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ABSTRACT

With the growth of golf has come polarity. Environmentalists have targeted this
growth as a misuse of precious land resources, fostering environmental fragmentation.

The golf industry has countered by promoting the local implementation of strict
environmental guidelines designed to minimize golf's impact on natural resources.
Attempts to secure a compromise between developers and environmentalists in Pima
County, Arizona have been moderately successful. There, existing environmental golf
development guidelines are broad and insufficient to protect a declining riparian habitat.

The purpose of this study is to offer improved guidelines for the future development of
golf courses in the southwestern United States near sensitive riparian habitat. A
comparative analysis of two local case studies provides the key to the development of
new guidelines for golf courses near riparian areas in desert landscapes. Guidelines
proposed within this study offer planning, design, construction, and maintenance

direction related to the development of regional golf courses.
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PROBLEM STATEMENT

The game of golf has endured as a sport. For centuries, man has chased a small
ball around acres of land in the pursuit of recreation and competition. What began as a
crude concept in Great Britain - maneuvering a leather-covered, feather ball (or
"featherie") around a large grassy area with a wooden stick to a small hole - has

blossomed into one of the fastest growing sports in the United States. Today, there are
more than 16,000 golf courses in the U.S., and that number is growing by the hundreds
every year. The rising popularity of the game - spawned by broad television coverage of
professional tournaments, a strong American economy, and the ability for all ages of
golfers to participate - has contributed to a boom in golf course construction in the United
States, led in particular by Florida, California, Texas, and Arizona. But this boom has not
come without its consequences.
Concerns of environmental degradation to areas on and around golf courses are
rampant. In the minds of many environmentalists, water consumption, chemical misuse,
and the loss of wildlife and plant habitat, have bludgeoned the image of an otherwise
bucolic sport. In Arizona, where water and riparian areas - surface water-dependent
clusters of diverse groups of plants and animals - are extremely scarce, these concerns
have been amplified. There is a growing trend in southwestern golf development to
incorporate areas of lush riparian vegetation and habitat into a design, thereby providing a
more appealing and challenging layout. The desire of designers and developers to
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produce aesthetically pleasing, yet profitable layouts has often resulted in the
fragmentation, even obliteration, of riparian areas. Typically, these environmentally
sensitive areas are intact and relatively healthy prior to development, as was the case with
the Sabino Springs development (see Chapter 3). Occasionally, plans for development
along or near degraded riparian areas are proposed. The Rocking K Ranch development
in Tucson, Arizona (see Chapter 3) is one such project.
While the development of golf courses and their associated residential areas will
not dissipate in the foreseeable future, explicit methods to sensitively integrate golf into
the desert environment need to be developed. Environmental guidelines, while they exist
in rudimentary form in Pima County, are insufficient to ensure the protection of people,
plants, and animals that will forever share this fragile desert ecosystem. Herein lies the
problem.
To understand these issues, a qualitative approach to the research has been
employed. An introduction and summary of the literature is presented at the outset of the
thesis in Chapter 1. Then, the long history of the game of golf- its architecture and
construction - is revealed, beginning in Scotland, immigrating to America, and eventually
infiltrating the deserts of Arizona and the Southwestern United States.
Chapter 1 continues by delving into the abundant information regarding golf and
its impacts on the environment: the socio-cultural, environmental and economic impacts
golf course development has on people, plants, and animals that frequently inhabit the
surrounding areas. Often these issues are imbedded within the maintenance practices
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established by the golf course superintendent and are only relevant once the course has
been built. However, these issues have been included because proposed design
guidelines found in Chapter 5 can beneficially alter the way a superintendent manages a

golf course, thereby enhancing not only the design of the golf course, but its natural
surroundings as well.

A brief look at riparian areas as they pertain to Arizona then is provided in
Chapter 1 with an understanding of these unique ecological systems, their benefits to us

and how we continually threaten them. Because riparian degradation and the resulting
recovery of these ecosystems will assuredly become a commonly reported topic in the

future, an explanation of degradation and recovery is also included in this section.
Rincon Creek provides the case study, relevant because this degraded floodplain is
scheduled to be rehabilitated as part of the proposed Rocking K Ranch development
(reviewed in Chapter 3).
Chapter 1 continues with a discussion of other principles and guidelines which

can, if imposed, affect the way golf courses are developed on the land. Included within
this section are Audubon International's Principles of Sustainable Resource Management

and Golf and the Environment's Environmental Principles for Golf Courses in the United
States. With regard to the sensitive development of golf, existing environmental
guidelines are useful barometers for determining whether existing Pima County
guidelines are sufficient to unite golf and riparian habitat in a manner that is neither
economically nor environmentally prohibitive. A brief comment precedes each group of

13

guidelines, which have been copied into this section exactly as they have been found in

the literature.
A review of Pima County, Arizona planning can be found near the end of Chapter
1. Details of the County's Comprehensive Plan as well as the Zoning Code are presented
to provide crucial background into the development process one encounters upon
submittal of a local development proposal. Contained within the Zoning Code is the Golf

Course Overlay Zone, a list of guidelines the County provides for those developers who
wish to successfully incorporate a golf course onto their site. Here too, preceding a brief

comment, the guidelines have been taken directly from the literature and copied into this
section.
Following a summary of the literature in Chapter 2, Chapter 3 begins with an

introduction to the methods to be utilized by the author in achieving a set of guidelines
for future golf development along sensitive, even degraded or recovered ecological areas
in Pima County. The evaluation of a post-development case study, Sabino Springs, as
well a pre-development study of Rocking K Ranch, are presented utilizing information
obtained through their respective Specific Plans adopted by the County. Several springs

on the Sabino Springs site made planning, design, and construction efforts difficult. They
serve to provide a solid background into what developers and designers will eventually
face at Rocking K Ranch. Then, pre-development conditions at Rocking K Ranch project
are summarized and an introduction into the restoration of Rincon Creek serve to provide
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the setting (and the development challenge) for this proposed community in eastern Pima

County. A pre- and post-construction evaluation is provided for both studies.
A summary of the research can be found in Chapter 4. Chapter 5 presents new

guidelines helpful for the environmentally sensitive design and construction of golf
courses near viable or degraded riparian areas. They are categorized by planning, design,
construction, and maintenance issues.

Concluding remarks, found in Chapter 6, offer a comparison of the two case
studies and describes what effective and ineffective strategies regarding present and
future golf course development in Pima County have been useful in the development of

new guidelines. Future research needs are addressed at the end of the conclusions
chapter.
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PURPOSE OF STUDY

Need

Given the heightened environmental awareness surrounding the design,
construction, and maintenance of golf courses, particularly in the United States, there is a

glut of information available which addresses golf development near sensitive ecological
areas and upon degraded sites. Wetland protection, plant and animal habitat preservation,
and the placement of golf courses within abandoned mines and in landfills are prevalent

themes encountered daily in leading news publications. However, a rise in golf course
construction and a decline in local riparian systems in southern Arizona has ushered in
the challenge: Can golf courses be successfully developed in the semi-arid desert which

maintain, preserve, perhaps enhance these sensitive areas? The current development
trend of siting golf courses near pristine, even degraded, riparian areas in Tucson,
Arizona is suspect. On one hand, developers seek to provide players with a challenging,

aesthetically appealing golf courses, yet often times even well-intentioned plans fall short
of protecting key pieces of the property. Though there are recent examples that lend
support to a change in the way development takes place in the desert, current research

indicates local zoning regulations are far too broad to effectively manage and preserve
sensitive natural areas. Further research is needed to produce quality golf courses that

can preserve, protect, even enhance sensitive or degraded riparian habitat, as is the case
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with the Rocking K development proposed along Rincon Creek in Tucson, Arizona. The
purpose of this study is to offer improved guidelines the future development of
environmental golf courses in the southwestern United States, especially as they are
proposed near sensitive or recovered riparian habitat. A comparative analysis of two
local case studies provides the keys to the development of new guidelines for golf courses

near riparian areas in desert landscapes.

Objectives

The research objectives of this thesis are:

1. To review and summarize all literature relevant to the design of a golf course
in Pima County, Arizona.

2. To introduce environmental principles, published by Audubon International
and Golf and the Environment, that may be relevant to the development of
golf courses in Pima County.

3. To investigate Pima County's current development process and review the
existing golf course development guidelines contained within the Zoning
Code.

4. To examine the respective development processes related to two Pima County
case studies and incorporate their strengths into the future development

process of environmental golf in Pima County.
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5. To offer Pima County improved golf development guidelines utilizing
existing principles established by the County, Audubon International, and
Golf and the Environment which will serve to aid developers, planners,
designers, contractors, and managers in the development of environmentally
sensitive golf courses within Pima County, Arizona.
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CHAPTER 1: REVIEW OF THE LITERATURE

Introduction

In offering new guidelines for the development of golf courses in Pima County,
Arizona and the southwestern United States, especially as they're built near sensitive or
recovered riparian areas, a review of the relevant literature is essential. This chapter is
compiled of several sections, all of which have bearing on the outcome, or results, of this
thesis. The results - Proposed Guidelines for Golf Development in Pima County, Arizona

and the Semi-Arid Desert Southwest - can be found in Chapter 5 of this thesis. The
Review of the Literature supports the proposed guidelines and is structured logically to
touch upon those subjects critical to the understanding of current golf development

trends. Each section has an introduction and a summary.
First, a background to the game of golf is provided. From the birth of golf in

Great Britain hundreds of years ago, to the influences that led to its arrival in America
around the turn of the century, and the continued growth of the game into the deserts of

Arizona and Tucson have all contributed to an understanding of the game today.
The environmental factors of golf course development follow the history section.
The major criticisms the game has faced - land use and cultural fragmentation, chemical
use and abuse, and water use and overuse- all have contributed to a pervasive negative
sentiment for the sport by environmentalists. This is followed by a review of strategies
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prescribed for developing environmentally sensitive golf courses, namely Integrated Pest

Management (IPM) and Best Management Practices (BMP). Finally, a section on
degraded sites is backed by two California case studies: The Resort at Squaw Creek and
Spanish Bay.
Given the riparian theme of this thesis, an in-depth analysis of sensitive
environmental systems as they relate to Arizona and the southwestern United States is
reviewed. Definitions are included along with threats to riparian systems and their
benefits to human and natural ecology. As important are the factors which can lead to the
degradation of riparian ecosystems and, if harmed, the means man has to recover them.

Then, existing principles and guidelines for the environmentally sensitive
development of golf courses are offered. Those principles offered by Audubon

International and guidelines developed under a "Golf and the Environment" symposium
standout in the literature.

As Pima County, Arizona serves as the focus of this thesis, a review of local
planning processes is critical to an understanding of past, present, and future golf
development there. Specifically, it is the Pima County Zoning Code that contains the
County's current guidelines for golf development.
Finally, a summary of the literature brings the Review of the Literature chapter to

a close and lends support to the methods employed in offering Pima County improved
environmental guidelines for the future development of local and regional golf courses.
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A History Of Golf: The Development Of The Game And Its Architecture

"A pleasurable golf course is not necessarily one that appeals at first sight, but rather
one that grows on the player like good music, good painting, or good anything else."

From "Pleasurable Golf Courses," 1926, by Dr. Alister Mackenzie

Introduction

The game of golf has a long and storied past. What began in Great Britain
hundreds of years ago, has become one of the most sought-after games in America. This
chapter begins with the development of golf, from the game's inception in the British
Isles to its introduction in the United States. Modern day construction efforts make
today's game much more accessible to golfers who were once forced to travel long
distances in pursuit of a game, a hobby, even a passion. Where golf courses were once
confined to the damp, wind-blown shores of the British Isles, courses are now common in
the deserts of Tucson, Arizona, where, according to the Metropolitan Tucson Convention
and Visitors Bureau, twelve inches of annual rainfall is normal (MTCVB, 1997).

Great Britain

The game of golf and its playing field have evolved over a period of 400 to 600
years, originating in Scotland on what has been termed as "linksland (Cornish, 1993;
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Hurdzan, 1996)." Often publicly owned, linksland provided an early recreational outlet
for the masses (Jones, 1993a). The North Sea may well have deposited these sandy,
undulating hills, dunes, or "links" along the coastline. It is believed that the "natural
forces of tide and wind produced the endlessly undulating contours in the sand, and
animals provided the seeds for swards of twf and the scrapes that became enlarged into
bunkers (Doak, 1992:7)." The first games of golf were played along the banks of the
estuaries of rivers Eden, Tay, and Forth (Cornish, 1993).
Early on, golf was played atop this linksland exactly as it was found. No thought
was given to modifying the ground; the earliest Scottish links were designed entirely by
nature (Cornish, 1993). The terrain dictated that typical holes played in random
directions, weaving in and out of the high, windswept sand dunes where grass grew
naturally (Hurdzan, 1996). The layout (or routing), as it was, allowed golfers to wander
as far as they could find playable ground before turning back. Not surprisingly, the
number of holes varied - an impromptu decision, usually made by the local golfing
contingent. The Old Course at St. Andrews - golf's oldest links - had 22 holes;
Prestwick, twelve; Leith and Musselburgh, five each, until 1764 when 18 holes was
established as the standard by the Society of St. Andrew's Golfers (Cornish, 1993;
Phillips, 1986). Later, St. Andrew's designation as "Royal and Ancient" by King
William IV in 1834 helped to establish it as the standard for comparison with all future
courses (Phillips, 1986).
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There were no trees or ponds on these early courses, though plenty of natural
hazards existed. Such early courses avoided the dunes where prickly scrub, known as
"gorse," would inevitably swallow a misguided shot. Sandy wastelands and pot bunkers
dotted the landscape, formed by years of livestock wear, collapsed holes of small game,

and erosion (Cornish, 1993). There were no tees, fairways, or greens. Putting areas
consisted of the same wiry grass found elsewhere along the British coast. The putting
cup has been speculated to be a rabbit hole, its' denizen perhaps the chief greens mower
(Cornish, 1993). Though the selection of greens and even entire course routings were
democratically selected by popular opinion (i.e. the local golfing contingent), no

standards existed then for the design of golf courses, nor for their maintenance (Hurdzan,
1996; Doak, 1992). Bird droppings and rain kept the turf healthy. The sand beneath the
grass provided excellent drainage while grazing animals maintained the turf at an

acceptable, playable fairway height (Cornish, 1993). This was the earliest form of the
golf course, and preserved as such until the middle of the 18 th Century.
As the game of golf became increasingly popular with the masses, additional
courses were required to meet demand. Not until the 1700s did the Scots begin to alter
their natural playgrounds, creating permanent putting surfaces, called "greens" (Phillips,
1986). Though new private clubs had been established at Links of Leith (1744), St.

Andrews (1754), and Blackheath (1766), demand would soon outpace supply (Cornish,
1993). Golf courses became the focal point around which towns grew as they provided a
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recreational outlet for golfers and non-golfers alike (Love, 1992). People who did not
pursue golf as a sport would frequently roam the course, following their neighbors' play.

The continued growth of private clubs, coupled with the need to modify existing
tracts, begot a profession. Soon, skilled players, like "Old Tom" Morris evolved into
self-taught Scottish golf course architects and slowly began manipulating the land in
order to satisfy public demand and to accommodate for technological advances in golf
equipment (Cornish, 1993). New courses were built and older layouts were modified
quickly and inexpensively, with a minimum of earthmoving; there was no green fee from
which to recoup costs (Hurdzan, 1996). As linksland became scarcer, designers were
forced to utilize less desirable ground inland for their layouts, a pervading reality still
today. By the end of the 19` 11 Century about 150 courses existed in Britain (Love, 1992).

A "boom" in golf construction had begun that, more or less, was to last until the present
day.

America

The rapid expansion of golf course development in Great Britain and Europe
during the latter part of the 19 th Century fueled course expansion westward, across the

Atlantic Ocean. But when, and by whom remains uncertain. Claims by the Dorset
(Vermont) Field Club suggest it may have had a functional course in 1886 while the

Foxburg (Pennsylvania) Country Club maintains it was established as a 9-hole course in
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1887 (Cornish, 1993). By the 1890s, Charles Blair Macdonald, credited with coining the

title "golf architect," was designing courses near his hometown of Chicago (Graves,
1998). By 1900, there were 982 golf courses in the U.S. - at least one in each of the 45

states (Cornish, 1993). The spread of golf into the United States had begun.
By the end of the 1920s an estimated 500 new courses per year were being
developed (Love, 1992). Popular American golfers like Bobby Jones brought national
attention to the sport by winning 15 major titles during an amateur career (Cornish, 1993;
Love, 1992). Continued post-World War I demand for golf led to the construction of

Pebble Beach and Cypress Point, renown for their magnificent ocean views from the
California coast; Augusta National, nestled among the tall Georgia Pines and home of the
annual "Masters" tournament; and Shinnecock Hills, build upon true American linksland
of windswept eastern Long Island. Built by hand, without the use of modern machinery,

these courses remain today among the most revered in the United States. They were
carefully designed to fit the land upon which they lay, and crafted to fit their selected
sites. The spread of golf in the U.S. was swift and lasting.

Modern Day

Though the depression of the 1930s and World War II curtailed expansion, new
technological advances in construction equipment allowed demand to dictate course
location rather than suitability, as it had in earlier years (Love, 1992). Gone were the

25

days of horse-drawn scrapers, wheelbarrows, and hand tools. During the 1950s, an

average of 100 courses were opening annually, due in part, to a revolution in construction
techniques (Cornish, 1993). What once took 200 men and two to three years to build, an
18-hole golf course in 1960 only required a construction crew of a dozen or so and a fleet
of new earth-moving equipment, supplied by the likes of Caterpillar and John Deere.
Armed with these huge bulldozers, scrapers, and dump trucks, golf construction

personnel led the charge in creating lush green fairways in areas long-considered
unbuildable.
With the giant leap in construction technology came the transitional need to
properly maintain these newly constructed golf courses; the position of "golf course
superintendent" was born. Courses built after 1950 were now easily constructed in
harsher climatic conditions, requiring supplemental management skills to meet the
additional upkeep. Advances in turfgrasses, fertilizers, and chemicals during the 1950s

and 1960s solidified the golf course superintendent's position within the golfing
community (Cornish, 1993). Technical and scientific development of hybrid grasses,
automated irrigation systems, and an understanding of soil structure and water percolation

rates all required additional know-how from the men who maintained golf courses.
The present trend to develop master-planned residential communities in exotic
vacation destinations and within local municipalities has altered to face of golf
development in recent years. Today, potential golf course sites are studied not only for
their suitability for the game but for demographic and economic purposes as well (Love,

26

1992). Although golf had historically supported itself, developers of the 1980s sought to

increase their returns on investment more rapidly via golf-oriented real estate sales
(Muirhead, 1994). As the cost of developing a modem golf course climbed in the
millions of dollars, investors began to realize that attaching large residential and resort

communities to the development of the golf course represented an important means to a
quicker recovery of these escalating costs. Quickly, homes were built alongside courses
adding, in Arizona for example, anywhere from 15-30% to their cost and value (Nelson,
1998).

Today, golf courses are seldom developed without new subdivisions attached to
them. This trend has had a prolific affect on land-use planning, not only in Arizona, but
other parts of the country as well. Golf courses combined with residential communities
and resorts are now becoming larger, more complex, mega-subdivisions, fueling tourism
and real estate sales that add a generous tax base to local economies. This has resulted in
public planning officials compelled by developers to accept the strong economic terms

offered by this pervasive combination of residential and golf development.
Since 1986, golf has seen a 33% increase in the number of golfers in the United
States, from 19.9 million to 26.5 million, while the rate of construction has increased only
20% during that same period, from 13,353 in 1986 to 16,010 (NGF, National Golf

Foundation, 1998). Today, golf courses may seem ubiquitous: there are linksland
courses, courses sited within parks, courses built on the tops of mountains and below the
jungle canopy, even courses in the desert. But, the 16,010 golf courses presently
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operating in the U.S. are struggling with the demands of some 27 million golfers (NGF,
1998).

Arizona

The deserts of Arizona had not always welcomed golf. Harsh climatic conditions
- rocky soils and stifling summer heat - made the construction of golf courses unbearable
prior to the advent of modern earth-moving machinery. In the 1930s, the state had a total
of 11 golf courses, three in Phoenix and two in Tucson (Nelson, 1998). Today, that
number has blossomed to 275, increasing an average of 13 new courses per year. Nearly
a half a million Arizona residents and two million visitors combine for a total of 12
million rounds played in the state each year (Nelson, 1998). Though Arizona may not
have once welcomed golf, today it is dependent on the game of golf to the tune of $763
million in direct annual revenue, second only to the $801 million in annual revenue
generated by agriculture (Nelson, 1998).

Tucson

For the estimated two million winter visitors who flock to the Southwest each
year in search of warm-weather outdoor recreation, Tucson doesn't disappoint (Bagwell,
1998). In fact, the Professional Golfers' Association (PGA) Tour has helped lure
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vacationers to the area with the annual Tucson Open for over fifty years. Former
tournament hosts, El Rio Country Club and Starr Pass Golf Course, as well as the current

venue, Tucson National Resort and Spa, have made Tucson one of the premiere places to
play golf in the U.S. Currently, there are 35 courses open for play around the Tucson
Basin serving a population of almost one million people. And, since 1989, seven new 18hole courses have opened for play (Bagwell, 1998).

Summary

The game of golf goes back a long time. What began in Scotland hundreds of
years ago has swept feverishly into the United States over the last one hundred years.

The growth of golf has spawned a wealth of information on golf course architecture.
Some by architects themselves, others by astute observers of the profession.
Historically, golf course design involved very little construction as man sought to
utilize the natural characteristics of the land. If earth was to be moved, it was done out of
necessity - massive grading was simply too expensive and laborious prior to the advent of

modern machinery. So, designers relied on hand labor and equipment drawn by mules or
oxen to shape a course. Much advancement has been made in the way golf courses have
been constructed in the sixty years since George Thomas and Alister Mackenzie wrote

about golf course design. Today, fleets of heavy, automated machinery make even the
most inhospitable areas potential sites for golf courses.
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The growth of golf continues in the United States. As one of the fastest growing
communities in the U.S., Tucson has been no exception to this growth. The challenge
there has been to maintain the economic prosperity golf offers the region while protecting

the valuable natural resources of the desert ecosystem. The next section discusses, in
detail, the specific environmental considerations involved in the development of golf

courses.
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Golf And The Environment

"Around the world, golf course developments are disrupting human and ecological
communities in ways rarely contemplated in golfing magazines or clubhouse restaurants:
they displace people, destroy habitats, pollute surrounding water and air with their heavy
concentrations of fertilizers and pesticides, and deplete water supplies."
From "Toxic Green," 1994, by Anne E. Platt

Introduction

The current worldwide explosion in golf course development has raised public
awareness regarding the environmental impacts of golf courses. Local, state, and
occasionally, federal review and approval required of the development process has
focused dubious attention on the industry of golf (Love, 1992). Consequently, a broad,
yet strong dichotomy has formed: golf development vs. the environmental movement.
Groups like the Sierra Club, the Audubon Society, and the Nature Conservancy have
historically teed off on the golfing industry in court to block the development of certain,
targeted courses (Thompson, 1996).
Several examples of the problem are evident, and illustrate the widespread
antagonism that has developed between golf developers and environmentalists. In 1993,

golf construction activities in Wicklow County, Ireland removed peat from a nearby
marsh to cover flattened dunes, thereby destroying aquatic plant communities in the

process. On Long Island, NY, a 1990 survey by the New York State Department of Law
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concluded that pesticide use on 52 golf courses was seven times the annual amount
applied to agricultural land (Platt, 1994).
The over-use of pesticides on and around the emerald-green fairways of American
golf courses has been associated with contaminated drinking water and a reduction in
wildlife populations (Balogh and Anderson, 1992). Scattered incidents of bird and fish
kills have been alleged, some largely unsubstantiated, nor definitively attributed to
chemicals released on nearby courses. Though chemicals have been employed by the
agricultural, forestry, and turfgrass industries to control pests for decades, watchdog
organizations like the Global Anti-Golf Movement (GAG'M) have only monitored golf
developments around the globe during the last ten years (Balogh and Anderson, 1992;
Platt, 1994). To date, GAG'M has successfully blocked the construction of 300 golf
courses in Japan alone (Thompson, 1996).
Though many of the alleged social and cultural injustices have occurred outside
the United States, environmental concerns relating to golf development remain especially
"hot" in this country. The majority of environmental golf course research is conducted
and disseminated in America. The following section introduces the pertinent literature
regarding the environmental impacts of golf course design, construction, and
maintenance, and includes some general strategies offered to mitigate their impact.
Recent examples suggest that golf course design and development can be utilized to
restore environmentally degraded areas. Two case studies, The Resort at Squaw Creek
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and Spanish Bay, illustrate how this can work. First, some of the criticisms aimed at the
game are noted.

Criticisms

Golf course architect Desmond Muirhead recognized the public's commitment to
a healthy environment and has outlined some of the environmental concerns allied with
the planning, designing, and construction of a golf course. A change in land use - the
transformation of the natural landscape to something that is man-made (be it golf or any
other development) - can result in the loss, damage, or fragmentation of sensitive wildlife

habitat, induce soil erosion, and increase water usage (Muirhead, 1994). Furthermore, the
use of pesticides and fertilizers on golf courses pose additional threats to soil and water
sources. Balogh, Leslie, et al. (1992:355) expanded upon the use of chemical fertilizers
and pesticides, list four "potentially adverse environmental impacts" of golf course
management:

1. "Contamination of surface water and groundwater resources with nitrates
and residual pesticides;
2. Contamination of surface water with sediment during construction and
interface with natural drainage systems;
3. Actual and perceived health effects on humans, wildlife, and other nontarget
organisms;
Development
of insect and disease populations resistant to currently used
4.
pesticides."
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Snow, et al. (1993), writing for an environmental law firm publication, offered some
related environmental and regulatory agency concerns on the development of golf

courses. They challenged to the use of scarce water resources for golf course irrigation,
objected to the loss of natural areas, and outlined the deleterious impact pesticides can

have on people, wildlife, and other organisms.
Clearly, there are a variety of well-documented concerns regarding the
development of a golf course. To shed additional light on the issues and concerns
regarding golf and the environment, Platt (1994) has addressed many of the negative

aspects of golf including land use and cultural fragmentation, chemical use and abuse,
and water use and overuse.

Land Use and Cultural Fragmentation

As the demand for the game of golf grows, developers continually seek new lands
on which to build new courses. In fact, golf development is the fastest growing type of
land development in the world (Platt, 1994). Unfortunately, some golf course developers
have been persistent (and successful) in their attempts to develop golf resorts anywhere
physically possible: in the mountains and deserts, along coastlines, and in wetlands. The

trend, in some cases, has developers ignoring socio-cultural issues for the sake of profit.
This in mind, Platt (1994) notes that there are acceptable sites for golf courses and places
where the game shouldn't be, as the following examples from Hawai'i demonstrate.
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Hundreds of ago ancient Hawaiians settled in the village of Maunawili, on the
island of O'ahu. They endured, in part, by fishing the local waters and drinking from
artesian wells. Today, their descendants remain, housed in wood and corrugated metal

homes, content in leading lives as farmers and fisherman. But their homeland is in
jeopardy. Local residents have been embroiled in a civil battle with a Japanese developer
who has systematically enveloped their lands with two 18-hole golf courses and a
clubhouse. The issue has been brought to court but little hope exists for the indigenous

people: the land has never been legally claimed. To the south and east, on the Big Island
of Hawaii, a Jack Nicklaus-designed golf course has attracted several lawsuits from local
residents. Charges that the 1,540-acre resort will infringe on, if not completely destroy
several key archaeological and burial sites.

Golf requires large tracts of land, typically 160-200 acres (Kuiper, 1997). The
price of developing such large pieces of land often incurs a legal and environmental cost.

For example, changes in land use - from agriculture to residential uses - can be a
detriment to the physical and cultural environment that currently occupies the area. The
result has been long, arduous court battles. Ironically, though man's assault on the
physical environment grabs many of the headlines in golf course cases (see below), much

of the time, it's man himself who faces the brunt of this ever-expanding game.
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Chemical Use and Abuse

Since the 1950s and 1960s when golf course maintenance personnel sprayed
chemicals like cadmium, chlordane, diazinon, arsenic, mercury, and DDT with garden
hoses draped into uncapped 55-gallon drums, environmentalists' most enduring criticisms

have been aimed golf's chemical requirement (Hurdzan, 1996). A golfer's demand for
emerald tees, fairways, and greens dictates the application of pesticides (herbicides,
fungicides, and insecticides) and fertilizers. Many of these are harmful, in some form and

concentration, to humans and wildlife. Starrett and Christians (1995:23) report that "high
levels of exposure to some fertilizer nutrients have been reported to be detrimental to
humans," while Yates (1995:10) notes that "a number of pesticides have been designated
as potential toxic air contaminants." To further understand the impacts associated with

the use of fertilizers and pesticides on golf courses, Walker and Branham (1992), Balogh
and Anderson (1992), and others are referred to below.

Fertilizers

An important element in the aesthetic quality and growth-rate of turfgrass is the
application of fertilizers. Common fertilizers applied to turfgrass include nitrogen,
phosphorus, and potassium, while sulfur, calcium, and other microelements are used to a
lesser extent on a site-by-site basis.
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Nitrogen is a ubiquitous element in the atmosphere and a fundamental nutrient for
the basic survival of all living things, including turfgrasses. Turfgrass requires regular
supplements to facilitate plant uptake and maintain a constant, uniform appearance
(Hallberg and Keeney, 1993). Nitrogen may be applied to turfgrass on a regular basis, as
deficiencies are common. Golf course superintendents regularly apply pre-mixed
nitrogen compounds, or "nitrates," to greens, tees, fairways, and roughs to maintain
turfgrass growth and color. Nitrates are highly soluble and very mobile. And, because
nitrates flow well through soil, they have been associated with sources of groundwater
pollution in intensively managed areas (Walker and Branham, 1992).
Though potassium requirements for turfgrasses are generally less than nitrogen
(typically applied at 75% the level of nitrogen), large amounts are required to improve
root growth and reduce the onset of disease. It is also prone, like nitrates, to leaching,
especially in course, sandy soils (Walker and Branham, 1992). These soils can provoke
turf deficiencies in potassium, especially if a loss of nitrogen is detected.
Deficiencies in phosphorus are less likely to occur than in nitrogen and potassium
(Walker and Branham, 1992). Usually phosphorus is applied only twice during the year:
in early spring and late fall. Phosphorus is needed to establish seeds, enhance root
growth, and to protect from heat, cold, and drought.
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Pesticides

Since the 1950s, the public's demand for well maintained, visually appealing
lawns and playing fields, ushered in an era of "synthetic organic pesticides (Balogh and

Anderson, 1992:221)." For purposes of the following section, the term "pesticide" refers
to manufactured organic compounds or biochemical controls used in the abatement of
weeds, disease, or insects found in turfgrass systems.

The use of pesticides has become a modern panacea for controlling pests and
other undesirable organisms found in agriculture, forests, and turfgrass. Unfortunately,
they are potent compound chemicals associated with potential deleterious environmental

and human effects. The effects of pesticides have been well-documented as reducing bird
populations, infiltrating and polluting aquatic ecosystems, contaminating soils, drinking
water, surface water, and groundwater, thereby destroying non-target organisms and
increasing the number of insect species resistant to chemicals (Balogh and Anderson,
1992). Additionally, pesticide residues, as described above by Balogh and Anderson
(1992), can display a multitude of adverse effects on local human and wildlife

populations.
Grue, et al. (1983) note that wildlife may be exposed to chemical contaminants
through a variety of pathways (Tietge, 1992:444): 1) direct consumption; 2) ingestion; 3)

inhalation or dermal absorption. Birds, mammals, reptiles, and other wildlife may
unknowingly consume chemicals either directly or indirectly by drinking contaminated
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water sources, feeding on poisoned vegetation and prey, inhaling toxic gasses, or by
making skin contact with the chemical.
Specifically, the use of pesticides and fertilizers on golf courses is a common and,

in fact, a necessary part of growing healthy turf. The amount and frequency to which
fertilizers and pesticides are applied depends largely on the region in which they are
utilized. Hence, application practices are extremely site-specific and will vary with the
amount of water applied, nutrient holding capacity, and turfgrass species. The use of
such nutrients and pesticides on golf courses constitutes a concern over the chemicals
leaching potential into local water supplies; more than one-half of the country's

population relies on groundwater as its primary source of drinking water (Kenna, 1995).

Water Use and Overuse

All water is continuously being recycled through the natural processes of
evapotranspiration and precipitation. Water evaporates from the oceans, lakes, streams,

plants and land surfaces and returns to the ground as rain, snow, sleet, hail, dew and fog.
Though the amount of charging (evapotranspiration) is approximately equal to the
amount of discharging (precipitation) on a daily basis, precipitation patterns are highly

variable. Some regions of the United States receive a great deal of precipitation (New
Orleans, for example, receives approximately 35 inches of precipitation annually), while
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others are left relatively dry (Tucson receives only 12 inches of precipitation annually)
(Wright, 1990; MTCVB, 1997).
Watson (1994) estimated that more than 99% of the world's water supply, in the
form of oceans and polar ice caps, is unavailable to man. The remaining 1% of water is
used for drinking, manufacturing, sanitation, recreation, and irrigation. Golf courses
consume huge quantities of nature's precious resource for health and survival. One of the
more common complaints associated with golf courses involves the use, and over-use, of
water. Nowhere is this consumption better seen than in Florida and California - states
that hold the highest number of golf courses, respectively. In Florida, there are more than
1,170 courses that consume 137 billion gallons of water annually, and; in California, 942
golf courses use 90 billion gallons a year. In Arizona, it is estimated that the 275
statewide golf courses are irrigated with 28 billion gallons of water per year (Hawes,
1997; Nelson, 1998). To put this in perspective, during the hot summer months Tucson's
regional water provider, Tucson Water, estimates that approximately 150 million gallons
a day are delivered to its customers (Arnold, personal communication). So, 28 billion
gallons of water would support the entire Tucson metropolitan area for more than six
months!
The concern is not entirely limited to the use of water on golf courses. Golf
courses, if not designed and built around existing surface water features, are often sited
above potable sources of groundwater; chemicals allowed to percolate into the ground
pose additional problems for sources of drinking water. In Tucson, Arizona, the city's
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water resource is below ground, contained in an aquifer and pumped to local residents.
Here, the development of golf courses poses an environmental hazard. That is, chemical
contaminants - fertilizers and pesticides - utilized in the management of golf courses may
effect groundwater quality. Alley (1993:3) cites eight ways in which contaminants might
reach local groundwater supplies:
"Downward percolation from a land-surface source;
Downward percolation from surfaces in the shallow subsurface;
Direct enny of contaminants from the land surface through wells;
Cross contamination between aquifers in wells open to more than one aquifer;
Flow of contaminated of saline water into freshwater aquifers as a result of
pumping;
6. Interactions of groundwater with surfacewater bodies;
7. Percolation of acidic or contaminant-bearing precipitation;
8. Interactions with geologic formations that contain natural contaminants, such
as radon."

1.
2.
3.
4.
5.

Should nitrates and chemical pesticides applied to golf courses reach groundwater
supplies, the hazards are numerous. Nitrates found in groundwater supplies, for example,
have been dubiously linked to birth defects, cancer, and nervous system impairment
(Walker and Branham, 1992).
As public awareness of some the dangers attributed to the development of golf
courses increases, scientific research is weighing the risks and benefits associated with
the use of nitrates and pesticides. "People want to be sure that the course they play on or
live next to is not contaminated with potentially harmful chemicals (Tietge, 1992:443)."
The question is whether society can meet the challenges to develop sensitively in the face
of environmental and social adversity. Current research suggests it can. Recent case
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studies suggest methods for improving (and minimizing) golf's imprint upon the land.
The next section looks at some of the strategies proposed for developing environmentally
sensitive golf courses.

Strategies for Developing Environmentally-Sensitive Golf Courses

During the 20-year period from 1930 to 1950, the major environmental concerns
revolved around soil and water conservation on agricultural lands. Frequent droughts
coupled with high winds would often induce topsoil erosion as farmers scrambled for
ways to conserve precious water supplies (Balogh, et al., 1992a). The use of grasses was
one method the United States Department of Agriculture's Soil Conservation Service
instituted to reduce soil erosion. To maintain the grasses as well as their agricultural
crops, farmers often applied prodigious amounts of chemicals. By the 1960s, the
agriculture and forestry industries, as well as local municipalities, were all blamed for the

"eutrophication of surface water, sedimentation of streams and lakes, introduction of
persistent pesticides in the global food chain and the identification of high levels of
nitrates in drinking water (Balogh, et al., 1992a:2)." The need to protect human and
wildlife resources, soil and water quality, and limited potable water resources remain
serious environmental issues today. Over the last few decades, the environmental
movement has focused its attention on land development issues, which, in turn, have
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produced more sensitive, site-responsive approaches to how golf courses are planned,
designed, built, maintained, and managed.
Given the numerous criticisms discussed above, a plethora of literature has come
available in recent years, particularly during the 1990s, suggesting methods by which golf
courses can be developed in a more environmentally sensitive manner. Muirhead (1994),
for example, professed Golf Courses as Ecological Sanctuaries." He reminded us that
-

the quality of life and the quality of the environment are two entirely interdependent
entities, but relied on one another nonetheless. Furthermore, he argued that golf courses
should attempt to "combine a recreational amenity with programs to improve
environmental quality;" that they are part of a larger network of open spaces and should
be designed with regional ecosystems and adjacent open spaces in mind (Muirhead,
1994:95). "Golf Courses as Ecological Sanctuaries" methodology stressed the
importance of "complete and thorough site analysis ...from an ecological point of view."
It maintained a "strong, contiguous connections to the overall open space network" by
parceling the land into ecological zones of preservation areas, conservation areas,
reestablishment and enhancement areas, and maintained turf areas (Muirhead, 1994:9596).
Others have approached golf development with germane questions pertaining to
the planning, design, construction, and maintenance of golf courses. Love (1992:6), for
example, posed a series of pre-development questions with regard to location, site
characteristics, climate, and local regulations:
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•
•
•
•
•
•
•

•

"Does the golf course constitute the elimination of open or green space by
making use of a site which is currently undeveloped?"
"Will the proposed golf course alter or eliminate wetland and other sensitive
environmental areas that may exist on the site?"
"Are there significant historical or archaeological areas on the site that will
be affected by the golf course?"
"What impact will the golf course have on the ecological systems on the site,
such as plant life and wildlife habitat?"
"How will the golf course affect the existing character of the site through
alteration of the topography and vegetative cover?"
"Is there an potential for water pollution from earth disturbance and erosion
during construction of the golf course?"
"Will the irrigation requirements of the golf course lead to the reduction or
depletion of water supplies, especially in areas experiencing conditions which
limit water resources?
"Will the long term application of chemicals for turfgrass management on a
golf course cause water pollution from surface run-off or infiltration into the
ground?"

And Harrison (1997) recommended that potential golf developers thoroughly examine,

not only surface characteristics (e.g. soils, topography, etc.), but subsurface conditions as
well. To do that, he suggested developing a conceptual model based on information

obtained prior to development of the site by answering the following questions (Harrison,
1997:61):
•
•
•
•
•
•

"What is the basic landscape setting of your property (upland or lowland,
groundwater recharge or discharge zone, landlocked or riparian, etc.)?"
"What are the site geological and soil characteristics, including rock types,
topography, permeability, soil depth and fertility?"
"What aquifers exist below the site? What are their depths, thicknesses and
current conditions?"
"What are the characteristics of regional and local groundwater flow,
including horizontal and vertical direction, velocity and volume?"
"What is the relative vulnerability of nearby surface water and groundwater
resources to pollution from surface activities?"
"Who are your upstream and downstream neighbors, both residential and
industrial?"
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•

"Does the property contain other environmentally sensitive areas, such as
wildlife habitat or stands of rare plants?"

These questions raise a number of very important points that should be addressed
prior to the beginning of any project, new or old, golf-related or not. The process of
discovering problems and answering pre-development questions is known as site
analysis. It is a step-by-step evaluation process, critical to the short and long-term
success of any project and, like additional golf development guidelines, will be detailed
later in the methodology chapters of this thesis. Since no two sites are ever the same,
site-specific problems and questions always differ and there are always issues that relate
to location, site characteristics, climate, and local regulations. As significant questions
are answered and problems addressed, then approaches to proper development procedure
can be proposed.
Based on the information provided by the site analysis - questions asked and
answered - the development team can begin to assemble creative and responsible design
solutions that are sensitive to the environment. A thorough understanding of the
regulatory process, from local through the federal levels, is essential for the establishment
of realistic project goals (Love, 1992). This is especially important to avoid costly
revisions and delays during the review, permitting, and construction process.
The design should be challenging, enjoyable, attractive, and compatible with the
site. In addition, Smart, et al. (1993:17) offer three general principles regarding design
compatibility:
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1. "Design ecocentrically to meet both human and wildlife habitat needs,
creating a development for humans as well as a development for wildlife;
2. Design contextually, letting regional, watershed, and site-specific conditions
and features determine golf course features;
3. Incorporate Best Management Practices (BMP) and Integrated Pest
Management (IPM) plans to minimize environmental harm."

The first two principles, bulleted above, are obviously design-related, while the third: the
use of BMP and IPM needs further explanation.

IPM and BMP

Best Management Practices (BMP) and Integrated Pest Management (IPM) are
two widely-accepted concepts in the golf course management industry today. Though
there is wide speculation as to when, where, and who first introduced IPM, it is a practice
well established in the agricultural and golf course industries (Muirhead, 1994;
Brandenberg, 1997; Balogh, et al, 1992b). Both are environmental maintenance
programs developed and modified by individual landscape managers to protect and
enhance the natural and functional ecosystems that interact on their lands. Managers are
taught to carefully study the existing ecological systems surrounding their respective
landscapes and attempt implement measures which will not adversely harm the natural
communities that share the managed areas (Muirhead, 1994). The difference between the
two is simple. A BMP program is a written plan that helps golf course developers,
planners, architects, and superintendents select strategies, policies and procedures best
suited to their golf course. An IPM is a pest maintenance program specifically designed
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as a cost-benefit analysis ...balancing cost, the type of pest you have, the cost of the
chemical, the price of doing nothing and the environmental cost as well (Muirhead,
-

1994; Thompson, 1993:64)."
Both programs offer continual guidance. A BMP program is suited for those who
operate golf courses and an IPM program directs the maintenance plan. A typical BMP
program, similar to an environmental mitigation plan, might include a statement of goals
and objectives, an inventory of resources and analysis of their impact, a description of
strategies to mitigate the effects of a project, and a description of operational procedures
to be implemented (Muirhead, 1994). The objectives of IPM are "to develop turf and
ornamentals that can withstand pest pressure, to use pesticides more wisely, to utilize
natural, beneficial organisms rather than destroying them, and to time pesticide
treatments more precisely at vulnerable pest stages (Fearis, 1994:95)."
Because this thesis proposes golf course development techniques that attempt to
augment sensitive or degraded environments, a brief exploration of a few related case
studies and a review of the approaches course designers took in alleviating the specific
ecological impacts of the imposed golf course are necessary. As more sites fall victim to
human-induced ecological processes, the development of golf courses near degraded, yet
sensitive sites is fast-becoming a new specialization for future golf course planners and
architects. The following section provides examples from the recent literature of how
two golf courses overcame adversity to restore, even enhance decaying areas.
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Environmentally Sensitive and Degraded Sites

Approaches to solving golf's environmental problems vary widely. Some recent
projects have attempted to convert environmentally degraded areas into golf courses. The
conversion of sites such as landfills, chemical wastelands, or an abandoned mine to golf
requires steadfast determination, a lot of money, and a little luck. Many golf courses that
are intended for environmentally degraded areas never reach the construction phase. The
majority of such courses are held in limbo, awaiting varying degrees of federal, state, or
local approvals. Others simply require an influx of money to pay for additional tests,
plans, or permits. Usually, it's both. The next section reveals two case studies: the
Resort at Squaw Creek, north of Lake Tahoe, California and Spanish Bay, along the
Monterey Coast of California. Though both golf courses posed development challenges,
each reflected individual, site-responsive approaches that eventually received the
necessary approvals and were built.

Case Study: The Resort at Squaw Creek

In 1982 developer, Perini Resorts, Inc. began initial planning efforts to convert a
portion of a wetland-filled meadow at the base of Squaw Valley ski resort into a hotelresort and golf course. The entire development process was to consume 10 years and $14
million (Soltan, 1995).
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Situated at 6,200 feet in elevation, the alpine property encompasses some 640
acres, and has been described as pine forest edges at the bottom of the mountain, then a
-

transition into the meadows (Leslie, 1994:49)." Of the 640 acres, only 80 were available
for the development of the golf course, well below the typical 160-200 acre requirement
of other golf layouts (Elston, 1993). One of the major goals for the project was to protect
the "pristine mountain meadow" and its wetlands (Soltan, 1995:146).
Environmentalists were concerned about the potential impact of development on
Squaw Creek, a tributary of the Truckee River and a major source of water for local
residents. The subsequent Environmental Impact Report (EIR) revealed the meadow to
be less than pristine - the beginning of numerous pre-development problems to plague the
project (Elston, 1993). First, the Army Corps of Engineers had constructed a parking lot
on a portion of the property for the 1960 Winter Olympic Games and had covered
overflow lots with piles of sawdust. Second, water quality tests showed the site to be a
leachfield from old septic tanks of nearby residences. And finally, horse manure dotted
the landscape - the result of years of use from an adjacent riding stable. Plans to improve
the site were devised, including removing the existing parking lot, sawdust, and manure;
cleaning the leachfield; adding 35 acres of new wetlands, and; installing of more than a
mile of elevated cart paths. Three years and 330 public meetings later, construction
approval was granted and a majority of the golf course was routed around Squaw Creek
and its adjoining wetlands.
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Because much of the environmental debate revolved around the future use of

pesticides and fertilizers, extreme precautionary golf course maintenance measures were
implemented. The public's concern over chemicals leaching into the wetlands were
assuaged when project developers agreed to prohibit the use pesticides and minimize the

use of fertilizers (Soltan, 1995). Pesticides are prohibited and fertilizers are limited on
the Resort at Squaw Creek golf course; weeds are removed by hand. Seventeen of the
greens were underlain with deactivated charcoal filters to catch any potentially harmful
material and all greens have been setback at least 10 feet from the wetland areas and 25
feet from Squaw Creek (Elston, 1993).
Eight years of contentious debate between developers, local environmentalists,

and government authorities led to 100 different course routing plans and finally, approval
(Leslie, 1994). The Resort at Squaw Creek represents a trend in golf course
development: developers, designers, contractors, and especially, superintendents can be
held accountable for environmental damage. The Resort at Squaw Creek is an example

of a developer's perseverance, a designer's ingenuity, and a compromise between both
environmentalists and developers.

At the Resort at Squaw Creek, existing site conditions were relatively favorable
for development. The next section continues the discussion by illustrating how a golf
course can also restore more visibly degraded sites. Developers for Spanish Bay faced
numerous pre-planning site problems, including severely degraded site conditions. The
resulting development offered unique solutions in the development of a visibly degraded

49

site and has subsequently become a model in the campaign for the development of
environmentally friendly golf courses.

Case Study: Spanish Bay

Prior to the 1930s, along the Monterey Coast of California, were an impressive
mix of sand dunes, grasses, and coastal habitat. During the 1930s through 1974 the 220acre site fell victim to an industrial sand mining operation, virtually destroying the oncepristine coastal conditions (Osmun, 1992). For better than 50 years, sand dunes (some 90
feet high) were removed, converted into industrial-grade silica, and hauled away (Osmun,
1992). By the mid-1970s, 146 acres of the site had been mined, leaving only some 20
acres untouched (Knott and Jones II, 1996). Severe erosion, aberrant drainage, and the
invasion of exotic plants species - pampas grass and ice plant - governed this portion of
the California Del Monte Forest until the Pebble Beach Company arrived.
Ingenuity and foresight by the Pebble Beach Company in the mid-1980s led to
development of Spanish Bay, an 18-hole golf course, 270-room hotel, and 80-townhouse
residential community (Knott and Jones II, 1996). The Pebble Beach Company hired the
golf architecture team of Robert Trent Jones, Jr., Tom Watson, and Sandy Tatum and the
Richmond, California environmental consultant firm of LSA Associates. From the
beginning, the team outlined goals and objectives that were to be implemented within
each phase of the Spanish Bay project. In particular, they identified eight planning,

50

design, and construction issues they believed would best suit the surrounding natural area
- ones that would eventually lead to the creative integration of golf and the restored
environment along the Monterey Coast (Knott and Jones II, 1996).
As most of the dunes had been adversely affected by the mining operations of
years past, the first objective was to restore and recreate the natural coastal dune
environment as it once existed. In 1984, a test dune was constructed to evaluate the
feasibility of recreating, planting, and stabilizing the new dune formations. New dunes
were shaped with 600,000 cubic yards of imported sand to mimic the existing dunes, then

hydomulched with native seed, fescue, clover, and brome (over 150,000 plants were
collected and propagated for reintroduction to the area as well) (Knott and Jones II,

1996). The entire area was subsequently irrigated with an automated system to establish
new plantings and control wind erosion.

The task of preserving and restoring the existing wetland and riparian vegetation
required extensive regrading and revegetation efforts, especially within the northern
riparian corridor. Drainage from the new hotel and housing was directed to the restored
riparian area, which now doubles as a natural biological filter and detention basin. At the
southern end of the property, a six-acre wetland was created to provide habitat for the
coastal birds and wildlife that inhabit the Monterey Coast.

The third and fourth objectives required the design team to preserve the dunes that
had been left intact during mining operations and preserve the existing forest edge. The

dunes were carefully preserved with construction fencing to avoid costly human impacts
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to them. The golf course was routed near, but not onto these existing dune structures, and
designed to minimize clearing of the mature Monterey pine forest, which designers
considered "environmentally and visually significant (Knott and Jones II, 1996:24)."
Considerable effort was given to interfacing existing beach uses and the golf

course. All holes along the coast were set back, away from the beaches, and designed to
minimize impact on non-golf related activities. Additionally, a coastline trail now winds
from the designated public parking areas throughout the property.
Because local residents were concerned with increased construction-related truck
traffic on local roads, a two-mile conveyor system was devised to haul the 600,000 cubic
yards of sand from a quarry to the golf course. From there, the sand was distributed to
pre-assigned locations throughout the site.
The shallow water table in various locations at Spanish Bay provided the
penultimate objective of the design team - drainage. Designers sculpted deep, elaborate
swales between the dunes to capture surface water and direct it into the wetlands. This
allowed the golf course to be relatively dry during the winter rainy season while
simultaneously providing water to the wetland areas.
The final objective involved visual impacts. The hotel and residential areas were
sited to avoid disrupting views to and from the beaches and the Del Monte Forest. The
dunes near the golf course were placed, not only to add character to the course, but also to
block unsightly roads, parking lots, and other objectionable views.
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Today, Spanish Bay stands as an impressive, links-style golf course, reminiscent
of what one might find in Great Britain. Though the area Spanish Bay currently occupies
may not look exactly like it had prior to the mining operations, designers have
transformed a once-degraded site into a viable recreational area of trails, open spaces, and

golf.
The successful integration of golf into the environment is a difficult process that
requires the aid of a great deal of experts. Through comprehensive site analysis,
thoughtful design, and proper construction techniques, golf courses such as the Resort at

Squaw Creek and Spanish Bay are not only possible, but can be effective in enhancing
areas that will continue to deteriorate without development. As environmental and
economic pressures force potential developers away from the prime properties, degraded

sites will continually become logical places for golf in the future. Further research must
concentrate significant efforts to studying this inevitability.

If designed, maintained, and constructed properly, golf courses can become an
environmental asset to their surroundings. Osmun (1992:40) has listed several ways golf

courses benefit the environment:
•
•
•
•
•

"Reduced Runoff: Turf on golf courses lessens water runoff and erosion,
reduces flooding, and helps manage stormwater."
"Groundwater Recharge. A 150-acre golf course can recharge the water
table with a net 90 million gallons of rainwater each year."
"Water Filtering System. Studies show that water that has moved through a
golf course is purer than before it reached the course."
"Effluent Water. Golf courses provide sites for irrigating with effluent water.
The soil and vegetation filter the water that returns to the aquifer."
"Oxygen Production. A 150-acre golf course produces enough oxygen for
118,000 people per day."
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•
•
•
•
•

"Temperature. A golf course has the cooling effect of several hundred tons of
air conditioning."
"Noise Abatement. Turf absorbs and deflects sound."
"Wildlife. Golf courses can be natural habitats and wildlife sanctuaries.
"Allergy Control. Turf helps trap dust and reduce pollen levels."
"Fire Breaks. Turfgrass provides a buffer zone that slows the spread of
wildfire around buildings."

Summary

Golf and the environment has become a subject for much debate, speculation, and
innuendo. Separating fact from fiction, at times, can be quite an undertaking. While
many of the environmental concerns are directly related to the construction and
maintenance of golf courses, creative and environmentally-focused planning and design
procedures, implemented at the inception of the project, can avoid many of the questions,
criticisms, and concerns raised later. The development of golf, like life, is a complex
game of give and take. Environmental concerns are weighed against economic and social
realities. That's why it's imperative for golf developers to realize the benefit in
completely understanding, prior to the construction phase, the existing physical,
biological, ecological, social, and cultural idiosyncrasies attached to their respective sites.
Pre-development concerns can be addressed and answered astutely with sound ecological
solutions. If this cannot be achieved, the site should forever be discarded as a potential
site for development. Further research is necessary for the continued development of
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these kinds of golf courses, especially as it pertains to the restoration of riparian zones the
semi-arid southwest.
Sometimes, it takes large-scale planning efforts to bring about positive
environmental change. The trend to utilize golf as a means to improve or enhance
degraded sites is one way that the game is trying to restore its tarnished image.
Abandoned mines, Superfund sites (a federal list of chemical wastelands scheduled to be
cleaned and recovered), and closed landfills all provide excellent canvases for the
development of golf as they usually offer plenty of acreage can be obtained relatively
inexpensively. One of the more intriguing results from golf course development is that

the amount of plant and animal habitat that can be reintroduced into an area far exceeds
the sum possible without this development. In most cases, the funding required to
undertake huge clean-up and restoration efforts is cost-prohibitive. Even the most well
intentioned conservation groups don't have the required physical or financial resources to
achieve complete ecological recovery. Through legislative controls - zoning restrictions

and plan amendments - local, regional, and national planning agencies can force
developers to restore certain landscapes intended for development.

For now, the trend to build golf courses near sensitive areas has not waned. The
next section looks at the unique, yet complex riparian ecosystems of the desert - why they

are important to us all, how they are jeopardized through human actions, and what recent
efforts are being made toward their recovery.
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Riparian Ecosystems
"Today, we understand that working with nature, and not against it, makes both
environmental and economic sense."
From Landscape Restoration Handbook, 1993, by Donald Harker

Introduction

Riparian habitat of the arid and semi-arid West is equal to or greater in value than

the wetlands of the Midwest, East, and South (Kusler, 1985). With each passing year
more habitat is destroyed through urban sprawl, larger flood control projects, increased
diversion of ground and surface water, expansion of agricultural and grazing areas, acid
rain, and other pollutants. These occurrences are especially deleterious to riparian areas
in the 20 states west of the Mississippi River, where the economics of higher living and
rapid urban sprawl don't necessarily coincide with a precious water supply and the few
unprotected natural green corridors left in these areas (Kusler, 1985). This section will
discuss the importance of preserving and protecting our riparian areas, and the benefits to

us all in so doing.
In order to gain an understanding of what the benefits of this habitat are for
society, an understanding of what a riparian environment is and how its different
elements interact is essential. It is known that these areas offer important resource values

in aesthetic beauty, livestock grazing, recreation, and watershed protection (Brady, et al.,
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1985). A better understanding of this unique environment is necessary if its value is to be
preserved.

Description

Riparian habitats has been described by the United States Department of the
Interior (USDI) - Bureau of Land Management as "the green zones along the banks of
rivers and streams and around bogs, wet meadows, lakes, and ponds (USDI, no datea:1)." Johnson and Lowe (1985:113) have defined riparian vegetation as "a riparian
association of any kind is one which occurs in or adjacent to drainageways and/or their
.

floodplains and which is further characterized by species and/or life forms different from
that of the immediately surrounding nonriparian climax." They are among the most

productive ecosystems found on earth and are characterized by the interaction of three
components: 1) vegetation; 2) landforms and soils, and; 3) hydrology (USDI, 1993:1).
They vary greatly in nature and character, depending on their geographic location. In

Oregon and California, for example, riparian areas may contain a zone of conifer trees
and shrubs sandwiched between a stream and forest. In the arid Southwest, grasses,
woody shrubs, and trees that are supported by surface water or relatively shallow
groundwater typically characterize riparian areas.
Riparian habitat survives on perennial (continuous flow), intermittent (periodic

flow), or ephemeral rivers, which flow only in response to periods of prolonged
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precipitation (Johnson and Lowe, 1985). In Arizona, most watercourses are ephemeral;

channel flow is directly related to heavy rainfall during the winter and summer months.
For much of the year, however, desert streambeds are dry. Since water is the limiting
factor, they have been termed xeroriparian systems - watershed areas where the
occasional runoff induces unique desert plant growth able to withstand prolonged periods
of drought (Warren and Anderson, 1985). For this reason, desert riparian areas are
considered critical components in a desert ecosystem, attracting the attention of leading
scientists Warren and Anderson (1985), Kusler (1985), Johnson and Lowe (1985), and
riparian experts at the Bureau of Land Management.

Benefits of Riparian Ecosystems

Desert riparian areas offer resources not found in other parts of the desert. They
are inhabited by unique species of flora and fauna that supply the desert with a variety of
goods and services. Some have direct value for human use while others support local
wildlife. The United States Department of the Interior (no date-b:2) has identified eight
benefits associated with riparian areas:
1.
2.
3.
4.

"Purifting water by removing sediments;
Reducing the risk offlooding and associated damage;
Reducing stream channel and streambank erosion;
Increasing available water and stream flow duration by holding water in
streambanks and aquifers;
5. Supporting a diversity of plant and wildlife species;
6. Maintaining habitat for healthy fish populations;
7. Providing water, forage, and shade for wildlife and livestock;
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8. Creating opportunities for recreationists to fish, camp, picnic and enjoy other
activities."
Clearly, the benefits of riparian systems offer compelling reasons to protect them.
It has been the job of the Bureau of Land Management, the National Park Service, the

United States Fish and Wildlife Service, the National Resource Conservation Service, the
United States Geological Survey, the United States Department of Agriculture, the
Environmental Protection Agency, and other state and local public agencies and private
environmental groups to study their function and identify those human-derived issues that
endanger these ecological systems.

Threats to Riparian Ecosystems

In southern Arizona, it is estimated that only 6-10% of the original riparian areas
still exist (USDI, 1997). Szaro (1989:73-83) has outlined the various factors responsible

for the decline of this important natural resource. They are identified as:
• Overgrazing: Much of the degradation of western riparian systems can be
traced directly to domestic livestock. Allowed to roam free, cattle and other
herds impact vegetation in two ways: removal and trampling. Trampling
usually occurs along streambanks where moisture content is greatest. It

causes soil compaction, bank erosion, decreases water quality, and destroys
vegetation.
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•

Flooding: The most common form of riparian destruction. The natural
process of flooding leads to changes within the floodplain. Shifts in stream
channel width and length as well as extent of vegetative cover can be
adversely affected. Flooding can be destructive to riparian communities if
flow volume and velocity are high enough. Most natural small scale flooding
is beneficial to riparian habitat.

•

Regulation and Damming: Any disruption in flow will have deleterious effects
on riparian communities. Dams and diversions of water may straighten,
widen, and deepen stream channels, thus altering the existing community.
Typically this results when agricultural practices necessitate the diversion of
water for irrigation purposes. Riparian germination and establishment cannot
occur if flow rates are controlled or altered.

•

Recreation: Both a benefit and a liability, recreation affects riparian
ecosystems nonetheless. Human encroachment into riparian areas has reduced
the extent of these fragile ecosystems (Hoover, et al., 1985). Problems created
by recreationists can be divided into two categories: soil effects and vegetative
effects. Szaro (1989:90) has identified seven human impacts on soil: 1)
scuffing away of leaf litter; 2) loss of organic material; 3) increase in soil
density; 4) decreased hydraulic conductivity; 5) reduction in water filtration
rates; 6) increased runoff due to soil compaction, and; 7) increase in soil
erosion. The four effects on vegetation have been described as: 1) injury to
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vegetation through trampling; 2) indirect effects of soil compaction; 3)
removal of the small stems in the shrubs and sapling layer, and; 4) mutilation

or vandalism of larger or mature trees (includes woodcutting).

•

Groundwater Depletion: Both human inhabitants and perennial riparian
vegetation depend on groundwater in Southern Arizona. As long as the
human population continues to grow in the area, the groundwater supply will

continue to dwindle, threatening local riparian systems. The health of a desert
riparian community is inversely tied to the depth of the water table. As the
water level below ground recedes, riparian species cease to survive.
Desertification, or loss or reduction in riparian species, is one result of man's

insatiable thirst.
Additionally, recent research as suggested by Livingston (personal communication)
includes another threat posed to regional riparian ecosystems. The introduction of exotic,
non-native plant species within riparian habitat in the Southwest has undermined the
ability of the native species to thrive as they once did. Non-native species can be
aggressive and have been associated with "choking" native riparian plants to death.
Many riparian communities, especially those remaining in the desert Southwest,

are at risk. The Rincon Creek, in eastern Pima County, Arizona is a prime example of
what can happen to a once-thriving desert riparian ecosystem. The creek is the principal

drainageway for the Rincon Valley. Attempts to address the particular issues related to
its deterioration and the efforts proposed to restore it are discussed further in the last
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chapter of the literature review. The Rincon Creek case study described below probes the
process of riparian system deterioration in Southern Arizona and the efforts prescribed to
bring a once-viable riparian ecosystem back to health.

Degradation of Riparian Ecosystems

The declination, or degradation, of riparian ecosystems in southern Arizona is
usually the result of one or more of the aforementioned threats. Though ecologists and
hydrologists who study riparian systems offer differing opinions on degradation, it can be
defined loosely as "a decline in ecological condition (Briggs, 1996:12)." Uninhibited,
these threats pose long-term problems, often resulting in the total destruction of
southwestern riparian ecosystems.
Szaro (1989:72) has argued that riparian transformation from one ecological state

to another is a natural occurrence, and that "disturbance plays an integral role in the
establishment and development of southwestern riparian ecosystems ...they are subject to
frequent change displacement, replacement, and succession." In fact, degraded riparian

areas can (and do) recover from the deleterious effects of natural or man-made events.
The recovery process may take months, even years depending on the extent of the
damage, and whether the restoration efforts are via natural processes or through human
intervention.
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Recovery of Riparian Ecosystems

The health or lack thereof, of a riparian system is a critical determinant for
recovery efforts. This is referred to by ecologists as the "ecological condition," and
depends entirely on predetermined management objectives (Briggs, 1996). For example,
an objective to preserve riparian habitat for wildlife in Arizona will differ greatly from
objectives to preserve riparian wildlife habitat in Maine. Ecologists understand that no
two areas are alike, and therefore, seek to treat each recovery case with consideration for
surrounding plant and animal species indigenous to that particular area. Briggs (1996:12)
offers three processes by which recovery efforts can be undertaken can be achieved:
1. Restoration: The attempt to recreate an area exactly as it once existed.
2. Rehabilitation: The effort to create a similar, but not exact, replication of
existing conditions once found within the floodplain.
3. Replacement/Reallocation: The attempt to replace the original condition with
an entirely different ecosystem.
Though little history of southwestern riparian rehabilitation exists today, some
thought has been directed toward the study of degenerating riparian ecosystems. Indeed,
the concept of restoring riverbeds is still in its infancy; much research work in this area
has yet to be performed.
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Case Study: Rincon Creek

The Rincon Creek watershed, east of Tucson, Arizona lies along the western slope
of the Rincon Mountains and serves as the principal drainage feature within the Rocking
K property. Some 40 years ago, Rincon Creek was a free-flowing stream during most of
the year and harbored a vibrant canopy of Arizona walnut (Juglans major) and Velvet
mesquite (Prosopis velutina) (Briggs, 1996). Today, the streambed remains dry, flowing
only in response to periods of heavy rain. Though some pockets of remnant riparian
species exist, the area is dominated by burro-weed (Haplopappus tenulsecta), burro-brush
(Hymenoclea monogyra), and ragweed (Ambrosia spp.) (Briggs, 1996; Rocking K
Specific Plan (RKSP), 1992). "Much of the area remains classified as post-agricultural,
with non-native vegetation (RKSP, 1992:11-26)."
Originally, riparian decline along Rincon creek pointed toward cattle grazing.
However, upon further inspection by the Rincon Institute, restoration ecologists found
this to be only a portion of the story. A review of historical county records, a comparison

of aerial photographs, and interviews with long-time residents suggested that the
cultivation of alfalfa and barley instigated the decline of the riparian area surrounding
Rincon Creek. Indeed, agricultural practices dominated the area as early as the 1930s and
pumping records support the hypothesis that "these crops relied heavily on irrigation for
their survival (Briggs, 1996:14)." The diversion of water and the construction of
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retention basins led to the acute demise of the native vegetation that once thrived within
the floodplain.
Though returning Rincon Creek to its original, natural appearance is unlikely,
future modifications to the streambed can be effective in reestablishing a viable
community of plant and animal ecosystems. It is extremely important to understand the
various factors which lead to the decline of a particular riparian system; strategies for
recovery vary with each factor (Briggs, 1996). Often, simply replacing plant materials
does not address the root of a specific problem and consequently, the recovered riparian
habitat may face a similar fate. Plans for rehabilitation must account for previous uses
and the current natural conditions. Factors associated with riparian decline at Rocking K
Ranch, one of two case studies presented in Chapter 3, involve past livestock overgrazing
and the diversion of surface-water flow for agricultural purposes. At present, the low
groundwater table below the Rincon Creek floodplain will greatly affect the types of
introduced plant materials that will survive over the long-term. Vegetative species that
used to grow along Rincon Creek will no longer survive the changed condition of the
area. Therefore, the Rincon Creek recovery will be an effort in rehabilitation, not
restoration.
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Summary

Riparian areas are extremely complex ecosystems, existing in a state of dynamic
equilibrium, adjusting, sometimes drastically, to periods of change. The value of existing
riparian ecosystems in the southwestern United States, whether viable or degraded,
cannot be understated. Not only do these vibrant communities provide a source of habitat
for a diverse and unique set of plants and animals, they are an excellent means of
recreation for humans. The question is whether another source of recreation - golf
courses - can be developed effectively to minimize the impacts in these desert oases so
that others, in pursuit of other forms of recreation, may enjoy them as well. What types
of recovery efforts (i.e. restoration, rehabilitation, or replacement/reallocation) are best
suited for the development golf courses? Can golf courses (or other forms of constructed
recreation) coexist in harmony alongside these ever-changing ecosystems? To date, there
are no easy answers. Researchers for riparian ecosystems and their recovery have yet to
address these questions specifically, though principles do exist which can provide some
guidance when developing golf near environmentally sensitive areas. The introduction of
these principles and guidelines is the subject of the next section.
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Guiding Principles For The Development Of Environmentally Sensitive Golf

Courses
"At any given time, Earth as a whole and its various regions have a limited ability to
support and sustain various forms of live, including humans."
From Living in the Environment, 1996, by G. Tyler Miller, Jr.

Introduction

Given the ubiquitous concerns regarding the potential negative impacts of golf
development, several organizations have banded together in recent years in hope of
alleviating some of the pressure golf places on the environment. Two of these groups
stand out in the literature: Audubon International, the older, more widely recognized
group, and Golf and the Environment, which began as a meeting of many organizations in
1995. Though each group differs in age, their goals are similar: to design, construct and
maintain golf courses in an environmentally friendly manner.

Audubon International

Audubon International is a non-profit organization and unrelated to the wellknown National Audubon Society. It is one of 500 independent, separately incorporated
Audubon Societies in the United States. Audubon International is a cooperative
partnership which includes the Audubon Cooperative Sanctuary System, the Audubon
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Signature Cooperative Sanctuary Program, Audubon Canada, Sienna College - Audubon
International Institute, and the Audubon Society of New York State. As a whole,
Audubon International comprises a national and international focus. Partially funded by
the United States Golf Association (USGA), Audubon International has created the
Audubon International Signature Program (AISP) "to improve the quality of life and the
environment through research, education, and conservation assistance (AISP, no
date: 11)." Specifically, the organization specializes in promoting "sustainable
development and sustainable resource management (AISP, no date:1)." It's interests
have been to (AISP, no date:11):
•

•

•
•

"Protect and enhance the quality of the environment by encouraging
responsible stewardship actions specific to wildlife and water stewardship
and ecological restoration;
Encourage, educate, and motivate individuals to take positive, constructive
stewardship actions based on the Audubon guidance document, Principles for
Sustainable Management;
Promote environmental planning and sustainable land management practices
based on sound scientific research;
Support and expand educational programs, research efforts, and training to
achieve greater understanding and participation in the practice of sustainable
resource management."

The goals, according to Audubon International, involve the protection and
enhancement of natural resources, the education of individuals, and the direction of sound
planning and research efforts. Their efforts revolve around the nebulous issue of
"sustainability." But what constitutes sustainability? Sustainability plays a large part in
any attempt to improve the environment in which we live. It is an enormous issue that
must be addressed, at least briefly, within the realm of this thesis. To understand the
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term, we refer first to Audubon International's Signature Program Packet (no date), then
to Miller (1996) for definitions and examples of sustainability, respectively.
Audubon International has provided several definitions for sustainability
including (AISP, no date:5):
•
•
•
•

"using natural resources, without depleting them, in ways that will support
human activity."
"a pattern of human activity that can be supported indefinitely."
"living in such a way that we do not diminish the opportunity for future
generations to live at least as well as we do."
"weaning ourselves from non-renewable resources."

However, Miller (1996) has offered more specific examples necessary to achieve
a sustainable society. He has recommended preventing pollution by reducing waste and
energy use. To achieve this, we, as a society, should strive to compost, recycle, and reuse
at least 60% of the matter we use. And, to improve energy efficiency, we should not only
attempt make the products we manufacture easier to reuse, recycle, and repair, but strive
to become more dependent on renewable energy sources such as sun, wind, flowing
water, and biomass. Furthermore, sustainability must account for the protection of
habitat for wildlife species (Miller, 1996). The development of environmentally sensitive
golf courses, for example, can be used as a means to preserve, protect, and enhance
wildlife habitat.
Though it is a rather broad term, sustainability is a human method of intervention
directed toward preserving the environment through common-sense actions. The keys to
the development of environmentally sensitive golf courses can be found within certain
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"Principles of Sustainable Resource Management (PSRM)," as suggested by Audubon
International. PSRM encompasses a gamut of topics but primarily serves to guide a
comprehensive development approach of individual, local, or community land uses.
Though the Principles of Sustainable Resource Management may pertain to the
construction of a house, a community, a park, or a golf course, the following guidelines
have direct or indirect bearing on the development of a Southwestern golf course,
especially as constructed near sensitive riparian habitat. The guidelines, as proposed by
Audubon International, appear below in italics, exactly as written in the literature.

Site-Specific Assessment

Prior to design and construction, PSRM recommends a comprehensive analysis of
the site be undertaken. These five site-specific guidelines listed by Audubon
International relate directly to site analysis, and are a must for the success of any project.
A thorough site analysis should (AISP, no date:6):

1. "Identib) the area's unique resources to preserve or conserve them."
2. "Specift the area of change and establish parameters for further change (if
any) beyond this area."
3. "Identifi the geographic/topographic features of the area."
4. "Identib and conserve areas of archeological, natural, historical and cultural
significance."
5. "Identifi land use in the vicinity and seek compatibility regarding
development."
,

,

,
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Habitat Sensitivity

As golf courses and their surrounding areas typically harbor a variety of plant and
animal species, the protection of plant and animal habitat is tantamount to sustainable
resource management. It is essential to protect wildlife corridors and greenspace as these
areas provide habitat, food, and cover for desert wildlife. Likewise, maintaining wildlife
populations and preventing pollution are important to protect the limited riparian habitat
left in the desert. PSRM identifies several ways to achieve habitat-sensitive land-uses
(AISP, no date:6):
1. "Not disturbing local wildlife populations by altering food sources, shelter,
water, etc."
2. "Protecting ecologically sensitive areas (wetlands, sensitive wildlife habitat,
rainforests, etc.) from all impacts."
3. "Not posing threats to species indirectly or directly through increased air and
water pollution."
4. "Assuring migratory species access to habitual routes, food sources and
breeding grounds."
5. "Maintaining corridors and greenspace that will allow for the movement of
plants and animals."

Native and Naturalized Plants and Natural Landscaping

In the desert, where water is scarce, the utilization of native and naturalized
species around golf courses is becoming a common practice. Native plants are well
adapted to the desert environment; they are drought tolerant and desert hardy. PSRM
recommends the use of native and naturalized plants not only because they require less

71

water but also because they need little ground preparation (e.g. added soil amendments)
and they help reduce soil erosion. Thus, according to PSRM, native and naturalized
plants and the use of natural landscaping (AISP, no date:7):
1. "Should be used exclusively, except for special purpose areas, such as golf
greens, tees, fairways."
2. "Should be designed and implemented to reduce tree loss."
3. "Should not require the need for chemical pesticides, herbicides and
fertilizers, and minimize their use on special areas such as golf greens and
fairways."
4. "Should use efficient irrigation methods and practices."

Water Conservation

Golf courses consume lots of water. In the desert, where precious water resources
must be coveted and protected as fit for drinking, golf course consumption may seem
unduly frugal. PSRM suggests a water conservation program should (AISP, no date:7):
1. "Evaluate sustainable yields for the lowest flow periods of their supply and
design to accommodate for those periods."
2. "Utilize native and naturalized plants, and turf grass species that are
biologically correct for the geographic region."

Greenspace and Corridors

As golf courses will be home to a variety of wildlife and plant habitats, it is
important that linear, interconnected areas are preserved for their movement and survival.
In addition, greenspace and corridors are an essential element of sustainability not only
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for the plants and animals that inhabit the area, but also for aesthetic and recreational
enjoyment. PSRM suggests we should (AISP, no date:8-9):
1. "Provide access to appropriate greenspaces for educational and
recreational experiences."
2. "Maintain corridors that connect areas and allow for wildlife movement
within the property and to and from adjacent areas."

Chemical Use

Chemicals and golf are virtually inseparable. The use of chemicals on golf

courses is one of the most overpublicized environmental issues of our day. On golf
courses, less is definitely more. PSRM recognizes this and simply recommends that golf
course personnel (AISP, no date:9):
1. "Minimize chemical use in maintenance activities both inside and outside."

Audubon Cooperative Sanctuary System

In an effort to "encourage, educate, and motivate individuals," Audubon
International has developed two programs, or "demonstration projects," which directly
promote the use of their Principles for Resource Management (AISP, no date:11). The
Audubon Cooperative Sanctuary System educates and encourages landowners to become
actively involved in the protection of wildlife and the conservation of resources on their
properties. The Audubon Signature Program (see below) provides similar assistance to
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landowners who are embroiled in the design and planning stages of development. Both
are specifically tailored to the unique location, resources, and needs of each site.
The Audubon Cooperative Sanctuary Program for Golf Courses, a cooperative
effort between the USGA and Audubon International, promotes "ecologically sound land
management and the conservation of natural resources" on golf courses by requiring
prospective courses to attain certificates of recognition in following six categories
(USGA, 1998:1):
1. Environmental Planning: Each club outlines their goals and proposed projects
in writing, allowing them to track their progress toward each goal.
2. Wildlife and Habitat Management: Out-of-play areas are given strict attention
as critical habitat for wildlife. Emphasis is on maintenance of such habitat
and is dependent on course location, size, layout, and types of adjacent uses.
3. Member/Public Involvement: Educating the golfer is a crucial step in gaining
support for the implementation of an environmental program.
4. Integrated Pest Management: The maintenance program must be
comprehensive and responsible to ensure a healthy environment for people
and wildlife. Education of maintenance personnel and members about
environmentally sensitive plant management, pesticide application, and use of
fertilizers is essential.
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5. Water Conservation: Aims to employ sound maintenance practices with
efficient irrigation systems, techniques to capture and reuse water, and utilize
turfgrasses appropriate to the particular region.
6. Water Quality Management: Focus is on water quality monitoring, wetland
protection, erosion reduction, runoff filtration, and improving existing
conditions, if necessary.

Audubon Signature Program

Following the development of the Audubon Cooperative Sanctuary System in the
late 1980s for schools, backyards, corporate and business properties, and golf courses,
Audubon International created the Audubon Signature Program. This program stemmed
from requests by landowners that required environmental assistance during the planning
and development stages of their respective properties. The Audubon Signature Program
directly focuses on "a comprehensive, integrated approach to environmental planning
for proposed developments (AISP, no date: 1)." It provides for two sequential
designations: Signature Status and Gold Signature.
1. Audubon Signature Status: To achieve Signature Status in the Audubon
Signature Program, the landowner must prepare a Natural Resource
Management Plan (NRMP) for review and approval by Audubon
International. The plan, based on the Audubon Principles for Sustainable
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Resource Management, should be executed prior to any "significant" land
alterations (AISP, no date; 1). Following approval and after six months of
completion, an on-site evaluation is performed to ensure the implementation
of NRMP guidelines. If an Audubon International panel of experts determines
that the NRMP guidelines have been implemented and adhered to, the project
receives Audubon Signature Status. Annual reports, documentation of
environmental issues, hosting periodic site visits, and developing appropriate
NRMP strategies must be carried out periodically to retain Signature Status.
2. Audubon Gold Signature: Gold Signature Status is reserved for those projects
which have already met the criteria set forth within the Signature Status
program, and have been designated as such. To receive the Audubon
International "Gold Seal of Sustainability," the organization prepares an
"Ecological Design" for the project from which all siting, design, and
management decisions will be made. Additionally, Audubon International
prepares another Natural Resource Management Plan. In this case, Audubon
International is held responsible for all environmental aspects of the project.
Their panel of experts must review and approve all plans submitted by the
architects, engineers, consultants, etc. to ensure consistency with the
Ecological Design before the Gold Seal of Sustainability can be issued.
Accurate and consistent record keeping and submittal of annual membership
dues is required to retain Gold Seal of Sustainability.
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Currently, there are almost 2,000 golf courses worldwide that have joined the
Audubon Cooperative Sanctuary Program for Golf Courses (USGA, 1998). In the United
States, however, only 100 facilities have met full certification under this program by
fulfilling requirements in all six categories. Though they include two courses in Arizona:
Forest Highlands Golf Club in Flagstaff and TPC at Scottsdale in Scottsdale. An account
of Collier's Reserve Country Club in Naples, Florida, the first Audubon Cooperative
Sanctuary Signature Golf Course is discussed below.

Case Study: Collier's Reserve Country Club

Collier's Reserve Country Club (CRCC), located in northwest Collier County,
Florida, near the Cocohatchee River, opened in January 1994. The developers, Collier
Enterprises, wanted to produce a quality development that would rival any of the previous
attempts to incorporate exclusive housing and golf in the Naples area. They chose
Audubon International to help them design, build, and maintain a unique development at
Collier's Reserve (Elston, 1994).
With the golf course as the focal point for the residential community, Audubon's
experts laid the groundwork. For $4,500 plus travel expenses, they provided the advice
and guidance which attempted to develop an environmentally sound project at Collier's
Reserve (Elston, 1994). CRCC hired a local firm that served as lead consultant for all
surveying, civil engineering, and subdivision layout, and to develop the golf course.
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Habitat creation via natural plantings and preservation of sensitive areas provided
the keys for the development. Prior to and during construction, wetland areas were
carefully fenced and preserved, native plantings were employed to control erosion,
eliminate maintenance and fertilization, and reduce water consumption. In low-lying
areas, habitat for fish, birds, and small animals were constructed with aquatic plants near
lakes and streams while palmettos and scrub provided additional habitat for a variety of
other animals in upland areas, including red and gray foxes, ospreys, eagles, bobcats, and

fox squirrels. Sixty acres of gopher tortoise habitat were preserved within the golf
course. Of the 465 total acres, eighty acres of wetlands and fifty acres of uplands were
retained and preserved within the site.
Other areas of the golf course merited special environmental consideration as well
(Elston, 1994). Homes that border the fairways were required to provide a minimum of
30 feet of natural vegetation within their yards, resulting in a total natural buffer of 50-60
feet. The irrigation system is completely automated, utilizing a weather station to
measure the evapotranspiration rate on the golf course, thus watering only those areas that

are determined to be dry. A water treatment system has been installed in the wetland
areas that border the golf course.
Collier's Reserve Country Club stands as the first golf course accepted to the
Audubon Cooperative Sanctuary System and ushered in a new method for the
development of golf in the United States. Though environmental planning, wildlife

management, public involvement, integrated pest management, water conservation, and
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water quality management, Audubon International believes golf courses, schools, parks,
and businesses can begin to enhance the surrounding areas with environmentally
sensitive, thoughtful planning, design, construction, and maintenance efforts. While

Audubon International created the Audubon Cooperative Sanctuary System for
landowners who choose to pay Audubon International for a range of environmental
development services, another group, Golf and the Environment, has formed to provide
free environmental guidelines solely for those who wish to plan, design, build, maintain,
and operate golf courses on their own. In both cases, the adoption of any or all of the

guidelines and principles is strictly voluntary.

Golf and the Environment

The Golf and the Environment organization developed their alliance at a
symposium in 1995 - the result of heightened public awareness regarding golfs potential
damage to the environment. The first meeting at Pebble Beach Golf Resort, as identified

by the Center for Resource Management (CRM), was attended by the American
Farmland Trust, the American Society of Golf Course Architects, Audubon International,
the Center for Resource Management, Friends of the Earth, the Golf Course

Superintendents Association of America, Golf Digest Magazine, the National Coalition
Against the Misuse of Pesticides, the National Wildlife Federation, the North Carolina
Coastal Federation, Rain Bird - Golf Division, the Royal Canadian Golf Association,
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SENES Oak Ridge, Inc. - Center for Risk Analysis, the Sierra Club, the United States
Environmental Protection Agency, and the United States Golf Association (CRM, 1996).
What may have began as a "tense and tentative exchange of views," evolved into
a highly collaborative effort to develop a set of national principles "to provide guidance
on matters relating to environmental considerations in golf course planning & siting,
construction, operation and maintenance (CRM, 1996:1)." Committee members poured
over dozens of national and international documents containing examples of principles
similar in style, scope, and detail to the ones they hoped to create. The committee chose
to create broad principles that could be applied to any site, regardless of location or predevelopment site conditions. Their mission, as they saw it, was to enhance local
communities both ecologically and economically; offer to protect habitat for wildlife and
plant species; develop golf courses that creatively consider the unique ecosystems of
which they are a part, and; support ongoing, scientific research to develop and manage
golf courses in harmony with their environments (CRM, 1996).
Though a complete list of the "Environmental Principles for Golf Courses in the
United States" can be purchased from the Center for Resource Management, the
following sections contain the principles relevant to Southwestern golf development as
they have been written by the Golf and the Environment committee. Though the Golf
and the Environment pamphlet contains more than 50 principles, included below are only
those principles (in italics) that are directly or indirectly pertinent to the development of
golf courses in the desert Southwest. They are categorized by: planning and siting,
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design, construction, maintenance, water usage, and wildlife management (CRM, 1996:712).

Planning and Siting

The first step in the development process is to prepare a thorough review of the
site's natural characteristics, which render a site suitable or unsuitable for development.
Negative environmental assessments regarding land-area requirements, soil/topography
concerns, hydrologic concerns, wildlife/vegetation concerns may preclude future
development, including golf (CRM, 1996; Kuiper, 1997). However, previously degraded
sites can be natural sites for future golf projects. Furthermore, though public meetings
are a integral part of the planning process, public involvement rarely goes beyond this
stage of development.
1. "Developers, designers and others closely involved in golf course
developments are encouraged to work closely with community groups and
regulatory/permitting bodies during planning and siting and throughout the
development process. For every site, there will be local environmental issues
and conditions that need to be addressed."
2. "A thorough site analysis of the site or sites under consideration should be
completed to evaluate environmental suitability."
3. "The presence and extent of some types of sensitive environments may render
a site unsuitable or, in some cases, less suitable for golf course development.
Examples include, but are not limited to: wetlands, habitat for threatened or
endangered plant or animal species, and sensitive aquatic habitats."
4. "There may be opportunities to restore or enhance environmentally sensitive
areas through golf course development by establishing buffer zones or by
setting unmaintained or low-maintenance areas aside within the site."
5. "Golf course development can be an excellent means of restoring or
rehabilitating previously degraded sites."
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Design

While site analysis and public involvement are essential during the planning and
design phases, wise use of irrigation water and buffer zones, and the incorporation of
natural areas is of paramount importance to the enhancement of a golf course's
surrounding natural landscape.
I. "When designing a golf course, it is important to identify existing
ecosystems."
2. "A site analysis and feasibility study should be conducted by experienced
professionals."
3. "Cooperative planning and informational sessions with community
representatives, environmental groups and regulatory agencies should be part
of the initial design phase. The dialogue should continue even after the
course is completed."
4. "Native and/or naturalized vegetation should be retained or replanted when
appropriate in areas that are not in play. In playing areas, designers should
select grasses that are best adapted to the local environmental conditions to
provide the necessary characteristics of playability yet permit environmentally
sustainable maintenance practices."
5. "Emphasis should be placed upon the design of the irrigation, drainage and
retention systems that provide for efficient use of water and the protection of
water quality."
6. "Water reuse strategies for irrigation should be utilized when economically
feasible and environmentally and agronomically acceptable."
7. "Buffers zones or other protective measures should be maintained and/or
created, if appropriate, to protect high quality surface water resources or
environmentally sensitive areas.
8. "The design should incorporate Integrated Pest Management and resource
conservation strategies that are environmentally responsible, efficient, and
cost-effective."
9. "The design of the course should enhance and protect special environmental
resource areas and when present, improve or revive previously degraded
areas within the site through the use of plants that are well adapted to the
region. Seek opportunities to create and/or preserve habitat areas that
enhance the area's ecosystem."
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Construction

A designer is only as good as the selected contractor and superintendent. Both
should be experienced in the sensitive development and management of golf courses.
1. "Use only qualified contractors who are experienced in the special
requirements of golf course construction."
2. "Develop and implement strategies to effectively control sediment, minimize
the loss of topsoil, protect water resources, and reduce disruption to wildlife,
plant species and designated environmental resource areas."
3. "Retain a qualified golf course superintendent/project manager early in the
design and construction process to integrate sustainable maintenance
practices in the development, maintenance and operation of the course."

Maintenance

Healthy turf requires more than water - it requires the application of fertilizers and

pesticides in the safest manner possible.
1. "Employ principles of Integrated Pest Management (IPM)."

If, and when, chemicals and fertilizers need to be applied, the following
guidelines are recommended (CRM, 1996:10-11):
I. "Always read and follow label directions when using any plant
protectant products. Strive to treat problems at the proper time and
under the proper conditions to maximize effectiveness with minimal
environmental impact."
2. "Use nutrient products and practices that reduce the potential for
contamination of ground and surface water. Strategies include: use of
slow-release fertilizers, selected organic products, and/or fertigation."
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3. "Test and monitor soil conditions regularly and modifr practices
accordingly. Choose nutrient products and time applications to meet,
not exceed, the needs of the turfgrass."
4. "Facilities should inform golfers and guests about golf course
chemical applications."

Water Usage

Water usage on and around golf courses built in the desert should be limited to
effluent; groundwater should not be an option. All plant materials should be droughttolerant and strict water management practices implemented.
1. "Use native, naturalized or specialized drought-tolerant plant materials
wherever possible."
2. "Plan irrigation patterns and/or program irrigation control systems to meet
the needs of the plant materials in order to minimize overwatering...Inspect
systems regularly for leaks and monitor water usage."
3. "Water at appropriate times to minimize evaporation and reduce the
potential for disease.
4. "Consider converting to effluent irrigation systems when available,
economically feasible and agronomically and environmentally acceptable."
5. "Manage water use effectively to prevent unnecessary depletion of local water
resources."

Wildlife Management

All habitat for wildlife should be preserved and protected, even created or
enhanced where necessary.
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1. "Habitat fin- wildlife species that control pests (e.g. bats, bluebirds, purple
martins, etc.) should be protected. Additional habitat for these beneficial
species should be created whenever feasible and environmentally desirable."
2. "Manage habitat to maintain healthy populations of wildlife and aquatic
species."

Summary

This section of the literature review has synthesized critical information by
referencing methods recently proposed and employed for the sensitive development of
golf courses. Though not intended to confuse the reader, it has been important to relate
some of the existing guidelines and principles relevant to the environmental development
of golf courses in the Southwestern United States.
Audubon International's commitment to environmentally sensitive development
practices is well known. The establishment of Audubon's Cooperative Sanctuary System
gives developers, land planners, designers, and mangers the tools they need to ensure the
development process is sensitive to its natural surroundings, whether the construction of a

park, a school, a commercial area, or a golf course is proposed. Though their Principles
of Sustainable Resource Management are rather broad in scope, there have been a few
case studies from which to assimilate Audubon's successes. Golf and the Environment,
on the other hand, has focused its efforts solely on golf, and have tailored its guidelines
specifically toward the planning, siting, design, construction, maintenance, and

management aspects of golf development. There are no case studies for Golf and the
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Environment's guidelines because the committee does not "sell" its guidelines as a

package, nor do its representatives travel to projects to ensure the proper implementation
of the guidelines. Its guidelines are simply printed and distributed by the Center for
Resource Management for a small fee.
Both groups offer strategies designed to improve development from an
environmental standpoint and are effective, nonetheless, in aiding in the development of
improved golf guidelines for Pima County, Arizona. The problem is that the guidelines

and principles offered by Audubon International and the Golf and the Environment
committee are voluntary. In fact, developers must pay a reasonably stiff price for
Audubon's services and the Golf and the Environment pamphlet is not well circulated.

So, the idea for this thesis is to incorporate the pertinent guidelines from each
organization into Pima County's Zoning Code, thereby forcing local golf developers to
adhere to more strict environmental regulations. Though Pima County does have its own

golf development guidelines in place, the next section illustrates that they are insufficient
to meet the future demands the game will place on a dwindling natural resource.
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Comprehensive Planning In Pima County, Arizona

"It is generally recognized that planning is an unstable decision-making process which is
affected by firces beyond the dictates of the planning rationale or strategy."
From "Regional Planning and Development," 1989, by Ray Bromley

Introduction

Concerns regarding the depletion of water resources, the reduction in wildlife

habitat, and fear of groundwater pollution have all soiled the public's perception of golf
development nationwide. Tucson's golf courses have been no exception to the criticism;
indeed, the desert is an unusual place to grow turfgrass. In recent years, public pressure
has persuaded local officials to review the process and criteria by which new golf courses

are developed.
Early golf course design in Tucson has evolved much as it has in other parts of the

country. Mass grading efforts and large expanses of turf associated with older, park-like
golf courses, such as Tucson National and Randolph Park, originally the keys to a
successful golf development, are now the central source of public contention against
further golf development in the desert. Recognizing this, the County has implemented
measures in an attempt to insure the future welfare of its precious desert environment.
Backed by the Pima County Comprehensive Land Use Plan and the Zoning Code,

planning officials guide themselves, developers, planners, and designers through a series
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of rules, regulations and ordinances. The following section describes how this process
works.
Though the City of Tucson has had a regional land-use plan to govern local
development since 1959, Pima County's Comprehensive Plan (PCCP) has only been
active since 1972 (Sonnichsen, 1982). Recent amendments to the Comprehensive Plan,
the Zoning Code (which includes the Buffer Overlay Zone, the Golf Course Overlay
Zone), and the Specific Plan Ordinance all directly or indirectly govern the development
of golf in Pima County. Today, proposed Pima County golf course developments face
intense scrutiny not only from local planners, but the public as well.

Comprehensive Land Use Plan

Comprehensive Land Use planning policies, developed over a period of 20 years,
are "aimed at strategically managing growth and improving the responsiveness and costeffectiveness of County land planning and development actions (PCCP, 1992:3B-5)."
Current local planning efforts in Pima County are concerned with managing growth by
means of amending existing planning code to improve development guidelines, thereby
insuring the lasting survival of its residents, be them human, plant, or animal.
Review of a golf-related project by the Pima County Planning Department begins
with the Comprehensive Plan. There are four main sections to which a developer must
conform: 1) administration; 2) natural and cultural resources; 3) site design, and; 4)
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public services and facilities (PCCP, 1992). For example, the County's site analysis
policies can be found within the administration section of the PCCP, while ordinances
governing opens space, wildlife habitat, trail systems are listed under the natural and
cultural resources section. Because golf courses are usually constructed in association
with large residential and resort communities, which must meet, for example, additional
County architectural, signage, and circulation regulations, the process can be (and usually
is) long and tedious.
Approval or denial of a project is contingent upon whether the development
categorically satisfies all of the criteria under which the project falls. For example, if a
golf course is proposed within a new development, then certain guidelines established
within the Wildlife Habitat Policies section of the comprehensive plan must also be met.
For example, "golf course construction within significant wildlife habitat or corridors
shall be designed to minimize disturbance of native vegetation," or "golf courses shall
not use potable water for irrigation" are typical restrictions of the Plan (PCCP, 1992:3B11). In addition, proposed golf course developments are subject to further review under
Pima County Zoning Code, Chapter 18.67, the Buffer Overlay Zone.

Zoning Code: Buffer Overlay Zone

Pima County Ordinance 18.67.050.6, the Buffer Overlay Zone (BOZO), was
established to preserve and protect open space while permitting the "economically
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reasonable use of lands (Sabino Springs Specific Plan (SSSP), 1996:75)." The BOZO

also attempts to (SSSP, 1996:75):
•

•
•
•
•

"Establish mechanisms that will protect the public preserves and result in an
ecologically sound transition between the preserves and more urbanized
development;
Assure the continued existence of adequate wildlife habitat and foster the
unimpeded movement of wildlife in the vicinity of public preserves;
Provide for an aesthetic visual appearance from and to public preserves;
Promote a continued economic benefit to the region by protecting the public
preserves for the enjoyment of residents and visitors alike, and;
Neither promote nor discourage changes in underlying zoning, but rather
provide continuing performance standards for the unique lands within the
buffer overlay zone."

The Buffer Overlay Zone recognizes that there are areas within Pima County that
are valuable as natural resources and should be protected from future development.
These areas have been identified and incorporated into a BOZO map. If an area slated for
development should fall within a BOZO area, then certain guidelines, specifically
adopted for that area, must be followed by the developer.
Two case studies, Sabino Springs and Rocking K Ranch, presented in Chapter 3,

are included within the Buffer Overlay Zone. The BOZO governs the entire Sabino
Springs site and approximately 60% of the Rocking K Specific Plan Area (SSSP, 1993;
RKSP, 1991). The zoning standards that have direct bearing on the development of the

golf courses at each of the sites are as follows (RKSP, 1991:1V-54):
A.

Common Areas
1.

"Only plant species on the approved list shall be planted in
recorded common areas;
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A landscape or revegetation theme shall be established
emphasizing the preservation and enhancement of native plant
species;
Natural open space common areas shall be further limited to
onsite species;
Golf courses may be planted with Bermuda grass."

2.

3.

4.
B.

Siting
I.
2.

3.

4.

C.

"To the fullest extent possible buildings and other improvements
shall be sited so as not to disturb native trees, shrubs or cacti;
Where removal of plant material cannot be avoided, all reasonable
efforts shall be made to relocate this plant material in the Buffer
Overlay Zone;
Nursery-grown species may be planted in lieu of salvaging mature
onsite material at a 3:1 ratio, however, at least thirty percent of
the onsite material shall be salvaged when physical condition
permit;
Should revegetation and replanting be necessary, only plant
materials listed in the approved plant list shall be used in public,
recreation or common areas."

Washes
1.

"Washes identified on the critical and sensitive biological
communities maps, and other washes identified in the site analysis
by the criteria applied in the maps, shall be left in their
predevelopment state, subject to the following exceptions and
requirements:
a)
Disturbance in the wash area shall be permitted in
association with roadway, utility and trail crossings,
however:
(1)
Encroachment for these crossings shall not reduce
the width of the critical and sensitive wash area by
more than 20% at any cross-section of the critical
and sensitive area;
(2)
Additional reduction may occur only when
necessary to provide flood water retention
requested by Pima County Flood Control District
or to provide larger drainage structures;
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Erosion protection shall only be permitted to
protect fill slopes required for roadway, utility and
trail crossings;
A mitigation plan for any construction impacts within the critical
and sensitive wash areas shall be submitted;
The mitigation plan shall reflect predevelopment wildlife habitat
and visual conditions and provide for post-development
replacement with a species on the approved plant list, with a
similar spatial arrangement that will result in reestablishment of
predevelopment habitat conditions."
(3 )

2.
3.

D.

Habitat Restoration or Enhancement
1.

E.

"Detailed plans for proposed restoration or enhancement shall be
provided. The plans shall include:
a)
A description of existing habitat and quantification by a
standard biological technique;
b)
A proposed restoration/enhancement program;
c)
Short-term and long-term maintenance plans."

Natural Open Space
1.
2.
3.

"Fifty percent of the area of the subdivision or development within
the Buffer Overlay Zone shall be preserved as natural open space;
The natural space shall form an interconnected system;
The selection and treatment this natural open space requirement
shall consist of the following:
a)
Ninety percent of all Class I habitat area;
b)
The balance shall be comprised of primarily Class I or
Class II habitat if available or functional open space;
c)
Class I habitat included beyond the ninety percent shall be
credited as double the acreage."

The Buffer Overlay Zone has been a point of contention among local
environmental consultants and is continually undergoing modification. According to
Mills (personal communication), phrases like "to the fullest possible extent" and "all
reasonable effort shall be made" are wholly subjective, nebulous, and leave too much
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room for interpretation. Additionally, not all Class I habitat (i.e. primary resource area),
defined as "a continuous corridor of riparian vegetation that connects to public open
space," or Class II habitat (i.e. secondary resource area), defined as "a corridor that is
not connected" had been accurately identified and accounted for prior to the adoption of

the Buffer Overlay Zone as a County Ordinance (Mills, personal communication). As
revealed in Chapter 3, this is one of the problems associated with the Sabino Springs
development. Some areas were preserved while others, perhaps that should have been,
fell victim to development.
Without clear and specific guidelines, developers and their consultants have been

able to negotiate favorable, often less sensitive and less costly, outcomes for local
projects in recent years. As such, the County is continually learning from each new
project approved, and revising its guidelines within the Buffer Overlay Zone as it sees fit.
Likewise, existing Golf Course Overlay Zone guidelines specific to the development golf

courses in Pima County, Arizona are equally vague and in need of modification to ensure
that future golf courses will be planned, designed, constructed, maintained, and managed

as appropriately and as sensitively as possible.

Zoning Code: Golf Course Overlay Zone

Chapter 18.59, the Golf Course Overlay Zone (GCOZ), of the Pima County
Zoning Code exists to give planners and developers standards by which to follow when
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incorporating new golf courses into the Tucson Basin. Chapter 18.59, section 010 of the
GCOZ establishes the intent: "to permit the development of golf courses in Pima County
while preserving and enhancing water resources, scenic vistas, neighborhoods, property
uses and values (Pima County Zoning Code (PCZC), 1995:18-94.5)." Additionally,
section 030 of the GCOZ specifically mandates that certain "performance standards" be
met by the developer "to control the design, maintenance and operation of golf courses
in Pima County (PCZC, 1995:18-94.5)." Listed below in italics are Pima County's
environmental golf guidelines as they appear in Chapter 18.59, section 030 of the Golf
Course Overlay Zone (PCZC, 1995:18-94.5). Following the guideline is a brief, bulleted
comment or question about the validity and application of each existing guideline and
refers to the proposed guidelines found in Chapter 5.
1. "Golf course irrigation shall be from a renewable water supply such as
effluent, reclaimed water or Central Arizona Project water. Where effluent of
reclaimed water is not physically available or cannot reasonably be made
available, ground water use for golf courses is permitted provided the ground
water consumption by the golf course is offset when practicable through
Central Arizona Project water replenishment or recharge."
• Renewable water should be made available to every new or remodeled golf
project; the cost of necessary infrastructure connections and improvements
should be divided between the County and the developer or owner of the
property.
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2. "Minimum irrigation of fairways and roughs."
•

Though this guideline is difficult to measure and is redundant (see GCOZ
guideline #9 below), it nevertheless can be achieved with the installation of
water conserving irrigation systems.

3. "Rough and fairway areas shall make maximum use of existing landforms and
.

indigenous grasses and vegetation."
•

The term "maximum use" is too subjective.

4. "Use of "landing areas" rather than fully grassed fairways."
•

Guideline should also address tees and greens, and where grading is permitted.

5. "Landscaping shall be in harmony with the desert environment:
a. Trees, shrubs, and groundcovers shall be desert hardy, low pollen
dispersing, and low in water requirement,
b. Use of inorganic groundcovers, rather than turf is encouraged."
•

This guideline is a bit unclear; "landscaping" could also involve turfed areas
of the golf course.

6. "Water features shall be in context with the area."
•

This guideline is somewhat subjective and open for design interpretation, but
can be incorporated within the new guidelines as written; it still remains
subject to approval.

95

7 . "Water and effluent shall be metered."

•

A great idea, but shouldn't there be seasonal limits of use and enforcement of
that usage?

8. "Provision shall be made for on-site storage of irrigation water and effluent.
Storage ponds shall have sealed bottoms."

•

This is clear, unless irrigation water and effluent are one in the same.

9. "The most advanced water conserving irrigation systems shall be employed.
Drip irrigation, where feasible, is the preferred method."

•

This guideline is clear and should remain unchanged.

10. "Natural drainageways shall be retained to the maximum extent."
•

This guideline leaves way too much room for interpretation. Drainageways
should be accurately defined, identified, and mapped prior to development.

11. "Golf course design shall respond to the natural topography and
drainageways of the site, and employ minimal clearing of native vegetation.
Mass grading shall be avoided."

•

This guideline is redundant and should be incorporated with GCOZ guidelines
#3 and #4 above.

12. "Buffers shall be provided to protect existing neighborhoods by mitigating the
adverse impacts of sound, visibility, and traffic. Buffers may include
landscaping, walls, fences, pathways, drainageways, natural features, existing
vegetation and open space."
•

Buffering of all sensitive areas is a key ingredient of a well-designed project

and should be included as a guideline. It should conform with the surrounding
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area and uses. Their sizes can be predetermined by a qualified ecologist; a
minimum of 100 feet is recommended, however.
The Golf Course Overlay Zone comprises 12 standards "to control the design,
maintenance and operation of golf courses in Pima County (PCZC, 1995:18-94.5)."
However, it doesn't account for the planning and siting of golf courses, except to say that
effluent is the preferred method for golf course irrigation. As public pressure to preserve
more natural desert habitat gains momentum and Pima County Planning Department's
acceptance, the County should follow suit by improving, updating, and adjusting their
guidelines to meet and alleviate the future demands golf courses will pose on an
increasing amount of preserved desert habitat. The Specific Plan is one of the tools Pima
County has as its disposal to successfully integrate sensitive development and natural
preservation practices.

Specific Plan for New Developments

A Specific Plan is required for many Pima County developments, and is almost
always required on larger, multi-use projects (McLaughlin, personal communication). It
is basically a compilation of topographic, hydrologic, environmental, archaeological, and
historical information about the site. The Specific Plan, usually completed by private
planning firm hired by the developer to garner and synthesize the pertinent information
from a variety of sources, supplements the Comprehensive Land Use Plan. Though the
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Comprehensive Land Use Plan is a general County planning document under which
County planning laws fall, the Specific Plan outlines site conditions, project objectives,
and plans to implement these objectives. It is tailored to meet the requirements imposed
by the Comprehensive Plan. The Specific Plan is a guide to which the County can refer
during the planning process to ensure that provisions established in the Comprehensive
Plan have been met by the proposed development.
The Specific Plan function is to coordinate public and a private effort involved in
the planning process and serves several distinct advantages during development activities.
Foremost, a Specific Plan is tailored to fit a particular site and solely addresses the
individual issues related to the project. Since some conditions are not thoroughly
addressed by the Comprehensive Plan or through the zoning process (regulations are
broadly applied), the Specific Plan allows for the adoption of regulations to address the
specific conditions found at the site (McLaughlin, personal communication). Specific
Plans commonly accompany those projects which include many planned uses such as
golf, residential, commercial, schools, and so on. However, they are not always utilized.
In fact, the employment of Specific Plans in the development process is typically " a
negotiated point" between the County and the owner or developer of the property (Harris,
personal communication).
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Summary

Pima County, Arizona, like any other county in the United States, has a process
by which it plans for new golf development. There are four principal means to which
County planners refer during the pre-construction process: the Comprehensive Land Use
Plan, the Buffer Overlay Zone, the Golf Course Overlay Zone, and the Specific Plan.
Each provides local planners with the information they need to approve or deny any
proposed golf development. The process is continually reviewed for its effectiveness and
changes to any of the four planning methods are frequent.
While local developers have exploited loopholes in Pima County's planning
process in the past, the methods for improving the local development process will be left
to County officials to determine. Local environmental consultants, while they are aware
of the inadequacies within the regulations, simply follow the rules as written, negotiating,
as necessary, with the County on behalf of their clients. There is no incentive for the
consultants to alter or improve the process by which development occurs in Pima County.
One of objectives of this research has been to assist the County in amending its
development guidelines, specifically with regard to the Golf Course Overlay Zone. Pima
County should attempt to devise succinct phrases that pointedly detail what kind of golf
development the County permits, and what is not. The modified guidelines should not
leave any room for interpretation. They should be clear, easy to understand and
effectively incorporated into future golf developments locally.
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CHAPTER 2: SUMMARY OF THE LITERATURE

The development of new guidelines for future golf courses in Pima County,
Arizona and the semi-arid desert southwest has included a review of the pertinent
literature.

The historical aspects of golf course architecture included a background into the
history of the game and served to establish golf course architecture as a viable,
contributing profession today. It has set the precedent for the development of golf

courses internationally, nationally, regionally, and locally.
The environmental issues tied to nationwide golf courses have led to an
acrimonious battle between developers and environmentalists. Critics have charged that

golf courses harbor social, cultural, economic, and ecological pitfalls that should not be
ignored. Proponents of golf have countered that, though they are aware of the potential

dangers, recent studies suggest that the game of golf offers significant contributions to the
environment. Included has been the recent trend to construct golf courses on
environmentally degraded sites.

A review of riparian areas and efforts to restore them has shed light on these
rapidly disappearing natural ecosystems of the semi-arid areas of the United States. Their
benefits to humans and wildlife are undisputed; constant threats to them remain real.
Riparian habitats demand special care attention when developing in or near them.
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Furthermore, if an area within a proposed development site is degraded, efforts to recover
the area may be required of developers.
An introduction to environmental principles for golf development has offered
proof that the means to developing environmentally sensitive golf courses is available.
Organizations such as Audubon International and Golf and the Environment have
proposed principles and guidelines for developing environmentally sensitive golf courses.
As more golf courses are constructed near sensitive habitat, these principles and
guidelines offer significant methods for the sensible development of golf courses in Pima
County, Arizona and the southwestern United States
A review of the Pima County Planning Process provided insight into local
planning procedure. Local planners review plans for golf-related growth based upon
policy. In Pima County, the process involves the Comprehensive Plan, the Zoning Code
and the Specific Plan. However, it is the Golf Course Overlay Zone guidelines that are
most concerning. These guidelines are vague and inadequate to meet a growing trend to
develop golf courses near sensitive or recovered habitat.
With the furious pace of golf course development in the United States has come
polarity. On one side are the developers who seek an economic return on their real estate
investments and, on the other, are the preservationists, environmentalists, and restoration
ecologists who aim to protect, enhance, preserve, and restore the sensitive ecosystems
that are more frequently becoming incorporated into these developments. The problem is
one of compromise. Can developers and environmentalists find common goals that seek
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seek to capitalize on the economic value of the land while minimizing the loss of critical
ecosystems? If so, what criteria, ordinances, or protection measures should be
implemented and enforced by local planning agencies to protect sensitive habitat, yet
maintain the economic prosperity of the community? To date, no one has carefully
explored these issues and developed a methodology for evaluating, assessing, and
interpreting the data between the development of lands and the subsequent impact on
local ecosystems. The purpose of this study is to offer improved guidelines the future
development of environmental golf courses in the southwestern United States, especially
as they are proposed near sensitive or recovered riparian habitat. The next chapter begins
the methodology section with an analysis of two local case studies. Each will provide
further evidence that new golf development guidelines are indeed needed in Pima
County, Arizona to ensure the longevity of the unique natural desert environment found
in the Southwestern United States.
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CHAPTER 3: METHODOLOGY

Introduction

The methodology employed in presenting new environmental guidelines for the
sensitive development of golf courses in Pima County, Arizona involves a qualitative
research strategy. An examination of the difficulties and opportunities in current design
is presented with the aid of two local case studies: Sabino Springs, an existing
development, and Rocking K Ranch, a proposed development.
By reviewing the County-adopted Specific Plans for each of the projects, the
reader is provided a detailed description of the development processes that were, or will
be, involved in the development of each site. An evaluation of each project, based on an
analysis of the plans, personal interviews, site visits, and information contained within the
Specific Plans, is included near the end of each case study section.
The Sabino Springs development, located in northeastern Pima County, provides
the post-construction case study for this research. It serves as the example from which
we can determine whether existing guidelines were followed during the development
process and provides clues as to whether additional environmental guidelines, offered by
Audubon International and the Golf and the Environment, could have improved this golf
development. The Rocking K Ranch project, proposed for eastern Pima County, is then
employed as a pre-construction demonstration site to show how improved guidelines
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might produce a more environmentally sensitive development, especially as they are
developed near sensitive or degraded riparian habitat in the semi-arid desert Southwest.
The information offered within the methodology chapter, coupled with current thinking
and guideline analysis revealed in the literature review, will lend support to amending
Pima County's golf development guidelines.
The methodology begins with a review of the Sabino Springs development
project. Unrelenting public pressure placed on County officials to protect nine natural,
on-site springs, salvage thousands of saguaros, and preserve the site's healthy riparian
corridors dictated placement of the community and golf course within the boundaries of
the Plan Area. Completed in 1996, the project was heralded as the prototype for
-

preserving desert vegetation and animals (Rose, 1995:1)." In order to gain an
understanding of the evolution that led to the development of the golf course at Sabino
Springs, an introduction precedes a review of the pre-construction site conditions faced
by developers. The development regulations revealed within Sabino Springs Specific
Plan set the tone by which Pima County would allow a golf development to occur at
Sabino Springs. The Development Plan - the Water Resources Concept Plan, the Grading
Concept, and the Environmental Resources Concept Plan - then followed. The
Development Plan offers acumen into the developer's attempt to mitigate the challenges
posed by the Development Regulations. An analysis of the effectiveness of these
conservation efforts is can be found in a post-construction evaluation at the end of the
section.
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Case Study: Sabino Springs

Introduction

The Sabino Springs development area, named for nine springs identified on the
site, encompasses 430 acres of northeastern Pima County, Arizona (Pima County
Ordinance (PCO), 1996-8). It is approximately twelve miles northeast of Tucson's
Central Business District and fifteen miles north of Interstate 10. The Santa Catalina
Mountains and the Coronado National Forest border the northern boundary of the Sabino
Springs site while single-family homes surround the project on the three remaining sides.
The Sabino Springs Specific Plan (SSSP) is a 217-page pre-construction
document of text, graphs, maps, and appendices. The Plan was required of developers,
Perini Land & Development Company, by Pima County to 'Provide the parameters to
implement the Land Use Plan by establishing policies and regulations which will replace
the current property zoning (SSSP, 1996:1)." Initially adopted by the County in June
1990 and amended in 1996 as the legal document governing development for this
particular piece of property, Sabino Springs Specific Plan will be referred to extensively
in this section. Construction of the golf course was completed in late 1995 and the course
opened for play in January 1996; construction of the surrounding residential community
continues today (Leon, personal communication).
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Pre-Construction Conditions

The site, prior to development, contained six single-family residences, numerous
jeep trails, a large City of Tucson reservoir, and several abandoned ranches. Prior to
development, the Plan Area had been zoned as Conditional (CR-1) and Suburban Ranch
(SR) (SSSP, 1996).
The area slopes an average of 10.92% from northeast to southwest, away from the
Santa Catalina Mountains with the majority of site relief features located on the northern
third of the property (SSSP, 1996). The entire northern third had been devoted to lowdensity estate homes. The base of the property lies at an elevation of 2,700 feet and rises
to 3,080 at the northeast site boundary, an elevation gain of 380 feet (SSSP, 1996).
The majority of the Sabino Springs parcel lies at the head of an alluvial slope.
Surface and sub-surface soil and rock conditions fall within two main topographic
features (SSSP, 1996):
1. An alluvial slope upon which a majority of the site rests, and;
2. A shallow bedrock depth which occurs primarily in the northern portion of the
Plan Area.
The project site also falls within the Arizona Upland community classification
established by Shreve and Wiggins (1964). Cacti were found to be numerous and
diverse; local grasses abundant. Site descriptions for the Plan Area were categorized into
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mesquite woodland, palo verde-saguaro desert scrub, disturbed areas, and protected or
endangered species (SSSP, 1996).

The mesquite woodland zones were encountered in the flatter areas and within
washes, and were dominated by the velvet mesquite tree (Prosopis velutina). Mesquites
were found to be especially dense around the springs. The area to be developed also
included the foothill palo verde (Cercidium microphyllum), catclaw (Acacia greggii),

hackberry (Celtis pallida), and a variety of smaller shrubs and cacti commonly distributed
outside the washes.

The Palo Verde-Saguaro Desert Scrub zone was typical of the washes found in the
upper slopes of the northern portion of the project site. Though this area harbored some
mesquite, found primarily along the washes, foothill palo verde, saguaro (Carnegiea
gigantea), and other common species such as ocotillo (Fouquieria splendens), fairyduster
(Calliandra eriophylla), fishhook barrel cactus (Ferocactus wislizenii ), and prickly pear

cactus (Opuntia phaeacantha) dominated these dry slopes.
Due to a number of uses the property provided in years past (i.e. existing
homesites, driveways, roads, off-road trails, grazed areas, wildcat dumps and shooting
ranges), some areas have experienced severe decline within disturbed areas. Most
prominent is a pond near Tres Hombres Wash. It was found to be devoid of trees,
consisting mainly of small shrubs. Additionally, the areas nearest the springs had
suffered moderate decline, presumably due to inappropriate human uses; trash and debris
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had accumulated and exotic species such as bermuda grass (Cynodon dactylon) had been
introduced.
Protected or Endangered Species found on the site were protected under Chapter
7; Article 1, section 3-901 of the Arizona Native Plan Law (SSSP, 1996). Many of these
were cacti, ocotillo, and live or dead specimens of mesquite and palo verde.

A variety of species were observed on the property, including 6 reptile species, 13
mammal species, and 32 species of birds (SSSP, 1996). These included, but were not
limited to: zebra-tailed lizard (Callisaurus draconoides), side-blotched lizard (Uta
stansburiana), tiger rattlesnake (Crotalus tigris), coyote (Canis latrans), desert cottontail
rabbit (Sylvilagus auduboni), mourning dove (Zenaida macroura), and gila woodpecker
(Melanopes uropygialis) (SSSP, 1996:Appendix F). The diversity of birds was found to
be highest within the washes and within dense mesquite vegetation. Mammals were
found equally among wash habitats and open mesquite forests. The diversity of observed
species decreased toward the steeper, rocky slopes of the northern third of the property
(SSSP, 1996).
While the Sabino Springs property seemed to be an ideal location for a new golf
community in Pima County, nearby residents felt differently (McLaughlin, personal

communication). The area before development was relatively untouched by man,
harboring natural springs, lush riparian washes, and an abundance of saguaro cacti and
wildlife. Nearby residents wanted to maintain it as such. The proposed Sabino Springs
development site was ecologically unique. To become a project of environmental
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success, the development of Sabino Springs would require the input of many people,
including environmental experts. Years of debate and numerous public hearings between
developers, consultants, local residents, and Pima County planners eventually led to the
1990 adoption of the Sabino Springs Specific Plan that, at the time, was different from
any other in Pima County.

Development Plan

The Sabino Springs development plan approved and adopted by Pima County in
1990, will eventually include low-density residential uses of 1.6 single-family detached
homes per acre (low density), a Robert Trent Jones II 18-hole golf course, a private
clubhouse, a tennis and swim facility, and open space (SSSP, 1996). In essence, when
complete, Sabino Springs will become a self-contained, high-quality private residential
community that carefully integrates residential and recreational land uses with preserved
areas of open space and riparian habitat. This research is only concerned with the
development of the golf course and the area immediately surrounding it.
The Sabino Springs Land Use Plan, a subchapter of the Development Plan,
recognized the golf course, dubbed "The Raven," as the central feature for the project,
fulfilling recreational needs as well as providing open space and habitat (SSSP,
1996:61)." The 6,900-yard, par 71 course was routed among giant, indigenous saguaro
cactus on the rocky, south-facing foothills of the Santa Catalina Mountains.
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Because of the fragile ecosystem supported by the Sabino Springs Plan Area,
developers chose to work closely with the Pima County Board of Supervisors and local
environmentalists in an effort to draft an extensive desert preservation plan (Rose, 1995).
The final plan required the hiring of a horticulturist (Bruce Hart) and two biologists
(SWCA Environmental Consultants and Harris Environmental Group) to oversee the
development process and to ensure the future survival of plant and animal inhabitants in
the area (SSSP, 1996; Harris, personal communication). Contained within the
Development Plan section of the Sabino Springs Specific Plan (1996) are the guidelines
established by the County to ensure that the Sabino Springs project would be more
sensitive to the area's natural resources than past projects developed in Pima County.
The Water Resources Concept Plan, the Grading Concept, the Environmental Resources
Concept Plan (Habitat Resources, and Open Spaces Resources), and the Development
Regulations (Environmental Resource Regulations) all offer insight into the
environmental challenges developers faced prior to the construction phase of
development. They had been written in accordance with all guidelines and ordinances
adopted by Pima County prior to their inclusion into the adopted Specific Plan for
development.
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Water Resources Concept Plan

SWCA, Environmental Consultants were hired, per terms outlined by the 1990
Sabino Springs Specific Plan, to identify the "site-specific ecological characteristics that
distinguish riparian, wetland and upland ecological communities (SWCA, 1993:1)." In
response to existing site conditions, several measures were proposed by the consultants to
minimize on and off-site hydrologic disturbance (SSSP, 1996). First, it was suggested
that existing washes be left in their natural state and undisturbed during construction.
These "ecological resource areas" would then be used to determine the boundaries of

the planning area (SSSP, 1996:69). Finally, the golf course would be designed to
minimally encroach upon these areas. Where encroachment occurred, mitigation
measures would be employed to protect or relocate all plant and animal species affected
by the development process.

The problem with the mitigation measures employed at Sabino Springs was that a
"Critical and Sensitive Wildlife Habitat of Eastern Pima County Map" adopted by the
County, and utilized by SWCA was incomplete (Shaw, 1986; Mills, personal

communication). Only the Map prior to the development of the Specific Plan had
identified the larger areas of riparian habitat and washes. Thus, only those areas
identified on the Map were in fact, preserved as primary resource areas, or Class I habitat.
Other key resource areas may have been identified by planners as ecologically unique,
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but were given a secondary resource area (Class II habitat) classification and were not
protected as fervently.
SWCA evaluated and mapped the vegetation community type, vegetation size and
density, and the 100-year floodplain boundary based on the following criteria (SWCA,
1993:2):
1. "The presence of mesquite, was evaluated. If mesquite constituted the
dominant tree species, at densities consistent with those of riparian
communities in the vicinity, the area was considered for further evaluation."
2. "Those areas were further evaluated for the species composition of the
understoly. Ifthe understory was dominated by species that are typically
riparian in the area, such as lycium, canyon ragweed, and hackberry, the area
was included within the resource boundary. It was also included if it
contained emergent wetland species such as bulrush or cattail, or included
other wetland associated species such as cottonwood and willow."
3. "If the site consisted of unusually large mesquite for the area, regardless of
understory composition, it was included within the resource boundary."

Areas that met at least two of the riparian resource-based criteria above were included
within the primary resource boundary (most areas, like the spring sites, met all three). In
many locations these boundaries coincided with the 100-year floodplain boundary
(SWCA, 1993). The primary resource boundaries that were eventually protected and

preserved consisted of those riparian corridors that connected to public open spaces.
Secondary resource boundaries, though similar in composition, were not connected.
Secondary resource boundaries were assigned to areas with high concentrations of
mesquite that shaded upland, non-riparian species such as brittlebush (Encelia farinosa)
and prickly pear (Opuntia phaeacantha). Though these secondary areas did not harbor
surface runoff, open water, or riparian resource areas, they "were identified to be of high
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value to wildlife due to the volume of arborescent vegetation present (SWCA, 1993:3)."
Once identified, the boundary delineating primary and secondary ecological resource

areas was drawn on the aerial photograph, later staked and fenced to prevent undue
disruption during construction.

Primary riparian resource areas were to be preserved intact with "minimal
disturbance" and their defined boundary edges were to be "at a minimum," in

accordance with the limits of grading and building setbacks (SWCA, 1993:3). SWCA
identified several areas of lower density vegetation within the primary boundaries where
golf encroachments could intrude. However, secondary resource areas were to be

integrated into the development of the golf course "to the greatest degree possible
(SWCA, 1993:3)." SWCA felt that if only the trees, and not the understory could be

preserved and integrated into the design, a "signcant portion of the ecological function
can be maintained (SWCA, 1993:3)."

Though road, utility, and golf cart crossings represent a major feature of many
new developments, designers for Sabino Springs sought to minimize these
encroachments, especially within wash areas. In all, road crossings would eventually
disturb only 3.8% (820') of the major washes existing within the Specific Plan Area
(SSSP, 1996). To provide for roadways, cart paths, utility crossings, and permitted golf
course encroachments, a Mitigation Concept for vegetation was developed by SWCA
(1993).
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The guidelines for removing any on-site vegetation were outlined by SWCA
within their Mitigation Concept (SWCA, 1993:4):
1. "The total volume of impacted canopy vegetation within the area of
disturbance, within the primaty or secondary resource boundary, will be
measured to establish a mitigation goal."
2. "Areas within the floodplain, adjacent upland areas, areas within the
residential and golf course uses, disturbed spring and wetland areas adjacent
to and within areas of impacts will be identified and evaluated to determine
their suitability for mitigation planting. Suitable areas include: previously
disturbed areas, areas with a disturbed or low volume of vegetation, areas
with sufficient intercanopy space for placement of additional trees, areas that
can easily receive supplemental irrigation and areas regraded during
construction that require revegetation."
3. "The actual mitigation will be the planting of the selected suitable areas with
native indigenous plant species, predominantly mesquite, Prosopis velutina.
Initial plant species and quantities will be selected based upon their ability to
grow sufficiently in size to meet the volume mitigation goal within five to ten
years of the actual disturbance. When practical, tree species in the areas of
impact will be transplanted to achieve more immediate aesthetic effect. All
saguaros in the area of impact will be avoided when possible and if
salvageable, transplanted within the mitigation area. Avoidance does not
include saguaros left standing along the fairway that will likely be damaged
by future golf activities.
4. "Due to the soil conditions in the area of impact (sand and boulders) tree
salvage of all of the affected trees is not likely or feasible. The salvage of
existing trees requires heavy pruning which will have an effect on the
aesthetic and wildlife value for several years following transplant. Smaller,
nursety grown stock should be planted when tree salvage is not feasible. In
time, nursery grown stock can supply equivalent wildlife values to larger
salvaged stock."

However, replacing quantities of trees doesn't necessarily restore wildlife habitat,
nor does it promote ecologically sound mitigation practices. According to Mills
(personal communication), a reduction in bird habitat is not directly related to the number
of trees removed, but directly influenced by the volume of trees that are cleared.
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Mitigation - replacing or relocating vegetation - is sometimes an inadequate means of
maintaining existing habitat. Often trees that are moved don't survive new locations and
replacing larger trees is either too expensive or physically impossible. So, based on
previous experiences in golf course planning and to prevent the reduction in desert habitat

for birds, reptiles, and small mammals at Sabino Springs, SWCA (1993) recommended
that no more than 70-80% of the trees within an area of impact be cleared. This way, it
was believed, at least some clusters of existing vegetation could be preserved as viable
nesting and breeding habitat. It is certainly not an ideal ecological development scenario;

the loss of 70-80% of existing vegetation comes at great cost to the protected vegetation
and wildlife species.
Of particular interest to the mitigation effort were areas surrounding the nine onsite springs. While some of the springs appeared relatively intact, some were noticeably
degraded. The easternmost spring had sustained heavy grazing in the past, while the
westernmost spring exhibited signs of invasion by exotic wetland species such as bamboo

and common reed. The Mitigation Plan recommended the affected areas be cleared of
exotic species, and enlarged with native wetland species and riparian vegetation to create

a "significant avian and herpetological wildlife resource (SWCA, 1993:5)."
Through its Grading Concept, the Development Plan attempted to maintain the
overall drainage pattern of the site. The realignment of two of the westernmost washes
has improved a long-standing flood problem in the area. The rerouting of these washes
into a large detention facility (i.e. the driving range) located at the southwest corner of the
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property effectively eliminated a pre-existing, severe flooding problem at Sabino High
School and the Snyder Road and Bowes Road intersection.

Grading Concept

The Sabino Springs Specific Plan identified a number of areas fit for grading,
including large areas within the golf course boundary, but limited its impact to those
areas necessary for the development of turf and berms. All other areas, including the
site's existing washes and identified natural resource areas, were off-limits to graders
(SSSP, 1996). Though the vast majority of these areas were to remain in their natural
condition, "minimal" disturbance was permitted for road, utility, and golf cart crossings
(SSSP, 1996:73).
A special area of grading concern would involve the northernmost portion of the
golf course, set against the base of the Pusch Ridge Wilderness Area (SSSP, 1996).
Given the juxtaposition of natural to fully graded settings, the most critical grading issue
at Sabino Springs centered on the treatment of the transition areas. The severity of the
slope in the northern portion of the site (± 15%) required cut and fill to exceed five feet in
the post-graded condition (SSSP, 1996). To mitigate this condition, transition areas of
natural, desert revegetation was employed to "provide a stronger area of definition
between these areas (SSSP, 1996:74)." As the steepest and highest point of the golf
course, designers wanted to ensure that the golf holes along the northern edge of the site
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would be playable, aesthetic, and yet "require the least extensive amount of topographic
alteration and grading (SSSP, 1996:16)."

The most compelling reason to minimize the amount of earthwork (i.e. cut and
fill) in any new development is one of economics, not aesthetics. "This phase of work
represents the largest expenditure of time and labor for the contractor, because great
quantities are removed, hauled, and placed by the largest machinery and the costliest
employees (Muirhead, 1994:133)." At Sabino Springs, shallow, on-site topsoil
essentially rested upon bedrock subsurface, making any substantial grading alterations

and removal of such material extremely expensive. Topographical and subsurface
conditions, and the scheduled preservation of natural resource areas, precluded mass
grading. The design of the Raven Golf Club at Sabino Springs demanded a target-syle

golf course of architect Robert Trent Jones II and his staff (SSSP, 1996). That is, tees and
greens could not be continuously connected with an expanse of turf. Instead, "pads," or
landing areas of turf would compose the tees, fairways and greens. In total, limits of
grading were held below 90 acres (89.09) on the Raven Golf Club at Sabino Springs

(Jones, 1993:3b).
Environmental Resources Concept Plan

In accordance with the guidelines established by the Buffer Overlay Zone
Ordinance reviewed in Chapter 1, the Environmental Resource Concept Plan (ERCP) for
Sabino Springs directed the treatment of habitat resources, open space resources, and the
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implementation of environmental resource regulations. In fact, specific attention was
awarded these three areas in the Specific Plan.

Habitat Resources

The Sabino Springs Specific Plan and Pima County Ordinance #1996-8
determined the most significant environmental resources with regard to wildlife habitat.
They included the Tres Hombres Wash, other primary and secondary resource areas,

drainageways, water sources, areas of medium to high density of vegetative cover, and
the northern upland areas connecting to Coronado National Forest (SSSP, 1996:75-77;

PCO, 1996-8:9). The following assessments of these post-construction habitat resources
are the result of personal communications and personal site visits:
A. Tres Hombres Wash: The Specific Plan dictated that all areas within the 100-

year floodplain were to be preserved as natural open space with the exception
of three road crossings. Post-construction review indicated that these areas
were indeed protected during construction are currently preserved as natural

drainageways and as desert wildlife habitat (Harris, personal communication).
B. Central north-south wash and other drainageways: All areas within the 100-

year floodplain of the central wash and other drainageways were to be
preserved as natural open space with the exception of the modified

drainageway in the western part of the site. As per the Specific Plan, major
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modifications to the western wash have redirected runoff within the golf
course boundaries on holes #1 and #2 to the driving range. Otherwise, the
major drainages have been protected and preserved intact.
C. Water sources: The nine springs found on the property, with the exception of
two, are located within the 100-year floodplain of the preserved drainageways.
They were to be protected during construction and incorporated into Plan Area
as open space site amenities. Unfortunately, poor planning has left one of the
springs in the western portion of the property, outside of the open space area.
It will eventually be incorporated into a residential area. Additionally, the tee
boxes on hole #12 have been located too close to the easternmost springs,
directly upstream of a natural-occurring pond. A water and soil testing system
should have been installed here. A golf course irrigation lake has been located
adjacent to the clubhouse to store reclaimed water, to function as a golf course
hazard, and provide a visual amenity for visitors in the clubhouse. It is lined
and poses no additional hazard to wildlife. In fact, it provides a source of
refuge for birds.
D. Areas of medium to high density vegetation: Some portions of these areas
were preserved, particularly in association with drainageways and natural
open space areas. Salvageable vegetation, in accordance with the Mitigation
Plan, was transplanted from areas that were impacted by development to the
edges of the golf course and to numerous residential homesites (Harris,
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personal communication). Unfortunately, many of the areas classified as
secondary resource areas were graded to build the golf course.
E. The northern Palo Verde-Saguaro Upland Area: In time, the northern portion
of the site will be developed with large residential lots and grading limited to
small building envelopes. The remainder of each lot will be designated as
natural open space, providing a large area of continuous interconnected open
space linking the on-site drainageways to the adjacent public lands to the
north. As yet, home construction in the northern portion of the property has
not begun.
F. Special Status Species: Prior to construction activities, a detailed conservation
program and mitigation program was prepared by SWCA, Environmental
Consultants and carried forth, during construction by Harris Environmental
Group. Though many of the on-site saguaros were relocated throughout the
site, only years of careful scientific monitoring will verify their rate of
survival.
G. Realigned Washes: The two westernmost washes were realigned, per the
Specific Plan, to alleviate a long-standing flood problem at Sabino High
School. The washes have been revegetated with native plant species and lined
with 4"-8" diameter cobble riprap to prevent future erosion.
H. Ecological Resource Areas: Those areas that were deemed to contain a
significant riparian habitat were preserved in place with a minimum of
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disturbance. All disturbed areas were mitigated to 100% of the volume
impacted. Areas that were deemed "primary" resource areas (i.e. Class I
habitat) have been protected and preserved, though not sufficiently buffered
from the golf course. In the future, a native species transition area (i.e. buffer
zone) may help to keep golfers out of sensitive areas. "Secondary" resource
areas (i.e. Class II habitat) have become particularly disjointed and, in general,
have been eliminated to accommodate the development of the golf course.

Open Space Resources

Open space areas have been deemed "multiple use" amenities by the Specific
Plan (SSSP, 1996:78). The four primary washes have been designated by the Plan as
areas of natural open space, and have not been disturbed. Three of the washes connect on
the northern boundary of the property to the Coronado National Forest; to the south they
have become part of subdivided and unsubdivided properties and Sabino High School.
The Tres Hombres Wash (13.3 acres) has been designated as natural open space as it
extends off-site to the northeast and southwest. However, two road crossings impact
approximately 12,000 square feet (2%) of the Wash.
Resolute attempts to maintain the major (primary resource areas) wildlife
connections have directed the placement of the golf course fairways. The Sabino Springs
Specific Plan juxtaposes recreational and open space land uses (i.e. golf) and adjacent
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natural, undisturbed areas. The overall open space, including the managed and
unmanaged areas within the Sabino Springs Specific Plan provides for an expansive
network of linkages through Sabino Springs to the Coronado National Forest, totaling
260.2 acres or 63% of the entire site (SSSP, 1996). While, this may appear to contribute
to an enlarged area for animal cover and habitat, golf courses and natural areas provide
different habitat for different species (Mills, personal communication). Therefore, it is
inappropriate to combine functional open space and natural open space into one large
category of "open space." Some species thrive in a functional setting, while others prefer

a more "natural" habitat.

Development Regulations

The Development Regulations proposed for Sabino Springs "serve as the primary
mechanism for implementation of land uses

..."

and "...provide the direction for present

and future needs and to achieve compatibility between land uses (SSSP, 1996:95)." They
work in conjunction with Chapter 18.03 of the Pima County Zoning Code and serve to
implement the Environmental Resource Regulations (ERR) which specifically address

habitat preservation and mitigation. As the golf course and the adjoining transitional area
wind through a large portion of the property (158.9 acres), the ERR proved critical to the

sensitive integration of golf at Sabino Springs (SSSP, 1996). Though the ERR primarily
governed vegetation and wildlife as it pertained to the Sabino Springs development
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process, Pima County recognized that the Environmental Resource Regulations were
imperative to County approval and adoption of the Specific Plan, and to the long-term
success of the project.

Environmental Resource Regulations

The regulations adopted by the County to guide development at Sabino Springs
were concerned with impacts to vegetation and wildlife, critical to the long-term
environmental success of the project. The regulations as they were written in the Specific
Plan are as follows (SSSP, 1996:105-106a):
A.

Vegetation
1. Construction: "Natural open space areas of vegetation designated to be
preserved shall be protected during grading and construction activities by
fencing and flagging."
2. Plant salvage: "Where impacts to existing vegetation are unavoidable,
reasonable effort shall be made to salvage plant material for
transplanting on-site. A minimum of 30% of the salvageable vegetation
will be left in place or transplanted and/or augmented with nursery grown
native plants at a ratio of 3:1."
3. Enhanced habitat areas/revegetation: " Shall utilize only those plants listed
on the Buffer Overlay Zone approved plant list or native species occurring
on site."
4. Grading: "All non-built graded areas shall be landscaped or
revegetated.
5. A preservation and salvage program/plan: "This plan shall be developed
for all subsequent plats and development plans identifying on-site
vegetation preserved in place, salvaged for transplant and/or mitigated by
planting nursery stock."
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B. Wildlife
1. Springs: "Naturally and augmented water sources occurring along
drainages shall be preserved and protected during and after all
construction activities. All springs shall be located within natural open
space areas."
2. Class I Habitat: "All areas within the 100-year floodplain of Tres
Hombres Wash shall be preserved in their natural state with the exception
of the two road crossings.
3. Washes: "Approximately 90% of the floodplain of the other natural
washes shall be preserved in natural state. Limited encroachment shall be
allowed in these washes for road and utility crossings, and golf course
and cart path crossings.
4. Construction Monitoring: "On-site monitoring of all aspects of site
grading shall be provided at the expense of the master developer during
project development to ensure protection of preserved vegetation and
water sources and to identify protected species of plant and wildlife.
Monitoring shall be performed by an individual qualified in resource
identification and protection, who shall be a third-party professional to be
approved by Pima County in consultation with the Arizona Game and Fish
Department."
a) All Grading: "During clearing, grubbing, and grading
activities, the resource professional shall visit the site twice
daily and shall be available on an on-call basis to respond to
considerations found during these activities. Affected interest
groups shall be invited to observe the grading activities through
site inspection. The resource professional shall also review the
siting of construction fencing and flagging prior to the start of
site grading and shall make recommendations as needed."
b) Golf Course Grading: "The resource professional shall interact
with the golf course architect and resource consultants
employed by the developer to ensure the environmental integrity
of golf course design and construction by modifying, if
necessary, areas proposed for grading. The resource
professional shall evaluate the field location of the major
features of the golf course for compliance with this specific plan
and to ensure the least amount of grading in areas that are
adjacent to or within ecological resource areas."
5. Construction Process/Mitigation Plan: "A mitigation plan shall be
developed for protected and endangered species in the event they were
found on-site during the construction process."
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6. Construction Process Protection: "If endangered or threatened species are
found during the construction process, they shall be protected and their
location monitored until appropriate measures have been taken by the
construction biologist to relocate the animals per the conditions of the
mitigation plan."

Post-Construction Evaluation

Though it is difficult, without the luxury of looking back over a period of many
years (post-construction monitoring continues still) to assess the specific postconstruction environmental aspects, there is no doubt that developers, designers and
planners all contributed to create something unique at Sabino Springs. A postconstruction review of Pima County's Golf Course revealed that the Raven Golf Club at
Sabino Springs has complied with all local-zoning regulations (Harris, personal
communication; McLaughlin, personal communication). The desert golf course is
designed as a target-syle layout, and utilizes landing areas of turf, existing landforms,
indigenous grasses and vegetation, and advanced irrigation systems (PCZC, 1995). A
complete Specific Plan outlined pre-planning efforts, construction techniques, and
mitigation plans that led directly to the approval of the Sabino Springs plan for
development.
The identification of primary ecological resource areas during the pre-planning
stages of the development process led to their preservation, with the exception of a few
approved, at-grade, bridged encroachments for easements and roads. An on-site,
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independent environmental monitor dutifully regulated grading activities per the Grading
Concept and carried forth the terms of the Mitigation Plan; noted primary ecological

resource areas were fenced and protected during construction, per the Specific Plan. Nonturfed, graded areas were replanted with native species and drainage was improved near
Sabino High School. In all, Perini Land & Development Company has adhered to

regulations governing development in Pima County, set forth in the Comprehensive Plan
and the Zoning Code. The Specific Plan took additional, extensive measures during the
planning, design, and construction phases to ensure the highest quality of life for all

living things at Sabino Springs (Harris, personal communication).
But Sabino Springs is not a perfect development; the project yet remains fraught
with environmental difficulties. Failure to properly identify and preserve secondary
resource areas has led to their destruction and conversion to housing and golf. These
natural areas, though not connected to public open space, could have remained as viable

sources of food and shelter for desert birds, reptiles, and mammals, and allowed for their
protected migration to the washes. The development of the golf course has consumed
many secondary resource areas with manicured turfgrass. One of the springs has not been
protected by open space, per the Specific Plan; instead, it will eventually become part of a
residential area. And, though the primary natural resource areas were basically preserved

intact, the placement of the golf course required the removal as much as of 70-80% of the
adjacent secondary resource vegetation.
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One of the more intriguing results of the Sabino Springs project involved the
future management of the open space, which includes the preserved natural resource areas
and springs. The development of a "Conservation Function of the Association," outlined
in Article 12, section 2 of the Declaration of Covenants, Conditions, and Restrictions
(DCCR) for Sabino Springs states that "Development of the Open Space Protection Plan:
The declarant shall develop the Open Space Protection Plan in consultation with the
Association and subject to approval of the director of the Pima County planning
department (DCCR, 1993:54)." In essence, the responsibility of maintaining and
preserving the natural resource areas springs has fallen into the hands of the Sabino

Springs Homeowners' Association (Leon, personal communication). Four methods of
funding these efforts are provided for by the Declaration of Covenants, Conditions, and

Restrictions for Sabino Springs: 1) each homeowner allocates one dollar per year; 2) a
transfer of title nets twenty dollars; 3) the sale of each new homesite brings another ten

dollars, and; 4) the golf course provides five cents for every round played. Last year,
there were approximately 32, 000 rounds of golf played ($1,600), no title transfers ($0),
100 home sales ($1,000) and 70 homeowners paying dues ($70). Approximate total to

the Conservation Fund in 1997: an appalling $2,670 to look after some 111. 3 acres of
Class I habitat and Natural Washes, Resource Areas and Estate natural areas (Leon,
personal contact; PCO, 1996-8:11)! When the development reaches capacity of 516

homes occupied, Leon estimates the total amount could increase to approximately $3,300
per year, well below the $25,000 per year Leon (personal communication) estimates to
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effectively protect and maintain these areas as healthy, viable natural resources. Today,
the preserved open spaces at Sabino Springs remain unmanaged, unmaintained,

unmonitored, and basically, neglected. A solution to this problem can be assimilated
from our next case study, Rocking K Ranch.
At Rocking K Ranch, an independent, non-profit group was formed and funded by
the developer, in part, to monitor the planned recovery of Rincon Creek. It is an idea that

could be expanded and applied to all proposed golf developments in Pima County. From
the beginning, a post-construction document, drafted along with the Specific Plan and
approved by the County, would establish an independent, non-profit environmental
organization to monitor the health of the protected resources incorporated within each
golf course project proposed within Pima County. This group would be funded by the
current owner of the property for the life of the project. It's first planning objective
would be to identify key locations throughout the property that will be monitored locations that will serve as the barometer to scientifically determine the overall health of
the project's environment. The organization's primary responsibilities would be to
scientifically monitor these locations and provide annual reports to the County, for
example, on water and soil quality, wildlife habitat, erosion, and vegetation to determine
the exact impact development has had on the site as a whole. The results of the
monitoring process would give Pima County the essential information that it needs to
improve its development guidelines and encourage more sensitive development in the
future. If any problems are discovered during the monitoring and assessment process, an
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additional amendment to the Plan could force the current owner to make any future
environmental changes to the property.

Summary

The Sabino Springs Specific Plan (1991) provided a documented basis for
evaluating and directing the planning and design efforts for Sabino Springs, a specific
high-end residential and recreational community. As one of Pima County's more recent
golf development plans, the Sabino Springs Specific Plan sought to "to provide quality
land uses, based on current, anticipated, and future market demands with a range of
possibilities" while " creatively combining the elements of various County regulations
into one document that ensures sensitivity to unique environmental characteristics
(SSSP, 1991:9-10)."
The guidelines were a framework molded by planners and developers to meet
criteria set forth by the Pima County, Arizona planning department in the Comprehensive
Land Use Plan and the County Zoning Code. These guidelines were established in an
attempt to ensure that the County developed a consistent, high-quality residential and golf
community in a manner sensitive to the surrounding environment while conforming to all
regulatory ordinances adopted. As for those issues that dealt directly with development
of the golf course, the Sabino Springs Specific Plan required:
1. A thorough site analysis, including existing plant and animal inventories;
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2. A development plan, including a water resources concept plan, a grading
concept, and an environmental resource concept plan, based on;
3. Development regulations, including environmental resource regulations and
mitigation plans.
Emphasis was given to site planning, especially with regard to the integration of a
championship golf course within a natural setting. A thorough site analysis led to an
effective understanding of the opportunities and constraints of the site. During
preliminary site evaluation, the wash and upland areas were evaluated to determine the
site-specific ecological characteristics that distinguish riparian, wetland and upland
ecological communities. Then boundaries for grading and building setback were
established, resulting in the preservation of a majority of the natural open space and
riparian corridors. This provided for the preservation of major wildlife corridors and
large areas of natural vegetation and open space.
The existing topography at Sabino Springs has led to a variety of well-planned
holes at The Raven Golf Club, which either play uphill, downhill, or parallel to the slope,
and provide for magnificent views of the Tucson Valley. From a golfer's perspective, the
course is playable, but extremely challenging for the high-handicap golfer. Through
preservation efforts imposed by the County, designers were forced to include the desert
landscape into every hole. Golfers are almost always required to hit the ball in the air off
the tees, over the desert, to a narrow fairway that can sometimes be 150 yards away;
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accuracy is a must at The Raven. Errant tee shots usually find the desert or a sand
bunker, and afternoon winds can make the course even more difficult.
While the Sabino Springs case study has provided valuable insight into the
development of an existing golf project adjacent to sensitive riparian habitat in Pima
County, Arizona, the next case study, Rocking K Ranch, provides additional lessons for
the future development of local golf courses near recovered riparian habitat. Similar in
style, but much larger in scope, the proposed Rocking K Ranch project embodies
characteristics curiously similar to the completed Sabino Springs development. Like
Sabino Springs, there will be golf near sensitive areas at Rocking K. The only difference
is that these sensitive areas are not exactly pristine in condition, but rather degraded.
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Case Study: Rocking K Ranch

Introduction

What began in the 1980s as huge development project east of Tucson, Arizona
soon became the development controversy of the decade. Local developer Don Diamond,
president of Diamond Ventures, had purchased thousands of acres of desert lowland
bordering the southern edge of Saguaro National Park East and set about to turn a
working ranch into Tucson's newest large-scale resort. Initial plans for a hotel, several
golf courses, a commercial district, and hundreds of residential homes drew immediate
opposition from local residents, environmental groups, and Park officials. They claimed

human encroachment into the area would prove deleterious to the fragile ecosystems that
inhabited Saguaro National Park's boundaries. Additionally, they felt viable riparian
wildlife corridors which traverse the property from the Park might be permanently
disrupted by the impending development. A compromise between Diamond and Pima
County was agreed upon. The developer would sell a large parcel of land bordering
Saguaro National Park to the National Park Service, fund the non-profit, independent
Rincon Institute to serve as watchdog for the Rincon Valley, and agree to support

recovery efforts of degraded Rincon Creek. These concessions led to the 1991 approval
of the Rocking K Specific Plan by Pima County.
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The Rocking K Specific Plan (RKSP), approved in 1991 and amended in 1992,
has been developed "to implement the goals and policies of the Pima County
Comprehensive Land Use Plan and the Rincon Valley Area Plan (RKSP, 199 1:1V-1)."
The RKSP will be referred to religiously in this section, as it will be the bible for
answering the basic development questions with regard to the development of Rocking K
Ranch. Answers as to the type of development planned, the site's environmental
constraints, how the development team plans to approach the constraints, and any preconstruction assessments are all pertinent to this study.
Rocking K Ranch, historically a ranching and agricultural area, lies roughly one
mile east of Tucson city limits at the base of the Rincon Mountains and is immediately
south of Saguaro National Park. The site is roughly six miles from Interstate 10, adjacent
to Old Spanish Trail. The Plan Area encompasses approximately 4,450 acres of varying
topography, from gently rolling semi-desert grassland in the southern portion of the
property to rocky, saguaro forest foothills in the north (RKSP, 1991). For the purposes of
this thesis, the area immediately surrounding Rincon Creek, which bisects the southern
portion of the property in an east-to-west fashion, is the area of interest. First, the site
analysis will be reviewed, followed by the development plan, and finally, the drainage
concept, as these three topics are most closely linked to the proposed construction of a
golf course along Rincon Creek.
Today, Diamond Ventures is in the process of selling a majority of the Rocking K
property to Lowe Development Corporation (LDC) of Palm Desert, California. LDC will
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assume development responsibilities in creating the phased development, eventually to be
inhabited by as many as 24,000 permanent residents over the next 25 years (Norris,
personal communication; RKSP, 1991). Planned land uses will include a maximum of
10,000 residential units, two resorts, four 18-hole golf courses, specialty and community

retail, research and development, and a resort village center with office, retail, and high
density residential dwellings (RKSP, 1991). Additionally, the master-planned
community allows for the preservation of hundreds of acres of natural open space, miles

of public hiking trails, and the restoration of Rincon Creek. Though the Specific Plan
(1991) refers to the recovery of the Creek as an exercise in "restoration," according to
Briggs (personal communication), the restoration endeavor will not be one of restoration,

but rather, "rehabilitation" (see Chapter 1 for definitions). It is here, along the banks of a
rehabilitated Rincon Creek, that one of the golf courses will be developed (RKSP, 1991),

and provides the focus for this case study research.

Site Analysis

Though the Rocking K Ranch site - zoned Rural Homestead (RH) and Suburban

Ranch (SR) - is currently used for livestock grazing and agriculture, portions of the site
have been designated for impending residential and commercial uses (RKSP, 1991). By
and large, the site is devoid of structures; existing development is limited to several ranch
facilities located in the southern flats, near Old Spanish Trail.
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The topography falls generally from northeast to southwest, ranging in elevation
from 3,400 feet in the north to 2,900 feet in the southern portion of the site. Rocking K
exhibits moderate overall slope in topography, though the northern portion of the site
harbors slopes in excess of 15% (RKSP, 1991).
The major drainage system for the property is Rincon Creek. Its watershed
encompasses some 80 square miles before exiting the property to the west across Old
Spanish Trail (RKSP, 1991). The tributaries that serve Rincon Creek are numerous;
many sustain earthen embankments that once served to water cattle and other livestock.
Native vegetation is present in most of the tributary watercourses but absent along a
significant portion of the Rincon Creek Floodplain, west (downstream) of Camino Loma
Alta (RKSP, 1991). This area had been cleared of riparian vegetation to make way for
past agricultural uses. Along this stretch of Rincon Creek the channel becomes shallow
and narrow, able to support only a 10-year flood event, well below the Pima County
Flood Control District and the Federal Emergency Management Agency development
requirements of a 100-year event (RKSP, 1991).
Today many of the agricultural activities have ceased, and the abandoned
floodplain is now dominated by patches of Russian thistle (Salsola kali), burrobrush
(Ilymenoclea monogyra), and desert broom (Baccharis sarothroides). Though larger
trees do exist in small patches or as single trees along the edges of normally-dry Rincon
Creek, catclaw acacia (Acacia greggii), velvet mesquite (Prosopis velutina) and desert
willow (Chilopsis linearis) are more evident, but sparsely located, within the present
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floodplain structure (RKSP, 1991). Due to the low vegetation densities, the RKSP
(1991:111-24) has identified the area adjacent to and including Rincon Creek as having a
relatively low wildlife habitat value, particularly those areas dominated by desert broom.
In general, the soils found in and around Rineon Creek are deep and well drained.
The medium-textured alluvium of igneous and sedimentary rock found south of the creek
channel can support structures and roadways, provided they are raised out of the
floodplain and designed to prevent structural damage caused by the soil's high shrink and
swell rate (RKSP, 1991). North of the creek channel lies a moderately course alluvium of
limestone and other sedimentary rock. As runoff is slow, this soil is subject to flooding
during heavy, prolonged periods of rainfall.
Like the Sabino Springs development, Rocking K is a picturesque, rolling piece of
property. With the Rincon Mountains and Saguaro National Park providing the
backdrop, the development of golf course along the recovered riparian Rincon Creek
could become one of Tucson's most popular golf destinations. However, a golf course
situated here will require a comprehensive development plan creatively designed to
incorporate the natural landscape features, protect desert upland wildlife, provide flood
control management, and enhance the recovered riparian habitat that soon will adorn it.
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Development Plan

The Development Plan, as proposed by the Rocking K Specific Plan, is divided
into several sections, all of which will have direct or indirect bearing on the development
of a golf course along Rincon Creek. They include the Land Use Plan, the Open Space
and Recreation Plan, the Rincon Creek Restoration Plan, the Rincon Institute, the
Drainage Concept Plan, and the Buffer Overlay Zone.

Land Use Plan

The Land Use Plan focuses on development activities scheduled to occur north
and south of Rincon Creek. The proposed golf course along Rincon Creek will be
incorporated into the Plan on both sides of the Creek, while a 40-acre public park is
planned along the southern edge of the Creek, west of the golf course. Some residential
housing will be built near the golf course, primarily along the golf holes north of the
creek.
A concern centers on the integration of golf and the recovered habitat. It will be
imperative to allow the rehabilitated Creek to function as a separate entity, and be
sufficiently buffered to protect it from the golf course and surrounding residential uses.
A buffer might comprise an area of vegetation such as indigenous grasses, shrubs, and
cacti, planted upon mounding created to deter golfers and local residents from
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unwittingly upsetting the delicate ecological balance within the rehabilitated area.
Additionally, the extreme sensitive nature of the recovered habitat might also warrant the

construction of permanent fences. Educational signs, attached to the fencing and
designed to deter human intrusion, could describe the delicate nature of the recovered

habitat.

Open Space and Recreation Plan

A total of 1,940 acres of open space is provided for by the Specific Plan (RKSP,
1991). This total includes both passive, natural open space areas and active, developed
areas such as parks and golf courses. The Specific Plan is committed to (RKSP, 1991):

1. A continuous, interlinked open space system, designed to integrate natural
open space and functional open spaces and allow for the movement of
wildlife, and;

2. The development of a non-motorized trail system within open spaces that
provides connections to the Saguaro National Monument and Rincon Creek.

The Rincon Creek area is scheduled to include 115 acres of natural open space and 160
acres of functional open space which will include the development of trails, playgrounds,
golf, and linear parks (RKSP, 1991). The total planned open space comprises some 43%
of the entire Rocking K Ranch project, well below the 63% provided for by the Sabino
Springs Specific Plan.
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Rincon Creek Restoration

Rincon Creek generally flows out of the Rincon Mountains in meandering fashion
from east to west, essentially parting Rocking K Ranch into north and south sections.
Once a viable and rich riparian habitat, Rincon Creek has fallen victim to years of animal
and agricultural overuse (RKSP, 1991; Briggs, 1996).
Beginning in the 1930s, water from the Creek was diverted to sustain crops of
alfalfa and barley, thus systematically reducing groundwater depths to levels that would
no longer support the riparian plant communities of Arizona walnut (Juglans rupestris

major) and mesquite (Prosopis spp.) that once existed (Briggs, 1996). In the 1950s, the
floodplain was leveled, the tributaries leading to Rincon Creek were dammed, and the
remaining riparian vegetation in the floodplain was removed (RKSP, 1991). To
compound the problem, cattle were allowed to graze along Rincon Creek and contributed
to the destruction of the natural riparian vegetation along the creek. What once flowed
above ground virtually year-round, today Rincon Creek is a ephemeral stream, flowing
only in response to significant rainfall; its cultivated floodplain is now infested only with
a variety of weeds and brush (Briggs, 1996).
With the proposal to develop the Rocking K Ranch site has come the opportunity
to rehabilitate Rincon Creek. Pima County has required Rocking K Development to
institute a Rincon Creek rehabilitation effort as part of its development process; approval
of the Specific Plan was contingent upon an outlined plan for this recovery effort (Norris,
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personal communication; Briggs, personal communication). Thus, there will be no
development advantages to recovering the Creek and developers will likely assume much
of the financial burden to recover the Creek (Norris, personal communication). As
dictated by the Rocking K Specific Plan, efforts undertaken to rehabilitate Rincon Creek
will be based on the following six objectives (RKSP, 1991):
1. Create a stream channel similar in size and depth to the original Rincon Creek.
2. Reintroduce native trees and shrubs within the floodplain that blend with its
existing character and provides and natural wildlife corridor.
3. Control floodwater and erosion without the use of visually intrusive structures.
4. Phase restoration effort to minimize disruption to the environment and
maximize cost effectiveness.
5. Develop guidelines for adjacent uses, including golf, along the recovered
environment.
6. Establish programs to educate residents and users on their role in preserving
the recovered habitat.
In addition, the Revegetation Regulations state that "all areas disturbed... must be
replanted with native plant species at densities and proportions consistent with the
former undisturbed natural condition or with adjacent undisturbed natural desert areas
(RKSP, 1991:V-20)."
Unlike the Sabino Springs project, planners for Rocking K Ranch have
incorporated golf guidelines that will supplement Pima County's Golf Course Overlay
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Zone. The golf course guidelines established by the Rocking K Specific Plan (199I:VI9) seek to "minimize the use of water, utilize the natural landscape setting, and minimize
intrusion into the natural vegetation and habitat." The four golf design guidelines
established by the Specific Plan are as follows (RKSP, 1991:VI-9):
1. "Fairways should be designed to keep turf areas to a minimum and accepted
industry standards."
2. "The space between each hole and the next tee, and areas between fairways,
should be naturally-occurring vegetation, not planted with turf"
3. "Greens should be kept to the minimum size feasible, with liberal use of sand
traps and other naturally-occurring hazards."
4. "Cart paths, fairways and rough areas should be of minimal width,
revegetated or enhanced according to the Revegetation Regulations."

Yet, no guidelines adopted within the RKSP, or by the County, specifically
address the interaction of golf and riparian recovery. As the Rocking K golf course will
be situated adjacent to a rehabilitated riparian habitat, additional measures such as a
buffer area described above should also be incorporated into the Specific Plan to deter
unwanted human intrusion and prevent golf course chemicals from haphazardly leaching
into the Creek.
The proposed rehabilitation effort is to be phased along with the construction of
other planned uses, generally following an upstream to downstream path. Modifications
to Rincon Creek will consider channel reshaping, vegetation and wildlife habitat, adjacent
land uses, financial responsibilities, implementation, and phasing and management
(RKSP, 1991).
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Channel reshaping within the 100-year floodplain will include a significant
riparian corridor that (RKSP, 1991:IV-12,15-16):
•

•

"Shall not increase downstream floodpeaks, water surface elevations, flow
velocities, or substantially reduce groundwater recharge or floodstorage
areas, and;
Will incorporate smooth-flowing forms that replicate the existing, undisturbed
plan-form and cross-sectional geometry of the Creek... opposed to the use of
standard, soil-cement stabilized, trapezoidal section which have been
previously employed."

Additionally, the recovered channel will be narrowed in places, thus returning the channel
to its original width prior to human disturbance. It will be revegetated and allowed to
meander within the floodplain. The rehabilitated riparian corridor will total 115 acres and
be 600 feet wide. Though a majority of the introduced species will be mesquite trees, the
plant palette will also include a variety of walnut (Juglans spp.), ash (Fraxinus spp),

hackberry (Celtis spp.), sycamore (Platanus spp.), and cottonwood (Populus spp.). The
remainder of the area will be hydroseeded with annual and perennial species and cacti
will be planted where appropriate. An irrigation system will be installed to develop the
new root systems.
Adjacent land uses slated to be developed outside of the 100-year floodplain
include neighborhood and linear parks, playgrounds, natural and functional open spaces,
and golf courses (RKSP, 1991). All uses are to be "planned and designed to form a
cohesive, unified whole" and "be integrated and connected with the proposed trail
systems and adjoining riparian woodland corridor (RKSP, 1991:IV-17)." Specifically,
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within the rehabilitated riparian woodlands and floodplain, the following three uses are
proposed (RKSP, 1991:1V-18,19):
1. Two road crossings, designed to allow for wildlife movement;
2. Six-foot wide hiking trails, with sitting areas and signage, and;
3. Trails (no wider than eight feet) for non-motorized, multi-purpose
uses.
Within the floodplain, but outside the 600-foot wide rehabilitated riparian corridor will be
golf courses and other recreational facilities; parking, restroom, concession, and nature
interpretive facilities; non-motorized, multi-purpose trails; equestrian facilities, and;
picnic areas and playgrounds (RKSP, 1991).
Because the golf course and the park will be located within the floodplain, they
will be developed to contain a large-event flood and protect nearby homes, roads, and
commercial areas. The rough areas will be bermed, tees and greens elevated from the
floodplain, and fairways will be designed as a complex detention basin to contain
floodwater. This will limit excess downstream flow into adjacent residences (McVittie,
personal communication).
As directed by the Rocking K Specific Plan (1991), Rocking K Development has
begun the planning efforts to recover a large portion of Rincon Creek. The first step in
ensuring that the appropriate recovery measures are implemented has been the formation
of the Rincon Institute.
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Rincon Institute

Because the effort to restore Rincon Creek falls outside the scope, knowledge, and

expertise of the Rocking K Development personnel, the Rincon Institute has been formed
"to assure that the Rocking K project is developed in an environmentally sensitive
manner (RKSP, 1991:1-7)." This independent, non-profit organization is funded
primarily by the Rocking K project to perform five principal functions related to the
project (RKSP, 1991:1-7):
1. "Provide environmental education for residents, employees and visitors."
2. "Restore and manage degraded habitats."
3. "Monitor compliance with deed restrictions related to environmental
protection and natural resource conservation."
4. "Protect and manage undeveloped land donated or dedicated for public open
space purposes."
5. "Provide technical assistance to individuals and organizations on matters
related to land conservation and development."

The Rincon Institute has been created solely as an environmental watchdog for the
Rincon Valley (RKSP, 1991). One of its primary aims will be to direct the riparian
rehabilitation of Rincon Creek. Though the Specific Plan calls for the Creek to
eventually be deeded to Pima County, management of the renewed habitat along Rincon
Creek will fall under the auspices of both the Rincon Institute and the Pima County Flood
Control District. Once rehabilitation efforts have been completed, the Rincon Institute
will monitor, for an as yet unspecified period of time, the health and viability of the
newly installed riparian plant species, while Pima County will be responsible general
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maintenance within the floodplain (Briggs, personal communication). The remaining
floodplain areas will remain in private ownership (RKSP, 1991; Briggs, personal
communication).
Given that public agencies are notoriously understaffed and underfunded, the
concern is that the Rincon Creek maintenance and management responsibilities assigned
to Pima County will go unheeded. Likewise, there is no guarantee that the Rincon
Institute will monitor the Creek forever.
The Specific Plan has done well to demand the creation of a qualified, outside
organization to oversee that the rehabilitation effort within the Rincon Creek floodplain is
carried out and monitored by those experienced in desert riparian recovery. The Rincon
Institute is comprised of preservationists, environmentalists, and restoration ecologists
who will confidently return Rincon Creek to a viable riparian habitat. However, the longterm management of Rincon Creek remains a question. Funding for such endeavors is
costly; any future improvements will be extremely labor-intensive. To date, it is not clear
whether the Rincon Institute and Pima County, respectively, will provide the on-going
management of private and public areas within the floodplain. In the future, Specific
Plans should not only explicitly detail recovery efforts, but also provide direction for the
long-term management of these areas.
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Drainage Concept

With exception of the modifications proposed for the Rincon Creek floodplain,

the Drainage Concept shall retain "significant washes and creeks in their natural state
(RKSP, 1991:1V-41)." However, further review reveals that only those watercourses
which have a peak flow greater than 1000 cfs during a 100-year flood event "will be
preserved in their natural state," except for the development of roadway and utility
crossings and functional open space. All other washes (smaller than 1000 cfs) "may be
altered... to provide the range in development densities recommended in the approved
:IV-41)." And south of Rincon Creek, its two tributaries, both
Area Plan (RKSP, 1991
with greater flows than 1000 cfs during a 100-year event will be altered to make room for
functional open space (i.e. golf). While the areas within the washes not affected by the
development of open space will be restored and enhanced with native, indigenous
vegetation, the practice of sacrificing smaller, less significant washes for the sake of
development is dubious. The most responsible developments of the future will preserve

and protect all sensitive natural areas, no matter how insignificant, to provide viable
cover and habitat for desert wildlife, and a hazard for the golf course.
There will be several environmentally responsible drainage improvements made
during the course of the development of Rocking K Ranch. They have been categorized

as "natural washes" and "floodplain modifications" and include (RKSP, 1991:1 V-49):
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1) All existing impediments (dams) will be removed, allowing runoff again to
reach Rincon Creek;
2) Areas of vegetation adjacent to open space will be reclaimed;
3) Recovery and enhancement of riparian corridors, particularly those tributaries
downstream of the existing barriers;
4) Construction of minor roadway, sewer, and utility crossings;
5) Roadway crossings designed to integrate the "cross-sectional geometry of the
wash" and "minimize downstream channel instability."

Pre-Construction Evaluation

Though it is unusual and somewhat difficult to evaluate a project based solely on
the merits of an adopted Specific Plan, there is evidence that supports both positive and
negative aspects of the proposed Rocking K Ranch project. The sheer enormity of the
project (approximately 4,500 acres) poses a multitude of concerns, specifically with
regard to the attention (or lack thereof) planners, designers, and contractors must pay to
each and every development detail that has been proposed. However, Pima County and
Rocking K Development personnel involved in the project have established a variety of
parameters for the development of Rocking K Ranch which, if followed diligently, will
lead to the successful, sensitive integration of a residential and resort development into a
natural desert environment.
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Foremost, the decision to rehabilitate Rincon Creek is an unheralded leap for
Pima County, Arizona. Never has an effort to completely rehabilitate a degraded area
been written into a proposed development's Specific Plan in Pima County (McLaughlin,
personal communication). In the case of Rincon Creek, the County is requiring that its
degraded channel be reshaped to accommodate a 100-year flood event and that the
adjacent floodplain be rehabilitated with native vegetation. In addition, the County has
approved plans to incorporate a golf course outside of the 600' recovered habitat but
within the limits of the floodplain. To accomplish this, among other formidable tasks, the
Specific Plan includes the creation of the Rincon Institute, an independent, non-profit
corporation to be formed "to offer professional guidance for the environmentally
sensitive development of the Rincon Valley," and specifically to "participate in the longterm maintenance and management of restored lands and wildlife habitat... especially the
restored riparian habitat within the open space along Rincon Creek (RKSP, 1991:IV25,26)."
The concept to rehabilitate Rincon Creek is an innovative idea. If approached
properly, Rincon Creek will eventually become an asset to Pima County, the Rocking K
Development, and to its current and future residents. However, the proposed
rehabilitation of Rincon Creek does invoke several important questions not addressed by
the RKSP regarding the details of the recovery effort and development of the uses to be
located within the floodplain.
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1. A combined maintenance effort is proposed within in the Specific Plan. Pima
County will be responsible for the reshaped low-flow channel and the Rincon
Institute for the revegetation program. The remainder of the floodplain will
fall under private ownership. How will this work? Does the County have the
resources, know-how, and capital to successfully fulfill their duties in the
long-term? How long will the Rincon Institute continue to monitor the area?
Will private homeowners take the initiative to maintain the health of his or her
area?
2. Development is planned for both sides of the proposed 600' wide Rincon
Creek but the bridge to connect the north and south portions of the property
golf course is scheduled, for financial reasons, to be only 400' wide (Briggs,
personal contact). If built as planned, how will this affect overall wildlife
movement? What about channel flow during a 100-year flood event?
3. How will siting a golf course adjacent to a severely rehabilitated streambed
affect both the quality of the golf experience and the newly introduced plant
and animal habitat?
4. Will the course be designed to mitigate the leaching of chemicals into Rincon
Creek? Will groundwater pumping further lowering the water table, thus
adversely affecting the newly introduced native riparian plant species?
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5. Finally, why only preserve the larger tributary washes? If the smaller washes
lead to larger ones, wouldn't this affect the entire ecosystem by eliminating a
portion of plant and wildlife habitat?
There has never been an attempt to merge golf and riparian recovery in Pima
County. Thus, the development of Rocking K Ranch will set a local precedence for
future recovery and development efforts. Additional guidelines have been offered by
Rocking K planners to supplement those contained within Pima County's Golf Course
Overlay Zone. Though the proposed Rocking K golf guidelines seek to minimize water
use, incorporate native vegetation, and reduce the loss of natural landscapes, they fall
short of providing concrete evidence that the development of golf, or any other functional
use, can in fact be carefully instituted near recovered riparian habitat.
At present, there has been only one conceptual golf course plan completed for the
area adjacent to Rincon Creek. Generally, the outward nine holes follow the southern
edge of the Creek in a westerly fashion and the inward nine hole are routed to the east,
north of the Creek. Some of the holes infringe upon the 600' wide rehabilitated area,
pinched by proposed housing pads along the golf course. It is expected that the golf
course will be irrigated with groundwater; the Rincon Valley aquifer will be recharged
with reclaimed water (Norris, personal communication). As proposed, the plan as
proposed is ill suited for implementation.
The golf course should not intrude within the recovered habitat, nor should it
employ the use of groundwater (even if, as proposed, reclaimed water is recharged back
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into the Rincon Valley aquifer). A buffer of native grasses would serve well to protect
and preserve the sensitive area, limit the use of water, and give the golf course added
visual interest and perhaps, could be employed outside the golf course boundary along the
edges of some holes. Then, the course could weave in and out of the grasses with the
taller riparian vegetation species providing a backdrop to guide shots and to aid depth
perception. The golf course should be set back far enough (at least 100 feet) from Rincon
Creek so as not to unduly affect the sensitive nature of the recovered habitat. The design
of the golf course should incorporate natural landscape features, existing and introduced
native vegetation, and a minimum of turf, yet still provide a fair challenge for golfers of
all skill levels.

Summary

The proposed Rocking K Ranch development is one of immense proportions. A
review of the Rocking K Specific Plan (1991) revealed that developers, Rocking K
Development, plan to build a community east of Tucson, Arizona to eventually be
inhabited by as many as 24,000 residents. There could be 10,000 homes, two resorts, a
commercial center, and several golf courses on approximately 4,500 acres of prime desert
real estate set against the backdrop of the Rincon Mountains and Saguaro National Park.
Prior to the 1930s, Rincon Creek was a perennial stream, flowing almost yearround. Large canopy trees and associated riparian species once thrived along the
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shoreline of the Creek and had been inhabited by a variety of wildlife. Today, it stands
barren, deprived of water that had been diverted to irrigate nearby crops and livestock.
As a condition for approval, Pima County has required developers of Rocking K Ranch to
undertake a rehabilitation effort along Rincon Creek. This in mind, prudent attempts
have been made to gain an understanding of the pre-existing, on-site conditions and to
develop methods to mitigate construction activities on the surrounding natural
environment. They included:
1. A complete site analysis within the Specific Plan Area covered essential predevelopment elements such as topography, drainage, vegetation and wildlife
habitat, and soils.
2. Provisions contained within the Rocking K Specific Plan have required
developers to create almost 2,000 acres of open space, some natural and some
constructed as functional uses, such as golf courses, parks, and trails. Near
Rincon Creek, the Specific Plan estimates a total of 115 acres of natural open
space will be preserved and 160 acres of functional open space will be created.
3. A formal, complete plan to recover and rehabilitate Rincon Creek. The
objectives for this effort involved reshaping the channel to return the
floodplain to its original width, prior to human interference, and to introduce
native riparian plant species along the streambed.
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4. The creation of the Rincon Institute to provide riparian rehabilitation guidance
before and during the recovery process, and to monitor the Creek once
rehabilitation has been completed.

5. The Drainage Concept provided for the fundamental preservation of those
Rincon Creek tributary washes, equal to or exceeding 1000 cfs per 100-year

flood event, with the exception of roadway, utility, and trail crossings.
The development of a golf course along a rehabilitated creek is a first for Pima
County developers and planners. As such, the planning, design, and development will
necessitate a course that creatively suits the desert lowland location and accentuates the
rehabilitated riparian habitat. The development of a golf course similar in appearance and
function to Sabino Springs is warranted. The golf course should not only use a minimum

of turf, but seek to minimize the use of water and chemicals and incorporate natural and
introduced native vegetation to a much larger extent than its predecessor. The Rocking K

golf course should also attempt to incorporate the natural, rolling features of the
landscape to provide for floodwater management. It should highlight, but not intrude
upon the riparian habitat. Moreover, a golf course built near Rincon Creek should be an
inviting and challenging place to play the game.
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CHAPTER 4: SUMMARY OF THE RESEARCH

The purpose of this study has been to offer new or improved guidelines the future
development of environmental golf courses in the Southwestern United States, especially
as they are proposed near sensitive or recovered riparian habitat. The objectives of this
thesis were to review and analyze the relevant literature, introduce the existing guidelines
and principles for the development of environmentally sensitive golf courses, investigate
Pima County's planning process, and examine two local case studies with the hope of
amending the current local golf development guidelines.
From its humble beginnings on the shores of Scotland, to the development of golf
courses throughout the United States and abroad, the game of golf has continued to
expand, consuming millions of acres in the U.S. alone. Advances in construction and
maintenance technology have prompted the development of over 16,000 golf courses in
the United States, where some 26.5 million golfers reside. And, as more land has been
consumed by golf courses and by their accompanying resort and residential
developments, critics targeting the game's environmental record have challenged the golf
industry to respond.
The potential negative impacts of golf are numerous and solutions to them require
a commitment to sensible, creative development and maintenance practices. Social and
economic injustices, cultural fragmentation, depletion of water resources, and chemical
mismanagement have contributed to the claim that golf is a misuse of natural landscapes.
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However, creative thinking in current design, improved construction and maintenance
techniques, and an increase in public awareness have helped to alleviate some of these

concerns. Golf course developers, planners, designers, contractors, superintendents, and
managers have all contributed to the spread of environmentally sensitive courses

throughout the United States. Today, developers are more apt to find degraded sites
appealing for new golf courses. Planners and designers are now more methodical and
thorough when reviewing a site's unique environmental characteristics and allow those
characteristics dictate the layout. Contractors are required to fence and avoid sensitive
areas. Superintendents are more likely to employ Integrated Pest Management and Best
Management Practices on golf courses and their surroundings. And, golf course mangers
not only must look after the finances of the club but must also forced to promote and
defend their courses as "environmentally friendly."
Desert riparian habitats of the Southwestern United States are unique
environmental ecosystems that are rapidly disappearing. These habitats are considered

distinct in that they purify surface water, reduce flooding and erosion, support diverse
groups of plant and animals, maintain fish habitat, and provide water, forage, and shade

for wildlife. As veritable oases of grasses, woody shrubs, trees, and wildlife, supported
by surface water or relatively shallow groundwater, riparian habitats have been subjected
to a slow demise due to declining water resources and a rapid destruction from human
encroachment. Decades of groundwater pumping for agricultural and municipal
purposes, and less sensitive golf and residential and resort development practices have
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induced the flora and fauna of these areas into a premature decline. As the public's
heightened concern for the environment has strengthened, and the value of riparian
habitat realized, attempts to recover these ecologically sensitive areas are beginning to
develop. Rincon Creek, for example, a degraded riparian streambed in eastern Pima
County, will undergo rehabilitation as part of the Rocking K Ranch golf development
plan.
A review of environmental guidelines recommended for golf course development
showed that the creation, preservation, protection, and enhancement of sensitive or
degraded ecosystems is possible. The Collier's Reserve Country Club case study has
illustrated that a thorough site analysis coupled with consultants, hired at the beginning of
a project, can guide the sensitive placement of the golf course and residential areas within
the natural environment. Environmental consultants can also add valuable expertise to a
project with regard to the protection and preservation of plant and animal habitat.
The last line of defense against senseless, sprawling development practices rests
with local planning agencies. Pima County, Arizona has instituted plans, policies,
regulations, ordinances, amendments, and guidelines over the last twenty years which
have sought to guide the expansion of this rapidly-growing County. Specifically, the
Comprehensive Land Use Plan, the Zoning Code (i.e. the Buffer Overlay Zone and the
Golf Course Overlay Zone), and the Specific Plan are the three principle means by which
County planners can review, evaluate, and approve or deny new golf developments. The
findings of this research conclude that the guidelines as they exist within the Golf Course
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Overlay Zone today are too broadly defined and do not adequately protect sensitive
riparian ecosystems from recreation and development pressures. This suggests that new,
improved guidelines need to be adopted to further protect these dwindling ecosystems.
The trend to build golf courses in Pima County and the Southwestern United
States near sensitive riparian habitat will continue; the variety of plant and animal species

supported by these areas provides a unique setting for the game. The development of
both Sabino Springs and Rocking K Ranch has illustrated this point.
The Sabino Springs development and The Raven Golf Club served as an existing
case study. This 410-acre residential golf community harbored nine on-site natural

springs and several major drainageways and wildlife corridors. To ensure their protection
during the construction of the multi-use, phased development, Pima County required a
Specific Plan be drafted for approval. The Sabino Springs Specific Plan provided Pima
County with a written, detailed document highlighting the developer's intentions for the
property and the methods by which those intentions were to be carried out. The Plan
required an independent environmental consultant undertake a thorough site analysis.
The Specific Plan included: 1) inventories of the existing plants and animals; 2) a detailed
plan for development clearly stated, with phasing; 3) the proposed protection of water and

environmental resources, and a grading concept, and; 4) the identification of pertinent
development regulations, which included plans to mitigate displaced plant and animal
habitat. Furthermore, an additional on-site, independent environmental consultant was
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employed during construction per the Sabino Springs Specific Plan to ensure the
protection of sensitive habitat and to mitigate plant and animal species.
Sabino Springs was not an environmentally perfect project. Problems associated
with post-construction management of natural open spaces and permitted encroachments
into unprotected natural resource areas and springs overshadowed the project.
Nonetheless, the development of Sabino Springs and The Raven Golf Club presented a
case study as a crucial first step in producing environmentally sensitive golf courses in
Pima County. Through the design, approval, and implementation of a comprehensive
Specific Plan, and the employment of several environmental consultants to monitor
construction activities, some positive planning steps have been taken with regard to
Sabino Springs which have helped to modify Pima County's golf course development
guidelines. Likewise, the negative aspects of the project, such as the encroachment of the
golf course into sensitive areas and failed post-construction management of open spaces,
have also contributed to the development of new guidelines.
The second case study, Rocking K Ranch, is a proposed resort, residential, and
commercial project slated for eastern Pima County. Within the site lies Rincon Creek, a
degraded riparian streambed where plans are to build an adjacent golf course, one of
several throughout the 4,500-acre property. Much larger in scope and scale than Sabino
Springs, planners for Rocking K also were required to develop a Specific Plan. The
Rocking K Specific Plan is similar to that developed for Sabino Springs, with one major
exception: Developers have agreed fund the Rincon Institute, an independent, non-profit
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organization which will provide riparian rehabilitation guidance before and during the
recovery process, and to monitor the recovered habitat once rehabilitation is complete. It
will be Pima County's first riparian recovery effort associated with a new development.
Like the Sabino Springs plan, the proposed Rocking K plan includes some
environmental measures and neglects others. A thorough examination of the approved
Rocking K Specific Plan uncovered information useful for the development of future golf

courses constructed near recovered habitats in Pima County. For example, the provision
by the Rocking K Specific Plan to require the developer to rehabilitate Rincon Creek and

the subsequent formation of the Rincon Institute to support these rehabilitation efforts
demonstrated the County's commitment to sensitive environmental development and
provided valuable information for the development of new golf guidelines. Nowhere in
Pima County's planning process does it state that developers may be required to restore
degraded environments, or how this might be accomplished. There will be future
recovery projects in Pima County, likely attached to new development. Local planning
policy must clearly identify the issues that are associated with the integration of golf and

the recovery of riparian habitat. Developers for Rocking K have begun this process, but
it needs further refinement.

As the County's commitment to riparian recovery is new, some critical elements
were not clearly addressed within the Specific Plan. These included the lack of detailed
guidelines, site-specific to the development of a golf course near the rehabilitated habitat;
permitted encroachments into the recovered area, and; long-term management goals of
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the rehabilitated floodplain. At present, no guidelines exist to ensure that pristine, let
alone recovered, riparian habitat will endure once development is proposed, planned,
designed, and constructed. Therein lies the problem, and has been the basis for this

research.
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CHAPTER 5: PROPOSED GUIDELINES FOR FUTURE GOLF COURSE
DEVELOPMENT IN PIMA COUNTY, ARIZONA AND THE
SEMI-ARID DESERT SOUTHWEST

Introduction

Existing guidelines offered by Pima County, Audubon International, and the Golf
and the Environment symposium for the development environmentally sensitive golf
courses were reviewed and analyzed to determine whether they might aid in the creation
of improved guidelines for golf courses constructed near sensitive or recovered riparian
habitat in Pima County, Arizona and the desert Southwest. Of the 13 original Pima
County golf development guidelines, 12 have been incorporated, in some form, into the
proposed guidelines. This research proposes 32 new guidelines, grouped into four
categories of planning, design, construction, and maintenance, that adopt a more
comprehensive approach to guide the responsible development of golf courses as they are
introduced near sensitive or recovered riparian habitat in Pima County and the
Southwestern United States.

Planning

1. A comprehensive Specific Plan shall be developed for all development and/or

rezoning cases that include a golf course.
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7.

Cooperative planning and informational sessions with community
representatives, environmental groups and regulatory agencies shall be a part
of the initial planning and design phases and continue throughout the
development process.

3. The owner or developer shall be required to fund an independent, non-profit
environmental organization, to be employed by the County, which shall
provide a detailed, pre-planning, environmental report of the site. This report,
as part of the Specific Plan, shall include, but is not limited to:
•

the identification of the exact area of proposed development;

•

the identification of proposed long-term environmental monitoring
sites;

•

the location of the area's resources (i.e. archeological, geographic,
topographic, historical, cultural, etc.) and a proposal to buffer and
protect them;

•

the identification and location of unique plant and animal habitat, and
a proposal to buffer and protect them;

•

the identification of surrounding land uses;

•

recommendations for the mitigation of displaced plant and animal life.
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4. The independent, non-profit environmental organization shall monitor
activities during the construction phase of development and provide weekly,
written reports to the County. The report shall contain statements of progress,
outline mitigation efforts, and recount any construction-related infractions to
regulations established by the Specific Plan.

5. The management, maintenance, and monitoring of all protected and preserved
natural resource and open space areas shall be the sole responsibility of the
independent, non-profit environmental organization for the life of the project.
The current owner of the property shall fund these activities. In addition, all
research and related assessments of the pre-determined, on-site monitoring
locations by said organization shall continue for the life of the project. They
are to be supplemented with annual reports to the County detailing, but not
limited to, species type and number of flora and fauna present, vegetation and
wildlife densities and/or decline, soil and water quality, and erosion.

6. Efforts to recover degraded areas may be required of the owner and developer.
Sources of funding for such projects shall be determined prior to construction
by the Specific Plan.
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7. If the County requires recovery efforts, the independent, non-profit
environmental organization shall direct design of the recovered area, approve
design of adjacent areas, and monitor recovery efforts. All monitoring
activities are to be supplemented with annual reports to the County,
throughout the life of the project to ensure the long-term success of recovered
habitat.

8. Areas deemed sensitive by the independent, non-profit environmental
organization, and/or per the Specific Plan, shall be buffered. Minimum buffer
size permitted shall be one hundred (100) feet from the edge of the sensitive
area and be staked and fenced prior to construction.

9. Pima County may deem some sites as unsuitable for development of any kind,
including golf.

Design

1. Golf courses shall be designed with sustainability in mind. They shall
consider Best Management Practices, Integrated Pest Management, as well as
environmentally responsible, efficient, and cost-effective design techniques.
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2. The design of the course shall seek opportunities to create, preserve, or
enhance special environmental resource areas, and improve and revive
previously degraded areas within the Specific Plan Area through the use of
plants well adapted to the region.

3. The development of a walkable, target-style golf course is recommended and
encouraged. Grading shall be limited only to areas of tees, fairways and
roughs, greens, and buffer areas. Placement of such is subject to approval by
the independent, non-profit environmental organization. If golf carts are
deemed necessary, only the use of electric-only golf carts shall be permitted.

4. Grading shall conform to the existing natural topography of the site and be
limited to a maximum of ninety (90) acres; it shall not adversely affect the
character of the desert nor impact landforms deemed unique by the
independent environmental consultant.

5. With the exception of a minimum number of well-planned encroachments, all
natural drainageways, washes, and other environmentally sensitive areas,
regardless of size, shall be retained and protected in their existing form for the
life of the project. Associated plant and animal species shall be identified and
protected per the Specific Plan and Mitigation Plan prior to construction.
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6. A minimum number of encroachments into drainageways shall be limited to:
•

elevated roadway structures that span the entire width of the existing

or proposed width of the channel.
• natural, narrow, non-paved, at-grade "dip" crossings for non-motorized
trails.

• underground utilities.
These encroachments, their sizes and locations are subject to approval by the
independent, non-profit environmental organization and Pima County.

7. Where impacts to existing vegetation are unavoidable, a minimum of fifty
percent (50%) of the salvageable vegetation will be left in place, transplanted,
or augmented, when feasible, with mature native species at a ratio of 2:1.

8. Buffers zones shall be provided and maintained to protect environmentally
sensitive areas, surface water resources and existing neighborhoods. These
zones may include landscaping, walls, fences, pathways, drainageways,
natural features, existing vegetation, and open space as they conform to the
surrounding environment and adjacent uses. The size of the buffer zones shall
be at minimum one hundred (100) feet from the edge of the area to be
buffered.
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9. The development of a limited number of educational, non-motorized trail

systems and other non-golf forms of active and/or passive recreation are
encouraged throughout areas of sensitive, natural and/or recovered open
spaces.

10. If the golf course is to be constructed near ecologically sensitive areas and/or

near sources of surface water (i.e. ponds, lakes, etc.), a water and/or soil
testing and treatment system shall be installed to monitor any surface or subsurface foreign chemical infiltration. An effective treatment plan shall be
adopted by the golf course superintendent and submitted to the County for
approval prior to the opening of the golf course.

11. Incorporation of indigenous vegetation is encouraged throughout the design,

including within areas of play. Non-turfed areas of the golf course shall be
maintained as natural vegetation or landscaped in harmony with the desert
environment. Trees, shrubs, grasses and groundcovers shall be desert hardy,
low pollen producing, and low in water requirement. Additionally, they shall
not require the need for chemical pesticides, herbicides, and fertilizers.
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12. The overall area of turfgrass is limited to a maximum of ninety (90) acres.
Turfgrass selection is limited to bermudagrass (Cynodon dactylon) and may
be overseeded with winter rye (Lolium multiflorum).

13. Golf course irrigation shall utilize only a renewable water supply such as
effluent, reclaimed water, or Central Arizona Project Water.

14. The most advanced water conserving irrigation systems shall be employed.
Drip irrigation, where feasible, is the preferred method.

15. Provisions shall be made for on-site storage of irrigation water. Storage ponds
and other water features shall be in context with the area and have sealed
bottoms.

16. Open space shall compromise, at minimum, fifty percent (50%) of the overall
Specific Plan Area, and be developed in a contiguous, interlinked system.

Construction

1. The owner, developer, and designer shall employ only qualified contractors

who are experienced in the special requirements of golf course construction.
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2. The contractor shall implement strategies to effectively minimize loss of
topsoil, protect water resources, and reduce disruption to wildlife, plant
species, and designated environmental resource areas.

3. The owner, developer, and designer shall retain a qualified golf course
superintendent and a project manager early in the design and construction
process to integrate sustainable maintenance practices in the development,

maintenance, and operation of the course.

Maintenance

1. The golf course superintendent shall employ principles of Integrated Pest
Management which involve:
•

regular monitoring and record keeping of pest problems and
determining the damage threshold level below which the pest can be
tolerated;

•

investigating non-chemical control methods to prevent or discourage
reoccurrence (including utilizing syringing techniques, improving air
movement, soil aerification techniques, and mechanical traps);

•

watering at the appropriate times to minimize evaporation and reduce

the potential for disease;
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•

choosing nutrient products and timing applications to meet, not
exceed, the needs of the turfgrass;

•

chemical use, only if and when alternative control strategies have
failed.

If the use of chemicals is required, golf course maintenance personnel
shall:
•

always read and follow label directions;

•

treat problems at the proper time, under proper conditions;

•

use nutrient products that reduce ground and surface water
contamination, including slow-release fertilizers, organic
products, and/or fertigation;

•

test and monitor soil conditions regularly.

•

always inform golfers and guests about golf course chemical
applications.

2. Irrigation shall be metered and seasonal limitations placed on usage (to be
based on average Pima County target-style golf course water usage). The golf
course superintendent shall enforce monitoring of water usage with monthly
irrigation reports to Pima County.
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3. To minimize water and chemical use, overseeding shall not be permitted in
rough areas, except around greens.

4. For maintenance of both public and private natural open spaces, see Planning
section, guideline # 5 above. This includes areas that have been restored,
rehabilitated, or replaced/reallocated.
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CHAPTER 6: CONCLUSIONS

The United States is home to more than 16,000 golf courses and approximately
26.5 million golfers - numbers that are increasing with each passing year.

Environmentalists have targeted the growth of golf as a misuse of precious land
resources, resulting in social, cultural, and environmental fragmentation. The golf
industry has countered the environmental movement with tougher, more thorough golf
planning and design methods by promoting the development of new guidelines for the
sensitive development of golf courses on a national and local level. Also, it has

encouraged local governments to hire independent environmental consultants to advise
golf course planners and designers. Furthermore, the industry has begun to seek
alternative, degraded sites for the development of new courses. But the problems with
golf are not strictly social, cultural, nor environmental. They are also economic. The

development of golf courses and adjacent residential and resort communities, irrespective
of environmental considerations, in part, fuels local economies with higher real estate
values, a larger tax base, and increased tourism. Therefore, the sensitive development of
golf courses rests firmly on the shoulders of regional planning departments. If they

choose to voluntarily adopt, implement, and enforce strict golf development measures,
local planning agencies can alleviate considerable environmental pressure by protecting,

preserving, and enhancing the value of natural open space and still allow viable, regional
economic development activity to continue.
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Attempts to secure a compromise between developers and environmentalists in
Pima County, Arizona have been, at best, moderately successful. The decline of local
riparian habitat has been closely associated with rapid, undeterred urban and suburban
development. Gol f s impact in Pima County threatens an already precarious foundation
of riparian habitat. Relentless groundwater pumping, uncontrolled recreational activities,
and development-related clearing have contributed to the destruction of much of the
area's unique and precious natural resource. Environmental golf guidelines, as written
under Chapter 18.59 of the Pima County Zoning Code, are broad and incomplete to meet
the future demands golf will place on the local environment, especially as more courses
are built near sensitive, degraded, or restored riparian habitat. A review of the Sabino
Springs and Rocking K Ranch case studies has demonstrated that additional or improved
guidelines are needed to ensure that future development and the protection or recovery of
sensitive habitat are forever linked.
While Sabino Springs and The Raven Golf Club have represented an achievement
in environmental development (and a first) for Pima County, the recently completed
development northeast of downtown Tucson has left an indelible mark on the desert
landscape. Though the Sabino Springs Specific Plan, initially adopted by Pima County in
1990, sought to sensitively incorporate 410 acres of residential homesites and a golf

course into an area of astounding natural beauty, the result, so far, has questionably
reflected the environmental intent of the plan. It has, however, provided the County with
a new community upon which it can pattern future progress and has offered clues to

173

improve local golf development guidelines. For example, the effective strategies
implemented at Sabino Springs have been to: 1) develop a Specific Plan that carefully
outlined the proposed development; 2) employ environmental consultants who set aside
critical environmental areas for long-term protection and preservation; 3) protect and

monitor sensitive habitat both during and after construction, and; 4) limit grading and
turfgrass application to a maximum of 90 acres. As such, these extraordinary protection,
preservation, and monitoring measures have helped to make Sabino Springs one of Pima
County's most notable environmental developments to date, with a few exceptions, of

course.
Upon review of the Sabino Springs Specific Plan some discrepancies have
emerged. They included: 1) the failure to protect secondary resource areas and the
subsequent encroachment into these sensitive areas; 2) the sacrifice of 70-80% of the
existing volume of vegetation within the Plan Area that has displaced wildlife and
destroyed habitat; 3) the absence of post-construction funding to manage and maintain
areas of natural open space, and; 4) post-construction monitoring efforts have been
ineffective in determining the present and future environmental cost of development at
Sabino Springs.

The proposed guidelines (Chapter 5), had they been imposed upon Sabino Springs
developers, could have made the project even more sensitive to its environmental
surroundings by: 1) establishing an independent, non-profit organization, funded by the
owner, but employed by Pima County, to aid in the planning, design, construction,
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protection, preservation, maintenance, management, and monitoring of all ecological
aspects of the development for the life of the project; 2) defining sources of funding for
the post-construction management of natural resources areas; 3) providing for indefinite
post-construction monitoring, supplemented with annual reports to the County; 4) adding
buffer zones around all areas deemed sensitive; 5) preserving, protecting, and buffering
all springs and secondary natural resource areas; 6) preserving additional existing
vegetation; 7) installing soil and water testing equipment within critical areas; 8) creating
more continuous, interlinked open spaces within the Plan Area; 9) limiting the use of
chemicals, and; 10) reducing water consumption.
It is through the process of development that opportunities to protect and recover
sensitive riparian habitat become available. The 4,500-acre Rocking K Ranch, east of
Tucson, is a prime local example of this. In what may soon become the environmental
wave of the future in Pima County, developers for Rocking K have committed to
developing an entire community with golf courses, and rehabilitating a degraded riparian
streambed. As such, the effective strategies that aided in the formation of new golf
development guidelines for Pima County were that: 1) future development can be utilized
as a method to recover degraded habitat; 2) independent, non-profit organizations can
ensure proper environmental techniques and procedures are followed and implemented;
3) the development of continuous, interlinked open spaces will allow for the unimpeded
migration of wildlife while providing an excellent source of recreation for human
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residents, and; 4) the incorporation of multi-use, non-motorized trails systems can
provide educational, active, and passive recreation near golf courses.
Because recovery efforts have never been proposed within a development scheme
in Pima County, concerns engross this unique, joint effort between Pima County,
Rocking K Development, and the newly formed Rincon Institute. For example, there has
been no precedent established for the development of a golf course adjacent to a degraded
riparian streambed. The proposal for the Rincon Institute and Pima County to share
initial duties, long-term management of Rincon Creek remains, as yet, unclear; the failure
to preserve smaller on-site washes is similar to the fate that the secondary resources areas
faced at Sabino Springs, and; financial limitations may permit critical bridge crossings to
be constructed shorter than the width of the channel.
If imposed on the Rocking K Ranch development, the guidelines proposed in
Chapter 5.0 would: 1) broaden the Rincon Institute's mission to participate in, guide, and
approve the planning, design, construction, protection, preservation, maintenance,
management, and monitoring of the entire Rocking K Plan Area for the life of the project;
2) provide for the establishment of a buffer zone around Rincon Creek and the
rehabilitated area; 3) limit grading within the golf course zone; 4) limit the number and
type of encroachments allowed within natural resource areas and the rehabilitated
floodplain; 5) preserve existing vegetation and all drainageways in place; 6) provide for
the installation of soil and water testing equipment in critical areas; 7) require the use and
on-site storage of effluent for golf course irrigation; 8) limit the use of chemicals;
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9) reduce water consumption, and; 10) outline sources of funding for the management of
preserved, protected, and created natural resource areas and riparian habitat.
To ensure that the riparian recovery and associated developments do not supersede one
another, guidelines must allow some flexibility with regard to planning and design of golf
courses. New guidelines should reflect a commitment to the environment, yet be
physically and economically feasible to implement. While the development of new golf
course guidelines is not a panacea for current sprawling development practices, new golf
course guidelines written clearly and concisely, and adopted, implemented, and enforced
locally can implore local developers to build golf courses that will enhance, rather than
destroy sensitive or recovered riparian habitat in the Southwestern United States.
Enforcement of environmental golf course guidelines is difficult. Perhaps
financial incentives could be made by regional or local governments to reimburse permit
fees to those developers or owners who are effective in incorporating all proposed
guidelines into their projects. Furthermore, development of golf courses near sensitive or
recovered riparian habitat without the use of comprehensive, pre-determined, approved,
and enforceable environmental planning, design, construction, and maintenance
guidelines should never be permitted in Pima County or the desert Southwest.
Research topics recommended for further study:
1. Golf and Riparian Interface: The interaction of existing or recovered desert
riparian habitat and adjacent golf courses. Does the golf course alter riparian
or xeroriparian habitat in a positive or negative manner that is measurable, or
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is there no effect at all? What types of recovery efforts (i.e. restoration,
rehabilitation, replacement or reallocation) are best suited for adjacent golf
development?
2. Habitat: What percentage of volume of habitat must be left in place during
development for all species affected to survive and thrive?
3. Buffer Zones: How large should buffer zones that protect sensitive areas be?
What plant materials should they consist of? Is fencing necessary?
4. Post-Construction Monitoring: How long should scientific monitoring
continue within a new development following construction?
5. Groundwater Recharge: If groundwater is used to irrigate the golf course, and
effluent used for recharge, is this an effective use of groundwater and effluent?
Does recharge really work?
6. Chemicals: Can turfgrasses survive in the desert without the use of pesticides,
herbicides, and fungicides?
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