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Land use regulations are typically established as a response to development 

activity. For effective growth management and habitat preservation, the opposite 

should occur. This study considers tree preservation ordinances of the Dallas-Fort 

Worth metropolitan area as a means of evaluating development regulation in a 

metropolitan context. It documents the impact urban cores have on regulations and 

policies throughout their region, demonstrating that the same urban-rural gradient 

used to describe physical components of our metropolitan areas also holds true in 

terms of policy formation. Although sophistication of land use regulation generally 

dissipates as one moves away from an urban core, native habitat is more pristine at 

the outer edges. To more effectively protect native habitat, regional preservation 

measures are recommended. 
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CHAPTER I 
 

INTRODUCTION 
 

 The premise of this study is that land use regulations are typically established as a 

response to development activity, but that, for effective growth management and habitat 

preservation, this is the opposite of what should occur.  Inverting this relationship would do 

much to facilitate the preservation of our urban forests. For more effective growth management, 

land use regulation must play a more causative role in patterns of urban growth, with 

development playing a more responsive role.  This premise is tested via an analysis of tree 

preservation ordinances in North Central Texas, as these ordinances are created for the purpose 

of regulating development activity in urban areas. 

 

Context 

Today’s urban form has grown out of a complex history of economic development, 

patterns of immigration and settlement, social and cultural values, and technological innovations.  

Urban growth and expansion has had an impact on natural areas, as more and more land is 

converted through the processes of urbanization. As of the year 2000, over half of the land in the 

48 contiguous United States was classified as part of either a metropolitan or micropolitan area.  

Since that time, rural areas have comprised a minority share of the land in the U.S. (Knox 2005).   

 In the midst of such rapid growth and development, man has yet to truly separate himself from 

the natural world.  Trees and other vegetation within the urban setting enhance the human 

experience, serving as reminders of man’s association with nature.  They also create a sense of 

place within cities.   
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Urban ecosystems are complex, resulting from a continuously changing interplay 

between what is built and what is natural.  Tree communities are a vital component of our urban 

ecosystems, comprising what is called the urban forest.  Healthy urban forests provide many 

benefits for the communities in which they occur.  They enhance energy conservation, reduce 

heat island effect, improve air quality, and maintain lower ambient temperatures (McPherson 

1999).  Urban forestry programs have developed out of a concern for the loss of natural areas due 

to urbanization.   

Within the Dallas/Fort Worth metropolitan area, the North Central Texas Council of 

Governments (NCTCOG) has forecasted a population increase of approximately 80 percent by 

the year 2030.  As an area that lacks natural barriers to growth and is built on a model of 

suburban expansion, the development demand associated with this growth will put significant 

pressure on native habitat.  Because of this rise in urban development, regulations of land use 

and development processes have become increasingly important, as environmental quality 

affects overall quality of life, not only for those of us alive today, but also for future generations.   

Tree preservation ordinances have become an important means of habitat preservation in 

the face of urbanization, as tree preservation ordinances determine which trees must be protected 

and which trees can be removed from an area.  Tree preservation ordinances help regulate the 

use and development of land within a municipality, to ensure that urbanization does not destroy 

existing trees in the community.  These ordinances are typically contained within the zoning 

code or subdivision code of a municipality, but sometimes exist in chapters dedicated to resource 

protection.  

This study focuses on trends in adoption of tree preservation ordinances in North Central 

Texas.  It documents the spatial implications of preservation policy, as well as a comparative 
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survey of the substance of the ordinances in the area.  Studies such as these are important for 

documentation of how our urban forests are protected as development spreads throughout a 

region.  Such studies encourage more effective urban ecosystem management, more relevant 

policies and plans, and a clearer understanding of how municipal policy-making occurs within 

the context of a metropolitan statistical area. 

 

Findings 

Measures of Growth and Influence on Ordinance Adoption  

Of the 93 home rule municipalities in the North Central Texas area, 51 had adopted tree 

preservation ordinances by 2008.  Because this represents roughly half of the municipalities, the 

question was raised as to whether there were certain attributes of these municipalities that 

significantly impacted whether or not ordinances were adopted. 

 Three variables were evaluated to determine if they exert any apparent influence on 

whether or not these cities adopted tree preservation ordinances.    The variables included time 

(expressed as year of ordinance adoption), population (taken at time of adoption), and proximity 

to an urban core (Dallas or Fort Worth).  Of these, proximity to an urban core and year of 

adoption exhibited a significant influence on whether or not a municipality adopted a tree 

preservation ordinance.   

 The municipalities closer to an urban core demonstrated significantly higher frequency of 

adoption than those further away.  This implies that, just as there exists an urban to rural gradient 

in our physical environment, there also exists an urban to rural gradient in policy formation. 

The earliest tree preservation ordinances in the study area were adopted in the 1970s.  

Geospatial analysis indicated that municipalities in the west adopted earlier than anticipated, 
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while municipalities in the east adopted later than anticipated. This is most likely a response to 

the regional patterns of population growth in the study area. 

 

Ecological Impact of Preservation Measures  

 There are four ecoregions that comprise the North Central Texas area, according to Texas 

Natural Resource Information Systems.  These include the Western Cross Timbers, the Grand 

Prairie, the Eastern Cross Timbers, and the Blackland Prairie.  Because there is only one home 

rule municipality found within the Western Cross Timbers, it was not considered in this 

evaluation (the coverage is negligible).  For the remaining three ecoregions, two factors were 

considered: the geographic extent of tree preservation ordinances within the ecoregion, and the 

differences in mean score for preservation criteria among the ecoregions. 

Geographic extent of preservation ordinances is a measure of relative coverage of land by 

preservation ordinances.  In terms of relative coverage of the ecoregion by preservation 

measures, the Eastern Cross Timbers proves to score the highest.  This means that, although 

these cities do not exercise the greatest number of criteria, the relative amount of land covered by 

preservation measures is greater here than in the other ecoregions. 

  It was anticipated that the Cross Timbers Region would score highest with respect to 

mean score for preservation criteria.  However, the two prairie ecoregions demonstrate the 

highest mean scores for preservation criteria (a measure of ecological relevance).  The presence 

of an urban core in each of the prairies, however, significantly impacts this test.  These two 

municipalities are significantly larger than all other municipalities in the North Central Texas 

area, and, as the urban to rural gradient was confirmed in terms of municipal policy, it stands to 

reason that the urban cores will have the most developed ordinances in terms of criteria.  
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Although this did not indicate the relationship between ecoregion and preservation criteria, it did 

confirm the impact that the urban cores have on municipal preservation policy. 

 

Consistency of Ordinances with Purpose and Intent 

 The structure of tree preservation ordinances varies from municipality to municipality, as 

there are no legal requirements regarding constitution, elements, or format.  There are, however, 

general guidelines for construction of such ordinances.  An internal evaluation of the adopted 

ordinances was therefore conducted to determine the efficacy of these ordinances to promote tree 

preservation. This internal ordinance evaluation functions as a comparative study of three basic 

attributes: provisions for enactment and enforcement, sophistication of standards that regulate the 

development process, and ecological relevance of criteria for preservation. 

 Regarding provisions for enactment and enforcement, no single municipality in the study 

area had adopted an ordinance containing more than 50 percent of the recommended provisions 

for enactment and enforcement.  This means that, regardless of the sophistication of preservation 

standards, most ordinances did not grant the municipality due authority to enforce the terms 

contained therein.  Ordinances that lack such authority do nothing to fulfill the purpose and 

intent for which they were constructed.   

 When considering the spatial patterns in scores for ordinance provisions, a strong 

correlation can be observed between this attribute and year of ordinance adoption.  This would 

imply that there are many municipalities that adopted preservation ordinances early on, but have 

failed to adequately update them over time.  

 A core component of tree preservation ordinances consists of standards that regulate the 

development process.  There are two ways of viewing development standards: by issue addressed 
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(general category) or by how much the ordinance says about that particular issue (particular 

development standards).  When standards are viewed categorically, the majority address at least 

80 percent of the general categories.  However, when standards are viewed particularly, the 

ordinances score much lower. In terms of particular regulations, only a fraction of the 

municipalities include even half of the standards that are recommended for regulation of the 

development process.  In other words, although many of the ordinances did include general 

categories of development controls, they were not thorough in the manner in which they did so.  

 A hot spot analysis indicates that the municipalities in the Eastern Cross Timbers scored 

significantly higher than expected for sophistication of standards.  As higher scores mean greater 

restrictions on land development, this pattern indicates that the development process is more 

restricted in the Eastern Cross Timbers than it is in other ecoregions of the study area. 

 Stable vegetative communities are characterized by heterogeneity, which is often referred 

to as mosaic stability.  Mosaic stability occurs where there is diversity of age, species, and size.  

Thus, preservation ordinances that incorporate a range of preservation criteria will be more 

equipped to promote mosaic stability, and, therefore, healthy tree communities.  For this reason, 

the preservation criteria of each ordinance were evaluated.  Each ordinance was first evaluated 

for number of criteria implemented, and second for the relationship between preservation criteria 

and the predominant ecoregion of each municipality.  This was studied to determine the 

ecological relevance of the criteria that determine which trees will actually be protected, 

considering whether preservation policies were influenced in some way by the habitat they were 

enacted to protect. 

 Regarding number of criteria employed, no municipality in the study area regulated for 

all four of these criteria, but many regulated for two.  Species and size were the most common 
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criteria for preservation.  Canopy coverage was regulated in only 7 municipalities, and only 3 

communities regulated for biodiversity.  There was no clear geospatial trend in ecological 

relevance of the preservation criteria, but there were a few isolated municipalities that functioned 

as hot spots, scoring significantly higher (Garland and Southlake) and significantly lower 

(Carrollton and Fort Worth) than expected. 

 

Conclusions 

 The findings of this study carry a range of ecological and policy-related implications.  

This study confirms that the urban to rural gradient holds true not only for development patterns, 

but also for policy measures.  This means that the policies defined for our urban cores carry a 

significant impact on the communities around them.  This study also shows that although early 

establishment of preservation measures is good, amendments are necessary to ensure that 

policies are effectively achieving their original purpose and intent. Regarding the relationship of 

preservation measures and ecoregions, it seems that the greater the extent of tree coverage, the 

greater the perception of the values of trees.  This is manifested through heightened restrictions 

on development, as exhibited throughout the Eastern Cross Timbers region of North Central 

Texas.  As our communities continue to expand, and to consume native habitat, it is the role of 

municipal government to establish appropriate controls to encourage the preservation of trees in 

our environment.  It is evident in this study that we value their presence, and do not wish to see 

them removed.  
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CHAPTER II 
 

LITERATURE REVIEW 

Trends in urbanization have led to a comingling of the built and natural environment.  

Urban ecosystem management has developed out of a concern for the loss of natural areas due to 

urbanization.  Tree ordinances are the mechanism by which many municipalities regulate the 

preservation of habitat within their communities.  This review investigates urbanization, the 

resultant loss of native habitat, responses to habitat loss and subsequent regulatory intervention, 

and the utilization of tree ordinances in habitat preservation within municipalities.  

 

Urbanization 

In 1963, the U.S. National Academy of Sciences published The Growth of World 

Population, which was a report on the scientific concern for the consequences of global 

population growth.  Soon after that, Paul Ehrlich published The Population Bomb, which 

popularized the impacts the scientific community had professed due to rapid rates of global 

population growth.  Since that time, countless geographers, sociologists, demographers, 

anthropologists, and economists have sought to analyze the impacts of this growth on the world.   

The urban form as we know it today has grown out of a complex history of economic 

development, patterns of immigration and settlement, social and cultural values, and 

technological innovations (Calthorpe 2001).  Changes in the legal framework have also impacted 

land use and urban form (Knox 2005), as well as the range of preferences in terms of residential 

location.  In 2001 it was estimated that 50 percent of the U.S. population live in suburbs 

(McKinney 2002).  This means that, in addition to an increase in the number of urban 

residents and amount of urban space, the patterns of distribution of those residents generally 
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displays a dispersion moving from dense urban cores outward toward lower density suburban 

areas.   

 

The Emergence of the Metropolitan Area   

Urban expansion is not merely a horizontal extension of highly populated cities, but 

rather a transformation of the urban landscape itself.  Our highly populated cities have extended 

so as to merge with second tier communities (often separate cities) during the process of 

suburbanization.  Additionally, many communities that had historically enjoyed a more rural and 

isolated character are engulfed by the extending reach of our population centers.   

 This amalgamation has led to a new urban expression – the metropolitan area.  Edge 

cities are merging with urban cores to form a more regional urban environment, evidenced in the 

number of metropolitan statistical areas designated in the United States (Calthorpe 2001).  

According to the U.S. Census Bureau, metropolitan areas are comprised of a core, or nucleus, 

based on population, and integrated adjacent communities. This integration can be seen in 

transportation and infrastructure, as well as social engagement and economic performance (U.S. 

Census Bureau 2011).   

As cities grow, they must occupy space.  This leads to an inevitable conflict between the 

built environment and the natural environment.  Allowance for the one typically requires the 

sacrifice of the other.  Ironically, however, many believe that it was the very process of 

urbanization that has helped to increase man’s affinity for the natural world (Tuan 1974).  

Because of the issues that arise from the rate and patterns of urban growth and expansion, the 

impact of this growth on the natural world must be considered.   

 Shifts in public perception typically drive public policy, and national perception of the 
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impact of urban expansion in recent years can be mapped in terms of policy prioritization of 

various administrations.    Where previous administrations had held a conservationist perspective 

of how we should engage our forests, the Clinton Administration of the 1990s shifted toward a 

preservationist position, allowing the issue of habitat consumption to influence how forestlands 

should be preserved, rather than simply managing their consumption. (Bryner 1999).  Therefore 

policy trends over time serve as an indicator of public priorities.  

Responses To Habitat Loss   

 How man treats nature is a direct reflection of his beliefs about nature.  As collective 

opinions are formed, social and cultural values about nature are expressed.  Ultimately, this is 

what guides the formation of environmental policy.  Today’s environmental programs and 

policies grow out of a long history of political, social, religious, and scientific history, and have 

been shaped by the views and laws of a number of cultural groups over time.   

 In the 1970s, municipal ordinances began to emerge that regulated land use as it related 

to the preservation of trees and forests.   Californian cities such as Santa Barbara, Sacramento, 

and Los Angeles were among the first in the nation to adopt tree preservation ordinances, as a 

means of addressing environmental preservation at the local level.  Huntsville, Alabama and 

Austin, Texas drafted ordinances for tree preservation during this same time period.  These cities 

are characterized by a beautiful natural fabric, yet are also magnets for urban growth.  This 

conflict between natural resources and urban needs led to local policy measures to manage the 

interface of the built and natural systems.   

 

Urban Forestry 

 As the built environment in the United States has grown and changed at a relatively rapid 
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rate, the impact of urban growth and expansion has led to constant interchange between cities 

and native vegetation.  The discipline of urban forestry arose as a response to the rapid habitat 

loss and deforestation that was occurring as a result of this expansion.  Urban forestry focuses on 

maintaining, restoring, and managing trees in an urban setting.  The focus of urban forestry 

programs is often individual trees, as well as tree communities, habitats, and ecosystems that can 

be found in and around urban areas (Miller 1997).   There are two critical aspects of urban 

forestry that are explored here: the nature of the urban forest itself and the policies that direct 

urban forest management. 

 

The Nature of the Urban Forest 

 The urban forest consists of the shared green spaces of our urban areas, where trees and 

vegetation exist as a component of the urban environment. These include a range of community 

components, such as parks, public gardens, greenbelts and landscaped streets. 

 

The Value of Trees in the Urban Landscape  

An urban forest is valuable to the extent that it provides benefits to society (McPherson 

1999).  These benefits can be far-reaching and complex, manifesting themselves both directly 

and indirectly. Trees and other vegetation within the urban setting enhance the human 

experience, serving as reminders of man’s association with nature.  They also provide cognitive 

reinforcement as identifiers of place within the city.  Older, established trees frequently serve as 

landmarks, reminding residents and visitors to remember historic events and periods of change. 

Trees also provide instrumental or practical benefits to humans and other animals that 

reside in an urban community.  Such benefits include shade, shelter, and food resources.  
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Therefore vegetative health in the urban system directly affects the biodiversity and health of the 

other organisms living in the area.  Trees can also enhance environmental quality, as they 

stabilize soil, sequester and store carbon, and host a variety of associated beneficial species 

within a given habitat. 

As parks and recreational areas play such a valuable role in preserving and enhancing 

quality of life in urban areas, trees enhance recreational experience.  They provide food and 

shelter that attracts wildlife, shelter for users, and provide places for social aggregation.  

In addition, trees generally enhance the environmental and ecological conditions of urban 

areas.  They help to combat the temperature increases due to heat island effect that are caused by 

a disproportionate increase in paved surfaces.  They sequester undesirable atmospheric carbon 

compounds from the air, and generate oxygen.  They function as insulators, absorbing solar 

radiation and regulating air movement and temperature. In addition to abating noise, air, and 

light pollution, trees also control soil erosion, assist with preservation of the local hydrologic 

system, and aid in storm water purification.  Inevitably, vegetative health and stability will have 

a positive effect on environmental quality (McPherson 1999). 

Finally, trees provide economic benefits for urban communities.  As tree preservation 

programs increase throughout the country, tree surveys and inventories can increase the 

economic value of private property.  Furthermore, the presence of existing trees on property 

typically increases its value for sale.  Homes that are on the market with mature or native trees 

are generally valued higher than similar homes with no or newly planted trees. 

 

The Composition of the Urban Forest 

 Urban ecosystems are quite complex, as they are the result of constant change and 
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interplay between what is built and what is natural.  Because of the stresses typically encountered 

in such environments, these ecosystems are of necessity quite resilient (Alberti 2004).  Analysis 

of urban ecosystems allows for the establishment of best management practices, effective 

policies and plans, identification of sensitive areas, and community education.  The attributes of 

urban ecosystems investigated here are the structure of the urban forest, the need for ecological 

biodiversity, the use of the urban-rural gradient in urban forest analyses, and the value of trees in 

the urban landscape.  

The urban forest is comprised of trees and associated vegetation that is found in urban 

areas.  They vary in scale, composition, and pattern of distribution, depending on the nature of 

the physical fabric in which they occur.  This fabric is shaped by both natural conditions and the 

effects of urbanization (Miller 1997). 

Distribution of trees within an urban area typically follows a set pattern, when moving 

from the urban core outward toward undeveloped land.  There are 3 general zones associated 

with the structure of the urban forest: urban, suburban, and exurban zones.  The Urban Zone 

typically contains the fewest and the largest trees.  The Suburban Zone is comprised of 

residential forested areas, with generally younger trees that have been planted in that space.  The 

Exurban zone is a representation of the native coverage and its associated conditions.  It has still 

been shaped by the effects of development, but has been minimally altered.  Urban morphology, 

natural factors, and management practices are the primary determinants of the structure of an 

urban forest. 

 

Distribution Patterns of the Urban Forest: The Urban – Rural Gradient 

 Gradients are useful in the analysis of change over space, as they establish a system of 
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spatial differentiation and order that can be applied to an apparently disorderly space.  For this 

reason, they are helpful in the analysis of the ecology of the urban landscape.  Rather than 

qualifying which lands merit environmentally sensitive practices, urban-rural gradients serve as a 

tool to inform suitable land uses and management practices for each given area in the 

heterogeneous urban landscape.   

 There are two approaches to the use of gradients: direct and indirect.  Direct gradients are 

employed when factors can be ordered in a continuous linear array.  Indirect gradients are 

typically employed when the factors cannot be arrayed in a linear fashion.  In such cases, a rank 

ordering of values for a given parameter establish the sequencing.  This requires an ordinal 

analysis of the variation over space.  Gradients can also be classified as simple or complex, based 

on the number of variables being scored.  Single variable assessments are simple, and multiple 

variable assessments are considered complex (Dow 2000). 

 Such gradients can be applied in the analysis of a range of physical conditions in the 

urban landscape.  Ecological conditions, such as biodiversity and population density, are useful 

applications of the gradient.  Development conditions, such as density and land use, can also be 

assessed via an urban-rural gradient, as most commonly associated with the New Urbanist 

transect for land use and population density (New Urban News 2005).  Other physical factors, 

such as impervious coverage, pollution, average ambient temperature, and rainfall, show 

variability along the gradient (McKinney 2002).   

 Using urban-rural gradients allows habitat health to be assessed by defining patterns of 

distribution throughout a metropolitan area.  One approach to the assessment of tree health 

across the urban-rural gradient does so using categories for the various geographic settings, 

making the assumption that each designated urban setting will possess a unique combination of 
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attributes.  Another approach would be the use of indicator variables, such as soil pH or street 

settings, which have historically proven to be effective determinants of the related levels of the 

other variables in question.  For this method, those variables that are most strongly correlated 

with tree health are scored along the gradient (Iakovoglou 2001). 

The results of such studies indicate that not all species show highest health scores in rural 

areas, but each species, using urban-rural gradients, can be assessed to determine the 

environment with which it is most compatible.  One of the greatest threats to the ecosystem 

health is artificial biological homogenization, and urban-rural gradient studies have been useful 

in demonstrating that biodiversity trends moving from the outer reaches of an urban area toward 

the urban core.  Studies indicate that the number of native species decreases while moving closer 

to the urban center, while the number of non-native species increases (McKinney 2002). 

 

Biodiversity and the Stability of the Urban Forest 

  One of the critical determinants of the stability of any given habitat is the presence of 

biodiversity.  Biodiversity can be defined as the variety of life and all of the processes that keep 

it functioning (Randolph 2004).  The most common misconception concerning biodiversity is 

that it is merely a matter of diversity in species.  In contrast, true biodiversity in a given habitat 

involves a range of factors.  These factors address not only variation in species representation, 

but also variation in trophic level, succession, productivity, range, niche, and even genetic 

diversity within species (McKinney 2002).  Because of this, addressing the preservation of 

biodiversity is critical when creating plans and policies for the urban landscape.   

  When pursuing the preservation of biodiversity, it is important to consider the natural 

patterns of distribution of vegetation within a given landscape.  A landscape is defined as an area 
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having a repeated pattern of components, including both natural and human-altered areas.  There 

are four general landscape forms: matrix, patch, corridor, and mosaic.   

• A matrix format is composed of a dominant, interconnected network that covers the 

majority of a given land surface (such as a forest).   

• A patch is a smaller, non-linear polygon area that is distinct from and less abundant 

than the surrounding matrix. 

• A corridor is a linear or elongated patch within a larger matrix 

• A mosaic is a collection of patches, none of which are dominant enough to form a 

matrix (Randolph 2004). 

 

Policies that Direct Urban Forest Management 

 Today, a wide range of federal environmental policies have been defined, regulating an 

extremely broad array of components (air, water, forests, energy, etc.).   Forest management and 

preservation of biodiversity are two of the federal environmental priorities that impact our local 

vegetative communities, and these are considered here in greater detail. 

 

Preserving Natural Habitat 

 Near the turn of the 20th century, several acts were passed by Congress to address the 

need for land and habitat management.  The Forest Preservation Act of 1891 was passed to 

address the need for conservation of wilderness in the United States. The Wilderness Act of 1964 

was later drafted to preserve remaining forest lands in pristine condition (Frome 1997). It 

established a national wilderness preservation system in the U.S., and is considered one of the 
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greatest conservation achievements of the time, as it provided policy regarding acceptable use of 

designated wilderness areas. 

Other acts were passed in subsequent years that addressed use of natural habitat. In 1970, 

active lobbying for an urban forestry board in the United States led to the creation of the Pinchot 

Institute for Environmental Forestry Studies, a branch of the United States Forest Service.  This 

institute focused on environmental management, rather than conservation. At this time, 

environmental forestry addressed issues of resource management, to ensure that such resources 

in and around urban areas were maintained in such a way as to provide maximum benefit to the 

community.  This was succeeded by the Urban Forestry Act of 1971.  These federal policy 

initiatives indicate the habitat preservation was a growing priority in the U.S.  Federal measures 

would ultimately be mimicked at the state and local levels. The most common manifestation of 

preservation policy at the local level is the tree preservation ordinance.  For this reason, tree 

preservation ordinances were chosen as the policy to be mapped in this study. 

 

Preserving Biodiversity 

 The Endangered Species Preservation Act of 1966 and the Endangered Species Act of 

1973 land can be acquired for the purposes of protecting endangered species (U.S.F.W.S. 1973). 

The 1973 legislation adds plants to the list of living things that are eligible for protection.  The 

Endangered Species Act as Amended in 1990 increased regulatory application to include 

ecosystem preservation, as opposed to preservation of individual species.  Therefore, the 

Endangered Species Act now serves as a primary federal regulatory tool for the preservation of 

ecosystems, for species preservation, and for promotion of biodiversity (Glicksman 2003). 

  At the local level, biodiversity can be preserved and enhanced in urban areas through a 
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variety of methods.  Streetscape and landscape guidelines are often used to regulate landscaping 

elements in the public rights of ways and on private lawns.  Guidelines for acceptable uses in 

parks and recreational areas are common for regulation of the landscaping in these public spaces.  

Open space ordinances are written to set aside designated lands in a city as part of a system of 

undeveloped spaces intended for public enjoyment and/or preservation of the natural system.  

Finally, tree preservation ordinances aid in the regulation of acceptable specimens, the 

establishment of acceptable maintenance practices, and code enforcement.  Employing such 

regulatory tools enables a city to preserve the biodiversity of the natural system within their 

community. 

 

Regulating Land Development Patterns 

 In Texas, there is no authority granted to regional entities or to counties for regulation of 

land use.  Texas is the only state in the U.S. that restricts the right to regulate land use to 

incorporated areas (areas inside city limits) alone (CAPCOG 2009 ).  This means that municipal 

regulation is critical to habitat preservation, as they are the only political entity that has right to 

regulate use.  For this reason, an overview of the authority granted to municipalities for 

enactment and enforcement of development regulation is key to understanding how tree 

preservation ordinances get incorporated into the practice of governance.  

 States in the U.S. have the ability to grant home rule authority to municipalities, which 

are communities that function as incorporated areas for the purpose of protecting the general 

welfare of their residents and property owners.  This home rule authority gives municipalities the 

right to draft certain types of local laws to protect the general welfare of residents and property 

owners, provided these laws do not conflict with State and Federal laws, regulations, and policies 
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(Blodgett 2011).  Such local laws, or ordinances, are typically compiled in to a municipal code 

(formally called the municipal code of ordinances).  Therefore the municipal code is the 

compendium of laws that have been adopted by a particular municipality to protect the health, 

safety and welfare of residents and property owners within the municipality.   

 The code is typically divided into sections to facilitate use and implementation, according 

to purpose and intent of the ordinances contained therein.  There are several sections (sometimes 

called chapters) that more directly regulate use of land and natural resources.  These include the 

sections regulating zoning, subdivisions, nuisances and, in newer municipal codes, natural 

resource management. 

 As incorporated areas grow in population, they earn the right to function as home rule 

municipalities.  This status grants them greater authority in terms of local governance.  Home 

rule authority in Texas is greater than in any other state, in that the only restriction to what can be 

passed is that it cannot conflict with State or Federal law.  Therefore, although development 

regulation is limited in terms of geographic reach, the extent to which a municipality is permitted 

to exercise its regulatory authority is significant ( Blodgett 2011 ).  This is why municipal 

ordinances are so important in matters of development regulation in Texas. 

 

Tree Preservation Ordinances 

Tree Ordinances and Management of the Urban Forest 

 It is common for municipalities to adopt ordinances to ensure meaningful expression of 

green space in an urban setting.  Tree ordinances function as regulatory tools for the care and 

management of trees within urban areas.  They also designate authority and appoint 

responsibility relating to enforcement of those guidelines. 
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The Function of Municipal Tree Ordinances 

 Because trees impact our urban environment in various ways, there are different types of 

tree ordinances that cities adopt.  Though tree ordinances may vary in form and function, 

however, all tree ordinances should be legally defensible, appoint responsibility of  enactment 

and enforcement, and establish standards for management and maintenance.  Finally, tree 

ordinances should seek to preserve and enhance public health and safety, while caring for the 

natural resources found within a community (Kuser 2000). 

Tree preservation ordinances are often included in the municipal zoning code, which 

applies to designated lands within the corporate limits of the city.  Occasionally they are placed 

within the subdivision code, or within a separate chapter dedicated to natural resource protection.  

This complicates applicability slightly, in that subdivision code regulations apply not only within 

the incorporated areas of a municipality, but also in the extra-territorial jurisdiction of the 

municipality.  The variability of location of these ordinances within the municipal code is 

therefore important with regard to the spatial extent of the regulatory capacity of the ordinance. 

 

Common Types of Tree Ordinances 

The overall objective of municipal tree ordinances is to provide safe and attractive 

community forests (Dickerson 2001).  Municipal tree ordinances frequently delineate regulatory 

standards for trees on public property.  Street trees, public parks and squares, and trees found in 

civic spaces are often regulated via municipal tree ordinances.  However, municipal tree 

ordinances can also be drafted to create guidelines for all trees within a city, public or private. 

The term municipal tree ordinance can be applied to any ordinance addressing the function, 

installation, and maintenance of trees within a city or town.   
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In many cities, confusion arises as to authority, enforcement, and interpretation, as 

different ordinances may address trees in different jurisdictional categories within the city.  For 

example, one code provision may designate the parks department as the agency responsible for 

tree care in the parks, while a separate provision may appoint a tree board to address tree care on 

private property.   

Although many cities have adopted ordinances that speak to regulation of conditions and 

impact of trees in urban areas, not all tree ordinances speak to preservation.  There are several 

types of tree ordinances that are adopted by municipalities, each addressing a range of issues 

pertaining to trees in towns.  The primary designations are: nuisance ordinances, landscape 

ordinances and tree preservation ordinances.   

Nuisance ordinances.  Many of the original ordinances adopted that addressed trees and 

vegetation were nuisance ordinances.  These were created to control the overgrowth of 

undesirable vegetation due to neglect of property owners.  Such ordinances are normal to 

encounter in city codes.   

Landscape ordinances.  Landscape ordinances are crafted primarily to enhance the 

vegetation within a community from a physical or aesthetic perspective.  Although such 

ordinances sometimes include provisions for tree preservation, that is a secondary benefit of such 

ordinances.  Common elements of landscape ordinances include maintenance requirements, array 

of trees, setbacks, acceptable species lists, and minimum coverage.  Landscape ordinances often 

include provisions for screening and buffers, although these conditions sometimes are addressed 

by separate ordinances.  Landscape ordinances tend to regulate vegetative coverage on private 

property, requiring the submittal of landscape plans along with development plans for the 

property to be developed. 
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Tree preservation ordinances.  Tree preservation ordinances are written for the purpose 

of preserving and enhancing the native trees within a city.  These ordinances provide regulatory 

guidance for public as well as private trees, and typically vary in approach, designations for 

protection, and performance standards. Like other types of tree ordinances, these consist of 

several generic components (statement of purpose, definitions, enforcement, and severability 

clause), but introduce additional provisions related to rules for preserving native trees and 

introducing non-native specimens.   

The three types of tree ordinances discussed here are distinct in purpose and intent.  

Nuisance ordinances seek to limit the expression of vegetation, while landscape ordinances treat 

vegetation as an ornamental component of the urban environment, rather than a system requiring 

managed expression.  Tree preservation ordinances are therefore the only type of tree ordinances 

that are constructed intentionally to preserve, protect, and enhance vegetative communities in 

urban areas.  For this reason, the subject of this study focuses solely on tree preservation 

ordinances.  

 

The Emergence of Tree Preservation Ordinances in the United States 

In a study of United States tree ordinances conducted by Chris Duerksen (1993), a 1984 

survey was referenced indicating that fewer than 100 tree protection ordinances had been 

adopted in the United States.  By 1989, there were 159 tree ordinances in California alone.  

During this period, cities began to recognize the importance of local policy in the protection of 

natural resources.  Early tree ordinances were frequently drafted as a means of city 

beautification.   Since trees are an aesthetic element of the community landscape, setting 

standards for street trees was historically a landscape and urban design focus.   This can be 
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attributed primarily to the impact of the City Beautiful movement in planning and urban design 

that swept the United States in the early 20th century (Redwood 1994). 

 As environmental analysis slowly began shaping public policy, the functional objectives 

of tree ordinances shifted from beautification of the built landscape to preservation of the natural 

habitat.  By the 1980s, tree preservation ordinances, in addition to street tree ordinances (which 

focus on beautification) were becoming more prevalent, indicating a need for regulation of 

environmental change in the wake of urban growth and development.  In 1983, Austin adopted 

its first tree preservation ordinance.  It was crafted to combat the trend of clear-cutting the land to 

accommodate development.  The ordinance maintained that all trees greater than 8 inches in 

diameter at breast height were subject to regulation via the tree ordinance.  All such trees were to 

be indicated in development plans submitted to the city.  This size-based approach to 

preservation is the most prevalent found among tree protection ordinances today. 

 In the North Texas area, there are several cities that seek to establish regulatory standards 

for ecosystem management, but approaches are quite different.  Flower Mound, for example, 

adopted a tree ordinance in which regulation is based on size of tree.  Those with diameters 

greater than 6 inches, with a height greater than 12 feet, were required to be included in any and 

all development plans submitted to the City.  This ensured that no tree specimen deemed 

significant in size could be removed without a designated number of trees planted to replace it.  

In addition to this size regulation, extremely large trees could not be removed without the 

developers first receiving a permit for removal from the City.  In this manner, larger specimens 

were more likely to be preserved in the wake of urban growth. 

 Southlake’s tree preservation ordinance, adopted in April of 2006, was written and 

adopted in conjunction with a tree technical manual, illustrating and informing future decision-



24 

making in regard to local habitat.  Southlake adopted its first Tree Preservation Ordinance in 

1993, with subsequent amendments made in 1997 and 2000.  The current ordinance was drafted 

in concurrence with the tree technical standards, which create an adaptive management policy 

that allows city staff, developers, builders, and residents to meet the requirements outlined in the 

ordinance.  Southlake’s Tree Preservation Ordinance, which won an award from the Texas 

Chapter of the American Planning Association in 2006, established conservation guidelines 

based upon percent tree coverage of the property, as well as a list of acceptable species 

qualifying for tree replacement. 

 

Construction of Tree Preservation Ordinances 

 There are many resources available in the crafting of tree ordinances (Swiecki 2001).  

Online references, public records of ordinances adopted in other cities, publications of ordinance 

formation, and even ordinance performance evaluation criteria are available for use in the 

construction of tree preservation ordinances.  Additionally, there is no fixed standard for the 

structure of these ordinances.  For this reason, even if a community adopts a tree preservation 

ordinance, there is no guarantee as to the quality of the policy, its provisions for enactment and 

enforcement, or the relevance of the measures to actually preserve trees in a meaningful way. 

 

Why Structure Matters 

Effective regulation grows out of a careful determination of needs, priorities, and values 

particular to the area in question.  If the municipality drafting a new ordinance makes 

inappropriate assumptions, or fails to define standards that pertain to the purpose and intent for 
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which the ordinance is constructed, a tree preservation ordinance will not prove an effective tool 

in the preservation of local tree communities.   

The majority of municipal ordinances are written by city staff members.  In drafting 

ordinances, a cut and paste approach is frequently used, incorporating sections of ordinances 

from other communities to construct a new ordinance for the municipality in question.  Some 

sections are relatively standard (i.e.: severability and indemnification clauses), and therefore not 

necessarily problematic.  However, problems can arise if standards and preservation criteria are 

utilized that are not directly relevant to the community in question.   

 

Guidelines for Ordinance Construction 

 Over time, several agencies have attempted to establish guidelines for these ordinances, 

so as to make them more enforceable and more effective in achieving their purpose and intent. 

Five of these published guidelines have been reviewed in order to identify a preferred structure 

against which the ordinances of this study could be scored. 

“Tree Conservation Ordinances: Land Use Regulations Go Green.”  In 1993 Chris 

Duerksen published this book through the American Planning Association (Duerksen 1993).  

The intent was to promote the inclusion of tree preservation in land use and land development 

regulations.  Because tree and landscape regulations directly affect development plans, these 

ordinances are typically found in the planning, zoning, and/or subdivision sections of a city’s 

code of ordinances.  In his book Tree Conservation Ordinances, Duerksen identifies 10 

recommended provisions to be included in an effective tree ordinance.  Provisions are what 

allow the municipality to enact and enforce whatever standards are desired regarding tree 
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preservation.  These are legal statements that are protective in nature.  The provisions 

recommended by Duerksen are: 

• Statement of purpose 

• Enabling authority 

• Definitions 

• Information/inventory 

• Designation/review of  standards 

• Jurisdiction 

• Maintenance 

• Exemptions 

• Incentives 

• Process for review/evaluation 

As the provisions grant ability to enact and enforce, development standards identify what 

the particular rules are that the municipality would like to enforce.  According to Duerksen, there 

are several approaches that can be taken in designating development standards, to aid in tree 

preservation.  Specimen designations help to protect individual trees that are significant within a 

community.  Species preservation standards establish regulations for treatment of particular 

species within a community.  Historic tree designations protect trees that have historic 

significance for a community.  Woodland or percent coverage designations provide the means 

for protection of particular habitat zones within a community.  Distance or buffer requirements 

set limits to encroachment on natural habitats.  Special area protection provisions ensure that 

sensitive patches of value within the community are appropriately regulated to preserve and 

enhance habitat stability in the face of urbanization. 

“A Guide to Developing a Community Tree Preservation Ordinance.”  In 1995 the 

Department of Natural Resources for the State of Minnesota appointed the Community Tree 

Preservation Task Force of the Minnesota Shade Tree Advisory Committee (MnSTAC) to create 

A Guide to Developing a Community Tree Preservation Ordinance.  This guide was developed 

to assist communities in ordinance development by articulating a process for ordinance drafting 
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and identifying critical elements for inclusion in the ordinance.  It is significant to note that 

Duerksen’s previous work on development of tree ordinances was used by the MnSTAC task 

force to craft their guidebook (Minnesota Shade Tree Advisory Committee 1995). 

Unlike Duerksen’s 1993 guide book on tree ordinances, however, this guide includes 

specific sections for: preservation, replacement, implementation, and enforcement.  It is 

interesting to note that several of the elements identified by this task force are directed toward 

preservation standards.  Rather than the incorporation of preservation standards in a more 

generalized category (such as Designation/Review of Standards), this task force chose to 

designate these four components as separate categories recommended for all tree ordinances.  

“Handbook of Urban and Community Forestry in the Northeast.”  In 2000, Kuser wrote 

Handbook of Urban and Community Forestry in the Northeast, in which he identifies 11 general 

components that should be included in all tree ordinances.  These components are similar to 

those developed by Duerksen and the MnSTAC, but also included sections addressing 

compliance, permits and fees, violations, provisions, and a process for identification of 

significant specimens.  Where Duerksen’s Guide primarily speaks to those components 

associated specifically with tree ordinances, Kuser’s Guidelines focus on generic regulatory 

components that should be present in many types of ordinances (in addition to tree ordinances).   

Most of these elements focus on enforcement, internal continuity, and designation of 

responsibility.  Several sections are, however, useful in articulating the means by which the 

urban forest in a given community will be protected and/or enhanced.  Provisions, according to 

Kuser, could include requirements for use of certified tree experts, inclusion of an acceptable tree 

list, and regulations for tree topping (Kuser 2000). 
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“Guidelines for Developing and Evaluating Tree Ordinances.” In 2001 the International 

Society of Arboriculture (ISA) published Swiecki’s Guidelines for Developing and Evaluating 

Tree Ordinances as the ISA’s recommended guidebook on the topic. Swiecki’s Guidelines… 

comprise the most thorough coverage of the material, addressing forest management strategies, 

community involvement, evaluation of the urban forest, ordinance performance evaluation, and 

monitoring techniques, as well as ordinance provisions.  The 15 provisions identified by Swiecki 

are: 

• Title 

• Findings 

• Purpose and intent 

• Definitions 

• Determination of definitions 

• Jurisdiction 

• Policies regarding trees 

• Indemnification 

• Prohibitions 

• Appeals 

• Penalties 

• Enforcement 

• Performance evaluation 

• Severability 

• Designation of administrative 

responsibilities 

Contrary to any other set of guidelines in the construction of tree ordinances, Swiecki 

recommends that ordinance standards and provisions be created as a reflection of expressed 

goals for the community forest program of the city or town.  He provides a thorough list of 

optional provisions that are suitable to a wide range of community goals, as examples and 

models of ordinance provisions that reflect public goals and objectives.  Such standards include 

aid for citizens performing tree maintenance, licensing of private tree care firms, required 

permits, and procedures for resolution of tree disputes. 
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“Tree Ordinance Development Guidebook.”  In the Tree Ordinance Development 

Guidebook drafted by Burgess in 2005, 15 structural elements were recommended for inclusion 

in a tree ordinance.  Burgess emphasized that all tree ordinances are (and should be) unique, as 

the communities for which they are written are unique.  He also pointed out that variation will 

exist in level of detail of these ordinances, since factors such as staff, public interest, and budget 

are determinants in time and resources available for their production.  He does point out, 

however that internal continuity in the ordinance, compatibility with other ordinances in the 

code, consistency with community vision, and political commitment to enforcement are critical 

to the success of any tree ordinance, regardless of its sophistication. 

 Although similar to the ISA’s Guidelines published in 2001, Burgess’s Guidebook 

included separate requirements for public and private lands, as well as requirements for 

community departments.  This set of guidelines also included arboricultural specifications for 

species, as well as provisions for inspection and removal.  Although standards are identified in 

great detail in this Guidebook, it does not include many measures related to implementation 

(such as enforcement, jurisdiction, appeals/variances, etc.), nor does it establish a provision for 

ordinance performance evaluation.  

 

Selecting a Tool for Ordinance Evaluation 

 Each of the five reviewed guidelines for ordinance construction included a section on 

critical ordinance components.  However, when organized chronologically, there seemed to arise 

a pattern of increased sophistication and additive measures for comprehensive management 

strategies.  The guidelines written after 2000 had more provisional elements than the guidelines 

written before.  There also seemed to arise a greater degree of specificity as to what those 
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ordinance elements should address.  For example, Swiecki (2001) included a provision for forest 

evaluation, and Burgess (2005) included a provision for establishment of a Tree Board.  Both of 

these measures indicate that tree ordinances are now perceived as integral elements in larger 

urban forest management plans, rather than singular instruments used to manage trees in a city. 

Because of the thoroughness of the guidelines presented, the endorsement of the 

International Society of Arboriculture, and the flexibility afforded in the recommendations for 

ordinance structuring, Swiecki’s Guidelines seem to provide the richest and most reliable 

framework for the construction and evaluation of tree ordinances that has been produced to date. 

Unique to Swiecki’s guide book was inclusion of a section that treated urban forest 

evaluation and ordinance performance review.  Monitoring the effectiveness of any public policy 

or regulation ensures that the policy in question has been successful in achieving its desired 

outcome.  It also allows for appropriate revisions, modifications, and amendments to facilitate its 

continued success in future years.  The two questions addressed are: “What do you have?” and 

“Are you getting what you want?”  In this section, methods for evaluating tree ordinances and 

the urban forest ecosystem, such as sampling techniques and public polling, are presented. 

The International Society of Arboriculture has published Swiecki’s Guidelines for 

Developing and Evaluating Tree Ordinances (ISA 2001), which provides structure for various 

types of tree ordinances, as well as rationale behind selection of a specific approach.  The ISA 

Guidelines provide benchmarks for evaluating tree ordinances, basic ordinance provisions, and 

research methods for evaluating ordinance performance.  Such criteria are helpful when 

designing a tool for policy evaluation.  Also addressed in these Guidelines is the need for 

integration of tree ordinances into a larger urban forest management plan, so as to create a 

broader context for preservation activity.  The perspective presented is that “ordinances should 
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facilitate rather than prescribe management” (ISA 2001).  Because of this, the tree ordinance 

should serve as one component in a comprehensive forest management strategy. 

 

Summary 

 The impact of urban growth and expansion on the natural environment is not only 

complex, but it is constantly changing.  Our collective knowledge and cultural perceptions of the 

value of nature are continually evolving as well.  Throughout the history of the United States, the 

formalization of policy regarding environmental issues has been a gradual process.  During this 

time, Federal legislation has been formalized regarding air, water, energy, hazardous materials, 

land use, and wildlife. 

 Because urban landscapes possess a high degree of variability, and habitat varies at a 

local scale, local ordinances pertaining to environmental quality are necessary for the 

preservation and enhancement of local habitat.  Tools such as landscape and streetscape 

guidelines, open space ordinances, watershed plans, and tree preservation ordinances help are 

useful in such efforts.  In Texas, the primary means of habitat protection is the municipal code, 

and the predominant tool within that code is the tree preservation ordinance.   

 The danger of reliance upon legislation to protect valuable resources (such as habitat and 

wildlife) is that such protection depends on the efficacy of the particular codes that have been 

written.  Because of this, it is important to evaluate the means by which such ordinances have 

been constructed, their enforceability, and their suitability in addressing local conditions.   

 Upon evaluation of the five guidelines for construction of tree ordinances that were 

indentified in this review, the International Standard of Arboriculture’s Guidelines for 
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Developing and Evaluating Tree Ordinances (Swiecki 2001) is used for internal evaluation of 

tree ordinances in this study that addresses provisions, standards and preservation criteria.   
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CHAPTER III 
 

RESEARCH METHODS 

This chapter includes a description of the research methods used to investigate attributes 

of cities that have adopted tree preservation ordinances and to evaluate the content of the 

ordinances that those cities adopted.  It explains how the sample population was identified, what 

data sources were used for the study and the methods used to address the major questions in this 

study.  The chapter concludes with a discussion of the importance of spatial analysis in this 

study.  It includes a description of the geostatistical method used to evaluate spatial clustering 

patterns for the data collected.   

A diverse combination of analytical approaches was needed, in that there was 

considerable variation in type of data collected.  The attributes of the municipalities were of a 

quantitative nature, and easily lent themselves to conventional statistical analysis.  However, the 

primary subject of the study – tree preservation ordinances – are written documents.  To evaluate 

these documents in a comparative manner required the use of a scoring tool.   

 

Identifying the Sample Population 

Two parameters were established for identification of the sample population.  The spatial 

boundaries of the North Central Texas Council of Government were used to determine the 

geographic bounds of the study area.  Within this area, all communities that qualified for home 

rule municipality were included in the sample population.  Qualification for home rule status in 

the State of Texas requires a population of 5000.  Therefore, the sample population consists of all

home rule municipalities within the North Central Texas area, according to the geographic 

bounds of the North Central Texas Council of Government.  There are 91 municipalities that 
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meet these criteria.  Because all members of the sample population are known entities, and the 

population sizes are within a range of reasonableness for statistical analysis, all members of the 

population were evaluated.  Therefore the sample consisted of all members of the known 

population that met the two criteria of being located within the geographic bounds of NCTCOG 

and having a population of 5000 or greater. 

 

Data Sources 

All geospatial and population data related to municipalities involved in this study were 

provided by the North Central Texas Council of Governments (NCTCOG) via the NCTCOG 

data clearinghouse. NCTCOG’s Annual Population Estimates (dating back to 1970) were used 

for population at year of adoption.  The municipal boundaries used for this study were the 

boundaries generated by NCTCOG as of June 1, 2008. 

All ordinances were retrieved from websites of the municipalities in the sample. In cases 

where municipal codes were not accessible via municipal websites, a search was conducted of 

various code publishing houses.  These included Municode, LexisNexis, American Legal, and 

Franklin Legal.  Each of these maintain online libraries of current codes for municipal clients.  

These libraries are accessible to the general public. The Texas Natural Resource Information 

System (TNRIS) was accessed for the geospatial data associated with the ecoregions used in this 

study. 

 

Data Collection 

The databases constructed for this evaluation were extensive, due to the type of 

information compiled and the size of the population being studied. The growth measures 
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considered in the first portion of the analysis were quantitative in nature, and the data had been 

previously collected.  The data for the subsequent portions of the study, however, had not been 

previously collected. Therefore database construction was a significant component of this study.   

To conduct the internal ordinance evaluation, the municipal codes for the 91 home rule 

municipalities in the study area had to be located.  This took considerable amount of research, as 

municipal codes are stored using a number of methods.  There are at least four online code 

libraries used by cities in the study area.  Some municipalities do not make their ordinances 

available online, and some elect to maintain their code of ordinances internally, providing access 

from their own website. 

Once the codes themselves were located, a search of each code was conducted to 

determine whether it contained a tree preservation ordinance. Tree preservation ordinances can 

be located in a number of locations within a municipal code, therefore the municipal code for 

every home rule municipality in the study area was investigated in its entirety for presence of a 

tree preservation ordinance.  Part of the difficulty of determining presence or absence of a tree 

preservation ordinance was due to the fact that preservation measures can be incorporated in 

landscape ordinances.  Therefore many landscape ordinances had to be reviewed as well to 

determine if a separate tree preservation ordinance had indeed been adopted, or if independent 

preservation measures had been introduced as a component in the landscaping standards for new 

developments.  After this review, it was determined that, of the 91 home rule municipalities in 

the study area, 51 possess tree preservation ordinances.   

Before collecting any data about the structure of the ordinances, the adopting history was 

first recorded.  The adopting history consisted of the year the ordinance was adopted and 

documentation of its location within the code of ordinances.  This information was not only 
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utilized in data analysis, but also for general ordinance citation.  There were numerous rounds of 

data collection and revision, therefore sources and information was cleanly cited and stored. 

 

Research Methodology 

 Three categories of statistical investigations were conducted, based upon the three 

research questions.  The following is a discussion of the nature of the data and the tests 

conducted in response to the three questions. 

 

Measures of Growth and Relationship to Ordinance Adoption   

The NCTCOG area has experienced much growth over the past 40 years, and now 

functions as the fourth largest metropolitan statistical area in the U.S. The first portion of this 

analysis addresses the question of whether adoption of preservation measures is a response to 

urban growth and development.  To address this question, three variables were considered as a 

measure of urban growth and development.  These are year of activity, population at time of 

activity and proximity to an urban core. Year of activity was documented within each individual 

ordinance as citation of adoption date. Population at time of activity was taken from NCTCOG;s 

annual population estimates, based on the year cited in each particular ordinance. Proximity to an 

urban core was categorically determined based on whether a municipality shared a boundary 

with Dallas or Fort Worth. 

As a way to establish growth trends in the study area, spatial autocorrelation was 

conducted to determine whether the adopted cities tended to demonstrate a clustered pattern with 

respect to these variables.  If significant clustering was observed, a Hot spot analysis was 

conducted to determine which municipalities indicated a value that was significantly higher or 
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significantly lower than expected for the particular variable, based on their spatial location.  

Getis-Ord was the statistical test used for Hot spot analysis of the general municipal attributes 

analyzed in this study.   

 To evaluate impact of proximity to an urban core on ordinance adoption, a Chi Square 

Test for Independence was utilized to determine if there was a significant difference in frequency 

of adoption between cities adjacent to an urban core and cities not adjacent to an urban core.  A 

Fisher’s Exact Test was then conducted to determine if there was a significant difference in 

adoption frequencies associated with Dallas and with Forth Worth. 

 

Ecological Impact of Preservation Measures 

 The relationship between municipalities and the predominant eco-region in which they 

occur was evaluated to determine whether a relationship exists between ecological conditions 

and preservation measures.  The geospatial data regarding ecoregions was collected from the 

Texas Natural Resources Information System (TNRIS) online database in 2008 in GIS format. 

The ecoregions of the study area include: the blackland prairie, the eastern cross timbers, the 

grand prairie, and the western cross timbers.  

An analysis of variance was conducted upon the municipalities to determine if there was 

any variation in ordinances among the four ecoregions.  Because the number of subjects per 

ecoregion exhibited significant variability, a non-parametric analysis of variance was conducted.  

This was followed with a pair-wise multiple comparison test (again, non-parametric) analysis to 

determine the difference in scores between the ecoregions.  This helped to confirm/contradict 

whether there was a relationship between ecoregion and preservation measures.  The ordinance 

score for preservation criteria was used as the metric for this evaluation. 
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Coverage was then evaluated within each ecoregion to determine the extent of 

preservation measures within the ecoregion.  As the areas of the four ecoregions vary 

significantly, proportion of covered land was used for comparison.  This information consisted of 

the ratio of area of municipalities under tree preservation regulations to the total area of the 

ecoregion, as it occurs within the study area.   

 

Consistency of Ordinances with Their Purpose and Intent   

The dataset was generated according to an internal evaluation of each of the tree 

preservation ordinances in the study area.  Every ordinance is unique in its structure and its 

content, therefore data collection for this study required reading and evaluating each tree 

preservation ordinance in its entirety.  Additionally, the information gathered was a mixture of 

geospatial, qualitative and quantitative data, requiring a complex system for data storage.  GIS 

databases were created for geospatial data, while tabular databases were created for qualitative 

data and scoring instruments.  The following types of data were collected from each ordinance: 

general provisions, standards for preservation, and criteria for qualifying trees for preservation.   

General provisions include the legal terms of preservation activity for the municipality, 

including definitions, enforcement, jurisdiction, variances, and penalties.  Each ordinance was 

reviewed for presence of the 15 provisions recommended by the ISA (Swiecki and Bernhardt 

2001).  The ordinance was given a score according to how many of the recommended provisions 

it contained.  The scores were evaluated to determine whether a spatial pattern existed regarding 

provisions.  If clustering was observed, a hot spot analysis was conducted to identify the 

significant aberrations from normal geospatial distribution.  This called out which municipalities 

were significantly higher or lower than anticipated based on their spatial location.  
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 In addition, the provisions themselves were scored to determine which were most 

common among the ordinances in the study area.  Finally, the frequencies observed for provision 

counts were analyzed to determine overall distribution of scores. 

The standards for preservation, which regulate treatment of trees during the development 

process, were also used for internal ordinance evaluation.  Each ordinance was reviewed for the 

presence of the recommended standards, according to 5 general subcategories: jurisdiction, 

exemptions, inventory, planning/policies and development standards (which address mitigation 

and management).  Two scores were awarded to each ordinance regarding standards: one for 

number of subcategories, and one for number of standards.  This provided indication of the 

sophistication of the ordinances, rather than presence/absence of basic categorical standards.  

Like the general provisions, the scores for standards were evaluated to determine whether a 

spatial pattern existed regarding standards and subcategories.  If clustering was observed, a Hot 

spot analysis was conducted to identify the significant aberrations from normal geospatial 

distribution.  The standards and subcategories themselves were then scored to determine which 

where most common among the ordinances in the study area.  Finally, the frequencies observed 

for standards and subcategories were analyzed to determine overall distribution of scores. 

The preservation criteria were the third component of the internal ordinance evaluation.  

The number and type of preservation criteria were collected for each preservation ordinance.  

The ordinances were scored according to number and type, and the scores for preservation 

criteria were evaluated to determine whether a spatial pattern existed regarding preservation 

criteria.  If clustering was observed, a Hot spot analysis was conducted to identify the significant 

aberrations from normal geospatial distribution.  The criteria themselves were then scored to 
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determine which where most common among the ordinances in the study area.  Finally, the 

frequencies observed for each score were analyzed to determine overall distribution of scores. 

 

Importance of Spatial Analysis and Neighborhood Effect 

 A basic assumption of geographic analysis is that "everything is related to everything 

else, but near things are more related than distant things" (Tobler 1970).  Clusters were an 

important part of this study, in that they demonstrate that what happens in one municipality 

impacts what happens in neighboring municipalities. Spatial analysis of city attributes helps to 

determine whether the causative agents themselves follow any particular distribution pattern. 

This is an important part of this study, in that the premise is that land policy is a response to land 

development.  For this reason, consideration of growth measures helps to establish what those 

development patterns are at a regional scale.  

 Patterns existing in the spatial distribution of municipalities that have adopted tree 

preservation ordinances would indicate that there is a neighborhood influence in regard to policy 

adoption at the municipal level, meaning that the political actions of one municipality exerted an 

influence on political actions of neighboring municipalities.  Additionally, this neighborhood 

influence validates the relationship between policy formation and patterns of physical growth.. 

For this reason, analysis of clustering patterns is an important part of this study.  Neighborhood 

influences are addressed via spatial autocorrelation.   

 Spatial autocorrelation was used when possible to determine if a spatial pattern existed 

for a variable in question.  Where spatial autocorrelation was utilized, Moran’s I was deemed the 

most applicable test.  It is the most common test for spatial autocorrelation, it can accommodate 

a range of datasets and weightings, and it is suitable for dealing with global autocorrelation 



41 

values.  The other test used to determine spatial autocorrelation, Geary’s C, is most suitable for 

calculating local spatial autocorrelation values.  As global trends were the subject of this study, 

Moran’s I proved to be a better choice. 

GIS software enables a range of statistical tests to be conducted on geospatial datasets.  

Hot spot analysis, which is a statistical test to analyze clustering patterns in geospatial data, 

utilizes the Getis-Ord Gi* statistic to determine whether clusters of high or low values can be 

found in a study area (de Smith, 2006).  If a feature scores higher or lower than expected, and its 

neighbors also score higher or lower than expected, that feature appears as a hot spot.  It is a 

neighbor analysis that is calculated and converted to a Z score to test for statistical significance.  

This test was extremely valuable in these analyses, as the purpose of this study was the 

determination of trends in ordinance adoption in the study area.  Hot Spot Analyses are designed 

to do just that: to call out features that indicate extremes in a designated attribute (either high or 

low), based on how they appear to impact their neighbors. 

In this study, the Hot Spot maps were rendered based on standard deviations of the Z 

scores that were generated.  In each map, municipalities showing in dark purple scored 

significantly lower than expected, and the municipalities showing in dark green scored 

significantly higher than expected.  Yellow-colored municipalities did not seem to deviate from 

the expected distribution, meaning that they did not exhibit a significant influence (either 

positively or negatively) on the scoring pattern for that particular attribute.  
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CHAPTER IV 
 

DATA ANALYSIS 

Of the 93 home rule municipalities in the NCTCOG area, 51 have adopted tree 

preservation ordinances.  The variability in preservation policy among these municipalities is the 

subject of this study.  Attributes of the municipalities themselves were evaluated to determine 

whether there were certain characteristics of cities that would influence ordinance adoption.  An 

internal evaluation of the ordinances themselves was conducted to determine extent of variability 

and whether any patterns existed to possible explain the variability.  Finally, the relationship 

between the adopted preservation ordinances and the ecoregions of the study area was evaluated 

to determine whether the ordinances exhibited any ecological relevance. 

 

Measures of Growth and Influence on Ordinance Adoption 

To determine whether certain characteristics of these municipalities influence ordinance 

adoption, three variables were assessed.  These included population of the municipality at time of 

adoption, year of adoption and relationship to the two urban cores (Dallas and Ft. Worth).   

 

Population   

Population is a determinant of the general fund of a municipality through sales and ad 

valorem taxes, as well as other revenue sources that are population dependent.  This general fund 

covers components of the municipal budget, including staff salaries and department budgets.  

Therefore a relationship exists between population and the resources necessary to generate 
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policies and regulations, such as tree preservation ordinances.  For this reason, the population at 

time of ordinance adoption was analyzed to determine if there is a relationship between 

population and ordinance adoption. 

 The dataset for population at time of adoption demonstrated significant skewness (y1 = 

4.654) and kurtosis (y2=24.443), which gave an initial indication that population influenced 

ordinance adoption.  However, there was no significant difference between population values at 

time of adoption and all population values throughout the entire study area.  This indicates that 

population is not a significant determinant in adoption of tree preservation ordinances. 

 

Year of Adoption  

The year of adoption of each preservation ordinance was evaluated to determine if there 

were certain periods of time in which more tree preservation measures were passed (Table 1). 

Tree preservation ordinances are a relatively recent tool used to regulate vegetative communities, 

with the first ordinance passed in the NCTCOG area in 1974 by the City of Euless.  Table 1 

indicates a constant increase in municipal adoptions took place in the decades to follow, with 

more adopting in the 2000s than in any other decade. 

Table 1 Frequency of ordinances adopted over four decades 

Decade Frequency Percent ∑ Percent 
1970 – 1979 2 3.9% 3.9% 
1980 – 1989 10 19.6% 23.5% 
1990 – 1999 18 35.3% 58.8% 
2000 – 2009 21 41.2% 100.0% 

 

Spatial autocorrelation (Moran’s I) indicated clustering among municipalities with regard 

to year of ordinance adoption.  (I = 0.05; p ≈ 0.1).  Because clustering was observed for the years 
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of adoption, a Hot spot analysis (Getis-Ord) was conducted to determine whether certain 

municipalities, along with their neighbors, adopted ordinances significantly earlier or later than 

expected, based on their spatial distribution.  Figure 1 is a hot spot rendering, based on Gi* Z 

scores, indicating those municipalities that adopted significantly earlier than predicted by the 

model (purple) and those municipalities that adopted significantly later than predicted by the 

model (green).  According to spatial trends among cities, Grapevine (1984) adopted significantly 

earlier than what would be expected, and Frisco (2003) adopted significantly later.  In general, 

the Hot spot analysis indicates that there is an east-west trend in year of ordinance adoption.  The 

western municipalities of the NCTCOG area tended to adopt earlier than expected, and there is a 

band of municipalities to the east that tended to adopt later than expected.  

 

Figure 1 Hot spot rendering of municipalities according to year of ordinance adoption. 
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This trend was most likely caused by multiple factors.  One of the likely causes for this is 

the regional development pattern that occurred within the study area since 1974 (when the first 

tree preservation ordinance was adopted in the NCTCOG area).  The municipalities to the 

northeast of the study area did not experience significant growth until the late 1990’s or early 

2000’s.  Prior to this time, these were rural and primarily agricultural communities.  As urban 

expansion stimulated development in these areas, the emergence of preservation policies – such 

as tree preservation ordinances – took place.  The pressure to regulate growth via ordinances and 

other measures is not felt when there is little to no development taking place.  As growth 

occurred, regulation of development naturally became an issue.  This implies a relationship 

between development intensity and increased development regulation.  This relationship is 

further confirmed in the subsequent sections of this analysis. 

 

Proximity to Urban Cores   

 The cities of Dallas and Fort Worth function as urban cores within the NCTCOG area.  

These cities are each over 500,000 and function as “inner cities” in regard to density, land value, 

and economic activity.  Over the past 100 years, the other communities of the NCTCOG have 

also grown as a result of the expanding influence of these two cores.  Analyzing the impact of 

proximity to urban cores will determine whether such proximity also impacts municipal policy 

formation.   

Dallas and Fort Worth are much larger, both in area and in population, than the 

surrounding municipalities, and they function as the two urban cores of the NCTCOG area.  Two 

tests were therefore conducted to determine whether these two core cities impacted ordinance 

adoption in the other home rule municipalities of the study area. 
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Figure 2 Map of cities according to proximity to an urban core. 

 In the first test, municipalities were divided into three groups to determine 

whether adjacency to an urban core impacted ordinances adoption.  Group 1 was comprised of 

Dallas and its adjacent cities.  Group 2 was comprised of Fort Worth and its adjacent cities.  

Group 3 was comprised of those cities that are not adjacent to either Dallas or Fort Worth.  

Counts for the three groups were determined based on presence or absence of an ordinance.  A 

chi square test for independence was then conducted to determine if the number of municipalities 

with tree preservation ordinances in each group was significantly associated with the presence of 

an urban core city within that group.  Because the counts of cities varied considerably between 

the three groups, the positive and negative counts were converted to a normalized frequency 
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(n=100).  This test indicated that the association of the three groups and the frequency of 

municipalities with tree preservation ordinances is highly statistically significant (X = 36.906, df 

= 2, p < 0.0001).   

A Fisher’s exact test was conducted to determine if there was a higher frequency of 

ordinance adoption associated with Dallas or Fort Worth, This test indicated that the frequency 

of municipalities with tree preservation ordinances in the Dallas group is not significantly 

different than the frequency of those in the Fort Worth group (p = 0.1025).  This implies that, 

although adjacency to an urban core significantly impacts ordinance adoption, there is no 

significant difference between Fort Worth’s impact and Dallas’s impact.  This is important in the 

NCTCOG area as there are two municipalities functioning as urban cores, whereas, in other 

metropolitan areas there exists a single core.  As Dallas and Fort Worth have a similar effect on 

surrounding municipalities, the impact of proximity observed here (expressed in terms of an 

urban to rural gradient), is relevant to patterns in other metropolitan areas.     

 The difference in preservation policy in municipalities adjacent to the urban cores and 

those that are not confirms the impact that the urban cores have on municipal policy formation 

throughout our metropolitan areas.  This finding is of note, in that it is consistent with the urban 

to rural gradient that functions as a self-organizing principle for urbanized areas.  Just as an 

urban to rural gradient can be observed in the built environment, a gradient is now evidenced in 

the realm of preservation policy.  Whereas such a gradient provides benefits when expressed in 

building patterns, it can be destructive in the realm of preservation policy.  If the predominant 

communities passing preservation ordinances are significantly built out, such trends will do little 

to preserve the outer edges of our metropolitan areas.  
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Ecological Impact of Preservation Measures 

Mosaic stability is a measure of habitat diversity, indicating the resiliency of a given 

study area in the face of habitat stresses.  It considers vertical distribution, species diversity, and 

variety in age of plant material. Preservation measures that promote mosaic stability are the most 

helpful in preservation of native habitat, as they discourage monocultures and other artificially 

created environments. 

For the study area, three tests were conducted to assess the degree to which mosaic 

stability was promoted.  These tests, which addressed preservation measures, ecological 

relevance and coverage, each considered the four ecoregions of the study area. These four 

ecoregions are: Blackland Prairie, Eastern Cross Timbers, Grand Prairie, and Western Cross 

Timbers, each of which is distinct in its predominant vegetative expression. 

 

Variability in Preservation Measures 

The Blackland Prairie and the Grand Prairie are both characterized by a predominance of 

tall grasses, with most trees associated with riparian areas.  Tree coverage is not naturally as 

extensive in these ecoregions as it is in the Eastern and Western Cross Timbers.  For this reason, 

the predominant preservation criteria in the ecoregions should differ between the prairies and the 

cross timberlands. 

 The Ecoregions were therefore analyzed using ArcGIS Zonal Statistics to determine the 

mean score for ecological relevance for each ecoregion, assuming that the cross timbers regions 

would score higher for ecological relevance, due to the fact that the increase in trees would incur 

a greater degree of preservation parameters.  The scores for ecological relevance indicate that the 

municipalities of the Prairie Ecoregions scored higher than those for the Cross Timbers 
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Ecoregions.  This is most likely due to the presence of the two urban cores (Dallas and Fort 

Worth) in the respective Prairie Ecoregions. 

 

Figure 3 Mean score for ecological relevance by ecoregion. 

 

Relationship between Adoption and Ecoregion 

A chi square test was then conducted on the four ecoregions to determine whether there 

was a relationship between cities that adopt tree preservation ordinances and the ecoregion 

within which they occur.  This test evaluated the relative number of adopted ordinances out of 

the total number of municipalities within each of the ecoregions.  The chi square test indicated 

the adoption of a tree preservation ordinance is related to the predominant ecoregion within 

which a municipality is located (X = 25.44, df = 3, p < 0.001).  This is consistent with the 

findings of the Hot spot analysis for ordinance sophistication indicating that municipalities of the 

Eastern Cross Timbers region scored higher than expected.   
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 Additionally, the prevalence of preservation ordinances by ecoregion was also 

considered.  This was completed using ArcGIS Zonal Statistics, but frequency of adoption was 

considered rather than scores for preservation criteria.  The results of this evaluation are included 

in Figure 3. 

 

Coverage 

Collectively, the municipalities within each respective ecoregion that have adopted tree 

preservation ordinances provide a “coverage area” under which development occurs.  

Unincorporated land outside of this coverage area is unregulated, and therefore exposed to 

unrestricted development practices.  By converting the area covered to a proportion (coverage 

area / total area of the ecoregion), a direct comparison could be made among all four ecoregions 

without the impact of differences in overall areas.  The Eastern Cross Timbers Ecoregion 

contains the highest proportion of land under tree preservation ordinances, while the Western 

Cross Timbers has the lowest.  Their respective scores are indicated in Table 2. 

 

Table 2 Mean score of ecoregion with respect to criteria for mosaic stability and percent 

of ecoregion covered by tree preservation measures (* mean score and percent coverage could 

not be calculated for the Western Cross Timbers as sample size prohibits testing). 

Ecoregion 
Number of        
Cities 

Mean 
Score  

      % 
Coverage 

Blackland Prairie 29 1.62 20.5 % 
Eastern Cross Timbers 13 1.31 32.6 % 
Grand Prairie 8 1.5 27.3 % 
Western Cross Timbers * 1 0    0.5 % 
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Consistency of Ordinances with Purpose and Intent 

Each of the tree preservation ordinances adopted in the NCTCOG area was evaluated to 

determine their actual impact on tree preservation.  Three general attributes were considered: the 

legal provisions that impact enforcement (Ordinance Structure), the standards that determine 

how trees must be dealt with during the development process (Ordinance Sophistication), and the 

criteria that determine which trees are to be preserved (Ecological Relevance). 

 

Ordinance Structure  

The provisions of any ordinance determine the regulating ability of the given jurisdiction 

to act on the policies and standards that it creates. The general provisions of the ordinance, 

therefore, determine the municipality’s ability to enact the standards it defines for preservation.   

Prior to scoring each municipality regarding the provisions incorporated into the 

respective ordinances, each recommended provision was evaluated for frequency of use to 

determine which are more common than others, and which are most frequently overlooked 

(Table 3).  Of the 15 recommended provisions, the most common include definitions, rules for 

administration, and standard preservation practices.  Three (Findings, Exemptions, and 

Severability) are not found in any of the tree preservation ordinances in the study area, and three 

provisions (Appeals, Tree Board Establishment, and Exemptions) only occur in one ordinance.   

Because tree preservation ordinances are typically incorporated into existing chapters of 

the municipal code, inclusion of some of these provisions would be redundant.  These 

provisions, such as Appeals and Exemptions, are typically included as general provisions for the 

larger chapter in which the ordinance resides, rather than in the individual ordinances comprising 

that chapter.  For this reason, it is not surprising that provisions such as Exceptions, Interference 
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and Severability are not found in any individual tree preservation ordinances.  Additionally, the 

appointment of a Tree Board or Urban Forester is only indirectly correlated with tree 

preservation.  This office is typically established in the Municipal Charter or in the section 

dealing with Parks and Recreation, rather than in the Tree Preservation Section.  Therefore, the 

absence of these provisions altogether is not as much a function of poor ordinance performance 

as it is a function of the overall structure of municipal codes. 

 Table 3 Frequency of provisions within the ordinances adopted in the study area. 

Provision   Frequency 
 
Percent 

Purpose/Intent 31 60.8 % 
Definitions 35 68.6 % 
Jurisdiction 25 49.0 % 
Standards 48 94.1 % 
Penalty 

 
26 51.0 % 

Interference 1 2.0 % 
Enforcement 18 35.3 % 
Administration 34 66.7 % 
Performance 5 9.8 % 
Exceptions 2 3.9 % 
Appeals 

 
1 2.0 % 

Tree Board 1 2.0 % 
Exemptions 1 2.0 % 

 

Once the provisions themselves were analyzed, the structure of each individual tree 

preservation ordinance was evaluated to determine presence or absence of general provisions.  

The ordinances were assigned a score of (0-15) according to the number of provisions they 

contained.  The ordinances were then grouped according to their score.  It is important to note 

that no ordinances got a score above 8.  This means that there were no ordinances that possessed 

more than 8 of the 15 recommended provisions. Table 4 on the following page documents the 

ordinance scores for provisions. 
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The ordinances seemed to fall in to two general groups: those with provisions for 

enactment and enforcement, and those without.  Any ordinance that has even one standard for 

preservation would get a score of 1.  A single definition would also add a point. The ordinances 

that score 1 or 2 therefore do not address enactment or enforcement at all.  The ordinances 

scoring 3 or 4 do so minimally. 

Table 4 Frequency of scores for ordinance provisions, expressed as proportion of total 

provisions recommended. 

Proportion of 
Recommended 
Provisions  Frequency  Percent 

∑  
Percent 

0.06 1 2.0 % 2.0 % 
0.13 3 5.9 % 7.8 % 
0.19 12 23.5 % 31.4 % 
0.25 7 13.7 % 45.1 % 
0.31 11 21.6 % 66.7 % 
0.38 12 23.5 % 90.2 % 
0.44 3 5.9 % 96.1 % 
0.50 2 3.9 % 100.0 % 

 

The sophistication of the standards and the criteria for action are irrelevant if they cannot 

be adequately enacted and enforced.  Most ordinances contain between 3 and 6 provisions of the 

15 total possible (20 to 40 percent).  Benbrook included only one provision.   Addison and Dallas 

are the only two municipalities that included 50 percent of the recommended provisions. No 

municipality scored higher than 50 percent.  This implies that, although 51 of the municipalities 

in the NCTCOG area have adopted tree preservation ordinances, the basic provisions that permit 

enactment and enforcement of the terms of those ordinances are incomplete.   

Finally, the relationship between the geographic location of a municipality and the 

number of provisions included in its preservation ordinance was evaluated using Spatial 
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autocorrelation (Moran’s I) to determine if the number of included provisions was impacted by 

behavior of neighboring municipalities (Figure 4).   

 

Figure 4 Hot spot rendering of municipalities according to score for ordinance provisions. 

A highly significant clustered pattern (I = 0.09; p ≤0.01) was observed in the scores for 

ordinance provisions, indicating that this was in fact the case.  The complexity of the structure of 

the ordinance was influenced by its geographical location.  Because spatial clustering was 

observed for ordinance provisions, a Hot spot analysis (Getis-Ord) was conducted to determine 

whether certain clusters of abnormally high or abnormally low scoring municipalities for 

Ordinance Provisions could be observed.  The following Hot spot rendering, based on Gi* Z 

scores, indicates those municipalities that adopted ordinances with a significantly higher (green) 

or lower (purple) number of ordinance provisions predicted by the model.  According to spatial 

trends among cities, Little Elm and Rowlett scored significantly higher than the pattern indicates, 
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while Arlington, Burleson, Kennedale, North Richland Hills, University Park and Weatherford 

scored significantly lower.  In general, the ordinances of the western-most municipalities contain 

fewer provisions than expected, while the ordinances of the eastern-most municipalities contain 

more provisions than expected. 

Just as an east-west trend was detected for year of adoption, a similar trend was observed 

for number of provisions included in each ordinance.  Those municipalities in the northeastern 

portion of the study area tended to include more provisions than would be expected, while those 

in the southwestern portion of the study area included less than would be expected.  The 

similarity between the hot spots for year of adoption and the hot spots for number of provisions 

implies that ordinances adopted more recently tend to include a greater number of provisions to 

facilitate enactment and enforcement.   

The City of Grapevine is an interesting exception to this commonality in hot spot 

distribution.  Grapevine showed up as an abnormally low-scoring hot spot for adoption year, 

meaning that it adopted significantly earlier than would be expected (Grapevine adopted their 

ordinance in 1984).  Yet it showed up as a high scoring hot spot for number of provisions, With 

5 provisions present, it scored higher than 2/3 of the municipalities in the study area.   

Such results are difficult to interpret, due to the range of complex factors that collectively 

influence policy adoption.  One possible reason for this anomaly could be fact that the City 

undertook a comprehensive zoning ordinance amendment in 1984.  Such amendments are 

typically a response to new development pressures that convey the current zoning codes inability 

to effectively manage development activity.  The inclusion of a tree preservation ordinance at the 

time of a major amendment is an indicator that such pressures were being observed in the City of 

Grapevine.   
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This was most likely due to activity tied to DFW airport development.  Although the 

airport opened in 1973, the passing of the Wright Amendment in 1979 led to the rapid growth of 

DFW in the 1980s.  Its adjacency to the City of Grapevine most likely contributed to their zoning 

initiatives – and respective introduction of preservation measures – in 1983. 

 

Ordinance Sophistication   

The ability of the ordinance to facilitate preservation of tree communities depends upon 

the standards by which preservation measures are defined.  These standards address issues 

related to what will be preserved, how it will be assessed, how preserved trees will be protected, 

and how they will be replaced.  Each ordinance was evaluated as to whether or not it included 

standards recommended by the USDA Forest Service.  These standards are organized in the 

following categories: jurisdiction, exemptions, inventory, planning/policies and development 

standards (which address mitigation and management).  

Many of the ordinances addressed at least a few of the 5 general categories, but the 

sophistication of the ordinances was measured by the depth of coverage of each of these 

categories.  For example, mitigation and management is a general category of development 

standards.  Within this category, there are 7 recommended development standards that address 

the issue of mitigation and management.  The inclusion of only one of these standards would 

indicate that that particular municipality successfully addressed the issue of mitigation and 

management.  Yet this would not actually be the case, as the other 6 recommended measures 

were omitted.   

The City of Mesquite, for example, included 4 categories of standards to regulation 

development in their ordinance.  Therefore, according to their categorical score, they are 
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addressing 80 percent of the preservation concerns associated with development practices.  

However, the City of Mesquite only includes one standard in each of these categories.  

Considering that the maximum score according to the sum of all recommended standards is 18, 

Mesquite actually addresses less than 25 percent of the recommended standards for preservation 

of trees during the construction process.   

Therefore the sophistication of the tree preservation ordinances was determined by 

considering both of these values: the number of overall categories addressed and the total 

number of standards included.  The categorical scores indicates predominant development-

related issues that the ordinances address, whereas the total score (total number of standards) 

indicates the depth to which each of these categorical issues is addressed. The scores for 

categorical inclusion are provided in Table 5. 

Table 5 Distribution of scores, measured by relative frequency, according to number of 

general standards included in ordinance. 

Overall 
Categories Frequency 

 
Percent 

∑  
Percent 

0 3 5.9 % 5.9 % 
1 5 9.8 % 15.7 % 
2 7 13.7 % 29.4 % 
3 6 11.8 % 41.2 % 
4 21 41.2 % 82.4 % 
5 9 17.6 % 100.0 % 

 

Every category of preservation standards was found in at least half of the ordinances, 

with the lowest scoring category being that of inventory standards, and the highest scoring 

category being that of development standards. 

 Although most ordinances included multiple categories, the score for Ordinance 

Sophistication is based on the total score of the standards incorporated in to a tree preservation 
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ordinance.  Summing the number of standards yielded a raw score for ordinance sophistication.  

This raw score was converted in to a proportion to indicate what percent of the total 

recommended standards each ordinance included.  Table 6 contains those scores. 

Table 6 Distribution of scores, measured by relative frequency, according to proportion of 

particular recommended standards included in ordinance. 

Proportion of 
Recommended 
Standards Frequency 

 
Percent ∑  Percent 

0.00 2 3.9 % 3.9 % 
0.06 4 7.8 % 11.8 % 
0.11 2 3.9 % 15.7 % 
0.17 7 13.7 % 29.4 % 
0.22 3 5.9 % 35.3 % 
0.28 3 5.9 % 41.2 % 
0.33 4 7.8 % 49.0 % 
0.39 3 5.9 % 54.9 % 
0.44 6 11.8 % 66.7 % 
0.50 6 11.8 % 78.4 % 
0.56 3 5.9 % 84.3 % 
0.61 4 7.8 % 92.2 % 
0.67 3 5.9 % 98.0 % 
0.72 1 2.0 % 100.0 % 

 

Spatial autocorrelation (Moran’s I) indicated a clustered pattern in ordinance 

sophistication that was highly statistically significant (I = 0.08; p ≤ 0.01).  Because clustering 

was observed, a Hot spot analysis (Getis-Ord) was conducted to determine whether certain 

clusters could be identified where municipalities scored abnormally high or abnormally low in 

terms of Ordinance Sophistication.  The following Hot spot rendering (Figure 4), based on Gi* Z 

scores, indicates those municipalities that adopted ordinances with a significantly higher (green) 

or lower (purple) score with regard to standards than the model anticipates.  According to spatial 
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trends among cities, Denton and Little Elm scored significantly higher than the pattern 

anticipates, while Kennedale, University Park, and Weatherford scored significantly lower. In 

general, the ordinances adopted by municipalities to the southeast are less sophisticated than 

expected, while ordinances adopted by municipalities in the central portion of the NCTCOG area 

are more sophisticated than expected. 

 

Figure 5 Hot spot rendering of municipalities according to ordinance sophistication. 

The east-west trend observed for year of adoption and also for provisions is not observed 

in the hot spot analysis for ordinance sophistication (Figure 4).  In this analysis, the aggregation 

of hot spots seems to be associated with the Eastern Cross Timbers ecoregion.  This area has 

experienced significant development over the past few decades.  It is also the region of the study 

area with the highest amount of tree cover.  The value of the land in this area is tied to its 

vegetative composition.  It therefore stands to reason that the municipalities of the Eastern Cross 
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Timbers include more development regulations than would be expected according to normal 

spatial clustering patterns. 

 

Ecological Relevance 

The ecological relevance of the ordinances was determined by the preservation criteria 

defined.  The four criteria recommended by Swiecki are size, species, coverage, and biodiversity.  

Some municipalities do not provide definitive criteria, and some incorporate more than one.  

Table 7 is a frequency table identifying the number of ordinances in the study area containing 

each of the four preservation criteria: 

Table 7 Frequency of inclusion of particular preservation criteria in the 51 ordinances of 

the study area (more than one criterion may be included). 

Criterion Frequency    
 
Percent 

Size 37 72.5 % 
Specimen 29 56.9 % 
Canopy Coverage 7 13.7 % 
Biodiversity 3 5.9 % 

 

Specimen size and tree species are the two most common criteria for preservation, while 

only 7 out of the 51 ordinances regulate for canopy coverage and 3 out of the 51 ordinances 

regulate according to species diversity counts. 

The number of criteria incorporated into the preservation ordinance impacts the ability of 

the ordinance to promote mosaic stability.  Mosaic stability requires not only preservation of 

individual specimens, but the promotion of heterogeneous plant communities.  Therefore, the 

more attributes that are assessed, the greater the preservation of mosaic stability, and, 

consequently, the greater the preservation of the native landscape.  For this reason, the number of 
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criteria present in each ordinance was also evaluated, and the frequencies of these scores were 

included in Table 8. 

Table 8  Relative frequency of number of criteria included in the ordinances of the study 

area. 

Number 
of 
Criteria Frequency 

 
Percent 

∑  
Percent 

0 12 23.5 % 23.5 % 
1 11 21.6 % 45.1 % 
2 19 37.3 % 82.4 % 
3 9 17.6 % 100.0 % 
4 0 0.0 % 100.0 % 

 

This total number of preservation criteria established for each ordinance was used as a 

score for ecological relevance.  Spatial autocorrelation (Moran’s I) indicated a clustered pattern 

in ecological relevance that was highly statistically significant (I = 0.06; p ≤ 0.01).  Because 

clustering was observed, a Hot spot analysis (Getis-Ord) was conducted to determine whether 

certain clusters could be identified where municipalities scored abnormally high or abnormally 

low for Ecological Relevance. The following Hot spot rendering (Figure 5), based on Gi* Z 

scores, indicates those municipalities that adopted ordinances with a significantly higher (green) 

or lower (purple) score with regard to preservation criteria than the model anticipates.   

Although significant high and low-scoring hot spots can be found, there is no general 

trend observed in the NCTCOG area with regard to ecological relevance of the preservation 

criteria.  According to spatial trends among cities, Richardson and Southlake scored significantly 

higher than the pattern anticipates, while Carrollton, Fort Worth, Granbury, and Weatherford 

scored significantly lower.  The hot spots for ecological relevance do not follow a general spatial 

pattern, as evidenced in Figure 6.  The size of the City of Fort Worth creates a significant impact, 
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as the coverage of the policies adopted by the City carries a significant impact on the Grand 

Prairie ecoregion in which the City is found.  However, there are adjacent and proximate 

municipalities, such as Southlake, which score higher than expected for preservation criteria.   

 

Figure 6 Hot spot rendering for municipalities according to ecological relevance. 

 
Summary 

 
 A comparison of the various Hot Spot analyses of this study was helpful in confirming 

overall trends in preservation ordinance adoption in the NCTCOG area.  From this comparative 

analysis, three conclusions were drawn.   

 

The Similarities between Year of Adoption and Capacity for Enactment and Enforcement  

 Figure 6 is a composite of Hot Spot Analyses for year of adoption and the three measures 

of internal ordinance evaluation.  It shows the general west-east pattern for year of ordinance 
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adoption and a similar, though less intense, west-east pattern for number of provisions.  This 

implies that a relationship exists between year of ordinance adoption and the provisions included 

for enactment and enforcement. 

  

 

   
 
 
Figure 7 A comparative analysis of spatial patterns of tree preservation ordinances in the 
NCTCOG area, considering adoption year, ordinance provisions, ordinance sophistication, and 
ecological relevance. 
 
 
 
The Increased Level of Development Regulations Observed in the Eastern Cross Timbers 
Ecoregion 
 
 The Hot spot analysis conducted for ordinance sophistication, also included in Figure 6, 

does not exhibit a west-east trend.  Rather, the sophistication of ordinance standards – the level 

of development restrictions - seems most strongly impacted by ecoregion.    The Analysis 

indicates that municipalities in the Eastern Cross Timbers score abnormally high for ordinance 

Ordinance 
Provisions 

Adoption 
Year 

Ordinance 
Sophistication 

Ecological 
Relevance 
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sophistication, meaning that there are more restrictions to the development process in these cities 

than in other cities in the study area.  

 

Anomalies and Points of Convergence 

 Grapevine is the municipality that is most variable in its behavior through the various hot 

spot analyses, adopting earlier than expected, yet scoring higher than expected for provisions and 

sophistication of standards.  It is, however, neutral with regard to ecological relevance, implying 

that the criteria by which it designates trees for preservation neither promotes nor discourages 

mosaic stability.  This inconsistency is most likely the result of the convergence of two 

determinants: development pressure in the 1980s (leading to early adoption) and location in the 

Eastern Cross Timbers (leading to a higher level of development regulation in the form of 

provisions and development standards). 
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CHAPTER V 
 

CONCLUSION 

 This study demonstrates that the urban to rural gradient holds true not only for 

development patterns, but for regulatory measures as well.  It indicates that a relationship exists 

between the provisions for enactment and enforcement and the year an ordinance was adopted.  

Finally it shows that, of the four ecoregions of the NCTCOG area, the Eastern Cross Timbers 

exhibits the greatest level of habitat protection via tree preservation ordinances.   

 Urbanization is occurring at a rapid rate in the North Central Texas area.  In the last 35 

years,   the population has grown from 2.6 million to 6.5 million, and the development footprint 

continues to expand at a comparably rapid rate.  This has led to rapid loss of native habitat, as 

trees and vegetation are removed during the land development process.   

 In the State of Texas, municipalities have control over habitat preservation at the local 

level, and, although a few communities have codified extensive habitat preservation measures, 

this is most commonly accomplished via tree preservation ordinances.  Tree preservation 

ordinances vary from city to city, and can control urban forestry, development practices that 

impact trees, and even means of tree protection on public lands.  As development pressures 

continue to expand, tree preservation ordinances are the means by which municipalities can 

ensure that the tree canopy is preserved, and that native habitat is accommodated in the face of 

development.  Of the 93 home rule municipalities in the North Central Texas area, 51 have 

adopted tree preservation ordinances.   

 In this study, several variables were evaluated to determine if they exert any apparent 

influence on whether or not these cities adopted tree preservation ordinances.  Of the variables 

considered, proximity to an urban core and year of adoption exhibited a significant influence on 
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whether or not a municipality adopted a tree preservation ordinance.  This implies that land 

development policy adopted in urban cores influences policies adopted by other municipalities 

within a metropolitan area. More importantly, it implies that the relationships of municipalities 

within a metropolitan area are not merely physical, but that their proximities influence policy 

formulation.    

 The increase in frequency of ordinance adoption in cities adjacent to an urban core carries 

political and ecological implications.  Politically, preservation measures adopted by the urban 

cores of Dallas and Fort Worth significantly impacted adjacent communities, carrying a less 

significant impact as distance between the cores and surrounding municipalities increases.  This 

implies that, the urban to rural gradient that defines the physical fabric of metropolitan areas acts 

as a policy determinant as well.   

  That the same pattern detected in the physical environment can also be noticed in the 

political one means that the urban to rural gradient impacts more than just land use and 

development patterns.  It is a definitive reality of the urban form that pervades many aspects of 

our metropolitan areas, including policy formulation.  It also demonstrates the tension between 

utilization and preservation that equally impact land value.  As land gets consumed, the illusion 

of scarcity prompts policies to regulate that consumption.   Therefore, the same urban to rural 

gradient that can be observed in the physical elements of our metropolitan environment can also 

be observed in the policies and ordinances that help to preserve and control urbanization.   

 The adoption trend in Texas is consistent with nationwide adoption trends for tree 

preservation ordinances. As of 1984, fewer than 100 tree preservation ordinances were 

documented nationwide (Duerkson 1993).  Over the next decade, however, more widespread 
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adoption of these ordinances can be observed throughout the U.S.  In California alone, for 

example, over 159 tree preservation ordinances were adopted by the end of the 1980s.    

 The prevalence of adoption in the study area in the 1990s and 2000s corresponds to a 

shift in national perceptions of the treatment of our forests.  Where previous administrations had 

held a conservationist perspective of how we should engage our forests, the Clinton 

Administration shifted toward a preservationist position, allowing the issue of habitat to 

influence how forestlands should be treated, rather than simply considering elements of resource 

management. (Bryner 1999).  As federal attention shifted toward habitat preservation, state and 

municipal governments most likely followed suit. 

 This clustering of preservation policy within a 2 decade period makes the level of 

variability in ordinance composition worthy of investigation.  Variability could either imply that 

ordinances are customized to the needs associated with their respective municipalities, or that 

some ordinances are crafted more effectively than others.  This is one reason why an internal 

evaluation of the ordinances is important.   

 This suggestion of a lack of standardization is confirmed by the brief survey contained in 

Chapter 2 of this study regarding guidelines for construction of tree preservation ordinances.  

With no single standard, it is logical that a high level of variability in structure and content would 

be observed, as there is no common point of reference.  On a national scale this might be 

appropriate, but as neighboring municipalities typically function within a common ecoregion, 

standardized regulation of development seems more than appropriate.    

 The composition of an ordinance determines what will be preserved and how these 

measures will be enacted.  As there are no requirements for tree preservation ordinances at a 

federal level, and Texas has no legal requirements defined at the State level, municipalities have 
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a considerable degree of flexibility when it comes to crafting a tree preservation ordinance.  This 

means that simply having a tree preservation ordinance in a city will not guarantee that any 

significant trees will be protected.   Each ordinance in the study area was evaluated at three 

levels.  They were evaluated according to their general provisions, the standards for how trees 

are handled during the development process and the criteria determining which trees to preserve. 

 The general provisions of an ordinance influence efficacy of the standards and methods 

set forth for enactment and enforcement of regulation.  Most of the ordinances did little to 

articulate the method by which the municipality would enforce and enact tree preservation in 

their community.  The northeastern cities in the study area seemed to score significantly higher 

than would be expected for number of provisions, whereas the cities to the west scored 

significantly lower.  Interestingly, the cities scoring higher for number of provisions are also 

among the cities that adopted preservation ordinances later than anticipated (according to the Hot 

spot analysis conducted for year of ordinance adoption).  These cities include Richardson, Plano, 

Rowlett, and Rockwall.   

 This relationship between year adopted and number of provisions is consistent with the 

dates of publication of many of the guidelines for construction of tree preservation ordinances.  

Many tree preservation ordinances focus on which particular trees should be preserved, but do 

not set standards for how this is supposed to happen.  The standards for preservation address how 

trees will be handled on-site throughout the development process.  In this study, it was 

demonstrated that although many of the ordinances do address key development-related issues, 

they are limited in the extent to which this is done.   

 The Hot spot analysis for Ordinance Sophistication shows a central band of 

municipalities scoring higher than expected for sophistication of development standards.  This 



69 

band aligns closely with the Eastern Cross Timbers ecoregion, indicating that the communities of 

this ecoregion have gone to a greater extent to restrict the impact of development on native 

habitat.  The tightness of the correlation shows that there is a relationship between development 

restriction and ecoregion.  The Cross Timbers region is characterized by a higher density of tree 

coverage than the surrounding Grand Prairie and Blackland Prairie ecoregions, suggesting that 

there is an increase in development restrictions where there is an increase in density of tree 

coverage. 

 There are two possible explanations for this.  One is economic and one is cultural.  A 

possible cause for increased regulation of development in this ecoregion is the value added to 

development by tree preservation.  Another possible cause is public preference, or the perception 

of the importance of native habitat and the subsequent political intent to preserve it.  Because 

land value is ultimately consumer driven, preference is ultimately the driver in both cases.  This 

is why man’s perception of nature is so important in matters of public policy.  Policy is 

ultimately a reflection of community values. 

 In the Hot spot analysis of sophistication of development standards, there were only three 

municipalities scoring significantly lower than anticipated.  Two of these three are edge cities 

that are not physically connected to a low-scoring area.  Therefore it can be inferred that these 

municipalities function as outliers, rather than trend-setters.   

 To promote mosaic stability, it is recommended that tree preservation ordinances 

incorporate a range of preservation criteria.  24 percent of the ordinances of the study area 

contain no criteria at all for which trees should be preserved.  When no criteria are provided, 

there is no assurance that what is protected is worth protecting.  The majority of the ordinances 

call for regulation at the specimen level, using size of individual tree and/or list of particular tree 
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species as the criteria for preservation.  Canopy coverage is used as a preservation criteria in only 

seven of the 51 ordinances examined, and biodiversity in only three.  This means that 80 percent 

of the ordinances adopted in the study area do not regulate for biodiversity or canopy coverage.  

Addressing the urban forest at a specimen level does not speak to the composition of the urban 

forest, a key determinant in mosaic stability. When criteria are inadequate, the condition of the 

urban forest is degraded, allowing trees to function in a more ornamental capacity.  This is 

inconsistent with the very purpose and intent of  tree preservation ordinances, as ornamentation 

is the function of landscape ordinances, not tree preservation ordinances. 

 Finally, the relationship between preservation ordinances and the ecoregions of the 

NCTCOG area was evaluated.  Contrary to what was expected, the Eastern Cross Timbers did 

not score highest for preservation measures, as the mean score based on preservation criteria was 

lower than the mean scores for the prairie ecoregions.  However, the Eastern Cross Timbers did 

score higher for proportion of cities adopting ordinances and for total percent of land covered by 

preservation measures.  The municipalities of the Eastern Cross Timbers also exhibited a higher 

score than anticipated for degree of regulation of development.  This implies that, although the 

criteria for preservation is not optimal here, the greatest intensity of habitat protection within the 

NCTCOG area is found in the Eastern Cross Timbers ecoregion. 

 The two assumptions that were validated by this study – the existence of an urban to rural 

gradient and the ability of municipalities to impact their neighbors in terms of policy formation – 

could be tested for a range of physical factors and policy measures, as this study validates the 

existence of the urban-rural gradient not only in terms of the physical environment, but also in 

terms of municipal policy formation.   
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 The urban to rural gradient implies that highest intensity of what is being measured 

occurs at the urban core.  In policy terms, this means that the strongest, most effective policy 

measures are adopted by core cities, and the weakest, most ineffective policy measures are 

adopted by edge or ex-urban cities.  However, most available native habitat occurs at the edges 

of our metropolitan areas, not at the core.  For more effective habitat preservation, it would stand 

to reason that a more regional approach to habitat preservation would therefore be more 

effective.  Should these assumptions prove to be true in other studies, this would validate the 

need for regional-scale environmental regulation in our metropolitan areas. 

 Our native habitats are not defined by political jurisdictions.  They are regional, or multi-

jurisdictional, in nature.  This study served as a valuable tool in mapping trends in ordinance 

adoption in a metropolitan statistical area. This approach would be greatly beneficial in the 

analysis of other policies adopted by municipalities in a regional context.  Such techniques could 

be used to assess policies regarding regulation of air quality, surface water management, building 

footprints, erosion control, etc.  This approach could also be replicated in other metropolitan 

areas where regional policies regarding the urban forest are needed.   

 The relationship between land use regulation and development activity is important for 

habitat protection.  The only way to suppress the trend in habitat consumption  is to invert the 

urban to rural gradient in terms of habitat preservation.  At a local level this is unrealistic, as 

edge cities of metropolitan areas normally adopt a simpler regulatory structure. Therefore greater 

regional influence over habitat protection is needed.     
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City with a 
Preservation 
Ordinance 

* Eco-
Region 

Year 
Adopted 

Pop at 
Year 

Adopted Provisions Standards Criteria 
Addison BP 1982 8,200 8 6 2 
Allen Bp 2001 48,150 4 7 2 
Arlington ECT 1995 281,150 3 4 3 
Balch Springs BP 1998 18,700 3 5 3 
Benbrook GP 2002 20,600 1 3 1 
Burleson ECT 2004 26,900 3 2 0 
Carrollton BP 2000 109,576 3 11 3 
Colleyville ECT 1998 18,600 2 1 1 
Coppell BP 2000 35,958 5 9 3 
Corinth ECT 2007 19,450 4 4 0 
Dallas BP 1987 951,150 8 9 1 
Denton GP 1998 73,200 7 8 3 
Duncanville BP 2001 36,200 3 11 3 
Euless ECT 1974 24,833 3 3 0 
Fairview BP 2005 5,050 6 10 1 
Flower Mound ECT 1989 5,050 5 8 2 
Fort Worth GP 1999 504,850 4 12 3 
Frisco BP 2003 57,300 3 2 0 
Garland BP 1993 190,250 5 7 2 
Glenn Heights BP 1998 5,900 5 3 0 
Granbury WCT 1991 4,058 3 0 0 
Grand Prairie BP 1983 77,850 3 3 0 
Grapevine ECT 1984 18,300 5 13 1 
Heath BP 2005 5,900 6 5 2 
Highland Village ECT 1997 11,300 5 5 2 
Irving BP 1986 141,600 4 1 3 
Keller GP 1993 16,000 3 4 0 
Kennedale ECT 2004 6,100 6 11 2 
Lake Dallas ECT 2006 6,800 5 9 0 
Lancaster BP 2004 29,850 6 12 2 
Lewisville BP 2003 82,900 2 7 2 
Little Elm ECT 1997 1,250 6 8 2 
Lucas BP 2007 5,100 7 9 2 
McKinney BP 1999 43,650 6 9 2 
Mesquite BP 1990 101,484 4 4 2 
Murphy BP 2004 7,700 2 3 1 
North Richland Hills GP 1975 21,000 6 10 1 
Plano BP 1989 128,550 6 5 0 
Prosper BP 1984 679 4 8 1 
Richardson BP 2007 97,700 3 1 0 
Roanoke GP 1985 1,050 6 12 2 
Rockwall BP 1999 15,800 5 8 2 
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City with a 
Preservation 
Ordinance 

* Eco-
Region 

Year 
Adopted 

Pop at 
Year 

Adopted Provisions Standards Criteria 
Rowlett BP 1982 8,700 6 8 2 
Royse City BP 2006 7,350 5 6 2 
Sachse BP 2007 17,650 6 8 1 
Saginaw GP 1998 11,000 6 1 1 
Seagoville BP 2005 12,300 3 6 1 
Southlake ECT 1997 16,850 7 11 2 
The Colony BP 1997 23,650 4 6 3 
Trophy Club ECT 2002 6,900 5 10 2 
University Park BP 2006 23,200 5 3 0 
Weatherford GP 2003 20,500 6 9 1 

 

 

* ECOREGION: 

BP = Blackland Prairie 

ECT = Eastern Cross Timbers 

GP = Grand Prairie 

WCT = Western Cross Timbers  
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MAP OF THE CITIES OF THE NCTCOG AREA 
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