acre service area, created to serve agricultural uses, might have 100 acres
of low-density developed land and a capacity to service a much greater amount and
density of urban development. The capacity to serve a greater urban density and
intensity may be inconsistent with the local general plan or zoning ordinance which
might call for maintenance of the arca for prime agriculture.

Special districts can play a critical role in determining how much and
where future urban growth in the Estuary will occur. They can also, to a greatdegree,
have influence on the future health of the Estuary. Special districts control the water
supply in the Estuary region and each district has a water allocation. The allocation
of water is a primary determinant in where and when urban growth will occur.

Outside review by the public or state and federal agencies of special
district activities is quite limited. For example, capital improvement programs are
not reviewed for consistency with local general plans and zoning,.

However, special district law can be a useful tool in protecting and
managing the resource values of the estuary, For example, in the case of the Suisun
Marsh in Solano County, the Suisun Resource Conservation District, a special
district devoted to the management of diked wetlands to maximize their habitat value
for migratory waterfowl, has assisted its 150 duck club owners in preparing and
carrying out detailed water and vegetation management plans and programs signifi-
cantly contributing to the beneficial uses of the Marsh.,

2. Regional Government. There is no single land use planning agency with
jurisdiction over the 12-county Estuary area. However there are three regional
Councils of Government (COG’s): voluntary confederations of cities and counties
created by joint powers agreements. The COG’s are: (a) the Association of Bay Area
Governments (ABAG), which embraces Alameda, Contra Costa, Solano, Sonoma,
Marin, San Francisco, San Mateo, Napa, and Santa Clara Counties; (b) the Sacra-
mento Area Council of Governments (SACOG) representing local governments in
Sacramento, Yolo, Sutter, and Yuba Counties and the Cities of Roseville, Rocklin,
and Lincoln in Placer County; and (c) the San Joaquin Council of Govemments
representing local governments in San Joaquin County. COG'’s provide their
member local governments with technical planning assistance and often serve as
forums fordiscussing regional matters. Whenthe federal government streamlined its
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requirements for reviewing grant applications in the late 1970s, COG’s shifted away
from regional planning and grant reviews. The principal current function of COG’s
are to provide special services to their members, technical support for local
government General Plan housing elements, and prepare regional hazardous waste
management plans.

SACOG, however, undertakes regional transportation and airquality planning
for its area as well. ABAG has specific statutory recognition and prepares the “San
Francisco Bay Regional Environmental Plan” which includes the regional air quality
management plan and the regional water quality management plan. State agencies
must rely on this document to meet federal requirements. In addition, ABAG also
prepares the regional solid waste management plan and hazardous waste manage-
ment plan. Further, ABAG is required by law to cooperate with the Metropolitan
Transportation Commission, providing regional land use information to the regional
transportation planning agency (Senate Select Committee on Planning California’s
Growth, 1988).

3. State and Federal Agencies. State and federal agencies have the least
ability to control overall land use changes in the 12-county area, primarily because
their authority is restricted by law to authority over specific resources or limited
geographic areas. Even though the state and federal agencies have limited land use
authority, they are likely to have an influential role in controlling projects that have
a direct impact on the Estuary—generally diking, filling, or discharges, in the
Estuary and adjacent wetlands.

Because there is considerable geographic overlap of authority and interre-
lationship of state and federal law concemning Estuary protection, the following
discussion will center on the principal state and federal agencies with Estuary land
use planning and regulatory responsibilities, concentrating on their authority and
policies.

The State agencies most affecting land use and regulation in the Estuary
include the San Francisco Bay Conservation and Development Commission; Cali-
fornia Department of Fish and Game; State Water Resources Control Board; and the
CaliforniaRegional Water Quality Control Boards for the San Francisco Bay Region
and the Central Valley Region. Federal agencies include the U. S. Environmental
Protection Agency, U. S. Army Corps of Engineers, and U. S. Fish and Wildlife
Service.

a. TheSanFrancisco Bay Conservation and Development Commission.
The San Francisco Bay Conservation and Development Commission (BCDC) was
created by state legislation, the McAteer-Petris Act, in 1965 and made a permanent
agency in1969 by amendments to the Act (Government Code Section 66600 et seq.).
BCDC has comprehensive land use planning and regulatory authority over San
Francisco Bay and its tidal marshes, certain tributary rivers and streams, diked
managed wetlands, salt ponds, and a 100-foot shoreline band around the Bay. Any
filling, excavation of materials, or change in use of any water, land, or structure
within BCDC’s jurisdiction requires a permit from BCDC.
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All projects authorized by BCDC must be consistent with its policy
plans, the San Francisco Bay Plan and Suisun Marsh Protection Plan, the provisions
of the McAteer-Petris Act, and Suisun Marsh Preservation Act.

The McAteer-Petris Act restricts placement of fill in the bay, tidal
marshes, and tributary waterways to water-oriented uses, including ports, water-
oriented recreation, bridges, water-related industry, wildlife refuges, water intake
lines, airports, and for minor fill for improving public access to the Bay or shoreline
appearance. Further, any fill authorized must be the minimal amount needed for the
purpose of the project and there must be no alternative upland site for the project.

Insalt ponds and managed wetlands outside the Suisun Marsh, however,
BCDC'’s regulatory authority is not as strong as its bay, certain waterway, and tidal
marsh jurisdiction authority. The McAteer-Petris Act and the Bay Plan policies
provide that as long as economically feasible, the salt ponds should be maintained
in salt production and the wetlands should be maintained in their present use.
However, the McAteer-Petris Act and the Bay Plan policies provide that if the
owners of any salt ponds or managed wetlands desire to withdraw any of the ponds
or wetlands from their present use, the public should purchase the lands for
restoration to the Bay and if public funds are not available for purchase of all the
ponds or wetlands, any proposed development of these areas should assure that the
maximum amount of open water area remains as part of the development and be
dedicated to public use. Thus, if certain economic criteria supporting the assertion
by owners of salt ponds and managed wetlands that itis nolonger feasible to maintain
these facilities in their present use is accepted by BCDC, then these wetland areas,
under BCDC’slaw, can be developed for any use as long as the development contains
the maximum amount of open water.

In the Suisun Marsh, the managed wetlands under the Suisun Marsh
Preservation Act and Suisun Marsh Protection Plan, are to remain in managed
wetland use.

b. Department of Fish and Game. All projects which involve diverting
orobstruction the natural flow of a stream or change of its bed, channel, or bank must
be reviewed and approved by the Department of Fish and Game. A project will not
receive a stream alteration permit if it substantially adversely affects fish and wildlife
(Fish and Game Code Sections 1601, 1603). However, the Department cannot deny
projects and the project is submitted to an arbitration if the Department and project
proponent disagree.

c. State Water Resources Control Board and the California Regional
Water Quality Control Boards, San Francisco Bay and Central Valley Regions.
The San Francisco Bay Regional Water Quality Control Board (SFRWQCB)
administers the water quality regulatory program in the Bay Area. The Central
Valley Regional Water Quality Control Board (CYRWCQB) administers the
program for the Delta. These Boards are overseen by the State Water Resources
Control Board (SWRCB), and, at the federal level, by the Environmental Protection
Agency (EPA). The State Board also regulates diversion of fresh water from
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tributaries to the Bay. The Regional Boards have identified the respective beneficial
uses of the Bay and Delta, including natural and aesthetic uses, and implement
programs to protect these uses. The Boards’ authority is based on federal law, the
Clean Water Act, and state authority, the Porter-Cologne Act.

(1) The Clean Water Act. The Clean Water Act (CWA) is the central
law in the federal water pollution control program. Passed originally in the late
1940s, the CW A has been amended repeatedly; the 1972 amendments were the most
comprehensive of these and established the current program. Reauthorization of the
CWA will be considered by the Congress soon.

The 1972 amendments to the CWA declared two national water
pollution control goals: (1) elimination of the discharge of pollutants into navigable
waters of the United States by 1985; and (2) attainment by July 1983 of the interim
goal of water quality that protects fish, shellfish, and wildlife and provides for water
contact recreation. The Act declares fournational policies to achieve these goals: (1)
elimination of pollutant discharges in toxic amounts; (2) development and imple-
mentation of area-wide waste treatment plans to assure adequate control of pollut-
ants in each state; (3) provision of federal funds for waste treatment facilities; and
(4) a research program to develop the technology needed to eliminate pollutant
discharges.

The program to carry out these policies is complex. The CWA is
administrated by the EPA, but its implementation involves several federal agencies
as well as state governments. The CW A requires the states to apply and coordinate
the water quality control programs established in the Act, in Regional Implemen-
tation and Management Plans. The plans forthe San Francisco Bay Area are: the San
Francisco Bay Basin Water Quality Control Plan prepared by the SFRWQCB and
approved by the SWRCB, and the Bay Area Water Quality Management Plan
developed by the Association of Bay Area Governments. The plan for the Delta is
the Central Valley Basin Water Quality Control Plan prepared by the CVRWQCB
and approved by the SWRCB.

The CWA divides pollution sources into two types: point and
nonpoint. The main thrust of the CWA is on controlling point source discharges.
Urban runoff, treated in the past as anonpoint source, will increasingly be treated as
a point source of pollution under the CWA.

(a) Point Sources. Under the CWA, point source discharge of
pollutants to the Nation’s navigable waters is prohibited unless a National Pollutant
Discharge Elimination System (NPDES) permit is obtained. The EPA has the
primary responsibility for the NPDES program but usually delegates implementa-
tion to an approved state programs. The State and Regional Boards implement the
NPDES program in California.

A crucial component of the 1972 amendments was a shift in
emphasis of the CWA from discharge standards based solely on receiving water
quality, to technology-based standards for discharged effluent. Prior to this shift, the
CWA allowed pollutants to be discharged to receiving waters in any amount, so long
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as pollutant levels in those receiving waters did not exceed federal water quality
standards. Now, all point source discharges are required to first meet standards based
on achievable pollutant treatment technologies before they can be released to
receiving waters.

In California, the permit program is implemented by the State
Board through its nine Regional Water Quality Control Boards. The San Francisco
Bay and the Central Valley Regional Boards conduct the permit system in the Bay
and Delta basins. To implement the technology-based approach of the CWA, the
EPA adopted treatment standards for each category of industry based on the Best
Available Technology Economically Achievable (BAT) for treating that industry’s
wastes. Formunicipal sewage treatment plants, the CW A mandated standards based
on secondary treatment of wastes. The NPDES permit issued for each point source
will be based on the technological standards for that source, as well as any effluent
limitations based on the water quality of the receiving waters.

The 1972 CWA amendments also mandated “pre-treatment”
programs to prevent waste from passing through or damaging municipal treatment
systems. In 1977 the CWA was again amended, providing more stringent pre-
treatment standards. Underthe program, the EPA was required to establish two types
of national pre-treatment standards. Prohibited Discharge Standards limit the in-
troduction of pollutants that will damage trcatment works orbe passed through them.
Categorical Pre-treatment Standards limit discharge of specific toxicants in specific
industrial categories and are based on BAT. EPA regulations direct the states to
develop pre-treatment programs to meet the standards. The EPA has established
most categorical standards and is now establishing compliance schedules. California
is in the process of having its pre-treatment program approved by the EPA.

(b) Nonpoint Sources. Because many sources of pollution, such as
urban runoff, cannot be effectively controlled at a discrete discharge location they
require broad-based pollution control strategies. The CWA requires states toinclude
control strategies for nonpoint pollution in their regional management plans (these
plans are discussed later). The CWA directs the EPA to provide the states with the
information and guidelines necessary to prepare these strategies.

The CWA was amended in 1987 to include a new Section 319
conceming nonpoint source management programs. The amended law requires
states to develop Assessment Reports and Management Program describing the
state’s nonpoint source problems and establishing a program to address the problems.
In response to this requirement, the SWRCB prepared Nonpoint Source Assessment
Report and Nonpoint Source Management Plan.

In November 1990, the EPA published regulations establishing
the National Pollutant Discharge Elimination System (NPDES) permit application
requirements for storm water discharges from facilities associated with industrial
activities and municipal systems that serve populations of 100,000 or more. In the
past, urban runoff has been treated solely as a nonpoint pollution source. However,
storm drains, ditches, and canals that transport polluted urban runoff to receiving
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waters can be identified as point sources under the CWA. The EPA is now moving,
in a phased approach, to reguiate point discharges of runoff from urban areas.
Dischargers of runoff in these areas will have to obtain permits that, at the least, will
require stormwater management programs.

The SFRWQCB and the CYRWQCB have the authority to
issue NPDES permits. To date, the CVRWQCB has issued a storm water NPDES
permit to the municipalities in Sacramento County, and the SFRWQCB has issued
apermit to the municipalities in Santa Clara County. The municipalities in Alameda
County have applied to the SFRWQCB for a stormwater permit.

The Regional Board, along with the State Board, intend to issue
general permits for the discharge of stormwater from industrial facilities. Included
in the definition of industrial facilities is construction activities that disturb five or
more acres of total 1and area or are part of a larger, common plan of development or
sale that disturbs greater than five acres of total land area. Separate general permits
are expected to be issued 10 address affected construction activity.

Other specific sources of pollution are singled out in the Act for
special planning and permit requirements, such as discharge of dredged and fill
materials, oil production and transport, and marine sanitation devices that will not
be discussed in this report (refer to the Status and Trends Report on Waterway
Modification and the Status and Trends Report on Pollutants in the San Francisco
Estuary for a detailed discussion of these matters).

(2) The Porter-Cologne Act. Under the state Porter-Cologne Act and
the federal Clean Water Act, The California Regional Water Quality Control Boards
have jurisdiction over all discharges of pollutants into the Estuary and its wetlands.
The Porter-Cologne Water Quality Control Act is the major California law govern-
ing water pollution. Passed in 1969, the law has since been amended to keep the state
program in compliance with the federal Clean Water Act (CWA). While structured,
inpart, to implement the CWA, its water quality goals, policies, and implementation
programs are far more comprehensive then required by the CWA. For example,
while the CWA’s jurisdiction is limited to navigable waters, the state’s jurisdiction
under the Porter-Cologne Act includes groundwater resources.

The Porter-Cologne Act is administered by the SWRCB and carried
outlargely by the Regional Boards. Underthe Porter-Cologne Act, the state program
closely parallels the federal program. The State Board formulates and adopts state
policy for water quality control in conformity with the policies set forth in the Act.
The Regional Boards conduct the water quality planning, permit, and enforcement
activities under State Board guidelines and oversight. Both the state and regional
boards are authorized to establish water quality standards that will protect the
beneficial uses of the state’s waters as set forth in the Act. Several provisions of the
Act are particularly relevant to the Estuary.

(a) Highest Priority for Estuaries. Estuaries are among those
waters given the highest priority for improving water quality. Pursuant to this
provision, the State Board adopted a policy for bays and estuaries calling for ocean
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discharge of municipal wastewater where feasible, elimination of waste discharges
to the extreme south of San Francisco Bay, and additional research and control of
toxic discharges to the Bay-Delta system.

(b) San Joaquin Valley Agriculture Drainage. The law specifi-
cally prohibits discharge from a San Joaquin Valley agricultural drain to the Delta,
Suisun Bay, or the Carquinez Strait until both state and federal water quality
standards can be met.

Although the Regional Boards have the authority to prepare,
and the SWRCB to adopt, water quality control plans, policies, and standards and
carry them out through a strong regulatory program, they do not have authority to
prepare, adopt, and implement comprehensive land use plans and land use regula-
tions. They can, however, advise land use planning and regulatory agencies, such as
local governments and the BCDC, on the kinds of 1and use management practices
that eliminate or mitigate the adverse water quality impacts associated with land
development.

Recently the SFRWQCB adopted a definition of the term
“wetlands” and a policy regarding filling of wetlands. The definition is similarto the
definition of wetlands used by the U. S. Army Corps of Engineers and EPA under
the Clean Water Act. The fill policy also uses the EPA’s CWA Section 404(b)(1)
guidelines, which require that fill projects be cither water dependent or have no
practicable alternative. Under the SFRWQCB policy, no net loss of wetland values
or acreage is allowed. This means that all wetland fill projects approved by the
Regional Board mustinclude (compensatory) mitigation. The SWRCB has approved
the adoption of these changes into the SFRWQCB’s Basin Plan, however the effect
of the policy is on “hold” while a law suit on the procedural process of adoption of
the policy by the SFRWQCB and the SWRCB is being heard.

d. U.S.Army Corpsof Engineersand U.S. Environmental Protection
Agency. Regulation of activities in open navigable waters of the United States and
adjacent wetlands is shared by the U. S. Army Corps of Engineers and the EPA under
the federal Rivers and Harbor Act as well as the CWA. The U. S. Army Corps of
Engineers has the primary permit and enforcement authority over wetlands both
within and landward of the diked historic wetlands. Under Section 10 of the Rivers
and Harbors Act of 1899, the Corps has jurisdiction over all tidal wetlands and all
unfilled areas behind dikes which were below historic Mean High Water. The Corps
shares authority over activities in wetlands with the EPA under the CW A discussed
above. Under Section 404 of the Clean Water Act, the Corps has authority over
wetlands adjacent to navigable bodics of water and isolated wetlands which have
interstate commerce connections. The Corps Section 404(b)(1) guidelines require
it to consider whether a proposed project or use in a wetland is water dependent,
whether there are feasible upland alternatives, and whether adequate mitigation has
been proposed.

Although the EPA has primary responsibility for administering the
Clean Water Act, the Corps administers Section 404 of the Act. However, the EPA

43

'C—098868

C-098868



Fiscal Determinants of
Land Use

has jurisdictionunder other sections of the Act and has final authority on Section 404
issues. The EPA comments to the Corps on proposed projects in wetlands and has
separate authority to make jurisdictional determinations, deny permits, and take
enforcement action.

The U. S. Fish and Wildlife Service has responsibility to comment to the
Corps on proposed projects in the Estuary requiring a Corp permit. The Corps is
required to give these comments “serious consideration.” The Fish and Wildlife
Service can appeal Corps permit decisions made at the district level to the Depart-
ment of the Army in Washington, D.C. Also, the Service has the authority and
responsibility to determine whether a wetlands project would affect endangered
species. If a proposed project would threaten the continued existence of an
endangered species, the Service has the authority under Section 7 of the Endangered
Species Act to require changes or mitigation for these impacts. Finally, the Service
can prosecute anyone who knowingly kills endangered species.

The California Department of Fish and Game also has responsibility t0
comment to the Corps on projects proposed in diked baylands. The Corpsis required
by the Fish and Wildlife Coordination Act to consider these comments. The
Department of Fish and Game does not, however, have any permit authority.

Because land use tax policy and laws greatly effect land use decisions and
practices in California and the Estuary region, this section will discuss select fiscal
determinants that have created a change in land use allocation in the Estuary region
and appear likely to influence future land use patterns. In particular, the analysis will
focus on Proposition 13, the Williamson Act, Proposition 4, and the Gann Measure.

1. Effects of Proposition 13. P