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ABSTRACT 

The Greater Stevens Point Area, located in Portage County, WI, covers 55,000 acres (86 

sq. miles) and has a population of 40,000 (1990). The benefits and distributions of tree 

canopy cover was examined in both developed areas and in surrounding rural lands. 

In conjunction with American Forests, energy savings and stormwater runoff benefits as a 

result of tree canopy cover, grass/herbaceous cover, impervious surfacing, and other 

factors were compiled and analyzed utilizing Arc View software in a GIS. Total annual 

air-conditioning energy savings for the City of Stevens Point and the Villages of Park 

Ridge, Plover, and Whiting was found to be $126,859 as a result of tree shading. A 2-

year, 24 hour storm event (2.6" of rain) will deposit 520,000,000 gallons of stormwater 

on Stevens Point. Of this amount, 109,200,637 gallons will run off into the Wisconsin 

River. Recommendations for increasing energy savings and decreasing stormwater runoff 

are made based on improving tree canopy cover in optimum locations throughout the 

study area. 

Undeveloped lands surrounding Stevens Point were identified and classified based on 

vegetation content and current zoning. The classification was done using 1992 

orthophotos in a GIS database. The Greater Stevens Point Area is 20. 7% developed, 

24.1 % agriculture, and 46.8% undeveloped (with the remainder being water). 

Undeveloped lands include forests, wetlands, marshland, and grass/brushland. As 

development continues in the Greater Stevens Point Area, current undeveloped areas are 

identified for their potential as future parks, public open space, and/or greenway linkages 

with the Green Circle Trail. 



ACKNOWLEDGEMENTS 

I wish to thank Dr. Robert Miller, my graduate committee chairman, for his continuous 

support, input, and insights into all phases of this project. I would also like to thank Dr. 

Keith Rice for his technical assistance with many aspects of the GIS analysis. In 

addition, I would like to thank Dr. Robert Brush and Dr. Clarence Milfred for their input 

and encouragement during the planning and implementation of this project. I wish to 

further thank the University of Wisconsin-Stevens Point; the City of Stevens Point, 

particularly the City Forester, Mickey Simmons; the Portage County Planning and 

Zoning Department, particularly Norm Bushor and Dan Mahoney; the Wisconsin 

Department of Natural Resources, particularly Don Kissinger and Dick Rideout; and 

American Forests, particularly Jill Mahon and Gary Moll. I would like to acknowledge 

the additional contributions and support of my summer field work assistant, Eric 

Johnston. 



1. TREES AS INFRASTRUCTURE 

INTRODUCTION 

Are public trees a part of public infrastructure? Do trees provide a public amenity similar 

to roads, telephone lines, and sewers? If so, how can trees be quantified as a contributor 

to public well-being? These are questions that frequently come up when trying to relate 

the benefits of trees to the public, developers, contractors, planners, and city 

administrators. Urban forestry programs are responsible for the management of public 

trees as a municipal resource. As urban development continues into rural areas, urban 

foresters are increasingly being called upon to examine existing forest resources and 

recommend patterns of development, tree preservation measures, and replanting 

techniques in the urban/rural fringe. Do the contributions of trees, both on public and 

private property, warrant their classification as an element of municipal/rural 

infrastructure that should receive physical and financial attention similar to other more 

recognized infrastructure? How can the impacts of development into surrounding areas 

adjacent to urbanization be directed, influenced, or controlled to preserve existing natural 

areas and incorporate tree benefits and amenities into these new developments? It is the 

intent of this thesis to address these questions. 

Many professionals in the field of urban forestry, landscape architecture, and other 

disciplines have formulated opinions on the "trees as infrastructure" argument. Macie 



(28) states, "To secure this new system of urban tree priorities, we must convince our 

elected officials and city administrators that our urban forest resources are part of the 

public infrastructure, and that the survival of our cities and towns is dependent upon the 

livelihood of this resource." Other agree that there should be a balance of support for all 

infrastructure, giving our urban forests the same priority as other infrastructure elements. 

The urban forest is only one of many different aspects of land management under 

consideration when decisions are made concerning development plans and decisions 

regarding the allocation of funds are finalized. Often becoming one of the lowest 

priorities, decisions about urban forests rely on the ability of resource experts to present 

convincing urban forest data to planners and city administrators (3). 

Arguments concerning the benefits of trees need to utilize reports and research that 

accurately identifies and quantifies the benefits of trees inside cities and in more rural 

areas as parts of larger, natural "green" systems. Numerous functional and social benefits 

are claimed for urban trees, ranging from energy savings and pollutant filtration, to a 

sense of personal "well-being." Many of these benefits can be quantified. McPherson 

(31) states, "Some tree benefits accrue on site to the landowner; others accrue to the 

community; and others are global in nature." To address these urban forest resources 

along with current issues at the municipal level, a planning scale is required that 

encompasses both resources and issues (30). The relationships between urban forest 

structure and function need to be quantified so managers can create and maintain 

functional and beneficial urban forests ( 45). Urban forest structure is defined by the size, 
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species composition, and location of urban trees. Urban tree functions such as energy 

savings and storm water alleviation are directly related to the structure of the urban forest. 

PROJECT ST A TEMENT 

This research project and the methodologies presented within have been developed to 

accurately identify, quantify, and address tree benefits on both the urban and rural scale. 

Many studies, reports, and research projects in the past have looked at specific benefits of 

trees such as energy savings and carbon sequestration. These projects frequently address 

trees and tree systems in urban areas and rely on small to medium sample size. Our 

approach, utilizing Geographic Information Systems (GIS), takes a "large-scale" 

ecosystem approach by identifying tree distributions and structure along with other 

variables in and around Stevens Point, Wisconsin. Trees and other natural systems are 

identified and classified in both the developed urban areas and in lands adjacent to 

development in the urban/rural fringe. 

The study area identified as the Greater Stevens Point Area is located in central 

Wisconsin in Portage County. The urban area includes the City of Stevens Point, and the 

Villages of Park Ridge, Whiting, and Plover. The rural areas surrounding these 

municipalities include portions of the Towns of Hull, Plover, Carson, Sharon and 

Linwood. The area is over 86 square miles and close to 55,000 acres. The entire study 

area has a population (1990 Census) of around 40,000. The boundaries of this area were 



selected so as to encompass river corridors, remnant forests, and a large portion of 

undeveloped land. Maps A and B identify the study area. 

The primary objective of this study was to develop a model that identifies and quantifies 

the benefits and distributions of trees and natural systems in and around developing 

communities in Wisconsin. This model creates a planning tool that can be used in 

making land use decisions and recommendations for improvements or changes in urban 

forest structure. This model was then applied to meet the following specific objectives 

for the Greater Stevens Point Area: 

1. To compute energy savings data as a function of direct tree shading 
on buildings and lowered air conditioning costs for the City of 
Stevens Point and the Villages of Park Ridge, Plover, and Whiting. 

2. To compute stormwater runoff alleviation data for the City of 
Stevens Point as a function of tree cover, soils, and slope. 

3. To locate and identify remaining natural systems around the urban 
area and make general recommendations for acquisition, 
protection, and/or preservation of these areas based on vegetation 
composition, current zoning, and proximity to other natural areas 
and the existing 24-mile Green Circle Trail. 

4. To provide specific urban forest planning and management 
recommendations based on the findings and implications of this 
study. 

BACKGROUND 

Urban forest structure (the size, species composition, and location of urban trees) directly 

influences forest functions like energy savings (45). However, this structure, both inside 
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and outside of the urban development zone, is often difficult to accurately identify and 

analyze with so many land use changes occurring in and around urban areas. The altered 

environments of cities, coupled with the dynamic changes in land cover that occur when 

urban areas expand, profoundly influence the existing native vegetative cover of a 

landscape (35). 

The pace of urbanization and development has fluctuated over time but more recently has 

grown exponentially. Between 1959 and 1982, the total area in urban and other 

developed land uses in the United States has increased by over 45% or 22 million acres 

(64). Residential subdivisions, strip malls, and other developments have moved outside 

of many cities into the rural "fringe" for reasons ranging from lower property values to 

the desire for a more "natural" setting in which to work and/or live. This development 

occurs in rural areas that include former agriculture land, woodlots, and forests. Between 

1970 and 1980, 1.3 million acres of rural forestland were converted annually to urban use 

with conversion occurring at the fringe of large urban centers and adjacent to small, rural 

towns (74). 

Urban foresters, while trying to assess costs and benefits of the current urban forest, must 

frequently look at larger systems of forest and open space that might have the potential to 

be preserved or conserved as development moves into these areas. Clark, et. al. (10) 

describes the urban forest as having its origin in two distinctive forms, "In one form, 

urban forests are creations of people, developed and seen as planted landscapes. In its 



second form, the urban forest is a product of nature, being small remnants of the native 

forest." Most cities possess at least some examples of these two forms, and on a regional 

scale, the urban forest is a mix of planted landscapes and forest remnants/fragments. 

The goals of successful urban forest management revolve around an accurate 

identification of existing elements of the urban forest for the purpose of managing the 

urban forest to maximize functional benefits at a minimal cost (45). Examining benefits 

of the urban forest, such as energy savings and storm water retention, can be accomplished 

on small and large scales utilizing many of the tools and methodologies presented in this 

thesis. 

THE URBAN FOREST 

Most community forestry efforts are directed at managing "public" trees growing along 

city streets or in parks. However, street trees typically comprise only 10% of the trees in 

the urban forest (38), with the remainder being on private property. All trees in urban 

areas form the urban forest. The opportunity to plant trees in optimal locations within a 

city is often constrained by the presence of utilities, narrow sideyards, paving, buildings, 

and existing vegetation (34). Restricted planting spaces, disturbed and compacted urban 

soils, and pollution affect the health and longevity of urban trees. 
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Few can argue the visual benefits of trees when they add scale and that "touch of nature" 

into settings typically dominated by paving and buildings. The functionality of trees, 

while more difficult to quantify, is becoming increasingly recognized with the completion 

of research that looks at these benefits. On a local scale, street and yard trees have many 

direct impacts on the quality of life for urban inhabitants. 

Planting, maintenance, and removal of street trees requires municipal funds. McPherson 

(31) found that many tree planting and management costs are incurred early on, while the 

benefits "grow" with trees. He found the ratio of benefits to costs of urban trees to be an 

average of2.62. This ratio indicates that over the lifetime of the tree, the tree will 

provide $2.62 of benefits for each $1 of cost. Large trees provide more benefits than 

small trees, therefore management activities should be directed towards preserving these 

trees in a healthy condition so that their environmental and social benefits are sustained 

( 46). However, a diversity of age classes is essential for a healthy urban forest, with 

young trees being replanted to replace removals and to bring tree stocking up to optimum 

levels. 

The magnitude of the urban forest is typically measured as a percentage of tree canopy 

cover over the city, and is a good indicator of the quality and contributions of the urban 

forest. As the urban forest increases in size and coverage, its ability to contribute to the 

environment also increases; therefore yielding a return on the city's investment (28). 

Nowak (43) states, "Understanding the relationship between urban vegetation and the 

7 



environment will lead to designs of optimum configuration of vegetation for enhancing 

benefits." Analysis of the urban forest can be accomplished using tools such as aerial 

photographs, remotely sensed images, and GIS computer technology. 

THE URBAN/RURAL FOREST 

Aside from individual trees on public and private property that compose the urban forest 

in more developed areas, larger systems of natural areas and larger, native tree groupings 

typically exist inside a municipality and along the urban/rural fringe. These components 

of the urban forest include elements such as community gardens, parks, native ecosystem 

remnants, and riparian corridors. Many communities have forested public lands 

dedicated to serving recreational and other needs (41), however, a large portion of forest 

on undeveloped lands surrounding most cities is privately owned. 

Current zoning usually does not limit the spread of development into private parcels with 

forested land that may be vital considerations in an open space analysis. Many of these 

forested areas are prone to development which makes their identification pertinent before 

development takes place, if achieving goals such as open space preservation and 

greenway linkage is deemed desirable. Greenways, parks, and other natural areas, while 

frequently containing a large portion of urban trees, offer a great variety of open space 

and natural habitat in and around cities. 



An understanding of the roles of trees and forests in both urban and rural ecologic 

systems, and the methods to quantify their costs and benefits, will provide planners with 

information to better plan for land use changes which incorporate vegetative values. 

Schwab (55) observes, "A key issue raised in planning is that natural systems do not end 

(or begin) at municipal boundaries." The intermix of urban and rural natural systems 

must be taken into account. Urban foresters are being asked to provide information to 

resolve conflicts over land use and zoning and to anticipate the long-term ecologic effects 

of urbanizing landscapes (74). Stankey, et. al. (66) states, "The challenge is not one of 

how to prevent any human-induced change, but rather of deciding how much change will 

be allowed to occur, where, and the actions needed to control it." 

THE ECOSYSTEM APPROACH 

Ecosystem analysis has been found to provide an effective approach to planning and to 

understanding the distribution of benefits and costs associated with ecologic resources 

(46). By considering all of the benefits associated with trees and the distribution of trees 

and forests in and around urban areas, an accurate assessment of ecologic functions can 

be developed and utilized as an effective planning tool. Ecosystem analysis utilizing 

modem tools such as GIS technology will allow for the creation, development, and 

maintenance of such a resource information base. 
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2. URBAN FOREST PLANNING TOOLS 

INTRODUCTION 

As urban forest inventories and analyses attempt to quantify the benefits of trees in and 

around urban areas, it is important to consider the urban forest as a single entity and use 

tools and methodologies that allow for the entire urban forest to be considered. Laverne 

(25) states, "To completely understand the full range of benefits provided by the urban 

forest (including energy conservation and improved air quality), a more comprehensive 

view is needed; a view which encompasses the full set of natural resources in a city." 

The primary problem associated with attempting to get planners, elected officials, and 

citizens interested in the concept of retaining and improving the state of the urban forest 

is the lack of tools to assess and monitor the urban forest's condition, including its size, 

diversity, distribution, and benefits (3). 

Regional and municipal planners require up-to-date information on current land cover 

and land ownership distributions to effectively manage land development and to plan for 

change in the future. Typically, much of the information on land cover and land use is 

five to ten years out of date and is too old for current operational use (70). In urban areas, 

particularly along the rural-urban fringe, change is very rapid. As a result, it is difficult to 

maintain, manage, and correct information regarding land cover and land ownership (70). 
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New tools are allowing for accurate mapping and updating of many urban resources. 

Remotely sensed data and aerial photographs provide an overview of natural resources 

and land use that, when used in conjunction with Geographic Information Systems (GIS), 

allows for mapping that is easily manipulated, analyzed, and updated. Aside from 

accurately defining land development, land cover and land ownership, using these tools 

allows for large-scale assessments for open space planning that includes parks, forests, 

and the linking of these open spaces with greenways (69). Displaying data in accurate, 

up-to-date maps will help to facilitate informed decisions in land use planning that 

includes forest resources, open space/greenway potential, and other natural resources. 

REMOTE SENSING DATA 

Remotely sensed data and aerial photographs are frequently described in many of the 

same contexts, but in this report, remotely sensed data refers specifically to satellite 

images. Remotely sensed data allows the mapping and inventory of large areas on the 

earth's surface and can be used to identify critical habitats, wetlands, and space available 

for new tree plantings ( 43). Nowak ( 43) states, "Through remote sensing, it is relatively 

easy to determine the amount and location of land use types and surface cover that are 

particularly useful in understanding the interaction between people and trees in urban 

areas." 
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Aside from the study of a single natural resource factor or entity, it has been recognized 

that there are many advantages in combining remotely sensed data with existing spatial, 

image, and statistical data, thereby maximizing the information upon which responsible 

decisions for land use planning can be made (70). The primary limitations of satellite 

imagery for use in urban forestry are resolution and cost. Resolution of the image may 

vary considerably. Typical resolutions range between 10 and 30 meter pixel size which 

indicates the size of each "square" of information contained in the image. Larger habitats 

and forest types can be identified using this resolution, but more accurate analyses of 

urban forests (street tree inventories, canopy cover, etc.) usually require increased 

resolution. Cost of these satellite products may exclude their use in projects where 

limited funding is available. Existing satellite resources held by other agencies should be 

identified prior to any purchase of current remotely sensed imagery. 

Season in which the imagery was taken plays a role in the value of remotely sensed 

imagery for particular natural resource applications. Wetland identification is enhanced 

when using spring imagery recorded after snow has melted but before deciduous trees 

have leafed out. At this time, soils are at their highest level of moisture, and the forest 

floor can be viewed through a leafless canopy (3). Summer flights with "leaf on" are 

more valuable for canopy observations and fall flights with leaf color may aid in 

deciduous/coniferous delineation and analyses. 
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AERIAL PHOTOGRAPHS 

Aerial photos, typically with a higher resolution than remote sensing imagery, have been 

a common tool in urban and rural forest inventories and assessments for many years. Air 

photo interpretation often provides the most detailed and cost-effective means of 

analyzing urban trees and other surface cover types ( 48). Photos provide information on 

the size, extent, condition, and spatial configuration of vegetation and other natural 

resource features. Spatial and temporal analysis of important elements of larger systems 

of green space obtained from aerial photographs can be used to interpret current 

environmental quality of the landscape in question (70). "The urban forester can gain 

insight into the relationship between vegetation and cityscape by merging the viewpoints 

of resource manager and urban planner in the interpretation of aerial photographs," states 

Laverne (24). 

Recognizing the need to work with limited funds and restricted budgets in most urban 

forestry programs, it is suggested that every effort be made to identify existing 

photography before new photography is flown (24). There are summary records that 

describe past aerial photography flights and missions and these can be obtained by 

contacting The United States Geological Survey Aerial Photography Summary Record 

System. Three important considerations before choosing imagery or having new imagery 

flown are date of photography, film type, and scale (48). The date of photography is 

important when identifying the most recent photos of an area or looking for older photos 



for a comparative analysis over time. Color, infrared, and black and white photography 

tends to have varying advantages in many types of analyses that look at features such as 

forest composition. 

Actual species delineation is facilitated through the use of color infrared (CIR) 

photography shot during the fall foliage season (3). A zoom-in feature from a computer 

or a stereoscope can detect sapling-size trees. CIR film is superior for wetland 

identification over true color film. Black and white, infrared photography makes species 

delineation more difficult but deciduous/coniferous delineations are easily made as is 

water and wetland identification. 

When dealing with the scale of the photography, it is important to list what features need 

to be identified and what scale will facilitate this analysis. A common scale used for 

timberland mapping is 1: 15,840. This scale can be used to evaluate crown closure in an 

urban setting, although a larger scale such as 1 :7200 is preferred if the goal is identifying 

actual tree species. 

ORTHOPHOTOGRAPHS 

All aerial photographs have some distortion or error due to topography, camera 

limitations, and scales that change from the center to the edge of the photograph. 

Orthophotography is geocorrected or rectified photography. The rectification process 
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corrects the original camera distortion as well as any displacements due to topographical 

differences. These orthophotographs can then correspond to "real-world coordinates" and 

allow for very accurate mapping and overlays, particularly in a Geographic Information 

Systems (GIS) where the photos are scanned into the computer and can be manipulated 

"on-screen" as a layer of information. 

GEOGRAPHIC INFORMATION SYSTEMS (GIS) 

GIS is a useful tool both in urban forestry management and in large-scale regional 

planning. As a powerful mapping, database, and record keeping tool (24), GIS allows 

users to enter, store, analyze, and manipulate data in a computer-generated format. In 

addition to organizing and storing the data according to spatial variables, the GIS reduces 

the amount of time needed for updates, map production, and information storage (16). 

GIS technology provides the medium for integration of spatial data, and at the same time, 

provides a tool for the quantitative analysis of land use change and map revision (70). 

Urban foresters may find opportunities to utilize and overlay existing layers of natural 

resource data onto base maps (25). 

The utilization of GIS in urban planning has increased over the last decade with 

municipalities using GIS to map the locations of publicly-owned assets and infrastructure 

(17). GIS can help urban forest managers to integrate environmental data with social and 

economic information. Data derived from layer analyses also allows urban foresters to 



examine relationships between urban forests and property values, demographics, crime, 

land use, and revitalization strategies (3). Additionally, GIS makes it possible to 

demonstrate real-dollar costs and benefits of trees specific to each community (51). 

Energy savings, stormwater runoff avoidance, carbon sequestration, and other benefits 

can be quantified utilizing GIS. Heisler (21) states, "More available, faster computers 

and new software, such as GIS that help picture and analyze urban forest structures, are 

opening new frontiers in urban forest meteorology." This digital creation of urban forest 

and other infrastructure data allows not only the quantification of benefits but the revision 

and updating of open space plans and land use / land cover maps. 

GIS can accomplish more extensive analyses of regional resources such as forests, 

wetlands, watersheds, and open undeveloped space. Road networks, utility corridors, and 

developed areas are frequently mapped as well. A GIS gives planners the ability to 

organize and analyze information that shows the interaction of the urban forest with 

environmental systems, and allows planners to test management scenarios (3). "Mapping 

urban ecosystems so they are valued within the decision-making process will change the 

way communities grow and develop," states Moll (38) of American Forests. 

By identifying larger natural features of a community, a GIS can identify potential open 

space and greenbelt/greenway potential. GIS analysis has been found to be an effective 

and useful way of identifying possible regional greenway networks (19). Using 

techniques of combining maps, appropriate detailed data, and carefully developed options 
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and limitations, a GIS can be used to set widths at intervals along the length of a potential 

greenway (22). These widths may be important in maintaining plant and wildlife habitat, 

protecting hydrological features, or limiting development or infringement in a sensitive 

biological environment. Maps developed for greenway design and larger land cover 

projects can also be useful in the management of those features. 

17 



3. ENERGY SAVINGS 

INTRODUCTION 

Trees in the urban forest, both on private and public land, are components of a larger 

system that provides benefits not only for individuals but for the community as a whole. 

The aesthetic value of trees and their contribution to the visual component of urban areas 

is apparent. However, not so apparent or recognized are the biological and functional 

aspects of trees that benefit the community. Aside from producing oxygen, filtering 

pollutants, storing carbon, and providing wildlife habitat, trees in the urban setting can 

affect air temperatures, reduce summer cooling costs by shading structures, and reduce 

heating costs by reducing wind speed. Nationwide, it is estimated that $10 billion is 

spent annually for residential cooling (63), a cost that can be reduced with the addition of 

trees to the community. 

Research has led to the development of models and methodologies that quantify energy 

savings as a result of trees lowering summertime temperatures through transpiration of 

water, shading buildings during the summer, and blocking winter winds. For example, 

studies that examine energy savings as a result of tree canopy structure in urban settings 

can provide a dollar estimate of savings that accrue due to avoided costs of air

conditioning. With 90% of urban trees located on private property, it is important to 

consider the urban forest as a unit that takes into account all of the trees. Geographic 
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Information Systems (GIS) technology is a tool frequently utilized to accomplish such an 

analysis. Residential areas are frequently targeted for energy analysis due to the 

availability of air-conditioning data, the presence of applicable sampling sites, and 

association with public interest and support. 

Results of such analyses can be an important tool for urban foresters in relating the 

benefits of trees to the public as well as to elected officials and managers that may be 

responsible for the urban forestry budget allocation. The results can also be employed as 

a basis for practical siting and selection guidelines for energy conserving trees. 

McPherson (32) found energy savings findings can be used to: 1.) evaluate energy 

efficient landscape design incentives for new and existing residential construction, 2.) 

conduct a broader analysis of benefits and costs associated with tree planting and care, 

and 3.) educate residents and landscape professionals regarding energy-efficient 

landscape design. 

BACKGROUND 

It has been verified that trees modify the exchanges of heat among urban surfaces by 

affecting local climate and consequently energy use in buildings. Direct tree shading 

reduces the amount of radiant energy absorbed, stored, and radiated by built surfaces 

( 4 7). Strategically placed shade trees affect energy consumption for residential space 

conditioning by reducing solar gain (63). The magnitude of cooling energy savings due 
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to direct tree shade depends on a variety of factors such as placement, crown shape, 

crown density, growth rate, and longevity (34), as well as vintage of building 

construction, occupant behavior, and window location in relation to trees and seasonal 

solar angles (63). Density of housing in relation to the distribution and composition of 

the urban forest becomes a crucial consideration when determining the direct contribution 

of individual trees on a dwelling. Heisler (21) found that for a typical single-family 

house in a residential neighborhood, solar radiation on the house is influenced by trees on 

the lot, a few of the neighbor's trees, and perhaps some street trees. These factors are 

important considerations in analyses of energy savings from energy use avoidance as a 

result of direct tree shading. 

As trees transpire water through their biological processes, they affect local climate and 

can reduce temperatures caused by urban heat islands. Larger parks and greenbelts in 

cities are measurably cooler than surrounding areas that are dominated by built structures 

and pavement. Modification of the local climate in urban areas will affect the rate of heat 

loss or gain from buildings by air exchange, solar radiation transmission through 

windows, and heat conduction through walls, floors, ceilings, and windows (20). Winter 

energy use in the form of heating costs can be positively or negatively affected by 

surrounding tree locations and distributions. Winter shading of buildings will increase 

heating costs while reduced wind velocity due to tree location and windbreaks will reduce 

heating costs. 
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PROJECT METHODOLOGY 

The steps in computing energy savings for the City of Stevens Point (including Park 

Ridge), Village of Whiting, and Village of Plover are based on methods developed by 

American Forests, a nonprofit, conservation organization located in Washington D.C. 

USDA Forest Service research on energy savings as a result of direct tree shading has 

been applied to many urban study areas around the United States by American Forests, 

and the resultant data and methodology has been developed into specific GIS software; 

CITY green for Arc View 2.1. This software takes spatial data layers, performs overlay 

analysis, and computes energy savings. Two primary layers of information are required 

for the energy savings analysis; land use and land cover. When combined ( overlaid), 

these two layers form what American Forests has termed EcoStructures. Fieldwork 

sampling data is then applied to these EcoStructures to compute energy savings. 

LAND USE LAYER 

This analysis required a consistent land use classification system due to the differences in 

categories of land use utilized by various municipalities. Land use information is based 

on the Anderson Land Use Classification System (Geological Survey Professional Paper 

#964, 1976) which is accepted by many planners as well as the United States Geological 
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Survey. The following land use categories were derived from the Anderson Land Use 

Classification System: 

Single-Family Residential 
High Density (lot size < .25 acres) 
Medium Density (lot size .25-2 acres) 
Low Density (lot size> 2 acres) 

Multiple-Family Residential 
Mobile Home 
Commercial 
Institutional 
Parks, Cemeteries, Golf Courses 
Undeveloped/ Conservancy 
Agriculture 
Roads 
Water 

The first step in compiling this data into a GIS was to convert existing land use maps 

(paper) into a digital format. Existing digital road networks were used as a base map for 

land use delineation. All paper maps were consolidated into a digital land use layer for 

each municipality through the digitizing process which involves placing maps on a 

digitizing table and using a digitizing puck, similar to a "mouse," to click points and lines 

over existing land use linework on the maps. After correcting any errors in the linework, 

land use values corresponding to the above categories were assigned to each individual 

area (polygon) defined by the linework. Map C and Map D depict the Stevens Point/Park 

Ridge and Plover/Whiting land use layers respectively. 

Some cities have digital land use information stored in a computer database format. 

Municipal engineering departments, city or county planning departments, or the local 
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department of public works should be contacted initially to locate existing data and 

identify the format of the information. 

LAND COVER LA YER 

The land cover layer was developed utilizing specific criteria established by American 

Forests. Land cover is divided into three categories of information; 1.) the percentage of 

tree canopy cover; 2.) the percentage of grass/herbaceous (shrub) cover; and 3.) the 

percentage of impervious surfacing, including roads, sidewalks, rooftops, etc. The 

percentages of these categories will collectively equal 100%. For instance, a building 

with a tree over half of the roof would be classified as 50% impervious surface and 50% 

tree canopy cover. For analysis purposes, percentages are grouped into the following 

delineations: 

VERY LIGHT 
LIGHT 
MEDIUM 
HEAVY 
COVERED 

0-5% 
6-20% 
21-40% 
41-60% 
over60% 

For example, a city block with 23% tree canopy, 7% grass/herbaceous cover, and 70% 

impervious surfacing would be classified as having MEDIUM canopy, LIGHT grass, and 

is COVERED with impervious surfacing. This classification would be abbreviated as 

[MC LG CI]. Heavy and very light classes are abbreviated with an H and VL 

respectively. 
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The land cover information for Stevens Point, Plover, and Whiting was initially 

determined using aerial photographs. The photographs were 1992 black and white, 

stereo, infrared at a scale of 1: 15,840 or 1 inch = 13 20 feet. Land cover classification was 

done on a block per block basis and information was collected on paper maps that were 

later digitized into a GIS layer of information. See Map E for the Stevens Point 

classification layer and Map F and Map G for the Plover and Whiting classification layers 

respectively. 

ECOSTRUCTURES 

EcoStructures, being the combination of land use and land cover layers, form the basis for 

the energy savings analysis. An example of an EcoStructure would be a city block that is 

high density single-family residential with medium canopy, medium grass/herbaceous 

cover, and heavy impervious cover [MC MG HI]. Sample data is then applied to these 

Eco Structures. 

Staff at American Forests calculated the remainder of the energy saving analysis by 

creating these EcoStructures for Stevens Point, Plover, and Whiting and applying field 

data from a similar study completed in Milwaukee, Wisconsin. With similarities in 

canopy structure, land use distributions, and summer air-conditioning usage variables 

existing between Milwaukee and Stevens Point, application of Milwaukee field data to 

EcoStructures in Stevens Point was acceptable. Field data from the EcoStructures in 



Milwaukee was applied to the same EcoStructures in this case study (based on the same 

criteria of tree canopy cover, grass/herbaceous cover, impervious surfacing, combined 

with land use). 

The field analysis in Milwaukee consisted of scanning aerial photographs of sample sites 

into a computer. After bringing the digital photos into a GIS, individual tree crowns were 

on-screen digitized and numbered. The resulting inventory maps were used in field 

assessments. Trained professionals, along with summer youth workers, ground-trothed 

canopy outlines by verifying crown size, number, and location on the photo. Data 

describing tree species, ownership, trunk diameter, height, health, conflicts, and ground 

cover were collected. Additionally, building windows and the locations of air 

conditioners were also noted. See Appendix I for data collection specifications. 

The inventory data was then entered into a database that classifies tree species based on 

similarities in mature height, crown form, leaf density, and leaf persistence ( the factors 

important to energy and stormwater functions). The tree species' shade characteristics, 

height, and location to buildings were analyzed and each tree was assigned an energy 

rating (low of O to a high of 5) that reflected its shading ability. Specific savings 

multipliers were then applied for all trees by EcoStructure. 
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RELEVANT RESEARCH 

Research on energy savings has looked at elements such as optimal tree species, location 

for maximum energy savings, building structure variations, annual savings for trees in 

certain locations, and the benefits of increasing tree canopy. Results of this research have 

quantified the energy saving abilities of trees on both a micro and macro scale. 

Individual tree benefits are important values that can be communicated to residents, 

elected officials, and city managers. In Chicago, McPherson (32) found that a tree to the 

west of a structure provides the greatest cooling savings and provides the most protection 

from westerly winter winds (specific to the mid-latitude, Northern Hemisphere). On a 

per tree basis, heating energy can be reduced by 1.3% and cooling energy by about 7% 

for a tree in this location. A large tree to the east of a residential dwelling was found to 

provide savings ranging from 2-8% in total cooling energy use (with an average of 5% 

for a single 25 foot tree). The energy savings budget of a well-placed, 25 foot tree is 42% 

from reduced cooling requirements in summer as a result of evapotranspiration of water, 

3 7% from reduced cooling requirements in summer because of shade, and 21 % from 

reduced heating requirements in winter as a result of lowered wind speeds ( 4 7). 

Window orientation is an important factor when considering optimal tree location. In 

summer, nearly half of unwanted heat gain is from solar energy entering primarily 
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through west and east facing windows with less than 5% of the gain through roof and 

walls (59). Building structure and material will influence results of an energy saving 

analysis. Vegetation was reported to consistently lower wall surface temperatures by 

about 17 degrees F (34). The Chicago study (32) further found that each tree saved 

approximately $20-35 annually for single-family detached homes. Increasing tree cover 

by 10% citywide ( or about three trees per building planted in optimal locations) could 

reduce total heating and cooling energy use by another 5-10%. 

EV APOTRANSPIRA TION 

As previously discussed, the transpiration of water by trees lowers air temperatures and 

results in additional cooling energy savings (32). Many of the energy savings estimates 

due to summer shading by trees are considered conservative because they typically do not 

include savings due to local modification of air temperature through evapotranspirative 

cooling (63). McPherson (63) estimates that evapotranspirative cooling produces dollar 

savings of approximately the same order of magnitude as direct shade. In more arid 

environments, in the Southwest for instance, cooling benefits as a result of evapo

transpiration are predicted to be about three times greater than direct energy savings as a 

result of tree shade (31 ). 

Akbari, et. al. (2) indicates that a large tree can transpire up to 100 gallons of water in a 

day. In a hot, dry climate, this cooling equals that of five air conditioners running for 20 

hours. In larger groupings of trees and forests, cumulative evapotranspiration can affect 
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the meso-climate of an area and reduce the increased temperatures associated with urban 

heat islands. On a per tree basis in an urban residential area, it was found in Chicago that 

simulated evapotranspirative savings are estimated at 3% of the summer costs of air 

conditioning (32). 

WINDSHIELDING AND WINDBREAKS 

Trees can affect energy use negatively and positively depending on their arrangement and 

the season. In summer, tree arrangement should allow cool breezes to reach the structure, 

while dense plantings in certain locations may stifle breezes. If the forest structure is too 

dense, summer breezes will not be as effective in ventilating the area (53). Wind 

direction as a function of season is important to consider when planting trees or 

vegetation in the vicinity of a structure. 

In winter, cold breezes and winds will increase heating energy consumption. Rows of 

trees, particularly coniferous species, when properly located, will function as windbreaks 

and shield homes from frigid winds. Windbreaks can reduce annual heating costs by 10-

30% (32). On a per tree basis, this windshielding effect is estimated to save from 1-1.5% 

of heating costs. As a rule of thumb, trees are effective windbreaks for a distance of 

about four times their height. Trees planted closer to the house will block the wind from 

more directions. 
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COMMUNITY BENEFITS 

Although the homeowner can obtain substantial cooling energy savings from direct 

building shade, greater benefits accrue to the community as whole due to the aggregate 

effect of trees on the urban climate (31 ). Community benefits need to be projected and 

presented to urban forest policy-makers and managers responsible for recommendations 

and budgeting. 

Energy saving analyses, using the amount of tree cover throughout a city, will indicate 

the degree of influence trees have on local climates ( 45). Reduced demand for air 

conditioning energy will lower the amount of fossil fuel and water consumed by power 

plants, resulting in both conserved water and reduced emissions of carbon dioxide and 

other pollutants from smokestacks (33,44). The direct result of reduced pollutant 

emissions is improved air quality for the community. 

Removal of large tracts of forest for purposes of development has a deleterious effect on 

local climate. Woodlands have a citywide effect because stands of trees exert an 

influence on the microclimate of the site as well as the mesoclimate of the city (54). The 

removal of woodlands from urban areas incurs losses that may include increased energy 

consumption as a result of tree loss (54). 

GENERAL PLANTING RECOMMENDATIONS 

As opportunities occur for increased planting, energy-efficient selection and location of 

trees is important in maximizing energy savings. Heisler (20) states, "The shortcut to 
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shade planting decisions is to select a design plan for maximum shade at the warmest 

time of the year and minimum shade at the coldest." Species selection should focus on 

those trees that are "solar-friendly." Such species leaf out late in spring and lose their 

leaves early in the fall. This allows for maximum sunlight to reach the structure in the 

cold winter months. See Appendix A for a list of recommended solar-friendly trees for 

northern climates. Coniferous trees close to a structure's windows will increase heating 

bills due to shade in winter. Well-placed coniferous windbreaks around the Northwest 

comer of the structure will help block frigid winter winds. 

Akbari, et. al. (2), found that the single most cost-effective way to reduce summer cooling 

costs is to shade the building's air conditioner and the immediate area around it. Air 

conditioners become less efficient as temperatures get higher. Earlier sections suggested 

the west side of the house being the best location for a shade tree. The east is the second 

best location. A void shading the south side of the house, as even deciduous branching 

will block 30-50% of the solar energy in winter (59). Trees should be planted so that the 

edge of the canopy is very close to the building wall at maturity (63). McPherson (32) 

suggests a distance of 30 feet from the structure as being optimal for large shade trees. 

However, fire safety and other possible hazards should be considered when placing 

vegetation. 

In summary, requirements for winter wind protection and solar energy modification in 

cold climates results in residential landscapes with certain characteristics. McPherson, et. 

al. (34) recommends the following components of such a plan: 
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* 
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Dense evergreen foundation plantings 
Tall, dense, evergreen/deciduous windbreaks, hedges, 
and buffers 
Deciduous shade trees, shrubs, and vines shading west 
walls and air conditioners 
Unobstructed skyspace to the south of the structure 
for winter solar access 
Deciduous trees shading sidewalks, streets, and other 
paved surfaces 
Multi-story buffer plantings between neighborhoods 

ENERGY VARIABLES 

The majority of energy savings research for urban forestry has focused on residential 

areas. There are some intrinsic variables that may affect results that the researcher must 

consider. Building composition is a common variable that will affect energy savings. 

The greatest impact of trees on energy use is in small buildings, particularly detached 

single-family homes and mobile homes (20). Building construction and materials vary in 

their energy efficiency. Relative annual air conditioning savings were found to be two to 

three times greater for energy-efficient compared to uninsulated buildings with the same 

amount of shading (63). 

Other variables to consider in an analysis of energy savings are window orientation and 

variations and fluctuations in consumer energy use patterns. The relative area and 

orientation of windows that are being shaded has a direct relationship to savings (32). 

Sampling procedures need to accurately identify window locations in "test" homes. The 

differences in consumer energy use is further complicated through the fact that when 

31 



making predictions and assumptions concerning air-conditioning use, it must be noted 

that not all homes have air conditioners. Data generalized over a region should use 

annual air conditioning figures that will take into account these homes and provide an 

appropriate average ($200/home was used for the case study). 
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4. STORMW ATER BENEFITS 

INTRODUCTION 

Urbanization increases the land area that is covered with impermeable surfaces, which in 

turn, increases the incidence and severity of flooding (31 ). Impervious surfaces include 

streets, sidewalks, driveways, rooftops, and even compacted soils. Rainfall will runoff at 

a faster rate from these surfaces and contribute water quickly and directly to stormwater 

sewers and waterways. Increasing the area of impervious surface in a community will 

increase the peak water flow in a municipal stormwater system. 

Moll, et. al. ( 40), analyzed a typical stream that ran from an undeveloped rural zone 

through a suburban zone and finally into an urban zone. They found that the stream in 

the rural zone flows at an average of 54 gallons per minute (gpm) with a peak flow 

(during a heavy rainstorm) of 180 gpm. However, the averages and peaks in the suburban 

and urban zones were 108 gpm to 450 gpm and 153 gpm to 1800 gpm respectively. 

These increases in peak flows can be attributed to increased amounts of impervious 

surface and decreased amounts of vegetation. 

Tree canopy in urban environments intercepts much of the rainfall during a storm thereby 

taking a certain amount of water out of the peak flow discharge into storm water sewers. 

The leaf surface area and arrangement above impervious elements keeps a portion of the 
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water from contributing to peak flows. Tree canopy allows ground water recharge, cuts 

the cost of wastewater disposal, and averts the flooding and sedimentation of streams and 

nvers. 

One means of controlling stormwater runoff is to construct basins that detain runoff and 

thus reduce stream flows and flooding potential (31 ). However, the construction of new 

basins, expanded sewers, and containment facilities is a costly endeavor that requires 

taxpayer funding. These improved facilities may be obsolete in another decade if urban 

expansion creates the need for additional stormwater retention measures to account for 

increasing peak flow. Trees are an option to help alleviate peak stormwater flows. By 

taking a certain amount of rainfall out of the peak stormwater equation, a mature canopy 

helps prevent erosion, flooding, and lessens the need on new, expensive storm sewers and 

facilities. Moll (38) states, "The value of tree cover in slowing stormwater flow can be 

compared to the cost of a new containment facility." 

PROJECT METHODOLOGY 

American Forests calculated storm water runoff rates for the City of Stevens Point by 

incorporating data into Technical Release-55 (TR-55), a hydrologic model developed by 

the Natural Resources Conservation Service (NRCS). The NRCS procedure uses 

hydrologic soil groupings, precipitation data for a 2-year, 24 hour storm event, land cover 

percents, and slope information. 



Stevens Point soil types were placed into four different hydrologic groups that ranged 

from clay to sand. These groupings are based on the drainage characteristics of the soils. 

See Appendix J for local soil types that comprise these hydrologic groupings. Map H 

depicts the hydrologic soil groupings in Stevens Point. Precipitation data was taken from 

a local 2-year, 24 hour storm event (2.6"). 

Land cover percents were utilized from the same database layer used in the energy 

savings analysis, with Stevens Point categorized into different areas based on the 

percentages of tree canopy cover, grass/herbaceous cover, and impervious surfacing. The 

storm water analysis takes all of this information as layers in GIS and maps areas in 

Stevens Point that range from very light to heavy/intense stormwater runoff. 



5. PLANNING IN THE URBAN/RURAL FRINGE 

INTRODUCTION 

The urban/rural interface is typically difficult to discern in areas that are being developed 

at a quick pace. Municipal boundaries no longer separate urban development from 

adjacent rural uses such as farming, forestry, and other natural systems such as 

green spaces. Whereas the urban/rural interface seems at times to suggest a clear 

distinction, it in fact may be difficult to discern depending on the criteria used (7). 

Bradley (7) states, "If economic criteria are used, the boundary is where the marginal 

value of land for urbanization is equal to the marginal value of land for less 

intensive uses. If aesthetic criteria are dominant, the interface is a wide and fuzzy 

boundary. Where structures appear, the interface may be defined by a line drawn 

between the built and unbuilt environments." These interfaces are subject to 

fluctuations and changes as a function of time, development pressures, and the rate of 

urbanization. Distance from the urban core suggests a gradient of human influences. 

Along the gradient, urban structures and the urbanization process are principal factors 

disrupting the pre-existing mosaic of land uses, and particularly the "apportionment and 

spatial configuration of native vegetation" (36). 

Comprehensive management of the urban forest resource frequently includes a great deal 

of planning in adjacent rural zones. It is important not only to evaluate developed areas 

but to extend into the fringe zones and beyond (3). By examining adjacent patterns of 
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land use, land ownership, vegetation patterns, and other natural features, urban foresters 

and planners can use this data as an effective planning tool as development continues. It 

is important to note that planning responsibilities in these "fringe" areas may require 

inputs from both local and area-wide planning agencies. "There is little responsibility 

taken at the regional level or even at the state level to determine preferential areas for 

growth, for encouragement of higher intensities of development with corresponding areas 

for preservation of resources, and for the discouragement of growth at any density," states 

Thompson (68). Land use recommendations should be based on an overall picture of 

existing natural resources, an understanding of current development patterns and trends, 

as well as a knowledge of appropriate zoning/land use and subdivision tools that may 

help direct development in a desired manner. Planning for green space conservation 

corridors and development densities should be a major goal in the urban/rural interface. 

PROJECT METHODOLOGY 

The first step in attempting to examine rural resources and the impacts of development 

into the urban/rural fringe was to create a current GIS database of land use and land cover 

for the Greater Stevens Point Area. Digital orthophotography for Portage County was 

utilized for the production of the database. These photos allowed for on-screen digitizing 

of land cover and land use patterns in the study area using the Arcedit module of 

ARC/INFO. Due to the large amount of memory involved with the storage and 

manipulation of orthophotographs as well as the size of the study area, a Sun Sparcstation 
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was utilized in the GIS (see pg. 145 for vendor information) for this phase of the analysis 

because of its memory capabilities, speed, and efficiency. The Greater Stevens Point 

Area was divided into the combined classification of the following 19 categories of land 

use and land cover (see Map L): 

1. Residential 
2. Commercial 
3. Industrial 
4. Institutional 
5. Recreational 
6. Mobile Home 
7. Utilities 
8. Cemeteries 
9. Agriculture 
10. Deciduous 

11. Coniferous 
12. Mixed Forest 
13. Pine Plantation 
14. Forested Wetland 
15. Marshland 
16. Grassland/Brushland/Undeveloped 
17. Air Transportation 
18. Road Transportation 
19. Water (Lake/River/Stream) 

The completed land use / land cover map, while showing the distributions of 

development into surrounding agriculture and forested lands, lacked information on 

zoning in rural fringe areas. To predict patterns of development, a rural zoning layer was 

compiled from existing digital sources and maps from the Portage County Planning and 

Zoning Department. Recognizing that current zoning may direct residential and other 

development into rural areas, the need for a complete and accurate rural zoning layer for 

use in our overlay process was apparent. Map J shows rural zoning in the study area. 

Only zoning for rural areas (not municipalities) was compiled into the following 

categories: 

RI - Rural / Urban Fringe 
R2 - Single Family 
R3 - 1 & 2 Family 
R4 - Multiple Family 
Cl - Neighborhood Commercial 
C3 - Commercial 
C4 - Highway Commercial 
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I - Industrial 
A - Agriculture 
Al - Exclusive Agriculture 
A2 - Agricultural Transition 
CON - Conservancy 

The final phase involved overlaying the two layers of rural zoning and land use I land 

cover. Combining these two digital layers in GIS allowed for a single coverage of 

information containing the information from the two original coverages. This coverage 

was brought into the Arc View program and areas were identified that, based on criteria 

such as land cover, zoning, size, and location, are possible lands for acquisition, 

conservation, and/or protection as larger natural systems, open spaces, and parks. Map M 

shows "priority" lands in the Greater Stevens Point Area. Priority lands are those 

undeveloped areas that may have future potential as public open space. Proximity of 

these open/green spaces to the existing 24 mile Green Circle Trail (see Map N) may help 

identify key areas for protection. 

ZONING I LAND USE CONSIDERATIONS 

In developed areas, land use is an important factor to consider when examining tree 

canopy cover. Variations in canopy between residential areas, parks/cemeteries, and the 

central business district are readily apparent. Land use is the single most important 

variable related to urban forest cover because different land uses have characteristic 

development patterns that influence tree planting and survival (33). The urban/rural 

fringe presents different management problems for the urban forester, particularly the 

existing natural resources of forests, grasslands, waterways, and other undeveloped green 
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space. Zoning and land use tend to affect the distribution of these resources as well as 

future patterns of housing densities, roads, and other related infrastructure. 

The zoning and subdivision system as practiced today, tends to segregate uses, puts a 

premium on low-density development, and almost never coordinates land use with 

transportation ( 68). An important feature for urban/rural fringe planning prior to 

development is the identification of road networks, as these provide the framework for 

land use change and development (70). New developments in rural areas require the 

same amenities that residents use within the adjacent municipality. Road access, water, 

natural gas, electricity, and sewers are all infrastructure that must be considered in 

development plans. 

Another important amenity that developments in the urban/rural fringe will require is 

open space for recreation in the form of parks, trails, and other natural features. Planning 

should be sensitive to these needs and be tailored to preserve existing natural features 

such as forests and open space. Connecting green space into contiguous greenways links 

the community to a larger natural and recreation base while also achieving the goals of 

preserving vegetation and wildlife habitat. 

Planning provides many tools through zoning and land use regulations that can help 

preserve and acquire important natural areas while allowing for development to occur. 

Techniques include, but are not limited to: performance and incentive zoning, tax 

incentives, acquisition, and subdivision regulations. Open space easements are another 

effective way of preserving crucial pieces of the urban forest ( 61 ). With forestland in 
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much of Wisconsin residing on private lands, it is important to communicate to both 

planners and the public that this land is as "valuable" for green space as it is for 

development. Many tools exist for both government and nonprofit agencies to actively 

acquire, conserve, and/or preserve open space and green areas. A summary of these tools 

is listed in Appendix B. 
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6. DEVELOPMENT CONSIDERATIONS 

BACKGROUND 

Development is an inevitability in areas where increasing economic growth also leads to 

increasing population growth. Many municipalities are also faced with the movement of 

residents from densely populated residential neighborhoods out to lower density 

urban/rural fringe areas where the homeowner can get "a little piece of nature" and/or a 

larger piece of property with lower rural taxes. Development in the urban/rural fringe 

will continue but must be considered in terms of its integration into natural areas. Moll 

(36) states, "Protecting the integrity of the land is usually not a question of stopping 

development but rather of changing the methods used to develop the land." 

A few county governments responsible for the urban/rural fringe where new development 

is sprawling have hired or are consulting with urban foresters. Some planning agencies 

are including foresters, soil conservation experts, and other natural resource professionals 

on their design review teams (37). Urban foresters working at the urban/rural fringe are 

being asked not only how to plant and maintain street trees, but also which forests should 

be saved from development (74). Before development occurs, the landscape and 

biological features of that landscape should be identified. Buffer strips, riparian 

corridors, topography, flood plains, and potential greenways should be identified prior to 

development. A Geographic Information System (GIS) is a means of doing a large scale, 
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in-depth compilation and analysis of such layers and can be used in the determination of 

lands to be protected as development proceeds. 

The density of development can affect the distribution of the urban forest and 

other green space. However, the density of development also affects the amount of space 

available for individual trees. Densities over 3 units per acre may offer little space for 

effective tree planting (in regards to energy-efficient tree planting) (2). Sensitivity to 

natural surroundings when laying out subdivisions and placing housing becomes 

important. Correll, et. al. (15) states, "Neighborhood value of open space depends 

critically on the ability of private developers and urban planners to integrate 

neighborhood development and access to open space." 

Interaction with developers prior to development is essential when considering the goals 

of open space preservation or individual tree preservation on future development sites. 

Communication and understanding of current regulations and their applicability under 

various circumstances should be understood by developers and planners prior to 

development. Piotrowski (53) describes a portion of Maryland's Forest Conservation Act 

of 1991 that addresses certain objectives prior to development: 

"Developers making an application for subdivisions 
on forested lands must submit a detailed analysis of 
the forest called a Forest Stand Delineation (FSD), 
prepared by a licensed forester, landscape architect, 
or qualified professional. It must show all water 
bodies, slopes, soils, and a complete description of 
the type, size, and quality of the forest and trees 
found on the site. Upon approval of the FSD, an 



applicant must also submit a forest conservation 
plan which shows how and why a forest must be 
cleared to meet the development objectives." 

Many of these inventories are being completed on a county-wide basis and will allow for 

the integration of many natural resource features in developed landscapes. Identification 

and understanding of these natural systems allows for appropriate recommendations for 

preservation of sensitive areas. 

It is unrealistic to assume that all trees can be saved. The important question is what trees 

can be realistically saved during development? In wooded areas, many of the forest trees 

that are saved after development are prone to windthrow and are potential hazards to 

life and property. Larger specimen trees might be worth saving if they will contribute to 

both the economic, functional and aesthetic value of the property and surrounding area 

without presenting a hazard. Tree ordinances that protect these specimens should be 

thorough in their scope and allow for flexibility under difficult circumstances. By 

preserving trees on site, aside from improving the appearance of property, the developer 

increases property value and may decrease the landscaping costs required by local 

regulations after initial removal of vegetation. 

TREE CONSERVATION ORDINANCES 

Many communities do not have tree conservation ordinances to protect forest resources 

and open space during development. Of those ordinances in existence, most vary widely 



in their scope and effectiveness. Some may only protect large trees of a particular 

species, while others are geared towards the protection of tree species that are sensitive to 

construction activities and injuries (oak wilt). Other ordinances may put a percentage of 

woodlands on a site off-limits to development. 

In developing a tree conservation ordinance or developmental regulation, the two 

question a community must ask are: 1.) what is it trying to protect and accomplish? and 

2.) does it have the requisite legal authority to enact legislation to attain these goals? (18). 

Increasing the awareness of tree and forest attributes, functions, and values among 

planners, builders, and buyers should be a primary goal of such an ordinance. 

Most modern tree conservation ordinances require that a developer or landowner obtain a 

permit before undertaking an activity such as tree or other vegetation removal. This pre

development stage is the optimum time for interaction with a community forester or other 

designated professional. Development site selection, project planning, and the 

assessment of tree and forest attributes on site can be accomplished along with an 

inventory of existing resources located on the property. Construction practices during 

development are frequently not compatible with the survival or preservation of trees. 

Compacted soils, incidental wounding, and other construction materials and chemicals 

may limit the survival of trees within the proximity of development. All efforts should be 

made to alleviate the impacts of construction on these trees. Some inventories require 



specific species or sizes of trees be delineated as well as documentation on the specific 

impacts that development will have on tree and forest resources on the site. Measures for 

tree protection and preservation must be stated. See Appendix F for a sample tree 

conservation ordinance. Monitoring of development should continue throughout 

construction and after completion of all development activities. Coder (12) observes, 

"Using on-site education, daily monitoring, and/or a strong series of fines, penalties, and 

rewards will help people to remember the importance of trees." 

OAKWILT 

In Wisconsin, subdivisions and other development is occurring in areas with a significant 

number of oaks. Oaks (Quercus) are frequently valuable enough to save in larger systems 

or as individual trees during development. Oak wilt ( Ceratocystis fagacearum) is a 

serious fungal problem in the upper Midwest. When oak is infected, primarily in the Red 

Oak group (red, pin, scarlet, black), the disease will spread quickly through common root 

grafts. Wounding of oaks in the growing season encourages the spread of the disease by 

attracting picnic beetles that feed on the sap and carry spores of the fungus. The WDNR 

recommends April 15 to July 1 as the protection period, although there is evidence that 

new oak wilt infections can occur in a wider window. Green Bay prohibits pruning or 

wounding of oaks between March 15 and October 15. Appendix D contains a more 

detailed report on the physiology and control of the oak wilt pathogen and its associated 

insect vector. See Appendix E for a sample oak wilt ordinance. 
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WETLAND PROTECTION 

With over half of the continental wetland resources being converted to other uses over the 

past 200 years, it is important to consider the implications of development on these vital 

biological resources. Sarahan (60) lists some of the beneficial functions of wetlands: 

1.) protecting water quality by filtering sediments and pollutants out of the 
water and by removing excess nutrients 

2.) regulating local hydrology 
3.) preventing flooding by collecting and storing runoff from adjacent land 
4.) preventing erosion 
5.) serving as a spawning and rearing ground for two-thirds of the 

commercially harvested fish in the U.S. 
6.) serving has home to one-third of flora and fauna on the federal registry 

of threatened and endangered species 
7.) serving as habitat for migratory waterfowl and aquatic life 
8.) providing potential drinking water supplies 

However, drained wetlands can offer prime agricultural land and may be a prime location 

for new urban development. Many wetlands are located on private property and their 

functional value may not be fully realized by the landowner. Sarahan (60) states, "So 

long as the marginal cost (borne by all of the individuals in the economy) of developing 

wetlands is greater than the private marginal cost incurred by the landowner, the wetlands 

will be developed to a greater extent than would occur under economically efficient 

conditions." The value of wetlands must be communicated to landowners, policy

makers, and the general public. 

Communities should identify and prioritize their wetland resources and determine those 

critical resources most worthy of protection. The utilization of the public trust doctrine, 

47 



along with public nuisance laws and other legislation, can serve as a tool in developing a 

regulatory effort to protect wetlands where federal programs are insufficient (60). 

Scientific and economic facts should also be communicated to policy-makers and 

planners to help form a foundation for critical wetlands regulation. Properly composed 

and enacted, such a regulation should avoid or diminish any takings liability. 

LEGAL CONSIDERATIONS 

Development regulations, ordinances, and zoning requirements, while frequently enacted 

in the interests of conservation and public welfare, must be legally defensible. Many of 

the remaining undeveloped natural areas and forests in the urban/rural fringe are privately 

owned. Any legislation concerning the use or preservation of private land must have a 

solid, legally defensible reasoning behind it. 

Many states have enacted enabling legislation authorizing or directing local governments 

to adopt environmental measures to conserve soil, prevent water pollution, protect 

wildlife habitat, and more (18). Most of these laws may not specifically mention tree 

protection but they often serve as a means for the adoption of tree preservation ordinances 

(designed to protect residual trees during land development). The United States EPA 

adopted regulations requiring communities to be responsible for maintaining the quality 

of water from nonpoint sources, such as streets, parking lots, and storm sewers. Local 

governments have listed erosion control, flood control, and stormwater management as 



the objectives of tree protection regulations. The relationship with water management 

can make tree ordinances legally sound because trees and vegetation have been found to 

be some of the most cost-effective methods to meet EPA standards and goals for water 

management (18). 

There are many ways to protect natural areas on private land for the public good. 

Easements, donations, and leasing are all options. However it is important to note that a 

local government may not acquire land unless the acquisition is for a public purpose or 

public use (8). The courts would most likely invalidate the acquisition of property where 

the public purpose is only incidental or secondary to the private purpose. Local 

governments can encourage entities such as land trusts or land conservancies as a non

governmental mechanism for land acquisition (see Appendix B). 

The state can hold certain property in trust for the public. Typical lands under this trust 

are riparian buffers and wetlands. Private landowners can still hold the legal title to 

property containing public trust lands, but they hold such title subservient to the 

government's right to take action which is in the public's interest. Sarahan (60) states, 

"In some circumstances where public trust lands may be endangered by development, a 

landowner does not have the absolute right to change the essential natural character of the 

land so as to use it for a purpose for which it was unsuited for in its natural state." 

49 



With the increase of regulations and ordinances dealing with tree protection and open 

space conservation , the "takings" issue becomes more prevalent. Landowners have 

resorted to the Takings Clause of the Fifth Amendment to gain compensation for the lost 

value of their property (60). Ordinances that result in a large portion of the site being put 

off limits to development and other mandatory set asides are more likely to undergo legal 

scrutiny (18). 

In dealing with a typical "takings" case, the courts may look at: 1.) the economic and 

environmental value of the property; 2.) the nature of intended development; 3.) the 

scientific evidence supporting the restriction on development; and 4.) the extent of 

damage caused by the development, from both an individual and cumulative perspective 

(60). A court can then analyze the landowner's reasonable expectations with respect to 

his/her property and can more rationally weigh the landowner's interested in developing 

the property. 

Ordinances and regulations frequently require developers to donate funds for general 

open space acquisitions, parks, and other public amenities. Tree removal may call for 

equal tree replacement or donation fees that cover purchase and labor costs for the 

municipality to do the planting. Developers that cannot maintain minimum tree standards 

or open space requirements frequently have to make in-lieu cash contributions. On-site 

tree replacement or in-lieu cash contributions should be legally defensible to the extent 

that they are linked to the number, type, size, and other attributes of trees removed (18). 

50 



In response to the exactions and fees involved with· tree replacement and open space 

preservation, the courts have developed a test that requires that the conditions placed on a 

development be reasonably related to a need required by it. This is called the "rational 

nexus" relationship. A reasonable relationship must be shown to exist between the 

requirements and the actual fees and exactions. Recommended provisions of ordinances 

should not be used until the community's legal advisor has thoroughly researched the 

available enabling authority and relevant state statutes. 
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7. GREENWAYS 

INTRODUCTION 

Greenways or greenbelts are man-made or natural systems that serve a variety of 

functions including the linkage of natural areas. Greenways will typically follow 

landscape features ranging from rivers to abandoned rail road tracks. Greenways improve 

our quality of life by contributing to the infrastructure for our communities (19), and they 

may preserve wildlife corridors, riparian systems, and scenic and historic resources (30). 

According to American Greenways, a non-profit organization (pg. 145), no other 

conservation initiative provides so many ecological, economic, and quality of life benefits 

to the communities that create them than greenways (14). In 1989, there were an 

estimated 250+ green ways in the United States ( 64 ). By shaping and limiting urban 

growth, greenways can provide corridors for alternative transportation such as bicycles, 

thereby improving air quality through less reliance on the automobile. Gary Moll of 

American Forests states, "Green ways and natural areas are one of the positive quality 

indicators of the health of the urban forest" (38). 

GENERAL OBJECTIVES AND BENEFITS 

Whether greenways are created or part of a preservation plan, one of the most frequent 

objectives of a linked system is to link people to the natural world and provide outdoor 



recreation opportunities (14). Greenways can provide such diverse activities as walking, 

jogging, hiking, biking, and cross-country skiing. In conjunction with a river or stream, a 

riparian greenway may offer water recreation such as swimming, canoeing, fishing, and 

ice skating. Recreation opportunities are a frequent rallying point by the public for 

greenway creation. 

Greenways perform biological functions that may be the key objective of preservation 

initiatives along streams in urban areas. Greenways have shown themselves to be 

valuable as vegetative filters of non-point pollution from runoff along streams and 

moderators of air pollution and temperature extremes in cities (19). The filtering function 

is not limited to material dissolved in water; greenways can also trap eroded soil and thus 

prevent water pollution by soil nutrients, stream siltation, and soilborn pesticides and 

herbicides (69). 

As linked systems, the goal of a greenway may be to conserve at least a minimum amount 

of the full representation of a region's natural heritage. This initiative may protect 

enough of all the original habitat types of an area to assure continued survival of all plant 

and animal species that make up a regions biological diversity (69). This may be a 

difficult goal to achieve if there is either limited area to utilize and conserve, or only 

limited funding is available for proper management and maintenance. Greenway systems 

also provide wildlife habitat and species dispersal routes. Multiple movement corridors 
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and multiple areas of the same habitat type will tend to accommodate habitat change in 

recognition of the dynamic nature of landscape processes ( 69). 

WILDLIFE CORRIDORS 

Green ways are components of many current land use plans and the potential of these 

corridors to improve connectivity and function as wildlife corridors is readily apparent 

( 49). Greenways, when representing appropriate size and diversity of natural habitat, act 

as conduits or distribution corridors for plant seeds and native wildlife. Greenways 

should include a diversity of habitats including all stages of ecological succession ( 69), as 

many wildlife species and plant species are adapted or indigenous to particular stages of 

success10n. 

Noss (50) lists some of the major benefits of wildlife corridors in biological conservation 

as; 1.) providing dwelling habitat for plants and animals, 2.) serving as general conduits 

for movement, 3.) permitting daily and seasonal movements of animals, 4.) facilitating 

dispersal, gene flow between populations, and rescue of small populations from local 

extinction, and 5.) allowing long-distance range shifts of species, such as in response to 

climate change. 

In many cases forest ecosystems have become so fragmented by development that there 

are too few connections to allow species to travel freely between them. These wildlife 
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habitats have become isolated from each other by inhospitable land uses such as 

agriculture, roads, suburbs, and cities (64). Some species can adapt to certain 

modifications, but many species are sensitive and intolerant to interactions with 

development and urban functions. Noss ( 49) states, "A greenway interrupted by roads 

will fail to promote movement of many species and therefore is seriously compromised in 

its conservation functions." Disturbance can affect the habitat value of a greenway and 

the potential impacts of disturbance should be identified prior to any activity or 

development. 

RIPARIAN CORRIDORS 

With most communities in the United States being located near waterways, the effects of 

development and urbanization on these water elements is an important consideration. 

The impacts of human use and settlement near riparian corridors usually result in 

increased runoff, sedimentation, and pollution. The urban forest is an important part of 

the functionality in the riparian corridor with vegetation providing a buffer between urban 

uses and the water system. Vegetation in riparian corridors filters excess nutrients in 

groundwater through uptake before the runoff reaches streams or rivers (64), and reduces 

temperature extremes by shading the water surface in the summer (5). 

The benefits of riparian forests in urban areas need to be quantified in a manner similar 

to other urban forest benefit analyses. Riparian forests have not been given an adequate 

level of attention from urban foresters (23), even though they often make up the largest 
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contiguous tracts of forestland in urban regions (23). These corridors, while providing 

functional ecological benefits to the community, can also be incorporated into larger 

systems of greenways for purposes such as recreation and species diversity. Riparian 

forests, while occupying 4-5% of most landscapes, contain an overwhelming percentage 

of the biological diversity. Riparian corridors are also the focus of many land use and 

management issues (57). 

During initial examination and analysis of the riparian forest, many components and 

processes should be identified prior to the development or implementation of an 

appropriate management plan. Important considerations include soils, nutrient cycles, 

vegetation and animal communities, the physical structure of the stream, the nature and 

frequency of natural disturbances, and changes in the stream. and its corridor as a function 

of time (5). The physical nature of the stream may affect the selection of corridor width 

and other protective measures. Smaller stream networks typically comprise 85% of the 

total length of running waters and make up the majority of stream miles in a particular 

watershed (5). Protective measures should not only consider the larger streams but the 

smaller "starter" streams as well. A high level of protection for lower-order or starter 

streams will yield the greatest benefits for the stream network as a whole (5). 

Corridor width for riparian greenways will vary depending on the objectives of protection 

or preservation. Adequate widths are necessary to maintain natural flow processes, 

provide for sediment and nutrient filtration, and protect stream nodes (where two streams 
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meet). Another important consideration when determining corridor width is the location 

and impact of surrounding land uses on the integrity of the stream and riparian corridor 

(5). In many cases, riparian vegetation may not exist due to previous harvesting, 

agriculture, development, or other removal processes. 

During replanting efforts in the riparian zone, native species should be used whenever 

possible, while invasive exotics should be avoided and removed if they currently exist in 

the corridor. Reforesting riparian areas not only protects and improves water quality, but 

provides corridors of linkage that may connect larger blocks of fragmented forest (23). 

Consultation with appropriate professionals (engineers, foresters, horticulturists, etc.) 

prior to, during, and after any replanting efforts is essential in the sensitive process of 

riparian revegetation. Maintaining riparian trees and instituting replanting programs is a 

promising target for community action groups (57). 

PROPERTY BENEFITS 

As an amenity to community residents, a greenway provides a link from the home to 

nature. Whereas parks, while serving local residents, are fragments of nature used for 

recreation. Greenways provide a broader link to natural community resources and allow 

for the movement of people. Houses close to parks or other natural features are 

frequently more sought after than those further from the natural amenity. Many studies 

demonstrate that parks, greenways, and trails increase nearby property values (19). It has 
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been shown in Philadelphia that lots next to an open space area appreciate 9-23% more 

than those on the traditional grid (19). In Boulder, Colorado, it was found that housing 

prices declined by an average of $4.20 for each foot that a house was located away from a 

greenbelt (1975 dollars) (15). Correll (15) also found the aggregate property value for the 

study neighborhood along a greenway was approximately $5.4 million greater than it 

would be without the greenway, while the greenway cost the city $1.5 million .. Increased 

property values can increase local tax revenues and help offset greenway acquisition 

costs. 

GREENWAY PLANNING 

Understanding that two of the foremost goals in greenway creation are providing 

recreational opportunities and conserving nature, it is important to get strong initial 

support for the idea of a greenway. To broaden support for a connected system, we need 

to start thinking of greenways as important parts of our urban infrastructure (14). The 

first step in planning for greenways is to conduct an inventory and determine possible 

locations of greenways based on elements such as vegetation, geology, ecology, 

hydrology, topography, zoning, and land-ownership (14). Geographic Information 

Systems (GIS) technology is an efficient tool to accomplish an inventory and analysis of 

these elements. 



Because the economics of urban real estate favor development rather than open space, 

building green ways requires some difficult political decisions (3 7). Local citizens and 

their governments have the greatest impact on the development of greenways because 

most land use decisions are made at this level (14). Greenway plans are frequently more 

effective when integrated into other plans such as transportation plans, economic 

development plans, historic plans, and outdoor recreation plans (14). The public will be 

more apt to understand and support the initiative of a greenway if they are involved in all 

phases of the greenway plan development. Coleman (14) states, "For our urban 

landscape to thrive, public/private partnerships made up of concerned citizens, along with 

professionals and community leaders, must make a case for the physical, economic and 

social contributions of such programs as greenways to the city dweller." 

Ideally, each property within or adjacent to the greenway should be inventoried for 

ownership, management agency (if any), current use, general condition, recreation 

potential, development potential, current public access, zoning, and degree of protection 

(22). In the initial planning stages of the greenway, it may be realized that a large portion 

of the land under consideration is in private ownership. There are many ways of trying to 

utilize these lands through options ranging from outright purchase to easements ( see 

Appendix B). It is important to gather the support of landowners and residents that will 

be near the greenway or actually have the greenway or associated trails going through 

their lands. Fear of trespass, litter, arson, vandalism, crime, and lawsuits are typical 

concerns of these property owners (9). Communication and interaction with these 
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landowners through calls, letters, visits, meetings, and forums during the preliminary 

stages is essential. 

GREENWAY DESIGN 

When considering the design and arrangement of a greenway, the most important 

elements to consider are corridors. Corridors are the linear elements of the greenway that 

may vary in width as a result of physical constraints or management directives. Width, 

connectivity, and quality are the three most important variables of corridor structure (69). 

Width determines how much of the corridor will be exposed to edge effects or physical 

development. Connectivity is determined by the number of breaks or gaps as well as the 

severity of the breaks over a given length of the corridor. Quality, while depending on 

both width and connectivity, takes into account the structure, age, and content of the 

vegetation and its value as a function of design or management objectives. A very 

narrow greenway can make desirable functions such as wildlife movement, water 

purification, and recreation, more vulnerable to the influence of adjacent land uses (22). 

However, narrow greenways with lots of edge may be desirable in a design based on 

aesthetic views but in many cases are inadequate for other functions. 

Proper linkages can have a significant effect on energy flow, nutrient cycling, and the 

movement of materials and organisms in the landscape (69). A common design for a 

greenway is the satellite loop layout. The primary loop or collector encircles the core of 
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the community with radiating loops serving new develo~ments, outlying suburban 

neighborhoods, and adjacent rural communities. This layout is.efficient in serving both 

recreation and transportation needs (19). 

GREENWAY MANAGEMENT 

The intended uses and functions of the green way will direct appropriate management 

actions. Scale is a critical variable in creating and implementing management plans (1). 

It is important to identify the scope and scale of management activity. Will it encompass 

only recreational trails or is there a plan for developing successional stages of vegetation? 

In smaller systems or greenways, biodiversity may not even be a dominant or appropriate 

objective (1). Management plans need to address the issue of maintenance and possible 

enhancement of significant features such as critical areas important for endangered or 

threatened species habitat, water features, or intensive recreation areas. Managers need to 

be alert to changes in external circumstances that could affect the greenway resource such 

as adjacent land uses, population growth, or alternative types of recreational opportunities 

(66). Funding, both the amount and source, will tend to direct management activities 

towards priority areas. These areas need to be identified in advance as limited funding 

may spread a large amount of management and maintenance activities too thin in the 

absence of a plan. 
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8. CASE STUDY OF THE GREATER STEVENS POINT AREA 

BACKGROUND 

The Greater Stevens Point Area, with a population (1990 Census) of around 40,000, 

contains the City of Stevens Point, the Villages of Park Ridge, Whiting, and Plover and 

includes portions of the towns of Hull, Plover, Carson, Linwood, and Sharon (see Maps 

A and B). The extent of the study area was chosen because it incorporates the majority of 

urban development in that area, while including much of the surrounding undeveloped 

land, remnant forests, stream corridors, and other natural features in the rural fringe. 

The case study for the Greater Stevens Point Area looks at the benefits of tree canopy in 

developed urban areas. Specifically, energy savings as a result of tree shading was 

computed for the City of Stevens Point, Village of Park Ridge, Village of Whiting, and 

the Village of Plover. Stormwater flow rates as a function of soils, tree canopy, the 

amount of impervious surfacing, and other factors were computed for Stevens Point/Park 

Ridge. These analyses were accomplished by overlaying information in a Geographic 

Information System (GIS) and utilizing land cover layers developed by American Forests. 

The remainder of the case study looks at the remaining undeveloped lands surrounding 

the urban area. General cover type mapping for the Greater Stevens Point area was done 

in GIS and includes remaining undeveloped elements such as forests and agricultural 
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lands. A rural zoning layer was compiled as well. Undeveloped areas of spatial 

significance were identified and located through the combination of these layers. General 

recommendations are made based on general vegetation and current zoning patterns with 

suggestions to connect with the Green Circle Trail when planning for open space. 



9. CASE STUDY ENERGY SAVINGS 

CITY OF STEVENS POINT 

EcoStructures (the combination ofland use and land cover) for Stevens Point were 

compared with the same sampled Eco Structures in Milwaukee. The Village of Park 

Ridge was included in the Stevens Point analysis. Energy savings results from 

Milwaukee's residential EcoStructures were applied to the same EcoStructures in Stevens 

Point. Savings were directly applicable to roughly 50% of residential area in Stevens 

Point. Based on the number of acres in the same category as the sampled EcoStructures, 

the estimate for annual energy savings as a result of tree shade and lowered air

conditioning costs for 50% of the residential area in Stevens Point is $38,029. Note: 

Energy savings results are based on an average of $200/year per household spent on air 

conditioning in the study area. This average takes into account homes without air

conditioners. 

To account for the remaining residential EcoStructures in Stevens Point that could not be 

directly compared with Milwaukee data, conservative estimates were made by projecting 

savings per home in similar sampled EcoStructures in Milwaukee to the number of homes 

in Stevens Point as a function ofEcoStructure. The city-wide estimate for annual energy 

savings as a result of tree shade and lowered air-conditioning costs for all of the 

residential area in Stevens Point is $49,097. 
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DISCUSSION 

Stevens Point has a diverse distribution of trees that represent a wide range of ages and 

species. Many of the larger trees are located on private property. The contribution of 

public trees along streets and in parks along with private trees creates varying degrees of 

canopy coverage across the city. See Map I for a general view of tree canopy expressed 

in percentages for Stevens Point. 

The majority ofresidential areas in Stevens Point currently have between 21 and 40% 

tree canopy coverage (medium). A few residential areas have heavy coverage of 41 to 

60%. These areas are dominated by large, mature specimens. A small portion of 

residential areas have light canopy (5-20%) or less. 

The energy savings results for Stevens Point are directly associated with the urban forest 

structure (location and size of trees). Many opportunities exist on both private and public 

lands for additional tree planting. By considering optimal energy savings in species 

selection and planting location, energy savings will increase. Although infrastructure 

such as sidewalks, streets, utilities, etc. may limit the number of planting locations, 

efforts should be made to maximize planting in optimal locations across Stevens Point 

particularly in those areas with light (6-20%) or very light (0-5%) tree canopy coverage. 



Tree canopy varies widely across other land uses in the city. Many commercial and 

institutional lands are dominated by impervious surfacing and have little space for tree 

planting. Energy savings for land uses other than residential areas are difficult to 

quantify due to variations in building structure, summer energy-use patterns, and the lack 

of applicable data. However, the majority of land use in Stevens Point is residential, 

therefore directing energy-efficient tree planting in residential areas will have a direct and 

measurable effect on summer energy-use. 

RECOMMENDATIONS 

Effort should be made to maintain a healthy street tree population in Stevens Point, and 

where space is available, planting should receive high priority in areas with light (6-20%) 

or very light (0-5%) canopy. Although street trees may not be in optimal locations for 

direct tree shade on structures, they contribute to the overall tree canopy of the city which 

collectively provides functions such as pollutant filtration, stormwater alleviation, and the 

reduction of mesoclimate temperatures through evapotranspirative cooling. Tree 

canopies also slow windspeed and lower winter heating costs. Tree removals should be 

replaced and diversity in age and species of the public tree population should be 

maintained. Stevens Point has a street tree population of 6,233 trees and 2,780 vacant 

tree spaces. Full stocking of these spaces should be a community goal, however, funding 

for adequate maintenance for an increasing number of street trees will be necessary. 



Tree planting by the private homeowner should be encouraged as an energy saving 

measure, and for their contribution to overall community well-being. The areas in 

Stevens Point that have light and very light canopy have the highest tree planting 

potential on private lands. Planting initiatives should be done in conjunction with 

educational programs on proper planting techniques, species selection, tree placement, 

and post-planting tree care. 

Public education on the benefits of trees and their contributions to the community should 

be initiated. With increased awareness of tree benefits comes the potential for increased 

planting on both a municipal and individual scale. All the benefits of trees described 

previously will increase with the increase of the collective urban forest canopy. 

VILLAGE OF PLOVER 

Annual energy saving estimates based on the comparison of sampled EcoStructures from 

Milwaukee to the same EcoStructures in Plover are $6,601. However, Plover has a wide 

range of Eco Structures and only a small amount of data from Milwaukee could be applied 

to residential areas in the Village of Plover. 

Data from similar EcoStructures in Milwaukee was projected as a savings amount per 

home for the remaining residential areas in Plover. The total annual energy savings as a 
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function of tree shade and lowered air conditioning bills for the Village of Plover is 

$65,931. 

DISCUSSION 

The City of Stevens Point and the Village of Plover have many similar EcoStructures. 

However, the size and distribution of tree canopy over both towns is quite different. 

Plover has many new developments going into existing woodlands. Many of these new 

residential areas retain much of the original tree cover and have heavy canopy ( 41-60%) 

cover. 

Preservation of trees in new developments, besides improving market value and 

aesthetics, maintains a tree canopy structure well-suited for summer shading and 

subsequent energy savings. However, with many of these developments occurring in 

pine plantations and coniferous woodlands, the shade from these trees is year-round and 

may subsequently increase heating bills in winter. 

Many older neighborhoods in the Village of Plover have medium (21-40%) tree canopy 

cover. New residential developments in Plover have either a heavy canopy (41-60%), as 

in the case of wooded lots, or have light canopy (6-20%) because of development on 

former agriculture lands. Dynamic commercial growth in the Village of Plover has 

created large areas of pavement dominated by buildings and stores. Extremes in tree 



canopy exist across land uses in Plover. Areas with very light (0-5%) and light canopy 

(6-20%) are identified as potential planting priorities. 

RECOMMENDATIONS 

Public planting efforts should be directed towards residential areas with very light or light 

canopy. Homeowners can be encouraged to plant private trees in these areas with 

education on proper planting specifications and species selection. Plover has a computer 

database (ARC/INFO) delineating street trees by location and species throughout the 

village. This database, along with field assessments, can be used to locate vacant spaces 

for street tree planting. Management efforts should be directed towards maintaining a 

public (street and park) tree population that is diverse in both species and age. New 

planting should replace the previous year's removals with additional trees planted to 

augment the existing population. Appendix H contains recommendations from the 

Portage County Planning and Zoning Department for the Village of Plover regarding the 

preservation and enhancement of natural resources in the community. 

Development in wooded lots needs to be sensitive to the integrity of the existing 

woodland. Tree wounding, soil compaction, and other construction activities that 

negatively affect the health of existing trees should be minimized. The retention of trees 

on wooded sites should focus on healthy trees that are not an existing or potential hazard 

to life and property. Development regulations and tree ordinances are needed to 
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adequately protect existing vegetation during construction. Oak wilt has killed numerous 

oaks throughout the Village. Developers should avoid injuring oaks because wounds are 

often the sites for new oak wilt infections by the disease. See Appendices D and E for 

information on oak wilt and a model oak wilt ordinance. 

VILLAGE OF WHITING 

Applying Milwaukee sampling data to the EcoStructures in Whiting indicates an annual 

energy savings of$7,859 in residential areas. Extrapolating data from Milwaukee for the 

remaining residential EcoStructures in Whiting as a function of savings per home brings 

the total annual energy savings as a result of tree shade and lowered air-conditioning 

costs to $11,831. 

DISCUSSION 

The Village of Whiting contains a large amount of undeveloped land, much of which is 

forested. Residential areas typically have a medium canopy (21-40% ). There are many 

available planting spaces along the streets of Whiting, particularly in commercial areas. 

Private lands in residential areas offer increased tree planting opportunities. Increased 

urban forest benefits will accrue with increased planting efforts. 
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RECOMMEND A TIO NS 

Residential areas appear to have an established canopy. However, "pockets" of open 

areas with light canopy provide opportunities for tree planting. With many of the streets 

lacking curbs, new trees planted near the streets should be able to withstand winter salts, 

compaction, and other stresses. Species and age diversity should be a goal when 

developing the urban forest in Whiting. 

Natural areas of significance in the remaining undeveloped and conservancy lands should 

be identified and measures to preserve and protect these resources initiated. Natural areas 

along waterways should be maintained as functional riparian corridors that buffer 

developed areas from these sensitive waterways. 

CONCLUSIONS 

The total annual energy savings for all three communities as a result of tree shade and 

lowered air-conditioning costs is $126,859. It is important to note that the cooling effects 

of evapotranspiration are not included in these energy savings figures. McPherson (63) 

has determined that the cooling effect of the transpiration of water by trees in residential 

environments provides energy savings of "the same magnitude" as direct tree shade by 

collectively lowering overall air temperatures. Evapotranspiration savings are typically 
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applied to large cities where there is a more prevalent "urban heat island." Savings are 

likely less in smaller communities where there is less of a "heat island." 

Maps E, F, and G show areas of varying tree canopy cover over developed lands in the 

study area. The potential for tree planting is great on all these areas, especially in 

neighborhoods with very light (0-5%) or light (6-20%) canopy. Increased funding for the 

planting and subsequent maintenance of new public trees, along with the care of existing 

public trees, will add to community benefits derived from urban trees. Encouraging 

citizens to plant more yard trees will add even greater benefits to the community, as there 

is more space for trees on private land. 

Undeveloped forestland within the urban confines of the study area should be examined 

and any significant natural areas identified for possible future open space. Development 

that occurs on remaining forested areas should be done with minimal impact on nearby 

waterways, and efforts should be made to retain tree canopy. 

Public outreach programs should relay the benefits of tree planting to the homeowner and 

should provide technical assistance with tree selection, planting, and care. Private 

property in the study area has the greatest potential for tree planting, hence, the public 

must be educated concerning the need for trees through programs, classes, seminars, and 

pubic events like Arbor Day. 
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10. CASE STUDY - STORMWATER REDUCTION 

CITY OF STEVENS POINT 

American Forests completed the stormwater analysis for Stevens Point using 

precipitation information, hydrologic soil groupings, and land cover classes. The 

precipitation data of a 2-year, 24 hour storm event averages 2.6" of rainfall in the Stevens 

Point area; this rainfall amount was used in the analysis. The Portage County Soil Survey 

was used to categorize Stevens Point soils according to their hydrological features (four 

classes ranging from sandy to clay soil). Land cover classes were the same as those 

utilized in the energy savings analysis (tree canopy%, grass/herbaceous%, and% of 

impervious surface). 

Results of the analysis indicate the percentage of rainfall that will flow off the site after 

initial abstraction (absorption of the water into the ground) as a function of the factors 

listed above. These runoff percentages, categorized by American Forests, were grouped 

into the following: 

VERY LIGHT FLOW 
LIGHT FLOW 
MEDIUM FLOW 
MEDIUM-REA VY FLOW 
HEAVY FLOW 
INTENSE FLOW 
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0-5% 
6-20% 
21-40% 
41-60% 
61-80% 
81-100% 



Runoff abatement was calculated for most of Stevens Point, but since soil information 

was not available for the entire city there are gaps in the data (see Map H). The varying 

degrees of runoff percentages across the City of Stevens Point are depicted in Map K. 

The six categories of stormwater percentages comprised the following amount of area in 

Stevens Point and the relative percentage of the total area: 

CATEGORY ACREAGE PERCENTAGE 
VERY LIGHT FLOW 2464.74 ac. 30% 
LIGHT FLOW 2616.94 ac. 32% 
MEDIUM FLOW 1682.44 ac. 21% 
MEDIUM-REA VY FLOW 941.86 ac. 11% 
HEAVY FLOW 400.38 ac. 5% 
INTENSE FLOW 107.68 ac. 1% 

8214.04 total acres 

Considering simply hydrologic soil factors, the majority of VERY LIGHT FLOW was 

found on Group A soils, which all have high sand content. Additionally, the majority of 

INTENSE and HEAVY FLOWS were found on Group D soils which have high clay 

content ( see Appendix J) or have a high water table. 

A storm delivering 2.6" of rain over the entire area of Stevens Point equals 70,601 

gallons per acre (gpa) of water. The following breakdown indicates the total gallons of 

storm water runoff for each category and the overall study area: 

CATEGORY 
VERY LIGHT (0-5%) 
LIGHT (6-20%) 
MEDIUM (21-40%) 
MEDIUM/HVY ( 41-60%) 
HEAVY (61-80%) 
INTENSE (81-100%) 

AVERAGE GPA 
731 
6269 
20,209 
32,123 
50,340 
61,089 

TOTAL: 
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TOTAL GALLONS 
1,800,809 
16,404,925 
34,000,169 
30,261,658 
20,154,882 
6,578,192 
109,200,637 GALLONS 



percentages were directly influenced by the amount of impervious surfacing, tree canopy 

cover, grass/herbaceous cover, and the hydrologic properties of the local soils. 

RECOMMENDATIONS 

The two factors that affect stormwater flow rates directly are the amounts of impervious 

surfacing and the percentage of tree canopy cover. These factors can be reduced, 

increased, or otherwise manipulated to minimize stormwater runoff. Tree canopy 

intercepts rainfall and lessens the amount of water contributed to storm sewers and 

waterways during a storm event. Increasing canopy in those areas with the highest 

proportion of runoff will help alleviate initial stormwater contributions. Although only 

6% of Stevens Point has heavy or intense stormwater runoff, these areas account for 24% 

of the city's total stormwater runoff volume. Planting efforts should be directed towards 

these areas. Incorporating trees into parking lots, along streets, and next to buildings will 

help contribute to stormwater alleviation in Stevens Point. 

Areas with light and medium flow rates have the potential to lower flow percentages 

through increased planting of trees on both public and private property. Street trees, with 

much of their canopy over sidewalks and streets, are vital in planting efforts with the goal 

of stormwater alleviation. Increased canopy cover in Stevens Point, directed in optimal 

locations, will have a direct, positive impact on the alleviation of stormwater flow in the 
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city. Increased impervious surfaces through additional development or the removal of 

trees will have a direct impact with additional stormwater runoff in the city. 

Existing areas of tree canopy cover should be maintained and improved where possible. 

Large undeveloped areas, such as forests corridors and forest remnants, collect and 

absorb a large amount of rainfall that would otherwise contribute directly to stormwater 

runoff. New commercial and industrial developments should incorporate tree planting, 

particularly in parking lots and along new streets, while preserving as much original tree 

canopy as is feasible. Minimizing and controlling the amount of exposed impervious 

surfacing, in addition to active planting throughout the city will decrease stormwater 

runoff. 
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11. CASE STUDY - OPEN SPACE ANALYSIS 

LAND USE/ LAND COVER LA YER 

The Greater Stevens Point Area (GSPA) was classified into nineteen land tise / land cover 

categories through the on-screen digitizing of 1992 orthophotos of the study site. This 

layer shows the distribution of natural resources and urban development throughout the 

55,000 acres of the GSPA. Map L depicts these categories ofland cover/ land use. The 

percentage of the GSP A that each category comprises are as follows: 

CLASSIFICATION % ACREAGE 
RESIDENTIAL 12.0% 6600 ac. 
MOBILE HOME PARK .40% 220 ac. 
COMMERCIAL 1.5% 825 ac. 
INDUSTRIAL 1.8% 990 ac. 
INSTITUTIONAL .75% 413 ac. 
RECREATIONAL 1.0% 550 ac. 
CEMETERIES .17% 935 ac. 
UTILITIES .03% 16.5 ac. 
DECIDUOUS FOREST 12.0% 6600 ac. 
CONIFEROUS FOREST 5.6% 3080 ac. 
MIXED FOREST 12.4% 6820 ac. 
PINE PLANTATION 3.9% 2145 ac. 
FORESTED WETLAND 3.3% 1815 ac. 
MARSHLAND 1.7% 935 ac. 
WATER 8.4% 4620 ac. 
AGRICULTURE 24.1% 13,255 ac. 
GRASS/BRUSHLAND/ 
UNDEVELOPED 6.8% 3740 ac. 
ROADS/AIR TRANSPORT 4.2% 2310 ac. 

Grouping these classifications into broader categories, the GSP A is composed of the 

following four general land cover groups: 
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GROUPS % ACREAGE 
DEVELOPED LAND 20.7% 11,385 ac. 
UNDEVELOPED LAND* 46.8% 25,740 ac. 
AGRICULTURE 24.1% 13,255 ac. 
WATER 8.4% 4620 ac. 
* Undeveloped land includes forests, marshland, & brush/grassland. 

Land use within the municipal limits of Stevens Point, Park Ridge, Plover, and Whiting is 

generalized over block areas. Land use in rural areas is based on existing cover, not 

ownership or zoning. For instance, a 5 acre wooded house lot may be zoned residential, 

however, the land use / land cover layer would delineate the open area around the house 

as residential with the remaining woodland being classified as undeveloped forest. 

Information on land use and land ownership patterns can be obtained from the Portage 

County Planning and Zoning Department. 

RURAL ZONING LAYER 

The land use / land cover layer described above was combined with rural zoning 

information for the GSPA (see Map J). The rural zoning excludes the urban areas of 

Stevens Point, Park Ridge, Plover, and Whiting. Zoning categories and their relative 

percentage of the GSP A are: 

SINGLE-FAMILY RESIDENTIAL 
1 & 2 FAMILY RESIDENTIAL 
MULTI-FAMILY RESIDENTIAL 
COMMERCIAL 
HIGHWAY COMMERCIAL 
NEIGHBORHOOD COMMERCIAL 
INDUSTRIAL 
RURAL/URBAN FRINGE 
CONSERVANCY 

70 

7.0% 
.04% 
.90% 
.60% 
.70% 
.10% 
1.1% 
.40% 
14.2% 



EXCLUSIVE AGRICULTURE 
AGRICULTURE 
TRANSITIONAL AGRICULTURE 

11.7% 
28.7% 
.20% 

The remaining 34.3% of the GSPA is covered by water and the City of Stevens Point, and 

the Villages of Plover, Park Ridge, and Whiting. See Appendix C for a summary of the 

accepted uses and special exceptions for these zoning categories. Conservancy zoning 

protects an area of over 7800 acres, located primarily along waterways. The area 

collectively zoned in the three classes of agriculture encompasses 22,330 acres. 

OPEN SPACE LA YER 

The combination of the land use / land cover layer with the rural zoning layer created the 

open space layer which contains information from both original layers. Priority lands are 

identified on this layer ( see Map M) based on specific zoning and land cover criteria. 

The term "priority lands" refers to rural areas that are currently undeveloped (grasslands, 

wetlands, and forests) that, along with their current zoning, makes them important to 

consider for protection, preservation, and/or conservation as development spreads into the 

urban/rural fringe. The priority lands fall into the following classes: 

LAND COVER 
Deciduous Forestland 
Coniferous Forestland 
Mixed Forestland 
Pine Plantations 
Forested Wetland 
Marshland 
Grassland/Brushland/Undeveloped 
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RURAL ZONING CATEGORIES 
Conservancy (CON) 
Exclusive Agriculture (Al) 
Agriculture (A) 



The priority areas include all of the above land cover classes with the three rural zoning 

categories. This Open Space Priority Layer contains the additional elements of 

parks/cemeteries/golf courses, water, and the road network. These elements are 

important for seeing the distribution of priority lands and their existing spatial 

relationship to roads, rivers, and existing open space areas in and around urban 

development. 

THE GREEN CIRCLE TRAIL 

The Green Circle Trail is a 24 mile recreation trail that circles through the Greater 

Stevens Point Area. Some of the trail follows streets and pavement but much of the trail 

goes through natural areas such as forests, parks, and along waterways. The main loop of 

the Green Circle goes north of Stevens Point near the airport and circles southward along 

the Wisconsin River into Whiting. A linear element along Hoover A venue connects the 

Village of Plover to the trail (see Map N). The trail is actively used for hiking, bicycling, 

jogging, cross-country skiing, and for other recreation by residents. 

One of the mission statements for the Green Circle Trail is that, "It is designed to link 

green areas that surround the greater Stevens Point community and to connect with trails 

in Plover, Whiting, Hull, and neighboring areas." With the increase in residential 

development along the outskirts of Stevens Point, Plover, and Whiting, the recreational 

needs of the increasing population must be considered. Links to the Green Circle Trail 
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from surrounding areas and developments would provide access for new residents while 

increasing the amount of open space and natural areas necessary for an increasing 

population. 

Proximity of remaining green space in the Greater Stevens Point area to the Green Circle 

trail should be an important consideration when making general recommendations for 

future acquisition or preservation. Preservation of open space in such a manner that 

allows for immediate or future linkage with the Green Circle Trail will allow for a 

contiguous network of natural areas that protects biodiversity and wildlife habitat while 

providing an important recreational asset to the community. 

GREEN CIRCLE TRAIL /ADJACENT RESOURCE LA YER 

The existing Green Circle Trail is an important community-wide, recreational trail system 

that winds through a variety of natural areas. This layer (see Map N) shows the 

distribution of green space around the GSP A and the proximity of undeveloped lands to 

the Green Circle Trail. These natural areas are delineated based on land cover 

characteristics, irrespective of land-ownership. This map, while delineating the types of 

areas that the Green Circle Trail goes through, also shows the size and locations of 

additional green/open space adjacent to the trail. As development continues throughout 

the GSPA, the potential for linkages to the Green Circle Trail can be examined by 

looking at these undeveloped areas. 



DISCUSSION 

Open space analysis for the GSP A indicate that there is large portion of undeveloped land 

in the study area (46.8%), which does not include agriculture (24.1%). However, much 

development is occurring on undeveloped lands beyond the urban area as can be seen in 

Map L. The population of the GSPA has been growing steadily since the 1950s. Table 1 

(pg. 143) contains past population data as well as future population projections for the 

area. Much of this expected population growth will continue to sprawl into surrounding 

undeveloped lands. 

Assessing open space resources in the GSP A is important as development continues into 

the urban/rural fringe. The map products of this case study can be utilized in planning 

recommendations and decisions. Remaining open space within the urban zone should be 

considered as possible future parks and recreation areas, while key green space outside of 

municipal boundaries should be identified and considered for acquisition. 

RECOMMENDATIONS 

As development continues in the GSP A, priority areas (Map M) should receive special 

attention as natural elements that may require some level of protection as development 

continues to spread. Conservancy lands buffer many of the river corridors in the GSP A 

and this protection should be maintained. Priority lands in areas zoned as agriculture and 



exclusive agriculture should be considered for protection where appropriate. Future 

habitat classification of forestland and green spaces may locate significant areas for 

endangered species and rare ecosystem protection. 

Priority lands in agricultural zones lie between many conservancy lands and may provide 

future linkages for both recreational purposes, open space preservation, and linkages to 

the Green Circle Trail. Development in natural areas should be sensitive to maintaining 

larger tracts of open space that protect diverse plant and wildlife habitat as well as areas 

of recreation for a growing population. Existing parks and public green spaces should be 

used as nodes that are connected by new trails and greenways. Greenways attaching to 

the existing Green Circle will preserve green space, protect riparian areas, and will 

provide diverse recreational opportunities and other urban forest benefits for the 

community. 

As residential development continues in forested areas, ordinances that protect individual 

specimen trees, significant tree stands, riparian vegetation, and allow for the inclusion of 

adequate open space should be considered. Cluster zoning is an option that will allow for 

the original housing density but concentrates development on the site, thereby providing 

more open space. Other regulatory actions can be found in Appendix B. Special 

consideration should be given to developments occurring in oak woodlands. The 

potential for oak wilt infections can be minimized through monitored construction 

activities and ordinances (see Appendices D and E). 
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12. CASE STUDY - CONCLUSIONS 

The planning model developed in this report assesses the benefits and distribution of trees 

in urban areas and identifies remaining green space in adjacent undeveloped lands. The 

specific results and map products can be used by planners, county/municipal park 

officials, city and village managers, and other interested parties to gain insight into the 

current distribution of trees and natural systems throughout the study area. 

In completing this study, the information obtained and options created are: 

• An inventory of existing open space and natural systems in the Greater Stevens Point 
Area with tree canopy distributions of the urban forest in Stevens Point, Park Ridge, 
Plover, Whiting. 

• A realization that, although we are dealing with separate political entities, we are 
dealing with one community. 

• An opportunity to address open space as a community-wide issue and to develop a 
system of open space linked with greenways. The Green Circle Trail can be the start 
of a community-wide effort that can provide social, recreational, and ecologic values 
of the urban forest to the citizens of the GSP A. 

• An opportunity within communities to plant trees to increase urban forest canopy in 
developed areas and to protect existing canopy as development occurs in woodlands. 

In considering the implications of this study, the citizens of the GSPA can use the 

information gathered to: 

• Develop a connected system of open space for all of the residents in the Greater 
Stevens Point Area. 

• Maximize the ecologic values of urban canopy in reducing energy costs and 
stormwater runoff by planting more trees. 
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• Increase the aesthetic value of our communities through tree preservation and 
protection. 

• Use the Green Circle Trail as the focus for an expanded system of open space that 
will serve the interests of citizens well into the next century. 

If the community accepts these goals, the following actions can be taken: 

• Identification and subsequent acquisition of key parcels of undeveloped land for parks 
and greenways for the preservation of future open space. 

• Review of current zoning and subdivision ordinances to determine the adequacy of 
restrictions and regulations regarding development and densities ( cluster zoning and 
other planning techniques can be used to preserve open space during development). 

• Focus on planting and maintaining trees in street corridors and in other public spaces 
to help maximize community benefits associated with the urban forest. 

• Encourage residents to plant trees and provide them with education on planting, 
placement, and maintenance of trees to provide increased energy savings and 
stormwater alleviation. 

• Adopt either a community based or county-wide oak wilt ordinance to protect oak 
trees and oak forests. 

• Enact tree protection ordinances for new developments to protect tree resources and 
to conserve tree canopy in these areas. 

The Greater Stevens Point Area is a rapidly growing community that still has a large base 

of undeveloped areas, including forests, wetlands, grasslands, and other natural lands. 

Opportunities exist for a coordinated effort to guide development and to take advantage 

of all the social and ecologic functions available from the urban forest. In the not too 

distant future, much of this opportunity will be lost. 
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TREE SPECIES 

Small ( <20 feet) 

Hawthorn, Cockspur 
Hawthorn, Dotted 
Lilac, Japanese Tree 
Maple, Amur 
Redbud 
Smoketree, Common 
Crabapples 

Medium (20-40 feet) 

Corktree, Amur 
Linden, Littleleaf 
Maple, Hedge 
Pagodatree,Japanese 
Poplar, Quaking Aspen 
Yellowwood 

Large (>40 feet) 

Ash, Green 
Ash, White 
Coffeetree, Kentucky 
Ginkgo 
Hackberry, Common 
Honeylocust, Thomless 
Larch, European 
Maple, Black 
Maple, Norway 
Persimmon,Common 
Redwood, Dawn 
Sourgum 

SOLAR FRIENDLY TREES 

SOLAR FRIENDLY 

C. crusgalli 
C. punctata 
Syringa reticulata 
Acer ginnala 
Cercis canadensis 
Cotinus coggygria 
Malussp. 

Phellodendron amurense 
Tilia cordata 
Acer campestre 
Sophora, japonica 
Populus tremuloides 
Cladrastis lutea 

F. pennsylvanica 
F. americana 
Gymnoc/adus dioica 
Ginkgo bi/oba 
Ce/tis occidenta/is 
Gleditsia triacanthos inermis 
Larix decidua 
Acer nigrum 
Acer platanoides 
Diospyros virginiana 
Metasequoia glyptostroboides 
Nyssa sylvatica 

YES 
YES 
YES 
VARIABLE 
YES 
YES 
VARIABLE 

YES 
VARIABLE 
VARIABLE 
YES 
YES 
YES 

YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 

SOURCE: McPherson, E.G., D.J. Nowak, and R.A. Rowntree. eds. 1994. Chicago's 
urban forest ecosystem: Results of the Chicago Urban Forest 
Climate Project. USDA For. Serv. Gen. Tech. Rep. NE-186. 
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APPENDIXB 

GOVERNMENT AND NONPROFIT 
OPEN SPACE ACQUISITION/PROTECTION TECHNIQUES 

SOURCE: Regional Plan Association. 1990. Tools and strategies: 
Protecting the landscape and shaping growth. The 
Open Space Imperative #3. 40 p. 



GOVERNMENT AND NONPROFIT OPEN SP ACE ACQUISITION 

NONPROFIT PURCHASE AND OWNERSHIP ENTITY OPTIONS 

TECHNIQUES 
Nonprofit acquisition/ 
conveyance to public agency 

Nonprofit acquisition/ 
conveyance to land trust 

Nonprofit acquisition/ 
management 

Nonprofit acquisition/ 
saleback or leaseback 

EXPLANATION 
Nonprofit can help to implement 
government programs by acquiring and 
holding land until a public agency is 
able to purchase. 

National or regional nonprofit can 
acquire and hold land until a local land 
trust has been established or is able 
to finance acquisition. 

National or regional nonprofit or local 
land trust retains ownership and assumes 
management responsibilities. 

Nonprofit can purchase property, limit 
future development through restrictive 
easements or covenants, and resell or 
lease back part or all of property. May 
involve subdivision of property. 

TYPE OF OWNERSHIP OPTIONS 

Fee simple Outright purchase of full title to land 
and all rights associated with land. 

ADVANTAGES 
Nonprofit can enter real estate market 
more easily than government and can 
sell to gov't at under fair market value 
if acquired through a bargain sale. 

Nonprofit can finance an immediate 
acquisition and hold property until a 
land trust has been established or has 
acquired funds. 

Local land trusts allow for ownership 
within the community; local citizens 
can provide reasonable care and 
management of site. 

Acquisition is financed by resale or 
leaseback. Resale at less than fair 
market value makes land affordable 
to buyer. Sale can finance preservation 
for part of site. 

Owner has full control of land. Allows 
for permanent protection and public 
access. 
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DISADVANTAGES 
Must have a public agency 
willing and able to buy 
within reasonable time frame. 

If a land trust does not exist, a 
community must establish one. 
Land trust needs support, funding, 
and the ability to manage land. 

Land must fit criteria of acquiring 
organization. It must be prepared to 
assume long-term management and 
responsibilities and costs. 

Complex negotiations. A leaseback 
means the nonprofit retains 
responsibility for land. 

Acquisition can be costly. Removes 
land from tax base. Ownership 
responsibility includes liability and 
maintenance. 



TECHNIQUES 
Conservation easement/ 
development rights 

Fee simple/ 
leaseback 

Lease 

Undivided interest 

EXPLANATION 
Partial interest in property transferred 
to nonprofit or government entity by 
gift or purchase. As ownership changes, 
the land remains subject to the ease
ment restrictions. 

Purchase of full title and leaseback to 
previous owner or other, subject to 
restrictions. 

Short or long-term rental of land. 

Ownership is split between different 
owners, with each fractional interest 
extending over the whole parcel. Each 
owner has equal rights to entire property. 

TRANSFER OF TITLE OPTIONS 

Fair market value sale 

Bargain sale 

Land is sold at a price equivalent to its 
value at highest and best use. 

Part donation/part sale - property is sold 
at less than fair market value. 

ADVANTAGES 
Less expensive for purchasers than fee 
simple. Landowner retains ownership 
and property remains on tax rolls, often 
at a lower rate because of restricted use. 
Easement may allow for some develop
ment. Potential income and estate tax 
benefits from donation. 

Allows for comprehensive preservation 
program of land banking. Income through 
leaseback. Liability and management 
responsibilities assigned to leasee. 

Low cost for use of land. Landowner 
receives income and retains control of 
property. 

Prevents one owner from acting without 
the consent of the other(s). 

Highest sale income (cash inflow) to 
.the seller. 

Tax benefits to seller since difference 
between fair market value and sale price 
is considered a charitable contribution. 
Smaller capital gains tax. 
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DISADVANTAGES 
Public access allowed only upon 
landowner approval. Easement 
must be enforced. Restricted use 
may lower resale value. 

Leaseback would not necessarily 
provide public access. Land must 
be appropriate for leaseback. 

Lease does not provide equity and 
affords only limited control of 
property. Temporary nature of 
lease does not assure protection. 

Several landowners can complicate 
property management issues, 
especially payment of taxes. 

Can be expensive to acquire. 

Seller must be willing to sell at less 
than fair market value. Bargain sale 
price may be high. 



TECHNIQUES 
Outright donation 

Other donation 

Land exchange 

Eminent domain 
(Government) 

Tax foreclosure 
(Government) 

Agency transfer 
(Government) 

Restricted auction 
(Government) 

EXPLANATION 
A donation by landowner of all or 
partial interest in property. 

By Devise: Landowner retains owner
ship until death. 
Reserved Life Estate: Landowner 
donated during lifetime but has lifetime 
use. 

Public agencies or nonprofits can 
exchange developable land for land 
with high conservation value. 

The right of the government to take 
private property for public purpose 
upon payment of just compensation. 

Government acquires land by tax 
payment default. 

Certain government agencies may have 
surplus property inappropriate for their 
needs which could be transferred to 
another agency for park use. 

ADVANTAGES 
Allows for permanent protection with
out direct public expenditure. Tax 
benefits to seller because fair market 
value is considered charitable contribution. 

Management responsibility for acquiring 
entity often deferred until donor's death. 
(Reserved Life Estate: Landowner retains 
use but receives tax benefits from 
donation). 

Relatively cost-free technique if trade 
parcel is donated. Reduces capital gains 
tax for original owner of protected land. 

Provides government with a tool to 
acquire desired properties if other 
acquisition techniques are not workable. 

Limited government expenditure. 

Agency transfer eliminates the need 
for any expenditure on parkland 
acquisition. 

Government can restrict the future use of Property still sold to highest bidder but 
their sale property to open space. restriction lowers price and competition. 
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DISADVANTAGES 
A receiving agency must be 
willing to accept donation and be 
capable of management. 

Date of acquisition is uncertain 
with either option. (By Devise: 
Donor does not benefit from 
income tax deductions). 

Property owner must be willing to 
accept exchange. Property must be 
of comparable value. Complicated 
and time-consuming transaction. 

High acquisition costs. Can result 
in speculation on target properties. 
Potentially expensive and time
consuming litigation. 

Land acquired might not be accept
able for public open space but can 
be sold to provide funds for later 
acquisition. Cumbersome process. 

Surplus property available may not 
be appropriate for park use but may 
be sold to generate revenues. 

May be difficult to convince gov't 
that restriction serves public. Price 
may still be expensive. 



NONPROFIT FINANCING OPTIONS 

TECHNIQUES 
Institutional lender 

Installment sale 

Fundraising 

Revolving funds/ 
loans or grants 

Partial development/ 
saleback or lease 

EXPLANATION 
Conventional loan from bank or 
savings and loan. 

Allows buyer to pay for property over 
time. 

Through foundations, corporations, and 
local community. Program-related invest
ments can provide low-interest loans for 
acquisition. 

A public or private organization makes 
grants to localities or nonprofits for land 
acquisition based on a project's revenue
generating potential. 

A nonprofit can purchase property, limit 
future development through restrictive 
covenants, and resell or lease back part 
or all of property. 

GOVERNMENT FINANCING OPTIONS 

General fund appropriation Appropriation from general state or 
local government fund. 

ADVANTAGES 
Less time-consuming process than 
fundraising. 

If seller-financed, can lower taxes for 
seller. Buyer can negotiate better sale 
terms (lower interest rates). 

Fundraising creates publicity and support 
through community. 

Encourages projects with revenue
generating potential. 

Acquisition is financed by resale or 
leaseback. Resale at less than fair market 
value makes land affordable for buyer. 
Sale can finance preservation for part of 
site. 

A voids interest and debt service cost. 
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DISADVANTAGES 
Long-term financial commitment 
for nonprofit. Higher interest costs 
than owner financing. 

Long-term financial commitment 
for nonprofit. Mortgage lien. 

Obtaining grants and contributions 
is a long, uncertain, and time
consuming process. 

Projects with low revenue
generating potential have lower 
priority. 

Complex negotiations. If lease
back, nonprofit retains respon
sibility for land. Finding buyer 
for restricted property may be 
difficult. 

Unpredictability of budget alloca
tions. Might not provide sufficient 
funds and competes with other 
programs. 



TECHNIQUES 
Bond act 

Land and water 
conservation fund 

State grant/ 
low interest loans 

Real estate transfer tax 

Land gains tax 

Payment in lieu 
of dedication 

Special assessment district 

EXPLANATION 
Borrowing money through issuance of 
bonds is a common way to provide funds 
for open space. Usually approved through 
statewide or local referendum. 

Federal funds are provided to local 
governments on a 50-50 matching basis 
for acquisition and development of 
outdoor recreation areas. 

States can provide matching grants or 
low interest loans for municipalities to 
acquire open space. 

Acquisition funds obtained from a tax 
on property transfers, which is a small 
percentage of purchase price. Percentage 
and amount exempted varies. 

Capital gains tax on sale or exchange 
of undeveloped land held for a short 
period of time. Tax rate varies depend
ing on holding period. 

Local government requires developers 
to pay an impact fee to a municipal 
trust fund for open space acquisitions. 

Special tax district for area benefited by 
an open space project. 

ADVANTAGES 
Availability of funds allows for 
immediate purchase of open space. 
Distributes cost of acquisition. 

Cost of acquisition for local government 
is lowered by subsidy. 

State funding encourages localities to 
preserve important open space by 
leveraging limited local funds. Donated 
lands may be used as a match. 

Growth creates a substantial fund for open 
space acquisition. Enables local commun
ities to generate their own funds for open 
space protection, reducing reliance on 
scarce state funds. 

Discourages speculative development. 
Has a regulatory and revenue impact. 

New construction pays for its impact 
on open space. 

Users finance acquisition and 
management. 

DISADVANTAGES 
Requires approval of general public 
Can be expensive - interest charges 
added on to cost of project. 

Receipt of funds is dependent on 
federal approval. Limited funds 
available. 

Localities must compete for limited 
funds and be able to match state 
funds. 

Discriminates between new and 
existing residents. Can inflate real 
estate values. Works effectively 
only in growth situations. 

Can inflate real estate values and 
slow market. 

Acquisition funds dependent on 
development. May be lack of 
accountability for funds. Legality 
depends on relation of open space 
to development. 

Increases taxes. Timely and costly 
to implement. 



TECHNIQUES 
Tax return check off 

Other funds/ 
taxes 

Sale or transfer of tax 
default property 

EXPLANATION 
On state income tax forms, a filer 
may appropriate a small amount 
of taxes owed toward revenues for 
natural lands acquisitions. 

Taxes on cigarettes, sales, gasoline, 
and natural resource exploitation as 
well as revenue from fees and licenses 
can be used towards park acquisitions. 

Sale of tax default property can provide 
a fund for open space acquisition. If 
site meets criteria, it can be transferred 
to appropriate agency for park use. 

ADVANTAGES 
Convenient and successful means of 
generating sufficient financial re
sources. 

With income from fees and licenses for 
boat, off-road vehicle and snowmobile 
use, park entry, and hunting, users pay 
for resources they use. 

Funds for acquisition are acquired with 
little cost to taxpayers. 

DEVELOPMENT REGULATORY TECHNIQUES 

ZONING/SUBDIVISION PROVISIONS 

TECHNIQUES 
Large lot zoning 

Performance zoning 

EXPLANATION 
Large minimum-lot sizes restrict the 
density of development. 

A zone is defined by a list of permitted 
impacts as opposed to permitted uses. 

ADVANTAGES 
Land use control used as part of a 
comprehensive plan. Effective at main
taining low densities and protecting 
water resources, particularly in rural 
areas. 

Directs development in appropriate 
places based on a comprehensive, 
environmentally-based plan. Can be 
implemented through cluster develop
ment. 
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DISADVANTAGES 
Vulnerable to competition from 
other worthwhile programs. 

Revenues can easily be diverted for 
other uses unless firmly dedicated 
to park and recreation purposes. 

Need to assure that sale proceeds 
are specifically allocated. Might 
not provide significant income. 
Very political process. 

DISADVANTAGES 
Since zoning is subject to change, 
not effective for permanent pre
servation. Can increase real 
estate values and foster urban 
sprawl. 

Difficulties in implementation 
since environmental impacts can 
be hard to measure and criteria are 
hard to establish. Plan can be 
expensive to prepare. 



TECHNIQUES 

Carrying capacity zoning 

Cluster zoning/ 
planned unit development 

Preservation overlay 
zoning 

Exaction 

Conservation density 
subdivisions 

EXPLANATION 

Based on the ability of an area to 
accommodate growth and development 
within the limits defined by existing 
infrastructure and natural resource 
capabilities. 

Maintains regular zoning ratio of 
housing units to acreage but permits 
clustered development through under
sized lots, thus allowing for open space 
preservation. 

At discretion of municipality, overlay 
zones with development restrictions can 
be established to protect agricultural and 
natural areas, scenic views, and historic 
neighborhoods. 

As a condition of obtaining subdivision 
approval, local governments require 
developers to pay a fee or dedicate land 
to a municipal trust fund for open space. 
States can require open space set-asides 
as part of environmental review. 

Permits developers the option of building 
roads to less expensive specifications 
in exchange for permanent restrictions 
in number of units built. Roads can be 
public or private. 

ADVANTAGES 

Zoning is based on an area's physical 
capacity to accommodate development. 
Can be implemented through cluster 
development. 

Flexibility in siting allows preservation 
of open space areas within development 
site. Can reduce construction and infra
structure costs. 

Special zones have regulations specific 
to the needs of a unique area and may 
be subject to mandatory clustering, 
performance standards, special permits 
and site plan, and architectural review. 

New construction pays for its impact on 
open space. 

Increases open space and reduces 
traffic. Discourages higher densities to 
pay for the higher cost of road building. 
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DISADVANTAGES 

Requires comprehensive inventory 
for implementation. Determining 
carrying capacity can be difficult. 

Open space often preserved in 
small separate pieces, not necess
arily linked. May increase process
ing time for development approval. 

Language in special district 
ordinance must be specific enough 
to avoid varying interpretations. 

Acquisition funds dependent on 
residential development. Comm
ercial development often not 
subject to exaction fees. Difficult to 
calculate developer's fair share 
of costs. 

Requires enforcement of easements 
Private roads limit public access 
and require homeowner association 
maintenance. 



GROWTH CONTROL 

TECHNIQUES 
Phased growth 

Moratorium 

Transfer of development 
rights (TDR) 

EXPLANATION 
Phased growth permits a limited 
amount of growth each year. 

A moratorium is a legal postponement 
or delay imposed upon land develop
ment. 

Under an established program, an 
owner of publicly-designated land can 
sell development rights to other land
owners whose property can support 
increased density. 

FINANCIAL INCENTIVES 

Preferential assessment 

Purchase of development 
rights (PDR) 

Land conservation grants 

Under state laws, agricultural and forest 
districts can be established to assess land 
as farmland or forestland rather than its 
highest and best use. 

Local or state government purchases 
development rights to maintain land 
in farm use. 

State programs may pay or otherwise 
enable landowners to preserve land, 
enhance wildlife, and provide access. 

ADVANTAGES 
Phased growth is effective as a 
comprehensive planning strategy. 

Moratoria are often useful as an 
interim measure during the formulation 
of a master development plan. 

Cost of preservation absorbed by 
property owner who purchases 
development rights. 

Promotes resource conservation and 
management. Benefits landowners in 
areas with development pressure. Tax 
base loss can be partially reclaimed 
through penalty tax on landowners 
who terminate enrollment. 

Under PDRprogram, landowner can 
derive income from selling development 
rights and continue to own land. Lower 
property value should reduce taxes. 

Landowners derive revenues from pre
serving land without selling interests in 
land. 
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DISADVANTAGES 
Under phased growth, there must 
be an equitable system to approve 
development. 

A moratorium provides only a 
temporary solution and can 
create a rush on land development 
prior to its taking effect. 

Difficult to implement. Pre
servation and receiving areas must 
be identified. 

Voluntary participation. Does not 
provide long-term protection. Min
imum acreage for entry. Strength of 
program depends on penalty from 
withdrawals. Local gov't bears the 
burden of reduced tax base. 

Acquisition of development rights 
can be costly, particularly in a 
community with high real estate 
values. 

Preservation of land or provision 
of public access requires public 
expenditures. 



ENVIRONMENTAL REVIEW 

TECHNIQUES 

Federal/state review 

Critical environmental 
area designation (CEA) 

Local environmental 
ordinances 

Conservation council/ 
board 

EXPLANATION 

Through legislation, government 
agencies can require public Environ
mental Impact Statements and mitigation 
measures to reduce impacts of specific 
developments or can restrict develop
ment through permit review. 

Any development proposed in a state 
or locally-designated CEA requires 
an environmental assessment. 

Under mandate of federal or state 
legislation, localities must regulate 
development in sensitive areas. Incl. 
floodplain, wetland, watershed, and 
tree removal ordinances. 

Commission members are appointed 
to oversee the community's natural 
resources and advise the planning 
board on development applications. 

ADVANTAGES 

Encourages preservation of significant 
natural areas and allows for objectivity 
and creative solutions to development 
conflicts. 

An effective tool for preventing or 
mitigating the impact of development 
on sensitive natural areas. 

Development in protection areas 
requires permit. Permit issued only 
if proposed development is within 
ordinance guidelines. 

The Commission can advise the 
planning board on ways of mitigating 
development's impact on natural 
resources. 

SOURCE: Regional Plan Association. 1990. Tools and strategies: Protecting the landscape and shaping growth. 
The Open Space Imperative #3. Regional Plan Association. 40 p. 
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DISADVANTAGES 

Environmental impact review can 
be a time-consuming and compli
cated process which can stall 
development, adding to project 
costs. 

Does not assure preservation since 
determination of environmental 
impact is discretionary. 

Ordinances do not always prohibit 
development. Regulatory guide
lines are often broad enough to 
allow subjectivity in permit 
application approval. 

Usually advisory capacity only. 
Strength of board depends on 
volunteer members and influence 
on governing body. Technical 
expertise sometimes lacking. 
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SUMMARY OF PORTAGE COUNTY ZONING ORDINANCE (Revised 3/1/95) 

DISTRICT 
Rural and Urban 
Fringe (Rl) 

Single Family 
(R2) 

One and Two 
Family (R3) 

PERMITTED USES 
Single-family dwelling 
Home occupations 
Forestry plantation/ wood lots 
Gardening plots 
Plant nurseries 
Accessory buildings w/ size limitations 
Schools, churches, cemeteries 
Playgrounds 
Municipal buildings (administrative purpose only) 

Single-family residence (not mobile homes) 
Home occupations operated by resident 
Professional office operated by resident 
Accessory buildings w/ size limitations 
Churches 
Public and parochial schools 
Municipal building w/ exceptions 
Parks, playgrounds, swimming pools 
Golf courses and tennis courts 
Gardening / Plant nurseries 
Signs (w/ restrictions) 
Utilities, structures, telephone exchanges 
Railroad rights-of-way 

All single-family district permitted uses 
Two family dwellings 
Customary accessory uses 
Signs (w/ restrictions) 
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SPECIAL EXCEPTIONS (requires public hearing) 
Mobile homes 
Ponds 
Moveable produce stands 
Utility structures 
Bed and breakfast establishments 
Accessory buildings w/ >2000 sq. ft. 
Home occupations 

Recreational camps 
Microwave relay structures 
Bed and breakfast establishments 
Accessory buildings w/ > 1200 sq. ft. 

Town halls 
Fire and police stations 
Bed and breakfast establishments 
Accessory buildings (w/ > 1200 sq. ft.) 



DISTRICT 
Multiple Family 
(R4) 

Waterfront 
(R5) 

Recreational 
(REC) 

Conservancy 
(CON) 

PERMITTED USES 
All single-family district pennitted uses 
Multiple family dwellings 
Lodging and boarding houses 
Private clubs 
Fraternities 
Signs(w/ restrictions) 

All single-family district pennitted uses 
Accessory uses to above 
Accessory buildings w/ size limitations 

Single-family dwellings (year-round) 
Single-family dwellings (seasonal) 
Churches, schools 
Public parks and buildings 
Accessory buildings with size limitations 

Seasonal single-family dwelling 
Nonresidential research building 
Grazing 
Wild crop harvesting 
Hunting, fishing, trapping 
Wildlife, fish, and forest management 
Power stations, dams, commercial lines, etc. 
Public parks 
Boat landings 
Trails: cross-country ski, hiking, nature 
Maintenance and repair of drainage systems 
Specialty crops 
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SPECIAL EXCEPTIONS (requires public hearing) 
Mobile home parks 
Bed and breakfast establishments 
Accessory buildings (w/ > 1200 sq. ft.) 

Single-family district uses 
Mobile homes 
Bed and breakfast establishments 
Accessory buildings (w/ > 1500 sq. ft.) 

Recreational camps 
Mobile home parks 
Accessory buildings (w/ > 1200 sq. ft.) 

Ranges: archery, shooting 
Campgrounds 
Clubhouses 
Golf courses / driving ranges 
Man-made water bodies 
Marinas 
Ski runs, etc. 
Tennis courts 
Bike trails, tracks, off-road vehicles 



DISTRICT 
Exclusive 
Agriculture (A 1) 

Agricultural 
Transition (A2) 

PERMITTED USES 
Existing dwellings 
Agriculturally related residences 
Beekeeping 
Cranberry production 
Dairy farming 
Floriculture 
Feedlots 
Poultry raising 
Commercial egg production 
Livestock raising and pasture land 
Orchards and plant nurseries 
Noncommercial stables 
Ponds 
Raising of fruit, nut, and berry trees 
Raising of grain, grass, mint, and seed crops 
Sod farming 
Viticulture (vineyards) 
Forest products and tree farms 
Roadside stands 
Vegetable raising 
Temporary sawmills 
Accessory buildings and uses 
Some home occupations 
One semi tractor and/or trailer 

Single-family dwellings 
Mobile homes 
General agriculture 
Greenhouses and plant nurseries 
Roadside produce stands (grown on site) 
Ponds 
Forest management, pine plantations 
Christmas tree farms and sales 
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SPECIAL EXCEPTIONS (requires public hearing) 
Specific nonfarming residence 
Farm labor housing 
Livestock sales facilities 
Vet service for farms 
Commercial fish and fur farming 
Dairies 
Fertilizer mixing plant 
Greenhouses 
Land restoration 
Sewage disposal plant 
Specified landing fields 
Utility and commercial lines and stations 
Some home occupations 
Two or more semi tractors and/or trailers 
One non-farm residence per 35 acres 
Farm buildings less than 35 acres 

Home occupations (anywhere on property) 
Campgrounds 
Resort and tourist lodges 
Mobile home parks 
Fur farms 
Commercial feed lots 
Commercial egg production 
Commercial poultry raising 



DISTRICT 
Agricultural 
Transition (A2) 
( continued) 

Low Density 
Agriculture (A3) 

PERMITTED USES 
Fish and game management, game farms 
Temporary saw mills 
Noncommercial stables 
Home occupations (within home) 
Professional offices 
Utilities 
Accessory uses 
Excavations/extractions < I 0,000 sq. ft. 
One semi tractor and/or trailer 

Single-family housing 
Farm residences* 
General agriculture 
Vegetable warehouses 
Greenhouses and plant nurseries 
Roadside produce stands (grown on site) 
Ponds 
Forest management, pine plantation, x-mas tree farms 
Fish and game management 
Temporary saw mills 
Temporary asphalt and cement mixing plants 
Noncommercial stables 
Home occupation and professional offices 
Utilities 
Municipal buildings 
Parks and playgrounds 
Accessory buildings and uses 
Excavations/extractions< 10,000 sq. ft. 
One semi tractor and/or trailer 
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SPECIAL EXCEPTIONS (requires public hearing) 
Kennels 
Commercial stable 
Schools, churches 
Cemeteries 
Permanent saw mills 
Roadside produce stands (grown off site) 
Bed and breakfast establishments 
Two or more semi tractors and/or trailers 
Extraction of sand and gravel 
Contractor storage yard 

Home occupations 
Campgrounds 
Resort and tourist lodges 
Mobile home parks 
Fur farms 
Commercial feedlots 
Commercial egg production 
Commercial poultry raising 
Kennels 
Commercial stables and riding academies 
Schools and churches 
Permanent saw mills 
Roadside produce stands (grown on or off site) 
Aircraft landing fields, basins, and hangers 
Salvage yards, auto wrecking yards, recycling yards/bldgs. 
Bed and breakfast establishments* 
Dairies 
Fertilizer mixing plants 
Asphalt and cement mixing plants 
Extraction of sand and gravel 
Two or more tractors and/or trailers 



DISTRICT 
Low Density 
Agriculture (A3) 
( continued) 

Agriculture 

Neighborhood 
Commercial (Cl) 

PERMITTED USES 

All single-family district permitted uses 
General farming 
Forestry practices and product production 
Utility and communication lines and stations 
Temporary storage of demolition materials 
Temporary roadside stands 
Second residence per operating farm 
Temporary saw mills 
Ponds 
Fish farms 
Signs with restrictions 
Excavations/extractions < 10,000 sq. ft. 
One semi tractor and/or trailer 

Single-family dwellings (no mobile homes) 
Bakery, meat market, frozen food storage 
Barber and beauty shops 
Beer and liquor stores 
Branch banks, savings and loans 
Churches and schools 
Drug stores 
Flower, garden, lawn shops 
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SPECIAL EXCEPTIONS (requires public hearing) 
Contractor's storage yards* 
Solid waste disposal sites 
Sewage treatment/disposal plants 
Migrant labor camps 
Shooting ranges* 

Aircraft landing field, basin, and hanger 
Contractor's storage yards 
Drive-in theaters 
Fur farms, pea viners 
Kennels 
Medical, correctional, charitable institution 
Migrant labor camps 
Mobile home parks 
Solid waste disposal site 
Shooting ranges 
Slaughterhouses 
Junk/wrecking yards 
Permanent saw mills 
Asphalt/cement plants 
Aggregate extractions (non-municipal) 
Some home occupations 
Dams, power plants, flowage area 
Bed and breakfast establishments 
Two or more semi tractors and/or trailers 

Gas stations (no wrecking services) 
Office uses 
Personal services 
Repair shop> 2000 sq. ft. 
Taverns 
Veterinary offices 
Bed and breakfast establishments 



DISTRICT 
Neighborhood 
Commercial (Cl) 
(continued) 

Marina 
(C2) 

Commercial 

PERMITTED USES 
Hardware and general merchandise shops 
Professional and business offices (excl. veterinary offices) 
Repair shops <2000 sq. ft. 
Restaurants 
Retail grocery and commercial goods 
Accessory buildings and uses 
Bait shops 
Retail uses <2000 sq. ft. 
Signs with restrictions 

Residences attached to businesses 
Boat launching areas 
Boat liveries, boat storage and services 
Food, gift, notion, variety stores 
Drive-in restaurants 
Bait and sporting good sales 
Taverns 

Residences attached to businesses 
All uses permitted in marina district 
Art shop, antique shops 
Bakery not employing over 5 persons 
Bank, savings and loan and other financial institutions 
Barber shop, beauty parlors 
Book and stationary stores, news stands 
Bowling alleys 
Bus depots 
Business and professional offices 
Clothing, department, shoe stores, shoe repair stores 
Clubs and lodges 
Drug store, soda fountain, soft drink stands 
Filling station, tire and battery services 
Florist shop, greenhouses 
Food products, retail 
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SPECIAL EXCEPTIONS (requires public hearing) 

None 

Animal hospital, pet shop, veterinarians 
Dance halls, skating rinks 
Feed and seed stores 
Go-kart and similar race tracks 
Lumber yards 
Bed and breakfast establishments 



DISTRICT 
Commercial 
(C3) 
( continued) 

Highway 
Commercial (C4) 

PERMITTED USES 
Funeral homes 
Furniture store, appliances, office equip., upholstering 
Hardware, household, appliances 
Plumbing, heating, and electrical supplies 
Hotel, motel 
Jewelry stores 
Laundry, cleaning and dyeing establishments 
Music, radio, and television store, record shop 
Paint store, interior decorator 
Parking lot 
Photographer, photography supply shops 
Printing and duplicating 
Private vocational schools, conducted for profit 
Public utility office or substation, telephone exchanges 
Radio/television broadcasting studio, towermast/aerial 
Microwave relay structure 
Restaurant, cafe, tavern 
Theater, except drive-in theater 
Signs, billboards, sign painting shop 
Other retail uses similar to above listing 
Manufacturing or storage in connection with any of above 
Accessory uses 

Residence attached to business 
Autos, trucks, farm vehicles, sales/repair 
Bowling alleys, dance halls 
Bus and truck terminals 
Contractor business and storage yards 
Drive-in restaurants and theaters 
Filling stations, towing services, garages 
General farming 
Green houses, landscaping contractors 
Hotels, motels 
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SPECIAL EXCEPTIONS (requires public hearing) 

Apartments 
Business services 
General retail use 
Mobile home parks 
Professional offices 
Transient trailer parks and campgrounds 
Race. tracks 
Signs with restrictions 



DISTRICT 
Highway 
Commercial (C4) 
( continued) 

Industrial 
(I) 

All Districts except 
Exclusive 
Agriculture (Al) 

PERMITTED USES 
Lumber yards 
Mobile home/recreational vehicle sales and storage 
Public and municipal buildings 
Restaurant, taverns, dinner clubs 
Shopping centers, malls 
Warehousing 
Utility, substation, transmission lines 
Accessory buildings and uses 
Signs with restrictions 

The following uses are prohibited: religious, educational, 
charitable, and medical institutions and places of 
dwelling or lodging. 
All other uses are special exception. 

NOTE: Uses designated with a* have parameters listed in subsections of zoning ordinance. 

SPECIAL EXCEPTIONS (requires public hearing) 

All other uses 

Cemeteries 
Fire and police stations 
Hospitals and clinics (excl. veterinary) 
Institutions 
Private lodge or clubs 
Public utility structure 
Railroad shipyard 
Sewage disposal plants 

SOURCE: Portage County Planning and Zoning Department. 1995 Revision. Summary of Portage County Zoning. 
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OAK WILT (Ceratocvstis fagacearum) 

BACKGROUND 

Oak wilt, Latin name Ceratocystis fagacearum, 
was first detected in the United States in 1941. 
The causal pathogen of oak wilt was first 
correctly identified in Wisconsin. However, 
disease survey records suggest that oak wilt was 
present in the United States as early as 1912 (4). 
The geographic range of oak wilt currently 
covers 22 states in the Mid-Atlantic, 
Midwestern, and North Central portions of the 
country. The western limits of the disease 
primarily coincide with the original prairie/forest 
boundary beyond which few populations of 
highly susceptible oaks (red) exist (4). Pockets 
of infection have been noted in Texas and 
California. 

The epidemiology of Ceratocystis fagacearum is 
influenced by host characteristics, climate, and 
the reproductive traits of the pathogen. Spread 
of the disease occurs when C.fagacearum spores 
produced on oaks recently killed by oak wilt are 
transferred to the vascular system of a healthy 
oak. 

HOSTS/SUSCEPTIBILITY 

Oak trees are the most susceptible to overland 
spread of oak wilt in the springtime. The most 
susceptible time is from bud swelling until two 
to three weeks past full leaf development. This 
range lies between April 15 to July l (8). Recent 
research has indicated that oaks are still 
susceptible to infection throughout the growing 
season. Experiments involving deliberate 
wounding have confirmed that wounds made in 
May and June are the most likely to lead to 
infection. Clean cut or "bruise" wounds seem to 
be equally attractive to the involved vector 
(Nitidulid beetles). In controlled experiments, 
natural infection occurred within 24 hours of 
wounding, however, after three days, the 
wounding site was no longer attractive to the 
vectors (4). 

The known host range of the oak wilt pathogen, 
Ceratocystis fagacearum, includes primarily the 
genus Quercus with some related members in the 
family Fagaceae. There is a wide range of 
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susceptibility among the oaks. Red oaks are 
extremely susceptible to infection, often dying 
shortly after the initial appearance of the 
symptoms. Red oaks can not be expected to live 
longer than 4-6 weeks after the first symptoms 
can be seen. White oaks may survive infection 
indefinitely due to a resistance to the pathogen, 
often losing portions of their crowns but 
eventually recovering (2). 

The differences in susceptibility between red and 
white oaks is thought to be related to the 
structure of vessels in these trees. C. 
fagacearum stimulates the formation oftyloses 
and gummy materials in the water-conducting 
tissues of the host. This plugging of vessels in 
the tree results in wilted foliage; the primary 
macroscopic indicator of the disease (7). Red 
oaks are known to have rounded summerwood 
vessels with thick walls. In contrast, the 
summerwood vessels of the white oaks are 
characterized as having thin, angular walls (2). 
Along with the difference in vessel structure, 
white oaks seem to be able to compartmentalize 
infection or damage caused by the oak wilt 
pathogen better than red oaks. 

SYMPTOMS 

The most reliable symptom of oak wilt involves 
a distinct, chlorotic yellowing and necrotic 
browning of the mid-vein and lateral veins of the 
leaf (1). This may also include tipbum and 
wilting of young leaf tissue during the early 
spring. Leaves on diseased trees first become 
dull green, curl upward, and eventually tum 
chlorotic or bronze from the margins inward. 
The symptoms appear to be more prevalent 
during those times when the fungus is most 
active in the cooler months of spring and fall. 

FUNGAL MATS 

The only signs of oak wilt produced by C. 
fagacearum are fungal mats. These mats are 
considered to be the unquestionable indicators of 
the disease (1). In Minnesota and Wisconsin, 
sporulating mats are commonly found on 



diseased trees in spring. For both of these states, 
there is evidence to show that the disease 
commonly appears on trees wounded in spring 
(4). 

Mats form on members of the red oak group; 
they do not form on diseased white oaks. The 
oak wilt fungus must form these spore pads in 
order for insects to acquire and transmit the 
pathogen over long distances to new hosts. The 
mats serve as abundant reservoirs of inoculum, 
initially in the form of conidia and later as 
ascospores. At the cambium, the sporulating mat 
is characterized by a layer of mycelium and 
conidiophores surrounding a raised pressure 
"pad" or "cushion." The mat formation requires 
the pathogen to be present simultaneously in the 
inner bark and adjacent xylem (4). 

These fungal mats force open the bark of trees 
the spring following infection. The mats smell 
of rotting melons which attracts sap-feeding 
beetles that carry the disease to healthy hosts. 
These thin, cushion-like structures range in size 
from 3-4 inches by 6-8 inches. These elliptical 
structures can frequently be detected by a hollow 
tapping sound beneath the bark (before bark 
cracking). 

The formation of a sporulating mat represents 
the climax of saphrophytic growth of the 
pathogen in that part of the tree and its 
replacement by other microorganisms soon 
follows (4). Following the death of the tree, the 
mycelium of C. fagacearum grows extensively 
into the xylem vessels. The fungus penetrates 
the ray cells and begins to grow out toward the 
cambium and inward as well. The oak wilt 
pathogen is not a good competitor on a dead host 
and is eventually displaced due to the 
competition of other fungi such as Nummularia 
bulliardi and Trichothecium roseum (4). 

Early season infections between April and June 
typically do not result in mat formation because 
the wood of the tree is too dry by the time 
conditions become conducive to formation. Late 
season infections in August and September may 
not be sufficiently colonized by the pathogen. 
Due to these limitations, it is important to realize 
that only a low proportion of infected red oaks 
will develop fungal mats. 
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ROOT GRAFTS 

The development of a common root system 
makes oaks highly vulnerable to a vascular 
inhabiting fungus such as C. fagacearum. By 
the time oak wilt symptoms appear, the disease 
has usually reached the roots of that tree and 
others nearby. Tree removal at this time may 
actually hasten any potential root graft infections 
(5). 

Urban development may influence the 
occurrence of root grafting and common root 
systems and in tum, possibly reduce 
opportunities for root transmission. However, 
with adequate root connections, C. fagacearum 
may spread under sidewalks, driveways, 
construction slabs, and sewer lines (1 ). 

Another condition important to the assessment of 
oak wilt is the prevailing oak covertype. "Pure" 
red oak stands on sandy soils have a high 
incidence of root grafting and are therefore more 
susceptible. Oak stands on heavier soils are 
typically less pure and appear to have less 
incidence of root-grafting (7). 

In central Wisconsin, where root grafting is 
common, survival of the pathogen has been 
recorded in a tree up to three years after its 
death. The pathogen is likely to survive the 
longest on the lowest part of the north side of the 
trunk (4). However, pathogen survival typically 
lasts less than a year after death of the host. 

In a forest situation, the disease characteristically 
develops as a number of clearly defined disease 
centers which expand at the rate of about 7 .5 
meters annually in each direction (radially). The 
root connections play a role in this radial spread. 
New center formations occur typically within 
300 meters of an existing center (7). This is 
most likely the result of insect transmission of 
the pathogen. Insect spread in red oak stands 
results in large numbers of"satellite" centers 
forming patches (2). 

INSECT VECTORS 

Sap-feeding nitidulid beetles (Coleoptera
Nitidulidae) are suspected as the primary vectors 
of overland transmission of C. fagacearum. It is 
important to note that less than I 0% of oak wilt 
spread is a result of overland infections (8). To 



obtain inoculum, nitidulids require fonnation of 
a fungal mat by the pathogen beneath the bark of 
host trees. The fruity odor of the mats attracts 
the insects and these insects gain access to the 
mats at points where the central pressure pad has 
cracked the bark (4). Vector beetles usually 
cannot pierce bark and require a fresh wound 
Jess than three days old. Sticky spores then 
contaminate the insects when they feed and 
breed in that location. 

Shelstad (7) lists four specific conditions that 
must coexist in a well-timed series of events 
before insect transmission can occur: 1.) 
Inoculum on fresh mycelial mats, Jess than a few 
days old must be present, 2.) Nitidulid beetles 
must be present and their activities must lend 
themselves to dispersal at some distance, 3.) The 
host tree must contain a fresh xylem-exposing 
wound, and 4.) The above conditions must 
coincide when the host tree is susceptible to 
infection (particularly in spring). 

Other bark beetles have been considered as 
possible vectors. In Wisconsin, it is thought that 
Pseudopityophthorus minutissimus may be a 
minor vector in reference to the overland 
transmission of this disease (4). These minute 
beetles breed in wilt-killed trees and feed on the 
twigs of healthy oaks. They commonly make 
deep feeding wounds on the crotches, leaf axils, 
and immature acorn axils of both red and white 
oaks. After beetles had bored into healthy oaks, 
researchers found that the wounds could be 
artificially inoculated with a spore suspension of 
C. fagacearum. It is doubtful that these beetles 
are major contributors to the overland spread of 
oak wilt (4). 

PREVENTION-WOUNDS 

Oak wilt control has typically relied on 
interrupting two stages in the lifecycle of the 
pathogen. The overland spread of oak wilt 
depends on the occurrence of fresh wounds as 
infection courts for inoculation by insect vectors. 
Nitidulid transmission can be prevented by 
avoiding wounds on trunks, limbs, and branches 
of healthy oaks, especially during the spring (1). 
Pruning (technically a wound) should also be 
avoided at this time. Many oak wilt ordinances 
in Minnesota and Wisconsin initially restricted 
pruning ofoaks from April l to July l. Other 
ordinances went from April l to October l with 
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Green Bay, WI strictly prohibiting pruning of 
oaks from March 15 to October 15. Although 
spring is the primary consideration, wounding 
experiments have produced infections into the 
fall. 

If an oak is injured, immediately cover the 
wound with tree wound paint. With many 
debates around the necessity of wound paints for 
improved healing and wound closure of trees, it 
is important to note that in these cases, the paint 
is used to prevent the beetles from coming into 
contact with the exposed sapwood. The wound 
paints need only to protect the wound for 2 to 3 
days after which the wound is no longer 
susceptible to infection (l). 

PREVENTION-ROOT TRANSMISSION 

Removing diseased oak trees may hasten the 
movement of the fungus to surrounding healthy 
oaks. The best control measure is to install root 
graft barriers which disrupt the common root 
systems between healthy and diseased trees. 
This oak wilt management technique is 
preventative and initially creates a barrier zone 
around the perimeter of the disease center. The 
zone is established by digging a trench to break 
root connections at a minimum of 100 feet 
beyond the outermost symptomatic oaks located 
on the perimeter of the disease center (1). 
Although not always successful, disrupting the 
root systems through cutting or trenching up to a 
depth of 5 feet shows the highest degree of 
control with a success rate of about 85% (8). In 
areas with difficult terrain that does not allow 
machinery access, a chemical barrier utilizing a 
soil sterilant called Vapam* may be used. It kills 
roots in its active area, thereby making root 
connections inoperative. 

PREVENTION-DISEASED WOOD 

With the infection and death of many oaks, it is 
important to control the source of the inoculum. 
Two principle methods are available. Debarking 
the wood will prevent spore formation. Cutting, 
splitting, and air-stacking the wood will then 
speed its drying and the wood will no longer 
pose a threat ( once debarked). Another method 
is to cover the wood with a thick, black plastic 
tarp. Seal the tarp around the bottom of the pile 
and leave it to dry over the next season. 



TREATMENT-CHEMICAL 

In urban areas, oaks are usually sufficiently 
valuable to consider treatment by intravascular 
injection with the fungicide propiconazole. It is 
frequently listed under the trade name of 
Alamo*. This chemical is an ergosterol
biosynthesis-inhibiting fungicide. In addition to 
being readily systemic with low phytotoxicity, 
propiconazole also has growth regulator 
properties that may promote disease control 
through an influence on tree physiology (1). 
Propiconazole is a fungistat; it does not kill the 
fungus but rather stops its development. The 
manufacturer states that Alamo* can save trees 
with up to 30% crown wilt when applied in a 
therapeutic manner. However, the application is 
labor intensive and does nothing to prevent the 
pathogens spread. 

Results from trees treated in 1991 suggest that 
propiconazole halted further wilt in Quercus 
alba and Q. macrocarpa infected with C. 
fagacearum showing less than 50% wilt (6). 
Appel (1) states, "An oak wilt management 
program should rely on disruption of root 
connections, intravascular injection with 
propiconazole, proper pruning and wound 
treatments, and various sanitation practices." 

DIAGNOSTIC PROTOCOL 

Appel ( l) lists five stages of diagnostic protocol 
that should be utilized when trying to determine 
the cause of symptoms or death ofan oak: 1.) 
Observe the pattern of dieback and mortality for 
the tree population, 2.) Observe the patterns of 
dieback and mortality for individual tree crowns, 
3.) Examine specific organs: leaves, branches, or 
roots for unique patterns of chlorosis and/or 
necrosis, 4.) Examine specific organs for 
evidence or signs of the pathogen, and 5.) 
Attempt to obtain laboratory isolation of 
suspected pathogens. 

SAMPLE COLLECTION 

It is important to collect samples of living 
sapwood, preferably from trees with active 
symptom development. Following collection, 
prevent the tissues from heating to greater than 
85-90 degrees F. Cool temperatures should be 
maintained throughout shipment to the 
diagnostic laboratory (I). 
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OAK WILT DISEASE ORDINANCE - 1996 SAMPLE 

DECLARATION OF POLICY 

The Council has determined that the health of oak trees within the municipal limits are threatened 
by the fatal disease known as oak wilt ( Ceratocystis fagacearum ). Such hazardous conditions 
resulting from the spread of the disease creates the potential danger of windfall or other breakage 
of significant weakened/dead standing tree material situated in the vicinity of common property 
boundaries or common travel lanes. It has further been determined that the loss of oak trees 
growing upon private and public property would substantially depreciate the value of property 
within the city and impair the safety, good order, general welfare, and convenience of the public. 
It is the declared to be the intention of the Council to control and prevent the spread of this 
disease and this ordinance is enacted for that purpose. 

2. DESIGNATION OF A TREE DISEASE CONTROL AREA 

3. 

4. 

The council shall designate an oak wilt control area within the city in which this shade tree disease 
ordinance and control procedures shall be enacted. 

APPOINTMENT OF TREE INSPECTOR 

The position of tree inspector is hereby created within the city. It is the duty of the tree inspector 
to coordinate, under the direction of the Council, all activities of the municipality relating to the 
control and prevention of oak wilt and other epidemic diseases of shade trees. 

NUISANCE DECLARED 

Any standing or living tree infected to any degree with the oak wilt fungus (Ceratocystis 
fagacearum) to include members of the Red Oak group (red, pin, scarlet, and black) and the White 
Oak group (white, bur, and bicolor) is declared to constitute a public nuisance. Nuisances will 
also include any parts of infected oaks that do not have bark removed; including logs, branches, 
stumps, and firewood. 

It is unlawful for any person to permit any public nuisances as defined in this section to remain on 
any premises owned or controlled by that person within the designated control areas of the city. 
Such nuisances may be abated in a manner prescribed in this ordinance. 

5. INSPECTION PROCEDURES 

ANNUAL- Between April I and November I of each year, the tree inspector or his/her duly 
appointed agents shall maintain a continuous survey of the city to ascertain the location 
of trees infected with oak wilt. The tree inspector shall, in addition, conduct emergency 
inspections whenever deemed necessary and take further action as authorized in this 
ordinance. 

ENTRY UPON PRIVATE PREMISES- The tree inspector so designated by the council may enter 
upon private premises at any reasonable time for the purpose of carrying out the duties 
assigned to him/her in this ordinance. Before making any inspection on private property 
within the city, the tree inspector shall give oral or written notice of said inspection to all 
affected residents and property owners, or by publishing said notice in a local paper of 
general circulation. Oral or written notices that an inspection has been completed on 
private property shall be given to the homeowner or left at said residence. 
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6. 

DIAGNOSIS- The tree inspector shall whenever possible, make a diagnosis based on accepted 
field symptoms and if deemed necessary, upon finding conditions indicating oak wilt, 
will send appropriate samples or specimens for laboratory analysis. No abatement 
actions shall be recommended or taken until positive diagnosis of the disease has been 
made. 

NOTICES FOLLOWING INSPECTION 

If the tree inspector finds evidence of oak wilt infection or the potential for infection of other oak 
trees, he/she shall notify the owner of the property on which the nuisance is found by certified 
mail. Said notice will contain the survey information with respect to the subject trees on the 
property. Such notice shall describe the nuisance and recommend procedures for its abatement 
within a specified time of twenty (20) days, and shall further state that unless the owner shall 
abate the nuisance in the manner specified in this notice, or shall appear at a hearing to show that 
such nuisance does not exist or does not endanger the health of other trees, the tree inspector shall 
cause the abatement thereof at the expense of the property served. The tree inspector reserves 
the right to extend abatement procedures under difficult circumstances of compliance within the 
allotted time. If the owner cannot be found, such notice shall be given by publication in a 
newspaper of general circulation in the community. 

Any owner of real estate in the city who receives any notice as provided herein, may request that 
the tree inspector obtain a laboratory test of one or more of such trees. Such a request shall be 
made to the tree inspector within five ( 5) days after the date of such notice. 

7. RESPONSIBILITY FOR ABATEMENT 

PRIYA TE LANDOWNER- An owner thus notified of the existence on his/her property of trees 
infected with the oak wilt fungus shall abate or direct the abatement of the nuisance 
within the allotted time of twenty (20) days after the initial notification date. The 
abatement of hazardous conditions and disposal of all associated materials shall be done 
in a manner satisfactory with the tree inspector, so as to insure the elimination of the 
nuisance. If after an emergency inspection, the tree inspector finds infection or the 
danger of infection immediately imminent, he/she shall notify the homeowner of his/her 
obligation to abate the nuisance within five (5) days of the notice after which the tree 
inspector will direct abatement at the cost of said property owner. 

CITY ABATEMENT- If the homeowner does not initiate abatement procedures in the allotted 
time, the tree inspector shall then proceed to contract for the prescribed abatement 
procedure as soon as possible and shall report to the city clerk all charges resulting from 
the abatement procedures. The city clerk shall list all such charges along with additional 
administrative costs against each separate lot or parcel as special assessment to be 
collected commencing with the following year's taxes. 

8. CORRECTIVE MEASURES FOR HAZARD TREE CONDITIONS 

In efforts to control the overland spread of oak wilt, pruning, cutting, or other wounding of oak 
trees shall be avoided from April 15 through July l without a written permit (Green Bay 
recommends a window from March 15 to October 15). If wounding is unavoidable during this 
period, a tree wound paint shall be applied to wounds. 

Trees of the Red Oak group diagnosed as having oak wilt may be girdled as directed by the tree 
inspector as soon as infection is detected in order to speed drying and reduce spore formation. 
Girdling shall be done only in areas where a resulting, weakened tree will not constitute a hazard 
to life and/or property should it fall. 
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Any diseased material of the Red Oak group desired for use as fuel wood or to be salvaged for 
other purposes must be debarked or completely covered with black plastic (minimum of 4 mil) for 
a period of time as indicated by the tree inspector. Stumps of trees in the Red Oak group removed 
due to oak wilt shall be completely covered, removed or debarked to the ground-line to eliminate 
all possibilities of spore formation and over-land spread. Stumps from infected trees on 
boulevards shall be removed by grinding the stump six (6) inches below ground level or digging 
up the entire stump. 

If the tree inspector determines that oak wilt infections threaten adjacent, neighboring trees of a 
susceptible species, the tree inspector may require isolation of infected species by mechanical 
disruption of common root grafts. This may be accomplished by plowing or trenching with a 
vibratory plow with a five (5) long plow blade to a depth of 52 inches. If plowing or trenching is 
not possible due to terrain, location, or buried utilities, the tree inspector may require chemical 
fumigants for root graft disruption. The tree inspector shall have the authority to determine the 
adequacy of such disruption activities. 

Trees of the White Oak group diagnosed as having oak wilt shall be isolated by root graft 
disruption as described above. Diseased material originating from such trees will rarely ever 
support spore formation, and salvaged material does therefore not require special treatment to 
prevent overland spread. Standing trees of this group showing symptoms of minor oak wilt 
infection may be saved by removing infected branches. Tree inspector will advise accordingly. 

9. TRANSPORTING WOOD PROHIBITED 

10. 

It is unlawful for any person to transport within the city, any diseased wood that has been 
determined to be hazardous as described in previous sections, without having obtained a permit 
acceptable to the tree inspector. Such permits shall only be granted when the purposes of this 
ordinance will be served thereby. 

PERMIT PROCEDURE 

Any person seeking a permit to trim, cut, or prune any oak tree(s) in the city or transport trees or 
parts thereof between April 15 and July 1 shall submit a written statement from a certified 
arborist or the tree inspector stating that the oak tree(s) in question are not infected with oak wilt 
or are in the proximity of any oak tree( s) infected with oak wilt that could promote the spread of 
the disease. The written statement must be dated within 15 days of application to the town clerk. 

11. PERMIT ISSUANCE 

12. 

Upon application for a permit with a written statement from a certified arborist or the tree 
inspector to accomplish work listed above, the clerk may issue a permit to trim, cut, or prune 
and/or transport the specific oak tree(s) or parts thereofnamed in the application. The permit shall 
allow said activities within 20 days of permit issuance. Any person trimming, cutting or pruning 
oak tree(s) as authorized by the permit shall properly cover the wound (incl. stumps) with 
appropriate materials. 

LICENSE REQUIREMENTS 

It is unlawful for any individual, partnership, or corporation to conduct as a business, the cutting, 
trimming, pruning, removing, spraying, or otherwise treating of trees, shrubs, or vines in the city 
without first having secured a license from the city to conduct such a business. 
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13. TREE AND WOODLAND PRESERVATION 

Developers, contractors, and homeowners shall prevent the introduction and spread of oak wilt 
into relevant wooded sites, and to reduce the impacts of construction on those and adjoining 
properties. Developers, contractors, and subcontractors shall use construction practices which 
protect trees to be saved, and shall properly remove and dispose of diseased or damaged trees. 

Developers proposing a new residential subdivision in areas with oak woods are required to 
schedule an on-site inspection with the tree inspector for diagnosis of any existing oak wilt 
infection centers on the property. If oak wilt is found, the developer must take appropriate 
abatement procedures as determined by the tree inspector before construction begins. 

14. PENALTIES 

15. 

For pruning, wounding, or transporting oak tree(s) or parts thereof the offender shall upon 
conviction thereof forfeit not less than $50 nor more than $500 together with costs of prosecutions 
as allowed and in default of payment shall be imprisoned in County Jail until costs and forfeitures 
are paid, but not to exceed sixty (60) days. 

ENFORCEMENT BY CITATION 

This ordinance may be enforced by citation in lieu of the penalties as listed above. Any 
designated city enforcement officer may issue citations. The schedule of deposits for violation of 
this ordinance are as follows: 

1st Violation (within 3 years)- $75 plus court costs 
2nd Violation (within 3 years)- $125 plus court costs 

An additional $25 for each tree directly involved in the violation will be added. 

16. TRANSFER OF PROPERTY 

At the time of sale or transfer of real property, the grantor(s) or his/her agent bears the 
affirmative obligation to disclose the terms of this ordinance regulation to the grantee(s). Copies 
of this ordinance will be circulated free of charge to local realtors currently known at the time of 
passage. 

17. LIMITATION ON POWER OF TREE INSPECTOR 

18. 

Notwithstanding anything to the contrary contained in this ordinance, the tree inspector shall not 
be required or authorized to inspect or direct the removal ofuninfested, major dead or otherwise 
weakened, standing tree material located along property boundaries or private travel lanes, 
however, the Council may by resolution authorize the tree inspector to make such inspections or 
removals. 

SEVERABILITY 

If any section, subsection, sentence, clause, or phrase of this ordinance is for any reason held to be 
invalid or unconstitutional by reason of any decision of any court of competent jurisdiction, such 
decision will not affect the validity of any other section, subsection, sentence, clause, phrase or 
portion thereof irrespective of the fact that any one or more sections, subsections, sentences, 
clauses, phrases or portions thereof may be declared invalid or unconstitutional. 

19. DATE OF EFFECT AND SIGNATURES 
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TREE CONSERVATION ORDINANCE - SAMPLE 

PURPOSE/AUTHORITY 

The purpose of this ordinance is to protect the health, safety, and property of the people 
of ______ by regulating the disturbance of land surface areas by preserving trees, 
preventing erosion on disturbed areas, and controlling storm water drainage through 
necessary measures to preserve and protect these resources during all phases of any land
disturbing activity. 

DEFINITIONS 

Following are the definitions of select words and terms that may appear in this ordinance 
or associated regulations: 
afforestation - 1. the establishment of a forest cover over an area that has not had forest 

cover for a long period of time; 2. the planting of open areas that are not presently 
in forest cover; 3. the establishment of a forest according to afforestation or 
reforestation standards. 

agricultural activity - farming, including plowing, tillage, cropping, installation of best 
management practices, seeding, cultivating, and harvesting for the production of 
food and fiber products ( excl. commercial logging and timber harvesting 
operations); the grazing and raising of livestock; aqua culture; sod production; 
orchards; Christmas tree plantations; nursery; and the cultivation of products as 
part of a recognized commercial enterprise. 

caliper - American Association of Nurseryman standard for trunk measurement of nursery 
stock. Caliper of the trunk shall be taken six inches above the ground for and up 
to and including four-inch caliper size, and 12 inches above the ground for larger 
sizes. 

clearing - any intentional or negligent act to cut down, remove all or a substantial part of, 
or damage a tree or other vegetation that will cause the tree or other vegetation to 
decline and/or die. Such acts shall include but not be limited to damage inflicted 
upon the root system of vegetation by the application of toxic substances, by the 
operation of equipment and vehicles, by storage of materials, and by the change of 
natural grade due to unapproved alteration of natural physical conditions. 

commercial forest - forest land that is producing or is capable of producing forest 
products. 

commercial logging and timber harvesting - the cutting and removing of trees from a site 
for commercial purposes, leaving the root mass intact. 

critical root zone - a circular region measured outward from a tree trunk representing the 
essential area of the roots that must be maintained or protected for a tree's 
survival. Critical root zone is one foot ofradial distance for every inch ofDBH, 
with a minimum of eight feet. For specimen trees the formula changes to 1.5 feet 
for every inch ofDBH. 



crown - the above-ground parts of a tree consisting of the branches, stems, buds, fruits, 
and leaves. May also be referred to as "canopy." 

DBH - diameter-at-breast-height is a tree trunk diameter measured in inches at a height of 
4.5 feet above the ground. If a tree splits into multiple trunks below 4.5 feet, the 
trunk is measured at its most narrow point beneath the split. 

drip line - a vertical line extending from the outermost edge of the tree canopy or shrub 
branch to the ground. 

forest - a biological community dominated by trees and other woody plants covering a 
land area of 10,000 sq. ft. or greater. Forests include areas that have at least 100 
trees per acre with at least 50 percent of those trees having a two inch or greater 
DBH. 

forest management plan - a plan establishing best conservation and management 
practices for a landowner. 

forest stand - a contiguous group of trees sufficiently uniform in species composition, 
arrangement of age classes, and condition to be a distinguishable, homogeneous 
unit. 

forest stand delineation - the methodology for evaluating the existing natural features and 
vegetation on a site proposed for development, taking into account the 
environmental elements that shape or influence the structure or makeup of a plant 
community. 

forested slopes - an area meeting the definition of forest, growing on an area with a slope 
of 25 percent or more, and covering an area of at least 10,000 sq. ft. 

growing season - the time, from spring to fall, during which consecutive frost-free days 
occur. 

land disturbance permit - an official authorization issued by a department of public works 
or other agency that allows for alteration of a site, or the commencement of any 
construction activities. 

limits of clearing - the boundaries of that area of land to be cleared of trees and other 
vegetation in conjunction with a proposed development or landuse subject to the 
approval of relevant officials and professionals. 

limits of grading - the outermost edge of the area in which the existing topography is to 
be altered by cutting and filling. 

natural regeneration - the natural establishment of trees and other vegetation with at least 
400 woody, free-to-grow seedlings per acre, which are capable of reaching a 
certain height at maturity. 

outstanding/monarch tree - a tree that has been determined by an appropriate professional 
to be of high value because of its species, size, age, form, historical significance, 
or some professional criteria. 

projected tree cover - the area projected to be directly beneath the crown and within the 
drip line of a given tree species after a certain, set period. 

protected zone - all lands that fall outside the buildable areas of a parcel, all areas of a 
parcel required to remain in open space, and/or all areas required as landscaping 
strips according to given provisions. 

J ')7 



permanent tree protection devices - structural measures, such as retaining walls or 
aeration devices, that are designed to protect a tree and its root system throughout 
its lifetime. 

reforestation - the creation of a biological community dominated by trees and other 
woody plants containing at least 100 live trees per acre with at least 50% of those 
trees having the potential of attaining a 2 inch or greater DBH within 7 years. 

revegetation - the replacement of trees and landscape plant materials into the minimum 
required landscape areas, as determined by zoning or ordinance requirements. 

selective clearing - the careful and planned removal of trees, shrubs, and plants using 
specific standards and protection measures under an approved forest management 
plan. 

shrub - a woody plant that usually remains low and produces shoots or sterns from the 
base, and cannot be considered a tree. 

specimen tree/stand - any tree or grouping of trees that has been determined to be of high 
value by an appropriate professional because of its species, size, age, or other 
professional criteria. 

stream buffer - all lands lying within 50 feet, measured from the top of each normal bank 
of any perennial or intermittent stream. 

temporary tree protection devices - structural measures, such as fencing or berms, 
installed prior to construction for the purpose of preventing damage to trees 
during construction. 

~ - 1. any self-supporting woody plant that usually provides one main trunk and 
produces a more or less distinct and elevated head with many branches; 2. any 
self-supporting woody plant, usually with a single woody trunk, and a potential 
DBH of2 inches or greater. 

~ cover - the area directly beneath the crown and within the drip line of the tree. 
vegetation - all plant life not defined as trees, shrubs, or vines. 
vines - a woody plant whose stem climbs by tendrils or twining or creeps along the 

ground. 

WHO MUST COMPLY/ACTIVITIES COVERED 

It is unlawful to remove, prune, or harm any tree, clear vegetation from a site, or begin 
any development, excavation, remove soil, or place fill on a site until the city has issued a 
land-disturbance permit certifying compliance with acceptable regulations. 

Removal (of trees) shall include but not be limited to damage inflicted to the root system 
by machinery, storage of materials and soil compaction, changing the natural grade above 
or below the root system or around the trunk; damage inflicted on the tree permitting 
disease infection or pest infestation; excessive pruning; excessive thinning; paving with 
concrete, asphalt, or other impervious material within such proximity as to be harmful to 
the tree(s). 
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Development is considered the performance of any building or mining operation, the 
making of any material change in the use or appearance of any structure or land, 
demolition of a structure or removal of trees, the division of land into two or more 
parcels, and the creation or termination of access or riparian rights. 

BASE DEVELOPMENT REQUIREMENTS 

All public and private construction projects involving five (5) or more acres, and all 
residential construction projects of ten ( 10) or more units must apply for a land 
disturbance permit and show that the project will not cause undue air pollution, water 
pollution, soil erosion, or strain on water supplies, and that it conforms with local and 
regional land-use plans. 

Open space requirements for residential subdivision lands on non-wooded lots requires 
_% of the gross land area be set aside, with the city having the discretion to select land 
containing distinctive natural areas and specimen trees as part of the open space 
requirement. Landscaping required as per city regulations. Developer must submit a 
planting plan for trees on site that will allow for a minimum of_% canopy cover in 15 
years (15-year projected cover). 

Any projects fitting the above criteria that will be located in existing forested lands must 
also submit a forest stand delineation plan/inventory. The requirements of this inventory 
are explained later in this ordinance. A minimum of_% of the woodlands on a site 
shall be protected as open space. All reasonable attempts shall be made to make 
woodland remnants contiguous or left as larger, undisturbed fragments where continuity 
is not possible. Forest stands with significant wildlife habitat or threatened/endangered 
species vegetation habitat should be preserved as open space. Developments with oaks 
( of the White and Red group) require additional consultation with the county forester or 
tree inspector regarding oak wilt precautions and recommendations. 

Development occurring on open lands such as former agricultural uses and undeveloped 
grassland/brushland that are determined to be former forests and are in the proximity of 
forest land may require afforestation measures to maintain habitat connectivity and 
conform with water resource management strategies. If_% of the development does 
not contain net forest cover in these situations, it must be brought up to _% or an equal 
amount of funds must be donated to the city for open space protection and acquisition. 

In addition to the above open space preservation conditions, whenever a tract of land is 
subdivided for residential development, the developer will provide funds to the city for 
parks, playgrounds, public access, and open space as follows: 

a.) $250/lot for single family / mobile home 
b.) $400/lot for two-family 
c.) $100/unit for multiple family 
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FOREST STAND INVENTORY REQUIREMENTS 

Submissions shall include a natural inventory map that delineates natural tree cover by a 
circumferential line around all stands of trees with similar species defined as areas which 
include the outer perimeter of the drip line of the individual trees. A notation shall be 
included which indicates the range of height and caliper of the trees in the area, 
predominant species, and general appearance of the trees in regard to health. 

Submittal requirements shall include a conservation plan and landscape plan further 
depicting information on the drip line of trees to be retained, location of utilities, 
retention/detention ponds, and erosion control measures. Other elements such as 
roadways, driveways, and other infrastructure shall be delineated. 

Healthy individual trees which have a DBH of24 inches or greater must be specifically 
located and identified (species). Other trees that are lesser-sized but noteworthy because 
of species, age, size, or other exceptional quality such as uniqueness, rarity, or status as a 
monarch or species specimen must be located and identified as well. Developments 
occurring in oak woodlands require consultation with the county forester or tree inspector 
with the creation and filing of an Oak Tree Report, locating trees and giving 
construction/removal restrictions and recommendations based on the current oak wilt 
ordinance in effect. 

Prior to any acceptance of the forest stand delineation/inventory and issuance of a land 
disturbance permit for development activities considered in this ordinance, a 
preconstruction conference shall take place to review procedures for protection and 
management of all protected landscape elements identified on the protection plan. 
Appropriate municipal professionals will be included. Recommendations for permanent 
and temporary tree protection devices will be discussed as will options for larger open 
space easements and appropriate incentives (discussed later). 

DEVELOPER OPTIONS 

A developer may clear more than otherwise permitted under the ordinance if the 
following standards are satisfied and accepted by the city: 

A new woodland area must be designated on an unforested portion of the 
site. A reforestation plan must be submitted that utilizes a vegetation type 
compatible with other native vegetation on the site. 

The new woodland area must be at least 1.2 times the surface acreage of 
the area being additionally disturbed. Contiguous arrangement of the 
woodland with surrounding forest elements is encouraged. 

Plant materials must be supplied on a per/acre basis according to specific 
criteria established by a certified forester. 



Increased housing densities are offered for projects, as determined by municipal officials 
prior to development, in order to recognize innovative design beyond that required by this 
ordinance and other regulations. Linking open space to other systems and providing for 
woodland preservation and protection may result in increased densities and other 
incentives as determined by the municipality. For every acre of additional protected area, 
the developer may increase the allowable buildable area on the site by a factor as 
determined by appropriate municipal professionals and the constraints of the physical 
site. 

Additionally, planted trees on the site will receive credit based on predicted canopy (drip 
line area after 15 years). This area will be credited towards the overall percentage of site
cover requirements. 

POST-DEVELOPMENT MAINTENANCE AND RESPONSIBILITY 

If any of the trees required to be retained or trees planted as part of the landscaping plan 
should die within a period of 18 months after the completion of the activities associated 
with the land disturbance permit, the developer shall replace such trees within six months 
at a ratio of 1: 1 with an approved tree having a minimum DBH of 2" or more. Shrubs or 
other plantings that die within 18 months of development activities shall be replaced in
kind within 6 months. 

The developer has the option of making a cash-in-lieu contribution, instead of tree 
replacement, into a municipal fund that provides for off-site mitigation. This fee shall be 
equal to the cost of the replacement trees plus delivery and labor. 

ENFORCEMENT 

Conditions of enforcement will be based on federal, state, and local laws. 

PENALTIES 

Penalities will be a series of fines as determined by the local enabling authority. 

SEVERABILITY 

DATE OF EFFECT/SIGNATURES 
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WISCONSIN LAWS ON LAND USE PLANNING AND ZONING 
AN ABBREVIATED COMPILATION 

NOTE: These chapters, subchapters, and sections are selected for their legal 
association with parks and open space planning on both a regional and local 
scale. 

CHAPTER 27 - PARKS 
SUBCHAPTER VII - RURAL PLANNING 
27.015 - DUTIES 

d.) consider and provide for the establishment of community parks and 
woodlands, proportioned and situated so as to provide ample and equal 
facilities for the establishment of community parks for the residents of the 
county. 

e.) propose to the county board the setting aside of places of historic interest 
and the protection and preservation of unique and picturesque scenery 
along rivers, lakes, and streams, or other scenery or features remarkable, to 
the end that they may be continued or preserved. 

CHAPTER 91 - FARMLAND PRESERVATION 
SUBCHAPTER IV - AGRICULTURAL PRESERVATION PLANNING 
91.53 - STUDIES 

County agricultural preservation plans shall be based upon, without limitation 
because of enumeration, surveys, studies, and analyses of agricultural use and 
productivity, natural resources and open space, population and population density, 
urban growth, housing and the character, location, timing, use and capacity of 
existing and future population facilities. 

91.57 - IMPLEMENTATION PROGRAMS 
County agricultural preservation plans shall include a program of specific public 
actions designed to preserve agricultural lands and guide urban growth. Such 
implementation programs shall include, without limitation because of 
enumeration: 
4.) A program to protect areas of special environmental, natural resource, or 

open space significance. 
91.77 - ORDINANCE REVISIONS 

A county, village, or town may approve petitions for rezoning areas zoned for 
exclusive agriculture use only after findings have been made based upon 
consideration of the following: 
a.) Adequate public facilities to accommodate development exist or will be 

provided within a reasonable time. 
c.) The land proposed for rezoning is suitable for development and 

development will not result in undue water or air pollution, cause 
unreasonable soil erosion, or have an unreasonably adverse effect on rare 
or irreplaceable natural areas . 
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SUMMARY OF PORTAGE COUNTY 
PLANNING AND ZONING DEPARTMENT 

RECOMMENDATIONS FOR THE VILLAGE OF PLOVER- 1992 

SECTION 4.2 ENVIRONMENTAL RESOURCES 

The Village's environmental resources include air, energy, land, water, and wildlife. The 
significant growth projected for the Village will impact environmental resources. The 
Village should strive to protect environmental resources and maintain the ecological 
balance of the area. 

A. GOAL 

To conserve, protect and improve the environmental resources of the Village for the 
general purpose of: 

B. 

C. 

* Maintaining natural diversity within the Village 
* Providing for the recreational and leisure time needs of Village residents 
* Enhancing the educational values of Village residents 
* Enhancing the quality of life for Village residents 
* Protecting property values 

OBJECTIVES 

• 1. Preserve good air quality, with the intent that future air quality exceed 
standards for the area. 

2. Increase public and private sector energy conservation in the Village. 
3. Preserve land resources possessing special environmental values. 
4. Maintain and improve the quality of surface water resources in the Village. 
5. Recognize the preservation of wildlife habitat as a benefit to the Village and a 

contribution to the area's natural diversity. 
6. Preserve fish and wildlife habitat along the Wisconsin and Little Plover River 

corridors. 
7. Insure that environmental and aesthetic qualities are considered when 

development proposals are submitted. 
8. Continue to provide a management system that evaluates development 

proposals and applies specific policies and regulations for the purpose of 
making informed decisions related to the protection of the Village's natural 
land resources. 

POLICIES 

1. Support the State's air quality standards as minimum guidelines for 
development. 

2. Continuously evaluate the energy efficiency of municipal facilities, with the 
intent of implementing measures which can save energy. Examples include: 



* Types of street lighting 
* Lighting and maintenance of park and recreation facilities 
* Road construction and maintenance 
* Lighting and heating of municipal buildings 
* Use of methane from the sewage treatment plant 
* Performing energy audits of Village equipment and facilities 

3. Promote education about energy issues. 
4. Utilize the Subdivision and Zoning Ordinances to preserve wooded and other 

unique natural areas. 
5. Utilize publicly owned land for open space needs whenever possible and work 

with private landowners in providing public access to recreation areas. 
6. Preserve as natural areas, lands that are acquired for wellhead protection. 
7. Maintain and improve the water quality of the Wisconsin River. 

* Continue to maintain or surpass the DNR's required standards for the 
wastewater treatment facility's effluent, which discharges into the 
Wisconsin River. 

* Protect the Wisconsin River from wastewater discharges that would 
degrade water quality. 

8. Maintain and improve the water quality of the Little Plover River. 
9. Support measures aimed at improving water quality in Lake Pacawa. 
10. Promote the reduction and abatement of nonpoint source pollution of surface 

waters. 
11. Identify and preserve areas having special wildlife habitat values. 
12. Implement measures intended to protect fish and wildlife habitat as a part of 

Village projects, when such potential exists. 
13. Utilize the Village's park system to enhance wildlife habitat. 
14. The Village should continue to use the Floodplain, Shoreland-Wetland and 

Zoning Ordinances as a means of protecting environmentally sensitive and 
unique areas from urban development. 

15. Maintain and reinforce, as necessary, the regulatory provisions of the 
Village's Conservancy Zoning District as a tool in implementing the goals, 
objectives and policies identified in this section. 

ADDITIONAL SECTIONS REGARDING DEVELOPMENT 

5.38 Landscaping is recommended to 1.) visually soften paved areas and buildings; 2.) 
establish positive environmental conditions by providing for shade, air purification, 
mitigating oxygen, groundwater recharge, stormwater runoff retardation, improved water 
quality, the abatement of noise, heat, and glare, and protection from erosion; 3.) buffer 
uncomplimentary land uses; 4.) lessen the impact of high intensity uses; and 5.) enhance 
the appearance of the entire site proposed for development. 

5.9 Every effort should be made to protect and retain all existing trees, shrubbery, 
vines and grasses not actually lying in public roadways, drainageways, paths and trails. 
Trees should be protected and preserved in accordance with sound conservation practices. 



OTHER RECOMMENDATIONS 

"The Village should develop provisions in the subdivision and zoning ordinance which, 
through acquisitions, incentive and regulation, will help preserve wooded and other 
unique natural areas." 

"The Village should consider developing a bicycle/hiking route plan in order to link 
existing sections of the Green Circle Trail and provide a route that will serve the entire 
Village." 
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FIELD SPECIFICATIONS 

GENERAL 
Windows (at least 2 by 3 feet) and air-conditioners should be located on the overlays of 
the aerial prints and marked as "w" for windows and "ac" for air-conditioners. Mark a 
"?" where a building wall cannot be seen, and therefore, window locations cannot be 
identified. Draw in buildings that cannot be seen on the aerial prints and record tree data 
on the inventory sheets. 

TREE ID# 
Identify each tree on the aerial print and enter its number on the inventory sheet. If the 
tree is not identified on the aerial print, draw in and number the tree to approximate scale 
on the overlay. Use the identification number of a nearby tree and give it an extension 
starting with .01. Care should be taken not to use the same identification number twice. 

PUBLIC/PRIVATE 
Note whether the tree is located on public or private property. 

SPECIES 
Identify the tree by genus and/or species. Note columnar varieties. If all species in the 
genus have similar leaf area and tree size characteristics, therefore not affecting light or 
water infiltration rates, simply note the genus. However, if these characteristics are 
significantly different among species, designate each separately. This becomes important 
when analyzing existing and potential shade values of each tree and other ecological 
benefits such as stormwater reduction levels. Three and two letter abbreviations shall be 
used for the genus and species respectively. Other abbreviations may be developed and 
submitted as a key with the inventory sheets. 

DIAMETER CLASS 
Record trunk diameter at 4.5 feet above the ground. Enter its diameter class, as listed 
below, in the first column of the inventory sheet. If possible, estimate diameter to the 
nearest 2 inches and enter into the second column. Periodic checks using a diameter tape 
will improve accuracy. 

HEIGHT CLASS 

1 = < 10 inches 
2 = 10 to 20 inches 
3 = > 20 inches 

Estimate height to the nearest height class: 
1 = < 15 feet 
2 = 15 to 35 feet 
3 = > 35 feet 

If tree has been topped, indicate a "Y" in the reduced height column, otherwise "N." 
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OVERALL HEALTH CONDITION 
Evaluate overall tree health by examining twig growth and the presence of epicormic 
branches (sprouting). Also inspect the crown, trunk, and roots of the tree. Use the 
following guidelines for rating health: 

1. VERY POOR- no new twig growth, heavy sprouting 
CROWN - more than 50% dead or dying; 
TRUNK - large cavity(s) or girdled; 
ROOTS - evidence of trenching and/or root cutting within 

5 feet of the base of the trunk. 
3. FAIR - some epicormic sprouting, moderate twig growth 

CROWN - 10-30% showing evidence of damage, structurally 
weak, may have holes, poorly pruned, evidence of 
of dieback or insect/disease problems; 

TRUNK - 5-15% showing evidence of damage, cambial layer 
penetrated, but not girdled; 

ROOTS - space confined by physical structure(s), may be planted 
too deep. 

5. EXCELLENT - substantial twig growth in the past year, no epicormic sprouts 
CROWN - structurally strong, full, uniform, no dieback or 

evidence of insect/disease problems; 
TRUNK - not damaged 
ROOTS - not damaged, proper planting depth. 

Note: Ratings of 2 and 4 fall between the appropriate classes above. 

CONFLICTS 
Conflicts with trees should be listed according to the following: 

1 = Potential problem with overhead utilities 
2 = Existing problem with overhead utilities 
3 = Building or other structure (specify) 
4 = Sidewalk / curb 
5 = Other tree 

GROUND COVER 
Ground cover underneath the drip line of the tree should be listed according to the 
following or specified otherwise: 

1 = Shrub 
2 = Grass 
3 = Pavement 
4 = Exposed soils 
5 = Mulch 
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STEVENS POINT SOIL TYPES 

The following soil types found in Stevens Point are grouped into four hydrologic soil 
grouping (A thru D) based on the drainage characteristics of the soil. Map H shows the 
hydrologic soil groupings in Stevens Point. 

HYDROLOGIC GROUP SCS ABBREVIATION SOIL NAME 

FrA Friendship 
A PbB Plainbo 

PfA Plainfield 
RfA Richford 

Da Dancy 
B DuB Dunnville 

MnA Meehan 

MeA Meadland 
C PoA Point 

RhA Rockers 

D Rm Roscommon 
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TABLE 1 

URBAN AREA POPULATION CHANGE 
(1950-1990) 



URBAN AREA* POPULATION CHANGE (1950-1990) 

VILLAGE OF TOWN OF VILLAGE OF CITY OF VILLAGE OF TOWN OF 
YEAR PLOVER PLOVER WHITING STEVENS PT. PARKRIDGE HULL URBAN AREA 

1950 0 1,621 854 16,564 314 1,525 20,878 

1960 0 1,972 1,193 17,837 504 2,297 23,803 

1970 2,618 1,074 1,782 23,479 817 3,124 32,894 

1980 5,310 2,330 2,050 22,970 643 5,122 38,425 

1990 8,176 2,223 1,838 23,006 546 5,559 41,348 

2000 (projected) 47,965 

2010 (projected) 50,266 

2020 (projected) 52,493 

* Urban area includes the Towns of Hull and Plov~r, the Villages of Park Ridge, Plover and Whiting, and the City of Stevens Point. 

Population projections prepared by the Portage County Planning and Zoning Department - 1990. 

General Population data from the 1950-1990 Bureau of the Census, General Population Characteristics. 
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TABLE2 

REFERENCED ORGANIZATIONS 
AND VENDORS 



REFERENCED ORGANIZATIONS AND VENDORS 

ESRI 
380 New York Street 
Redlands, CA 923 73-8100 
(909) 793-2853 
(909) 793-5953 fax 

Sun Microsystems 
2550 Garcia Avenue 
Mountain View, CA 94043 
(415) 960-1300 

American Forests 
1516 P Street NW 
P.O. Box 2000 
Washington, D.C. 20005 
(202) 667-3300 

The Conservation Fund 
American Greenways 
1800 N. Kent Street 
Arlington, VA 22209 
(703) 525-6300 
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GREATER STEVENS POINT AREA 

EXPANDED 
URBAN AREA 
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STEVENS POI 
LANDUSE 

LEGEND 
D Single-Family Residential (High Density) 
D Single-Family Residential (Medium Density) 
D Single-Family Residential (Low Density) 

............... Two-Family Residential 
Multiple-Family Residential 

~ Mobile Home 
- Institutional 
- Commercial 
- Industrial 
- Parks, Cemeteries, & Golf Courses 
- Water 
~ Roads 
D Undeveloped Land (Open) 

Undeveloped Land (Forested) 

N 

w 

s 

MAP BY MARK DWYER 

SEPTEMBER 1995 



WHITING AND PLOVER 
LANDUSE 

LEGEND 
0 SINGLE-FAMILY RESIDENTIAL (HIGH DENSITY) 
0 SINGLE-FAMILY RESIDENTIAL (MEDIUM DENSITY) 
0 SINGLE-FAMILY RESIDENTIAL (LOW DENSITY) 
- MUL Tl-FAMILY RESIDENTIAL 

MOBILE HOME -
- COMMERCIAL 

INSTITUTIONAL 
- INDUSTRIAL 
- PARKS, CEMETERIES, GOLF COURSES 
- UNDEVELOPED/ CONSERVANCY 
CJ ROADS 
- UNDEVELOPED LOWLANDS AND ISLANDS 
- WATER 
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w 
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MAP BY MARK DWYER NOVEMBER 1995 



STEVENS POINT 
CANOPY CLASSIFICATION 

.. 

LEGEND 
CJ VERY LIGHT CANOPY/ Very Light Grass/ Covered with Impervious 
CJ VERY LIGHT CANOPY/ Light Grass / Covered with Impervious 
CJ VERY LIGHT CANOPY/ Light Grass / Heavy Impervious 
[JJ VERY LIGHT CANOPY/ Heavy Grass / Heavy Impervious 
- VERY LIGHT CANOPY / Covered with Grass / Light Impervious 
0 LIGHT CANOPY / Light Grass / Covered with Impervious 
- LIGHT CANOPY/ Medium Grass / Medium Impervious 
- LIGHT CANOPY/ Medium Grass / Heavy Impervious 
- LIGHT CANOPY/ Heavy Grass/ Medium Impervious 
- LIGHT CANOPY / Covered with Grass / Light Impervious 
0 MEDIUM CANOPY/ Medium Grass/ Light Impervious 
IIIJ MEDIUM CANOPY/ Medium Canopy/ Medium Impervious 
- MEDIUM CANOPY/ Heavy Grass/ Light Impervious 
- MEDIUM CANOPY/ Covered with Grass/ Very Light Impervious 
CJ HEAVY CANOPY / Light Grass / Light Impervious 
LJ HEAVY CANOPY / Light Grass / Medium Impervious 
- HEAVY CANOPY/ Medium Grass/ Medium Impervious 
- HEAVY CANOPY / Heavy Grass / Very Light Impervious 
- HEAVY CANOPY / Heavy Grass / Light Impervious 
- COVERED WITH CANOPY / Light Grass / Light Impervious 
-FORESTED 
- WATER 

VERY LIGHT = 0 - 5% 
LIGHT = 6 - 20% 
MEDIUM= 21 - 40°/o 
HEAVY= 41-60% 
COVERED = OVER 60% 

N 

E 

s 

MAP BY MARK DWYER 

SEPTEMBER 1995 



VILLAGE OF PLOVER 
CANOPY CLASSIFICATION 

.. 

LEGEND 
CJ VERY LIGHT CANOPY/ Very Light Grass / Covered with Impervious 
c=J VERY LIGHT CANOPY/ Light Grass / Covered with Impervious 
D VERY LIGHT CANOPY/ Heavy Grass/ Heavy Impervious 

VERY LIGHT CANOPY/ Covered with Grass / Light Impervious 
LIGHT CANOPY/ Light Grass I Covered with Impervious 
LIGHT CANOPY/ Medium Grass/ Medium Impervious 

- LIGHT CANOPY/ Medium Grass/ Heavy Impervious 
- LIGHT CANOPY/ Heavy Grass/ Medium Impervious 
- LIGHT CANOPY/ Covered with Grass / Light Impervious 
□ MEDIUM CANOPY/ Medium Grass I Light Impervious 

MEDIUM CANOPY/ Medium Grass/ Medium Impervious 
- MEDIUM CANOPY/ Heavy Grass/ Light Impervious 
- MEDIUM CANOPY/ Covered with Grass/ Very Light Impervious 
□ HEAVY CANOPY/ Light Grass I Light Impervious 
- HEAVY CANOPY/ Medium Grass I Medium Impervious 
- HEAVY CANOPY/ Heavy Grass/ Very Light Impervious 
- HEAVY CANOPY/ Heavy Grass/ Light Impervious 
- COVERED WITH CANOPY/ Light Grass/ Light Impervious 
- FORESTED 
- WATER 
0 AGRICULTURE 
- RIVER with Forested Islands 

VERY LIGHT = 0 - 5% 
LIGHT = 6 - 20% 
MEDIUM = 21 - 40% 
HEAVY= 41 - 60% 
COVERED = ABOVE 60% 

N 

w E 
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MAP BY MARK DWYER SEPTEMBER 1995 



CANOPY CLASSIFICATION 

LEGEND 
CJ VERY LIGHT CANOPY / Very Light Grass / Covered with Impervious 
llll VERY LIGHT CANOPY/ Covered with Grass / Light Impervious 

LIG_HT CANOPY / Medium Grass I Medium Impervious 
Ill' LIGHT CANOPY/ Medium Grass / Heavy Impervious 
1111 LIGHT CANOPY / Heavy Grass / Medium Impervious 
1111 LIGHT CANOPY/ Covered with Grass / Light Impervious 

MEDIUM CANOPY/ Medium Grass/ Light Impervious 
MEDIUM CANOPY/ Medium Canopy I Medium Impervious 
HEAVY CANOPY / Light Grass / Light Impervious 
HEAVY CANOPY/ Light Grass/ Medium Impervious 

.. HEAVY CANOPY/ Medium Grass / Medium Impervious 

.. HEAVY CANOPY/ Heavy Grass/ Very Light Impervious 

.. COVERED WITH CANOPY/ Light Grass / Light Impervious 
Ill FORESTED 
Ill WATER 

VERY LIGHT = 0 - 5% 
LIGHT= 6-20 % 
MEDIUM= 21-40% 
HEAVY= 41-60% 
COVERED = OVER 60°/o 
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CANOPY COVER 

.. 

LEGEND 
LJ VERY LIGHT CANOPY (0 - 5%) 

LIGHT CANOPY (6 - 20%) 
MEDIUM CANOPY (21 - 40%) 
HEAVY CANOPY (41 -60%) 
COVERED WITH CANOPY (OVER 60°/o) 
FORESTED 
WATER 

N 

s 

MAP BY MARK DWYER SEPTEMBER 1995 



GREATER STEVENS POINT AREA 
RURAL ZONING 

NORTH 

KEY 
CJ] SINGLE-FAMILY RESIDENTIAL - EXCLUSIVE AGRICULTURE 

(c,;;\i ONE/TWO FAMILY RESIDENTIAL - AGRICULTURAL TRANSITION MAP COMPOSITION BY 
MULTIPLE FAMILY RESIDENTIAL - NEIGHBORHOOD COMMERCIAL 

[=::J RURAL/URBAN FRINGE - COMMERCIAL MARK DWYER 

- INDUSTRIAL - HIGHWAY COMMERCIAL - CONSERVANCY URBAN AREA MARCH 1996 - AGRICULTURE - WATER 



STEVENS POINT 
STORMWATER RUNOFF 

LEGEND 
0 VERY LIGHT FLOW (0-5%) 
0 LIGHT FLOW (6-20%) 
..._________.. MEDIUM FLOW (21-40°/o) 

MEDIUM/ HEAVY FLOW (41-60%) 
HEAVY FLOW (61-80%) 
INTENSE FLOW (81-100%) 

- WATER 

N 

E . 

s 

NOTE: FLOW CATEGORIES INDICATE 
THE PERCENTAGE OF STORM
WATER THAT WILL FLOW OFF 
SITE. 

MAP BY JILL MAHON 
&MARK DWYER 

APRIL 1996 



GREATER 

LEGEND 
□ Residential 

■ Commercial 

■ Industrial 

■ Institutional 

■ Recreational 

■ Utilities 

Mobile Home Park 

■ Cemetery 

■ Road Transportation 

Air Transportation 

Deciduous 

■ Coniferous 

■ Mixed Forest 

■ Pine Plantation 

■ Forested Wetland 

■ Marshland 

STEVENS 

■ Grassland/Brushland/Undeveloped 

■ Agriculture 

■ Water (Lake/River/Stream) 

POINT AREA LANDCOVER AND LANDUSE 

~ 
NORTH 

COMPOSITION BY 

MARK DWYER 

MARCH 1996 



OP EN 

LEGEND 
PRIORITIES IN CONSERVANCY LANDS 

PRIORITI~S IN EXCLUSIVE AGRICULTURE (A1) 

- PRIORITIES IN AGRICULTURE (A) 

PARKS, CEMETERIES, GOLF COURSES 

WATER 

ROADS 

PRIORITY AREAS INCLUDE: 
DECIDUOUS/ CONIFEROUS FORESTS 
PINE PLANTATIONS 
FORESTED WETLANDS 
MARSHLAND 
GRASS/BRUSHLAND AND UNDEVELOPED 

SPACE PRI ORIT IES 

NORTH 

MAP COMPOSITION BY MARK DWYER APRIL 1996 



THE GR EEN CIRCLE TRAI L 
WITH ADJACENT UNDEVELOPED LANDS 

LEGEND 

• 

DECIDUOUS 

CONIFEROUS 

MIXED FOREST 

PINE PLANTATION 

FORESTED WETLAND 

MARSHLAND 

GRASS/BRUSHLAND AND UNDEVELOPED 

PARKS/CEMETERIES/GOLF COURSES 

ROADS 

WATER (LAKE/RIVER/STREAM) 

---· GREEN CIRCLE TRAIL 

NORTH 

MAP BY MARK DWYER APRIL 199 
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