
ABSTRACT 

 

MELEY, ANDREANNE MARIE-BLANCHE. Sustaining Florida’s Forest Ecosystems: 

Trends and Impacts of Forestry-Related Ordinances. (Under the direction of Erin O. Sills). 

 

Across the southeastern United States, local governments have increased the number of 

ordinances that affect forestry operations, raising concerns about both intended and untended 

impacts.  The purpose of this study is to examine the trends and impacts of these ordinances 

across Florida counties, drawing on a database of all relevant county and municipal 

ordinances in Florida.  These ordinances were analyzed using three approaches.  First, the 

Delphi method was employed to elicit expert opinions on the motivations for and impacts of 

local ordinances relevant to forestry operations in Florida.  The most commonly mentioned 

barriers to production forestry were urbanization and costly, lengthy permitting processes.  

Second, several types or clusters of counties were identified using cluster analysis, and 

spatial-temporal patterns in the creation of local ordinances were examined and compared 

across clusters.  Third, drawing on the first two steps and a literature review, I analyzed the 

impacts of local ordinances on forest production and health, using propensity score matching, 

differences-in-differences, and panel regression models.  Results show that greater numbers 

of restrictive ordinances reduce pulp production in Florida counties, even after controlling for 

factors like population growth.  On the other hand, prescribed burning ordinances have a 

positive impact on forest health, as represented by a reduction in total acreage burned by 

wildfires.  In order to confirm and understand the implications of these results, further 

research should be conducted, especially regarding the direct effects of ordinances on forest 

managers, which are not captured in the secondary data used for this study.  
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CHAPTER 1: INTRODUCTION 

 

In recent decades, local governments in the southeastern U.S. have implemented a large 

number of ordinances that regulate forestry practices, either directly or as a side-effect of 

efforts to protect trees in the landscape.  For example, Granskog et al. (2002) found that the 

total number of local ordinances had more than doubled across 13 southern states from a total 

of 141 in 1992 to 346 in 2000.  Today in Florida there are ordinances believed to inhibit 

forest management, thus raising concerns about their long-term positive and negative impacts 

on the extent and health of forests.   

The rapid increase in local ordinances has been attributed to many factors, most 

commonly urbanization and exurbanization.  Urban areas, characterized by high population 

densities, have been expanding (urbanization) and urban dwellers have been moving into 

surrounding natural areas (exurbanization).  Exurban growth is different from any other kind 

of growth because of where it occurs in relation to some pre-existing urban center.  Exurban 

areas are at some distance from the urban center, where housing growth is far enough away 

from the center to be called exurban, but not so far away that it's called urbanization or new 

growth.  This housing development has both direct negative impacts on forest ecosystem 

services (e.g. due to fragmentation) and indirect effects due to changing local perceptions of 

forest management, e.g. an increase in local regulation of tree cover and forestry operations.   

This thesis will address the various other factors that play a role in the enactment of 

forestry-related ordinances.  I also consider how current socioeconomic trends are related to 
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forestry-related ordinances, as well as their impacts on forest production and forest health on 

Florida counties.  In order to assess the impact of forestry-related ordinances on forest 

production and forest health, the first step was to construct an ordinance database
1
 using The 

Municipal Code Corporation’s (MCC) electronic database of county and municipal codes in 

effect in 2011.  A series of keyword searches were used to identify 505 ordinances related to 

forestry in the MCC database (Haines, 2012).  Once identified as relevant to forestry, the 

ordinances were summarized and entered into a spreadsheet.  The summaries for each 

ordinance include: location, legal citation, date of enactment and amendments, primary 

purpose and goals, a summary of the key provisions as they relate to forestry, and a 

classification system detailing the ordinances’ effects, whether is it promoting or restricting 

forestry.  It is important to note that effects were classified based on the available ordinance 

summaries, and the misclassification of their actual on-the-ground impacts is possible.  

Through a review of the stated purposes and goals of the ordinances, they were classified into 

17 categories (Haines, 2012).  Figure 1 shows the distribution of these ordinances across the 

67 counties in Florida.  It is evident that counties in central-south Florida have enacted more 

ordinances relevant to Forestry than the northern, panhandle counties.  This is in spite of the 

fact that there is much more forestry activity in northern Florida, and is consistent with the 

concern that many local ordinances that affect production forestry were not enacted with this 

intent.  

                                                 
1
 Ordinance database was constructed by Terry Haines under contract with the USDA Forest Service, with 

coding assistance from Alicia Raimondi of NCSU. 
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Figure 2 shows the distribution of the 505 

ordinances across 17 categories.  Categories with 

the most ordinances include zoning, tree 

protection, stormwater management and prescribed 

burning.  Ordinances were classified along two 

dimensions: first, they were placed into 17 

categories related to the activity that they regulate, 

and second, they were placed into several 

classifications related to how they regulate that 

activity.  The description of the five ordinance 

classification of effects is available in Table 1.    Drawing on this database, several different 

categories of ordinances were examined through the Delphi method, cluster analysis and a 

statistical impact analysis, as reported in the following chapters.  

 

Figure 1 Distribution of Local Ordinances 

across Florida Counties by 2011 
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Figure 2 Local forestry-related ordinance distribution by 2011 (n = 505 ordinances) 

 

Table 1 Classification of Ordinance Effects 

Classification of Ordinance Effects 

1 Exempts forestry (which essentially promotes forestry use) 

2 Exempts provided established rules followed (i.e. BMPs) 

3 
Restricts forestry (buffers/select harvest/protect majestic trees) - rules within 

ordinance 

4 
Owner or agent action required: permits/notification/mgmt. plans/or evidence of 

active mgmt. (recent harvest, replanting, site prep, timber stand improvement, etc.) 

5 Zoning promotes forestry 
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Figure 3 Florida's Private and Protected Lands 

Orange 

County 

Florida Background 

Florida consists of 67 counties, with 61 counties defined as coastal by the Strategic 

Environmental Assessments Division of the National Oceanic and Atmospheric 

Administration ("NOAA’s List of Coastal Counties for the Bureau of the Census", 2006).  

Many ecosystems make up Florida, including very important coastal, freshwater wetlands, 

and aquatic ecosystems.  Moreover, there are four major upland ecosystems found within 

Florida: (1) pine Flatwoods and dry prairies, (2) scrub and high pine, (3) temperate hardwood 

forests, and (4) south Florida Rockland (Fernald, 2005).  These ecosystems include forest 

types such as longleaf-slash pine, loblolly 

short-leaf pine, oak pine, oak-hickory, and 

oak-gum cypress.  The forestry sector, 

comprising of forest management, 

logging, and forest products, relies largely 

on these productive upland ecosystems.   

According to the Florida Forest 

Service’s 2010 Forestry and Forest 

Product Industry Economic Impacts, 

Florida’s forestlands cover almost half of 

the state, which translates to 

approximately 16 million acres of 

timberlands.  Most of these timberlands are found north of Orlando, Orange County (Nowak, 
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2010).  Florida’s forest ownership is shared between private, federal, state, and local 

governments, where 70% of the 16 million acres are privately owned.  Private non-industrial 

forest (PNIF) landowners own almost half of the 11.2 million acres of private forestlands.  

The forestry and forest products industry generated $14.7 billion in total output impacts 

according to the report, resulting in nearly 90,000 jobs (Nowak, 2010).  Among all of the 

forestry industries, the pulp and paper products industry is the largest, accounting for 73% 

share of income paid out to workers in 2010.   

Florida’s government consists of an executive branch, a legislative branch, and a 

judicial branch, where all branches operate according to the Constitution of Florida.  There 

are also four forms of local governments, which are counties, municipalities (cities, towns, 

and villages), school districts, and special districts.  The scope of this project focuses on 

county and municipality governments.  Incorporated municipalities in Florida generally 

provide essential services, such as water, waste collection, police and fire departments; 

whereas unincorporated areas have the counties provide these services (Dye, 1998).   

Based on information from the Florida Association of Counties, county and municipal 

charters are a distinctive characteristic of Florida.  In 1968, Florida granted its counties the 

ability to become charter counties with more autonomy than non-charter counties (Charter 

County Information, 2008).  Government structures for charter counties are specified in a 

formally written charter, approved by voters.  Similarly, incorporated municipalities must be 

operated under a municipal charter approved by voters found within the area of the 

municipality.  Charter counties and municipalities have powers of self-government unless 
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they come into conflict with the Constitution or State law.  Currently, there are 20 charter 

counties and 410 incorporated municipalities in Florida.  According to the Florida 

Association of Counties, charter counties are home to more than 75 percent of Florida's 

residents.  Both counties and municipalities are permitted to pass ordinances within their 

jurisdiction, as long as the municipal ordinances do not contradict county ordinances, and as 

long as both are consistent with state law.  Furthermore, incorporated municipalities are 

responsible for land use planning within their respective boundaries and counties, both 

charter and unincorporated, are responsible for land use planning in the unincorporated areas.  

In general, county governments have jurisdiction over unincorporated areas (personal 

communication, Alachua County Commission Services, 2014).     

As previously mentioned, all counties and incorporated municipalities have the power 

to enact local ordinances, which allows them control over local matters.  Further control over 

matters such as prescribed burns, tree harvest, and tree, wetland and environmental 

protection potentially falls under the jurisdiction of local governments.  Many Florida 

counties enacted prescribed burning (PB) ordinances in the decades leading up to the year 

2000.  As seen in Figure 4, there were 12 local PB ordinances in 1980, increasing to 41 by 

2000, but no additional ordinances enacted up to 2011.  In the database of forestry-related 

ordinances, the majority of PB ordinances are classified as either requiring owner or agent 

action (such as permits/notification/management plans/or evidence of active management 

such as recent harvest, replanting, site preparation, timber stand improvement, etc.) or as 

directly restricting forestry due to rules within the ordinances (buffers, protection of trees, 
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etc.).  The specific provisions of these restrictive PB ordinances include requirements such as 

obtaining permission from the fire chief, county forester or other county official; notification 

to the local fire district and surrounding community; a permit from county managers or risk 

reduction bureau of the city fire and rescue service; submittal of burning plans; payment of 

[application] fee; site inspection by air quality program manager; site assessment by property 

assessor to determine if a bonafide forestry operation; and publishing of burn notices in the 

paper.  In addition, some local ordinances simply state that prescribed burns must adhere to 

state rules, as specified by the Florida Division of Forestry. 

 

Figure 4 Total number of prescribed burning ordinances in effect between 1980 and 2011 

 

 

Environmental 

protection (EP) ordinances are 

often enacted to protect 

environmentally valuable areas 

such as sensitive lands, high 

Figure 5 Distribution of ordinance effects for environmental 

protection 



 

 

 

9 

 

quality natural plant communities, river corridors, estuarine and wetland ecosystems, and 

protect against soil erosion.  Florida counties enacted 23 ordinances between 1980 and 1997, 

resulting in  a total of 31 ordinances in place since 1997.  Figure 5 shows the distribution of 

effects for all EP ordinances.  Based on the classifications of effects of the 36 local EP 

ordinances found in our database, a large majority were classified as restrictive to forestry 

practices, either requiring owner or agent action (such as permits/notification/management 

plans/or evidence of active management) or as directly restricting forestry due to rules within 

the ordinances (buffers, protection of trees, etc.).   

Even more tree protection (TP) ordinances have been implemented by local 

governments in Florida, increasing from 14 TP in 1980 to 90 in 2011.  These ordinances 

were classified as having different effects, from promoting to restricting forestry operations.  

These ordinances are commonly enacted to protect trees within municipalities or special 

county areas.  Often, tree protection ordinances exempt bonafide silvicultural operations such 

as land clearing and harvest activities.  However, permits, compliance plans, replanting, 

property assessments, and notices are frequently required.  Table 2 provides a brief 

description of the categories of ordinances, including the number found in each category.     
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Table 2 Ordinance Database Description 

Ordinance Type Description n 

Cypress Mulch (CM)*  Prohibits use/ discourages use of cypress mulch 24 

Chemical Use/Storage (CU) 
 Silviculture not exempt, although fertilizer is and pesticides regulated. 

 Silviculture exempt provided follows state pesticide laws 
3 

Definition (DEF) of Non-

Development/Agriculture 

 Development includes operations for the purpose of growing trees 

 Development rules and procedures exempts bonafide agriculture 

 Agriculture definition includes forestry 

51 

Environmental Protection (EP) 

 Following activities exempt from formal permitting procedure: Bona fide agricultural 

pursuits, including forestry, except where an artificial drainage system will be used. 

 Doesn’t mention forestry, requires environmental assessment 

 Forestry defined as using Best Management Practices (BMPs), preserve percentage of land, 

environmental assessment/permit required 

 Bond program for open space purchase -- up to $2 million with approval of electorate.  Can 

include fee purchase, easements, transfer of development rights. 

36 

Floodplain Management (FM) 

 Limited use, forestry exempt with BMP's and provided use does not restrict the flow of 

floodwaters above the 10 year floodplain elevation 

 Adequate buffers to reduce adverse impact from forestry activities are required 

10 

Firewise (FW)* 

 Location and design of all homes constructed within the minor rural subdivision designation 

shall conform to firewise communities standards promulgated by the Division of Forestry 

 Landscape or planting plans within wildfire hazard areas shall incorporate firewise 

landscaping techniques to help reduce the risk of wildfire 

5 

Harvest Road (HR)  Temporary driveway connection permitted for silviculture 4 

Land Clearing (LC)  Natural resource protection, land clearing permit -- bonafide forestry is exempt 6 
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Table 2 Continued 

 

Prescribed Burning (PB) 

 Silvicultural burning exempt from county regulations, but state apply 
 The burning shall first be approved by the state Division of Forestry, the fire chief and 

city council: the fire shall be at least 1,500 feet from the nearest occupied building 
 No burning during drought.  Authorization from state Division of  Forestry required 

within city limits for silvicultural burning 

44 

Storm Water management (SM) 

 Water management plan required prior to development.  -- Agriculture exempted unless 

artificial drainage of land is involved. 

 Projects not located within a land locked basin shall be constructed for a design storm with a 

25 year, 24 hour rainfall depth. 

 Silviculture exemption for site prep, planting, and harvesting and some road work.  Requires 

BMP's and notice to County Manager. 

45 

Shoreline Protection (SP) 

 Developments within 500 ft. of the ordinary high water line (OHWL) are subject to 

rules: Silviculture must follow BMP's 

 Permit with plan and impacts required for clearing shoreline; does not specifically 

exempt forestry. 

2 

Tree Harvest (TH) 

 License requires: General liability insurance of $1,000,000.  Harvesting limited to certain 

times of year/day.   Harvest can only be conducted with tandem trailer.  No mechanical loader 

can be used unless prior approval of Board of County Commissioners. 

10 

Tree Protection (TP) 

 Tree removal prohibited for 4 1/2 inch dbh or larger and removal of native understory 

requires permit. 

 Permit requirements do not specifically exempt  "trees planted for harvest" 

 Removal of native vegetation and trees, except specimen trees, shall be permitted on 

silvicultural land. Prior to any clearing, an application for a clearing permit shall be submitted 

 Majestic trees must be preserved 

93 
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Table 2 Continued 

 

Wellfield Protection (WFP) 

 Requires streamside mgmt. zones be retained within a 200 foot radius of an existing or 

designated wellhead.  The SMZ's primary zone is 35 ft. from the water's edge and no timber 

harvesting is allowed 

 A temporary permit approval shall be required for the temporary storage 

16 

Wetland Protection (WP) 

 Establishes 3 classes of wetland conservation areas with varying levels of value and 

protection.  Includes agriculture as a use. Establishes mitigation/compensation and permit 

requirements.  Doesn't specifically exempt forestry. 

 Permit required for wetland alteration.   Definition of development doesn't exempt forestry. 

31 

Watershed Protection (WSP) 

 

 Econlockhatchee River Protection -- rules/permits within city of Oviedo for silviculture. 1 

Zoning (ZON) 

 Protects and promotes traditional ag/forestry uses and/or limits development density 

 Silviculture not a permitted land use in at least one land use district 

 District is primarily public ownership. Limits forestry to habitat management and large scale 

forestry activities not permitted on public lands. Private land use and development limited to 

that allowed in the Rural-1 designation (includes silviculture) must use BMP's.  

124 

Total number of forestry-related local ordinances in Florida, 2011. 505 
  *excluded from analysis 

  n is the number of ordinances of this type across all Florida counties as of 2011. 
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CHAPTER 2: MOTIVATIONS AND IMPACTS OF LOCAL 

ORDINANCES: LITERATURE REVIEW AND DELPHI METHOD 

 

In order to assess what is already known and develop hypotheses about the motivations 

and impacts of local ordinances, I reviewed the scientific literature and gathered input from 

key informants via the Delphi method. A literature review was conducted, an ordinance 

database was constructed, and a Delphi analysis was designed.  Through a legal research on 

the Internet and interviews with forestry professionals, our objective was to identify concerns 

and motives behind the enactment of forestry-related ordinances along with their perceived 

impacts.  Such information will enable us to answer and quantify important questions such as 

(i) what are the concerns and drivers for forestry-related ordinances for counties in Florida, 

(ii) what are the trends of such ordinances in Florida counties, and (iii) what are their impacts 

on production forestry and forest health. As part of our planning process, a database with a 

descriptive review of ordinances identified as pertinent to forest management was gathered.  

It included their location, primary objectives, and required actions for forest managers and 

land owners for compliance, and the potential effects of these required actions on forest 

sustainability and production forestry.  A literature review was conducted pertaining to 

drivers and impacts of forestry-related local ordinances.  Furthermore, input about the 

motivations and impacts of local ordinances were gathered through the Delphi method, using 

an identified set of ordinances from our database. 
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Literature Review: Motivations 

Local governments can be expected to regulate forestry operations that cause 

environmental degradation (such as logging roads that cross rivers) or damage public 

property (such as logging trucks on public roads), and impose costs on society.  Martus et al. 

(1995) argues that such regulations should only act to bring forestry operational costs in line 

with the costs imposed on society.  However, many local ordinances are enacted with the 

intention of protecting forests from development without consideration of their economic 

impacts on forest management.  These ordinances may have unintended consequences.  

According to an assessment led by the USDA Forest Service's Southern Region and Southern 

Research Station, public property and special feature protection ordinances account for more 

than half of all ordinances (Jackson, Hubbard, Stringer, & Dillaway, 2003).  Special feature 

ordinances, which are aimed at protecting scenic or environmentally valuable areas, may also 

discourage forest management (Jackson, Hubbard, Stringer, & Dillaway, 2003).  For 

example, they may increase operating expenses; cause delays in operations due to lengthy 

permit processes; and re-direct effort in response to variable requirements across the 

landscape (Granskog et al. 2002).  Jackson et al. (2008) expect the number of timber 

harvesting and tree protection ordinances to continue growing, partly due to urbanization and 

exurbanization expansion factors.   

Urbanization and exurbanization are commonly cited as a reason for the increasing 

number of ordinances that regulate management of trees and land use.  Exurbanization 

usually refers to the expansion of the urban fringe into the countryside: the transition area 
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between rural and suburban or urban regions.  The fringe is characterized by low density, 

high per capita land consumption and increasing development.  Exurban areas and the urban 

fringe are part of the concept of wildland-urban interface (WUI).  The WUI, as defined by 

the USFS’s Southern WUI Assessment, is “an area where increased human influence and 

land use conversion are changing natural resource goods, services, and management” 

(Edward & Hermansen, 2002).  According to this publication, the WUI can be further 

differentiated between the interface and intermix.  Wildland-Urban Interface is characterized 

by urban sprawl where new subdivisions press against public and private wildland lands.  

Wildland-Urban Intermix refers to areas going through transition from agriculture and forest 

uses to urban land uses on the leading edge of development.  The interface characterizes 

urbanization, while the intermix characterizes exurbanization.   

Previous research has examined the underlying motives for these population shifts, and 

their potential consequences.  Most studies have concluded that the desire for an improved 

lifestyle is the main motive for the migration of urban residents into more rural areas (Shelby 

et al. 2004).  Such residents are searching for more aesthetically pleasing areas, associating 

them with higher quality of life.  Also, the increased cost of urban real estate in many cities 

in the US is believed to be forcing the middle class citizens out of city centrals, increasing the 

populations living in the commuter-shed areas (Sutton, 2003).  Jackson et al. (2008) noted 

that the increase in ordinances is partly due to social conflicts caused by exurbanization, in 

particular over forestry practices.  Residents who move to the urban fringe have few 

economic or historical ties to forestry (Henderson et al.  2008).  Being unfamiliar with the 
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role of forestry to the local economy, the former city dwellers react negatively to the 

appearance of harvested areas and mobilize community forces to press for ordinances to 

protect the pastoral setting they sought in moving from the city (Jackson et al. 2008).  With 

these social pressures for regulation, the effectiveness and economic impacts of the 

ordinances are not always considered.   

Social conflicts are also arising from the clash between new arrivals (often living in urban 

areas) and long-term residents.  New residents’ interests and agendas have been found more 

restrictive to forestry practices, for example, timber harvests operations in Oregon (Shelby et 

al. 2004).  New residents are often concerned with the aesthetics and recreational 

opportunities provided by forests, including the effects of management plans for adjacent 

working forests.  These stakeholders pressure local governments for action to meet their 

interests, including restrictions on the way rural lands are used.  These changes may be 

reinforced by changes in social structures and local economies.  For example, Barlow et al. 

(1998) found that timber-harvesting rates decreased with proximity to development and 

higher population densities.  

A few studies have suggested adjacency as another possible driver of local ordinances.  

Adjacency refers to the tendency of a county to adopt similar ordinances once a neighboring 

county passes an ordinance.  For example, Guntera et al. (2005) found that adjacency is a 

significant determinant of regional water quality regulatory trends.  They point out that this 

may be due partly to underlying similarities between neighboring counties in terms of 

demographic and geographic characteristics that affect their views on regulatory tools.  
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However, adjacency patterns may also result from interactions between politicians, county 

managers, citizens, and interest groups across county boundaries.  

 

Local ordinances in Florida 

In the last 30 years, Florida has experienced a twofold increase in overall population, 

leading to a multitude of demographic, economic, and policy changes within the state.  These 

include a growing number of land use regulations that have been enacted at the county and 

municipal levels in response to the state’s rapid growth.  The forestry community has 

expressed concerns about the potential negative consequences of these ordinances for one of 

Florida’s main extractive sectors – timber production and how they could be deterrent to 

sustainable forest management.     

One driving force behind the proliferation of local ordinances in Florida is the Growth 

Management Act.  In 1985, Florida passed the Growth Management Act (GMA) partly in 

response to the urban development that was taking place on valuable agriculture lands and 

other impacts of Florida’s fast growing population.  It mandated that county governments 

implement land development codes and regulations in order to guide comprehensive land use 

plans in accordance with objectives of the state’s plan.  It is worth noting that one 

overarching goal of the  GMA is for Florida to maintain and strive to expand its food, 

agriculture, silviculture… and related industries...” (Lloyd, 2011).  Some counties have 

adopted restrictions on silvicultural activities (e.g., limitations on clear cutting, restrictions on 



 

 

 

18 

 

harvesting hardwoods and large diameter trees, and regulation of site preparation and 

chemical use) while other counties have exempted the same silvicultural activities.   

Lloyd (2011) conducted an empirical evaluation of the effectiveness of the state’s 

attempts to protect agricultural lands through GMA.  He concluded that the GMA had a 

statistically significant impact on the rate of conversion and location of urban development.  

Nevertheless, a large proportion of farmland conversions took place in areas with high 

sprawling development pressures, close to both coasts and highways.  Lloyd (2011) 

concluded that zoning ordinances will not, alone, help maintain working agricultural lands.  

In 2011, the Department of Community Affairs, which oversaw the implementation of the 

GMA, was dismantled and the 1985 landmark law was repealed.  Some observers expect this 

to result in significant changes in the future. 

Literature Review: Impacts 

Evaluating the impacts of public policies is always challenging, because of the many 

potential confounders.  However, rigorous methods of impact evaluation have been 

developed and applied in many fields such as medicine, public health, education, crime, and 

poverty reduction (Ferraro & Pattanayak, 2006).  There is much less literature on the impacts 

of local ordinances.  Specifically in the southern United States, I am aware of five empirical 

analyses of the impacts of ordinances on forestry.  Two of these studies employed surveys to 

elicit opinions and perceptions of ordinances.  In one study conducted by Martus, Haney, & 

Siegel (1993) conducted a survey among loggers and consultants, assessing the costs of 
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identified local forest ordinances.  Results suggested that forestry-related ordinances did 

impose costs but these were not considered burdensome as their sheer number would suggest.  

Greene & Haines (1993) coordinated a Delphi survey with selected members of the forestry 

community and estimated the effect of state and local ordinances on private timber supplies 

for six U.S. regions based on perceived future positive or negative effects of such policies.  

The findings for the Southeast region showed a decrease in private timber supply of 

approximately 3% due to state and local ordinances.  Turning to the other two studies, 

Prisley, Daversa, and Mortimer (2006) estimated the amount of forest area that would be 

subjected to restrictive local timber harvesting ordinances using GIS overlay analysis.  Their 

results suggested that for the total forest area found in the four counties surveyed, 

approximately 17% was directly and indirectly affected by the timber harvesting ordinances.  

Henderson, Willson, Dunn, & Kazmierczak (2008) estimated a seemingly unrelated 

regression model to evaluate the effects of forestry-related ordinances upon timber harvesting 

activities in St. Tammany Parish.  This area of Lousiana is a prime example of an area 

experiencing both exurbanization and proliferation of forestry-related ordinances.  A highly 

statistically significant negative relationship between a road bond ordinance and timber 

harvesting was found, suggesting a negative impact on production forestry.  Zhang and 

Nagubadi (2005) quantified the influence of urbanization on timberland use, by forest type, 

in eight U.S. southern states between 1992 and 1997.  Their results suggested that timberland 

land use change is negatively impacted by urbanization variables, with a more substantial 

negative impact on softwood timberland use. 



 

 

 

20 

 

Delphi Method 

Objectives 

In order to gather expert input on the motivations for and impacts of local ordinances 

relevant to forestry operations in Florida, I gathered input using the Delphi method, focusing 

on particular ordinance categories that were both common and difficult to interpret in the 

ordinance database.  The Delphi method was designed to obtain a more accurate 

characterization of ordinances, and insights on whether county-level ordinances have 

restricting or promoting effects, and why.   

 

Materials and Methods 

To facilitate feedback from experts on the intent and effects of forestry-related 

ordinances, we focused on case study counties representing different regions of Florida.  We 

would like panel input on the Northwest/Panhandle (Bay/Leon counties), Northeast 

(Alachua/Columbia counties), Central (Hillsborough/Orange counties) regions of Florida and 

the entire state of Florida for a total of four panels.  We are specifically interested in (i) how 

ordinances in these counties affect production forestry, including reforestation, silviculture, 

and logging, and (ii) whether and how the ordinances affect the quality and extent of forest 

resources in the long run. Members of each county panel were asked about six specific 

ordinances that were selected out of the ordinance database, ranging from tree protection to 

zoning.  Delphi respondents in the statewide panel were asked about three specific state laws.  
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Appendix A presents the maps provided to participants in the Delphi to explain the 

geographic focus of their panel, and Table 3 characterizes the counties with demographic and 

timber variables. 

Information on the motivations and impacts of local ordinances using the Delphi 

method was gathered in the fall of 2012 from four panels of professionals working in the 

forest industry, including service providers to Non-Industrial Private Forest landowners 

(NIPFs), and government officials from natural resource agencies and local planning boards.  

Panel members were recommended and contacted by Terry Haines, based on her knowledge 

of the region and contacts as a former Research Forester for the Forest Resource Law and 

Economics Unit, Southern Research Station, USDA Forest Service.  This technique utilizes a 

series of questionnaires, which are completed anonymously by the panels of experts (Hasson, 

Keeney, & McKenna, 2000).  The first round is assessed by the research team, where 

respondents’ opinions are considered in order to formulate ideas for the second round.  The 

second round welcomes respondents to add their opinions and thoughts in regards to the 

statements that were developed by the research team based on the first round.  The third 

round summarizes overall findings, resembling a consensus, supported by panel respondents’ 

responses.   

 Informed consent forms were sent out in September to 37 panel members using 

Qualtrics.  A total of 17 panel members agreed to participate in the study.  The first-round of 

questionnaires was then distributed among all four panels in October.  Of the 17 participants 

who agreed to participate, 14 participants (38%) responded in Round I and eight participants 
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(22%) returned in Round II with questionnaires sent in December.  Final summaries were 

completed and sent out to panel members in June of 2013.  It can be noted that 14 panel 

members completed round I, even though 17 panel members had originally agreed to 

participate in the study.  In particular, we were not able to obtain any responses from the 

Bay-Leon panel.  Refer to Table 4 for a complete breakdown of response rates.   

 

Findings: Motivations and Impacts 

Based on Delphi responses, county governments have the most influence on forestry 

operations when compared to city and municipality governments.  Ordinances for regulation 

of land clearing, tree protection and wetland protection are considered to pose the greatest 

barriers to forestry practices.  Wetland protection ordinances impose the greatest trade-off 

between the profitability of forestry and the protection of ecosystem health.  When asked 

about barriers to production forestry, two commonly cited barriers were urbanization and 

costly permitting process.  It was often stated that landowners have difficulty establishing 

that an activity is bonafide or qualifying for agricultural property valuation.  It may require 

timber management plan, proving ongoing forestry operations, as well as additional 

information.  Some respondents felt that a more complex process to obtain permits is 

acceptable because it provides more opportunities to prevent "bad" forest management 

practices from being implemented.  Delphi responses suggest that requirements for land 

clearing and timber harvest permits negatively impact forestry operations due to the lengthy 
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permit process.  Furthermore, it was noted that county tax assessors have a significant 

influence because they approve the land classification
2
.  It can be difficult to obtain 

agricultural use value classification required for exemption from many restrictive ordinances 

(e.g. tree protection).  Many local ordinances encourage forest landowners to follow BMPs, 

which are not seen as a barrier to forestry, nor are state-level prescribed burning regulations.  

For a complete view of the final summaries, including which ordinances were examined in 

each panel cluster
3
, please refer to Appendix B.   

                                                 
2
 property appraisal process 

3
 Except for the Bay/Leon county cluster 
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Table 3 Summary Statistic (means) for Delphi county clusters 

Means 

Year 2000 

Rural 

Urban 

Code

** 

Popu-

lation 

Popu-

lation 

sq./mi 

Average 

Annual 

Househol

d Income 

Percent 

age 25+ 

with ba-

chelor’s 

degree or 

higher 

Percent 

growth 

in 

total 

housing 

units 

betwee

n 1990 

and 

2000 

Area in 

Inter-

face 

(sq./mi) 

Area in 

Inter-

mix 

(sq./mi) 

Percent 

growth 

of 

housing 

units in 

all 

WUI 

be-

tween 

1990 

and 

2000 

Total 

County 

Area 

sq./mi 

Coun-

ty 

Tim-

ber 

Area* 

(acres) 

County 

Timber 

Volu-

me* 

(cuft) 

Bay 3 148,217 194 36,092 18 19 43 115 27 169,856 
339,73

4 

209,595,

107 

Leon 2 239,452 359 37,517 42 35 40 100 39 277,971 
301,88

7 

346,512,

766 

Alachua 3 217,955 249 31,426 39 20 135 118 13 249,365 
308,17

8 

297,713,

108 

Columbia 4 56,513 71 30,881 11 32 76 79 34 67,485 
389,84

0 

393,649,

403 

Hillsborough 1 998,948 951 40,663 25 18 36 47 33 
1,267,77

5 

100,86

6 

92,368,8

41 

Orange 1 896,344 988 41,311 26 28 145 36 53 
1,169,10

7 

150,61

7 

125,526,

808 

*2007 FIA data 

  **2003 Rural urban code definitions: (1) Metro - Counties in metro areas of 1 million population or more, (2) Metro - Counties in metro areas of 250,000 to 1 million    

population, (3) Metro - Counties in metro areas of fewer than 250,000 population, (4) Nonmetro - Urban population of 20,000 or more, adjacent to a metro area. 
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Table 4 Delphi response results 

Panel Name Total n Round I (n) % Round II (n) % 

Statewide 10 4 40 2 20 

Bay-Leon 9 - - - - 

Alachua-Columbia 9 5 56 3 33 

Hillsborough-Orange 9 5 56 3 33 

Overall Response Rate 38% 22% 
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CHAPTER 3: TRENDS IN LOCAL FORESTRY-RELATED 

ORDINANCES 
 

Cluster Analysis 

Objectives 

 The purpose of this chapter is to identify trends in local ordinances related to 

private forestry in an attempt to identify spatial-temporal patterns in the creation of local 

ordinances that affect private forestry, both in order to understand the factors underlying the 

increase in such ordinances and to identify potential confounders that need to be accounted 

for in evaluating the impacts of these ordinances on forestry.  Moreover, we want to 

understand the characteristics of these trends, over time.  A cluster analysis was performed to 

help identify [ordinance] patterns among clustered Florida counties sharing socioeconomics 

and environmental similarities.  We hope to distinguish Florida counties based on variables 

associated with urban/exurbanization factors, revealed as important drivers of land use 

ordinances in the literature.  Cluster analysis was chosen over a multivariate regression 

analysis because we are not attempting to make predictions, but to develop hypothesis for 

possible drivers of ordinances.   
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Methods and Data 

In order to model the determinants of when, where, and what type of forestry-related 

ordinances were adopted in Florida counties, all forestry-related ordinances in the database, 

compiled by Terry Haines were categorized into 17 different categories of local ordinances.  

Two categories of ordinances were removed from the analysis, i.e. cypress mulch and 

firewise.  Cypress mulch ordinances were removed because they directly regulate 

landscaping practices rather than forestry operations; such regulations affect the market for 

cypress mulch, but not at the county level.  Firewise is also a landscaping code, rather than 

regulation of forestry or land resource management.  A database on socioeconomic and 

environmental covariates was collected from 1980 through 2011 by Alicia Raimondi of 

North Carolina State University in 2012.   

The analysis began with a study of trends in ordinances, over time, using multivariate 

statistics; more precisely cluster analysis using SAS Enterprise Guide 5.1.  We assumed that 

the sample units come from a number of distinct populations, but there is no appropriate 

definition of those populations.  Cluster analysis was used to determine appropriate county 

clusters in order to analyze local ordinance trends across the years.  We looked at what 

categories of ordinance were created over time (starting in 1980 and still active in 2011), 

where in terms of counties (geographically), and when in terms of years.  Cluster analysis 

grouped observations by county based on the compiled socioeconomic and environmental 

covariate database.  This database includes data from publically available sources (such as 

US Census data), USDA Forest Service data (such as Forest Inventory Analysis (FIA) and 
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National Woodland Owner Survey (NWOS), and other data that are proprietary or compiled 

from the forestry sector.   

The following 19 variables found in Table 5 were selected to determine distinctive, 

yet intuitively identifiable clusters of counties.  These 19 socioeconomic and environmental 

variables are intended to account for urbanization, exurbanization factors and to distinguish 

between different counties in terms of their amount of timberlands and other FIA 

characteristics.  Information on the major political affiliations, democratic or republican, may 

reflect differences in views regarding the forestry sector.  The percent of a county’s 

population, age 25 and older with a bachelor’s degree or higher may be associated with 

stricter or more supportive views on forestry.  The median household income may also be 

associated with a county’s education level, and therefore it may have a connection with 

views on forestry.  Total county population and population density are used as measures of 

urbanization.  Moreover, the percentage of a county’s area found in the Wildland-Urban 

Intermix is used as a measure of exurbanization.  Wildland-Urban Intermix is defined in the 

Federal Register as an area above a threshold of 6.17 housing units/km
2
 that is dominated by 

at least 50% wildland vegetation.  In order to account for real estate pressure and land 

productivity, we used the just value of agricultural lands; also known as the market value of 

agricultural lands in a county.  Additionally, we used the classified use value of agricultural 

lands as a direct measure of land productivity, which is described as the value of the land in 

its current agricultural use.  The data only includes parcels that have the primary designation 

as agriculture, which includes privately held forestry lands.  Information on total agricultural 



 

 

 

29 

 

acreage per county in Florida was not available.  Therefore, we were unable to normalize Just 

Value and Use Value of Florida’s agricultural lands.  We also considered the difference 

between the just value and use value of agricultural lands, which provides us with a proxy for 

measuring real estate development pressure.  Other environmental covariates were utilized 

such as the total area of private timberlands in a county, as well as the average timber volume 

per acre found in a county.  This covariate is used as a measure of forest productivity.      
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Table 5 Cluster Analysis Variables 

Abbreviation Variable definition Year Reasoning Source 

per_rep Percent registered republicans 

1990, 

2000, 

2005 

Differences in views regarding the 

forestry sector. 
FL 

Division 

of 

Elections per_dem Percent registered democrats 

1990, 

2000, 

2005 

Differences in views regarding the 

forestry sector. 

Pop Total county population 

1990, 

2000, 

2005 

Measure for urbanization 

U.S. 

Census 

Bureau 

Popsqmi Population sq./mile 

1990, 

2000, 

2005 

Measure for urbanization 

prc_edu Percent, age 25+ with bachelor’s degree or higher 
1990, 

2000 

The hypothesis is that, the higher the 

level of education, the probability of 

having stricter views of forestry. 

hh_inc Median household income 
1990, 

2000 
Possibly related to education level 

county_areaAC Total county area in acres - Normalize data 

county_areasqmi Total county area in sq. mi - Normalize data 

county_areasqkm Total county area in sq.km - Normalize data 
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Table 5 Continued 

 

just_ag Just value of agricultural land (market value) 
1990, 

2000 

Measure of real estate pressure and 

land productivity FL State 

Depart-

ment of 

Revenue 

use_ag Classified use value of agricultural land 
1990, 

2000 
Measure of land productivity 

Just - Use Just value minus use value 2000 
Measure of real estate pressure/proxy 

for real estate development 

imarea 

Area of intermix WUI; Intermix WUI is defined in 

the Federal Register as an area above a threshold of 

6.17 housing units/km2 that is dominated by 

wildland vegetation. We set the threshold for 

wildland vegetation at 50% of the terrestrial area of 

a given census block. (sq.km) 

1990, 

2000 

Measure of exurbanization/proxy for 

real estate development 

David 

Helmers, 

University 

of 

Wisconsin

-Madison 
per_intermix Percent area of intermix WUI 

1990, 

2000 
Normalized 

timber_area Area of timberland (acres) 2007 
A measure of non-industrial private 

forests acreage/per county 

FIA 

perc_timberAC Percent of land as timberland by county  2000 Normalized 

timber_vol Volume of growing-stock on timberland (cuft) 2007 
A measure of non-industrial private 

forests cubic feet/per county 

volume_per_acre Timber volume divided by timber area 2000 
Measure of forest 

quality/health/productivity 

Per_publicland Percent of county area that is public land - 
Measure of how much land is in the 

hands of the public 

Kurt 

Riitters, 

USFS 
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Figure 6 Florida county clusters 

Four variables were available for years 

1990, 2000 and 2005, six variables for years 

1990 and 2000, three variables for year 2000, 

and two variables for year 2007.   The clusters 

were selected based on the centroid method, 

which identifies the distance between two 

clusters as the squared Euclidean distance 

between their centroids or means.  It is more 

robust to outliers than most other hierarchical 

methods.   

The analysis identified five clusters of 

counties.  Figure 6 provides a visual representation of those five clusters.  Figure 7 shows the 

population change for each cluster between 1990 and 2000, showing an increase in 

population for each cluster.  Table 6 provides clusters’ demographic statistics based on the 19 

employment cluster analysis variables.  

Two counties, Monroe and Palm 

Beach, were dropped from the analysis 

due to insufficient data and therefore 

were not clustered.  Monroe County is 

comprised of the Florida Keys, and 

also many state parks, national 

Figure 7 Mean population for all clusters 
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preserves, and wildlife refuges.  More than 99 percent of the Monroe County population lives 

in the island chain known as the Florida Keys.  Two thirds of the area in what local residents 

call "mainland Monroe" is protected by virtue of being part of the Everglades National Park, 

and the remainder by the Big Cypress National Preserve.  Palm Beach, on the other hand, is a 

densely populated county, located above Broward and Miami-Dade counties.  In Palm Beach 

County, urban forestry ordinances, such as tree and environmental protection predominantly 

exist.  Both counties can be assumed to have little ties to production forestry.  Therefore, the 

exclusion of these two counties should not have significant effects on the cluster analysis.  

Table 6 provides a list of all counties found in each cluster.  Cluster 1 is the largest cluster, 

with 43 counties, followed by Cluster 2 with 15 counties, then Cluster 3 with four counties, 

then Cluster 4 with two counties, and lastly Cluster 5 with one county.  
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Table 6 County list by cluster 

Cluster 1 

(n=43) 
Cluster 2 

(n=15) 
Cluster 3 

(n=4) 
Cluster 4 

(n=2) 
Cluster 5 

(n=1) 

Baker Leon Alachua Hendry Marion Hillsborough 

Bradford Levy Bay Miami-Dade Osceola 

Brevard Liberty Broward Orange 

Calhoun Madison Collier Polk 

Charlotte Nassau Desoto 

Citrus Okaloosa Duval 

Clay Okeechobee Glades 

Columbia Pinellas Hardee 

Dixie Putnam Highlands 

Escambia Santa Rosa Indian River 

Flagler Sarasota Lee 

Franklin Seminole Manatee 

Gadsden St. Johns Martin 

Gilchrist Sumter Pasco 

Gulf Suwannee St. Lucie 

Hamilton Taylor 

Hernando Union 

Holmes Volusia 

Jackson Wakulla 

Jefferson Walton 

Lafayette Washington 

Lake 
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Table 7 Clusters’ Demographic Statistics (year 2000 and 2007*) 

Cluster 

Variables 

Cluster 1 Cluster 2 Cluster 3 Cluster 4 
 

Cluster 5 

n= 43 n = 15 n = 4 n = 2 
 

n = 1 

Mean StdErr Mean StdErr Mean StdErr Mean StdErr 
Mean 

% 

Republican 
0.28 0.02 0.39 0.03 0.37 0.03 0.39 0.03 

 

0.37 

% 

Democrat 
0.62 0.03 0.46 0.04 0.49 0.05 0.42 0 

0.46 

Population 116,578 26,583 310,571 106,572 917,564 
 

478,779 215,705 43,212 998,948 

Population 

Density 225 80 351 97 609 274 609 274 951 

County 

area (sq. 

mi) 
660 35 840 95 1438 

243 
1456 129 

1020 

County 

area 

(sq.km) 
1710 89 2175 246 3724 

629 
3771 333 

2642 
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Table 7 Continued 

 
County 

area 
(acres) 

422,608 22,083 537,337 60,899 920,278 
155,451 

931,840 82,272 
652,934 

% 

Education 0.15 0.08 0.19 0.08 0.18 0.08 0.15 0.01 0.25 

Household 

Income 34,287 993 36,738 1,447 36,726 1,630 35,079 3,135 40,663 

Just value 
307,396,717 18,669,405 758,179,434 43,418,818 1,382,975,878 113,610,529 1,387,445,433 249,068,524 

1,473,622,

620 

Use value 
90,088,403 7,527,309 170,022,016 23,062,112 339,240,938 86,015,606 149,167,872 26,706,346 

220,472,70

2 

Just minus 

Use 217,308,314 14,686,464 588,157,418 42,730,594 1,043,734,941 124,901,149 1,238,277,562 222,362,179 
1,253,149,

918 

Area of 

intermix 272 38 322 67 309 109 136 65 313 

Percent 

intermix 0.17 0.02 0.16 0.03 0.09 
0.03 

0.04 0.02 
0.12 

Timber 

area* 

(acres) 
280,411 20,016 152,289 28,828 145,987 59,997 388,433 154,134 100,866 
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Table 7 Continued 

 
% Timber 

area* 0.66 0.03 0.29 0.05 0.17 0.06 0.41 0.13 
0.15 

Timber 

volume* 274,665,150 21,958,341 99,384,871 28,147,360 107,206,431 48,545,089 413,015,402 74185,209 92,368,841 

Vol/acre of 

timberland* 1129 151 543 87 563 190 1172 274 
916 

% Public 

land 
0.21 0.02 0.25 0.05 0.14 0.05 0.14 0.04 

0.17 

Descriptive 
terms 

Rural on average, 

Panhandle, majority 

democrat, small counties 

on average (acres), low 

income, highest intermix 

percentage, highest % 

timber area 

Central-South Florida, 

highest % of land as 

public land 

Largest use value as a proxy 

for land productivity 

(agriculture which includes 

silviculture) 

Real estate pressure present, 

highest productivity of land 

in terms of vol/acre of 

timberland, highest average 

county area in acres, no 

coastal counties 

Metropolita

n, highest 

household 

income, 

largest 

value (Just-

Use) used 

as a proxy 

for real 

estate 

pressure 
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Findings 

The first trend that was identified 

dealt with the overall total change in 

population in Florida. Figure 8 

represents the average change in 

population between year 1980 and 

2011. Florida’s population grew 93% 

between 1980 and 2011. 

The second trend correlates with 

this increase; the growth in the total 

number of ordinances.  Figure 9 

shows the total number of forestry-

related ordinances in place for each 

year, between 1980 and 2011.  For 

example, in 1985, approximately 

185 forestry-related ordinances existed in all of Florida’s 67 counties.  By 2005, 

approximately 500 local ordinances were in place.  The growth in ordinances is highly 

correlated with population growth by county; a correlation coefficient of 0.85 between the 

growth in total ordinances (1980-2011) and population growth by county.  This increase in 

the total number of ordinances justifies the expressed concern regarding the proliferation of 

ordinances in Florida.   

Figure 8 Florida’s total population from 1980-2011  

Figure 9 Number of ordinances in place from 1980-2011 
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The third trend in this analysis represents an increase in all ordinance categories, across 

all clusters between 1980 and 2011.  Once the clusters were formed, line plots were created 

for all 15 categories of ordinances.  These line plots represent the sum of a type of ordinance 

over time (1980-2011) for each cluster.  These plots can be found in Appendix C.  Among 

the 15 categories of ordinances, environmental protection, prescribed burning, stormwater 

management, tree protection, and wetland protection have been rapidly increasing since 

1980.  In the 2002 Southern Forest Resource Assessment Summary Report, five ordinance 

categories were created to group all forestry-related ordinances in all southern states.  Of 

these five ordinance categories, two were considered to largely contain restrictive ordinances, 

as well as having potential for future proliferation: timber harvesting and environmental 

protection (Jackson, Hubbard, Stringer, & Dillaway, 2003).  Our analysis included a total of 

10 tree harvest ordinances, which are comparable to the timber harvesting category.  Among 

these 10 ordinances, six required owner or agent action, such as permits, notification, 

management plans, or evidence of active management and four directly restricted forestry.  

Next is environmental protection, which can be described as ordinances that protect the 

general environment from land disturbing activities.  Our analysis included 31 environmental 

protection ordinances, where the classification of effects often classified them as restricting 

forestry and/or requiring owner or agent action.  These results support the Southern report’s 

findings on restrictive ordinance classifications.  

Based on cluster socioeconomic demographics, found in Table 7 (above) and 

USDA’s 2003 Urban Rural Code, on average, counties in clusters 1 and 4 are counties in 
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metro areas of fewer than 250,000 population, with a rural code of 3.  Rural-Urban 

Continuum Codes is a classification system that differentiates metropolitan counties by the 

population size of their metro area, and nonmetropolitan counties by degree of urbanization 

and adjacency to metro areas (Parker, 2013).  On average, counties in clusters 2, 3 and 5 are 

counties in metro areas of 250,000 to 1 million population, with a rural code of 2.  Clusters 3 

and 5 are the most populated and densely populated.  Cluster 2 is characterized with the 

highest percentage of public land.  This can be explained by the geographical location of the 

counties of this cluster, as they are mostly located in central-south Florida, an area containing 

many conservation areas such as the Everglades National Park.   

Cluster 1 has the smallest classified use value and just value of agricultural lands, 

where all other clusters have similar, on average, just and use values of agricultural lands, 

with cluster 5 claiming the highest values for both.  Smaller classified use and just values 

represent lower real estate pressures and possibly less desirable productive lands.  Real estate 

pressure is present in Cluster 4.  Moreover, Cluster 1 has the most area in intermix with 17% 

of the land considered intermix communities.  Characterizations of more rural areas are often 

associated with exurbanization as houses and vegetation are intermingled and vegetation 

more contiguous.  More forest cover is found in this area, correlating with more housing 

found in intermix.  This could also be potentially explained by the low population density 

found in this cluster.  Cluster 1 also claimed counties mostly found in the northern/panhandle 

region of Florida, an area that is not experiencing rapid urbanization, therefore these findings 

are objectively reflective of the current situation.  
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Figure 10 Wildland Urban Interface in 2000 

Cluster 3 is characterized with the largest use value of agricultural lands, which is 

used as a proxy for land productivity.  Cluster 4 has the highest productivity of land in terms 

of timber volume per acre is found in this cluster.  Cluster 4 is also the only cluster without 

coastal counties.  Cluster 5 only consists of one county, Hillsborough, which based on 

USDA’s 2003 Urban Rural Code, is considered to be metropolitan.  It comprises the highest 

household income and percent education.  Hillsborough County is the fourth most populated 

county in Florida and its largest city is 

Tampa.  Real estate pressure is at its 

highest in Cluster 5, which is 

measured by subtracting Use Values 

from Just Values of agricultural lands.  

This information can be coupled with 

Florida’s Wildland Urban Interface 

map, produced for year 2000, shown in 

Figure 10.  According to this map, 

Hillsborough County is experiencing medium and high density housing in the wildland urban 

interface.  Hillsborough County is also an existing timber producer for Florida; therefore this 

is pertinent information regarding the future of forestry in this particular area.  
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Table 8 Forestry-Related Ordinances by Cluster (as of 2011) 

 

 

Table 8 gives the total number of ordinances, by categories of ordinance for each 

cluster, for all 15 ordinance categories.  It also provides us with the percentages of counties, 

within each cluster, to have at least one ordinance of a specific type.  Such percentages 

provide us with information on the variation across clusters.  Chemical use, harvest road, and 

watershed protection ordinances are only found within cluster 1.  Moreover, every type of 

ordinance is present in this cluster, except for shoreline protection ordinances.  

Environmental protection ordinances are most likely to be found within cluster 4 and 5; 

clusters experiencing real estate pressure in timber productive counties.  Clusters 1 and 2 

show similar variations in their distribution of prescribed burning ordinances where about 

half of their counties have at least one prescribed burning ordinance.  Cluster 3 has enacted at 

Total

n % with n % with n % with n % with n % with n

Chemical Use 3 0.07 0 0 0 0 3

Def of non-development 29 0.47 10 0.47 5 0.75 3 0.33 0 47

Environmental Protection 19 0.35 6 0.20 1 0.25 1 0.5 4 1 31

Floodplain Management 6 0.14 3 0.20 0 0 0 9

Harvest Road 4 0.09 0 0 0 0 4

Land Clearing 3 0.07 3 0.20 0 0 0 6

Prescribed Burning 27 0.47 7 0.40 7 1 0 0 41

Storm Water Management 29 0.47 10 0.47 1 0.25 2 0.5 0 42

Shoreline Protection 0 1 0.07 1 0.25 0 0 2

Tree Harvest 6 0.09 2 0.13 1 0.25 1 0.5 0 10

Tree Protection 56 0.72 21 0.80 7 0.75 3 0.5 3 1 90

Wellfield Protection 9 0.21 4 0.13 0 0 0 13

Wetland Protection 19 0.35 9 0.53 1 0.25 0 1 1 30

Watershed Protection 1 0.02 0 0 0 0 1

Zoning 80 0.74 24 0.73 9 1 6 1 1 1 120

Total ordinances 449

Average # of ordinances/county 6.9

n  =  number of ordinances of that type for all counties in that cluster.

% with = percentage of counties within that cluster that have at least 1 ordinance of that type

Analysis excludes Monroe and Palm Beach counties along with ordinance types: 1. Cypress mulch 2. Firewise

8.3 8 9

Ordinance Type
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5

33291 100 9

6.8 6.7

16
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least one prescribed burning ordinance in all four of its counties.  This cluster was 

characterized has having the highest land productivity in terms of agricultural use value.  

Tree protection and zoning ordinances showed very little variation across clusters, where at 

least half of the counties in each cluster had enacted at least one ordinance of those 

categories.  Tree protection ordinances have often been noted in the literature has a 

commonly enacted ordinance across southern states.  Tree harvest and wetland protection 

ordinances had the greatest variability across all clusters.    
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CHAPTER 4: ANALYSIS OF THE IMPACTS OF FORESTRY-

RELATED LOCAL ORDINANCES ON FOREST HEALTH AND 

TIMBER PRODUCTION 

 

Objectives 

The literature review and the Delphi identified potential impacts of ordinances on 

Florida’s forests.  For this chapter, I obtained data on outcomes that could be affected by 

ordinances, including forest management (prescribe burning permits), timber production 

(pulp, saw, and veneer), and forest health (fragmentation and wildland fires).  Based on the 

empirical distribution of ordinances and outcomes, I then identified and implemented 

appropriate methods for assessing the impacts, including Propensity Score Matching (PSM), 

Differences-in-Differences (DiD), fixed-effects panel models, and a cross-sectional 

regression model.  Statistical software Stata/SE 11.0 was used for all analyses.    

 

Conceptual Framework 

In order to understand the impacts of ordinances, I start by developing “theories of 

change” that specify the potential impact pathways by which different categories of 

ordinances could affect forest health and production outcomes.  The potential impacts of 

ordinances on both the intermediate steps (the outputs) and the final outcomes become my 

hypotheses for empirical analysis.  These are presented in Figures 11 and 12.  
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Figure 11 Theory of Change 1 

 

 
Figure 12 Theory of Change 2 

 

Data 

 The following section provides information regarding the covariates and ordinances 

categories and classifications used to quantify potential outcomes.  Ordinance effect 

classifications were simplified from five categories into just two categories: restricting to 

forestry operations or not.  This restrictive category contains ordinances labeled as effect 2, 

Increase in prescribed 
burning ordinances 

Increased operating costs 

Decrease in the number 
of prescribed burning 

permits due to increased 
cost and paperwork 

Increase in acreage burn 
by wildfires due to fuel 

buildup and/or 
discouraged sustainable 

forest management  

All restrictive local 
ordinances 

Increased costliness of 
operations  and lengthy 

permit process 

Reduced profitability for 
pulp production 

Discouraged forest 
management and leading 

to land use change (for 
development) leading to 

increased forest 
fragmentation 
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3, and 4.  These three effects were considered restrictive based on Delphi responses.  

Covariates were gathered from sources such as the U.S. Census, Florida Division of Forestry, 

USFS research ecologist Kurt Riitters, Forest Inventory Analysis, and NOAA.    

 

Wildland Fires 

The Florida Division of Forestry provided records for all wildland fires on private 

lands between 1982 and 2006.  Among the attributes available, we used the fire’s county of 

origin, dominant fuel type, and total area burned.  Because we are interested in forest fires, 

wildfires with “grassy” as the dominant fuel type were removed as suggested by Mercer, 

Prestemon, Butry, & Pye (2007).  Prescribed burning ordinances at the county and municipal 

levels were compiled by Terry Haines (2012).  This data allowed us to conduct a 

Differences-in-Differences (DiD) analysis in order to assess the impact of local prescribed 

burning ordinances on total area burned by wildland fires between two 5-year increments; 

1997-2001 and 2002-2006.  

 

Prescribed Burning 

Data on silvicultural burn permits covering private land ownerships were obtained 

from the Florida Division of Forestry.  Each entry in the permit database represents one 

issued permit; therefore we summed all observations for each county, in each year between 

1993 and 2006.  It was assumed that all burns were completed as described in the permit 
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database.  This data allowed us to conduct a DiD analysis in order to assess the impact of 

local prescribed burning ordinances on total issued permits between between two 5-year 

increments; 1997-2001 and 2002-2006. 

 

Fragmentation 

Fragmentation data was provided by Kurt Riitters from USDA-Forest Service 

Southern Research Station, for years 2001 and 2006.  A landcover pattern metric known as 

“area density” was applied to all forest components of the national landcover map for the 

state of Florida (Riitters, 2013).  Each map has forest area density in a 13x13 pixel window 

(~15ha).  Map values ranged from 1-22, 1 being no forest cover and 22 full forest cover.  We 

separated the values into five intervals: 

1 = 0-20%, 

2 = 21-40%, 

3 = 41-60%, 

4 = 61-80%, and 

5 = 81-100%. 
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In this analysis we 

used intervals 3, 4, and 5 

(41-100% forest area 

density) as areas of forest 

representative of 

productive lands.  The 

following 3 figures 

provide a visual for the 

change in acreage for each selected forest area density range, in randomly selected Florida 

counties.  Similar patterns in fragmentation can be noted for year 2001 and 2006, however in 

Figure 15, range 5 (81-100% forest cover) experienced the largest change in acreage due to 

fragmentation in those 5 years.  This overall decrease for range 5 can be attributed to certain 

confounders, such as the timing of timber harvests.  Land use change, such as development 

may also have contributed 

to forest fragmentation in 

this forest area density 

range.  From the forestry-

related local ordinance 

database, restrictive 

ordinances consisted of 

319 ordinances between 

Figure 13 Fragmentation levels for Florida counties 

Figure 14 Fragmentation levels for Florida counties 
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1980 and 2011, 

extending from 

land clearing to 

tree harvest 

ordinance 

categories.  269 

restrictive 

ordinances were 

utilized in this model, as we focused our analysis on counties found within clusters 1 and 2 

(n=58).  Possible confounders for this analysis are the phenomenon of adjacency and the 

timing of timber harvests.  Adjacency refers to the tendency of a county to adopt similar 

ordinances once a neighboring county passes an ordinance.  It is possible that adjacent 

counties have influenced neighboring counties to pass similar [restrictive] ordinances due to 

socioeconomic and environmental similarities.  Furthermore, the timing of timber harvest 

may have affected the fragmentation data as it is measured by forest area density.  It is 

unlikely that a significant number of harvest removals were conducted during the timeframe 

of this analysis (2001-2006); however it is a possible confounder that we were unable to 

control for.  Timber production covariate for pulp was used as a proxy for timber harvests.       

Timber Production 

Pulp, saw, and veneer data were collected from the Southern Research Station (SRS) 

Forest Inventory and Analysis (FIA).  Timber production data was available for years 1995, 

Figure 15 Change in acreage due to fragmentation between 2001 and 2006 
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1997, 1999, 2003 and 2005.  1995 timber production values were used as a proxy for 1996, 

1997 for 1998 and etc. due to the nature of our analysis being a panel data.  Timberland area 

data was available for years 1995 and 2007, thus we used 1995 timberland area values as a 

proxy for years 1995 to 2000 and 2007 timberland area values as a proxy for years 2000 to 

2005.  FIA data is only available every five years.       

 

Other Wildland Fires, Prescribed Fire, Fragmentation and Timber Production 

Determinants 

 

Forest area data by county were obtained from the USDA Forest Service Forest 

Inventory and Analysis.  Data for the Niño-3 sea surface temperature (SST) anomalies in 

degrees centigrade, a predictor for wildfire through its influence on precipitation and drought 

(Mercer, Prestemon, Butry, & Pye, 2007), were obtained from the National Oceanic and 

Atmospheric Administration (NOAA).  Annual precipitation data were obtained from 

NOAA’s National Climatic Data Center for all of Florida’s seven climatic divisions.  

Treatment variables for PSM and all other analyses came from publically available sources 

(US Census data), USDA Forest Service data (FIA), and other data that are proprietary or 

compiled from the forestry sector.  Below is Table 9 with all outcome and treatment variables 

with their definition and which analysis employed them.   
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  Table 9 Outcome and treatment variables used during impact analyses 

Variables Definition-Units Analysis 

Outcomes 

Prescribed Burning 
Permits 

Frequency per county by year 
- Differences-in-

Differences 

- Change in permits 
- Permits before 
- Permits after 

- difference between after and before 

- sum of all permits before (1997-2001) 

- sum of all permits after (2002-2006) 

- Differences-in-

Differences 

Wildland Fire Acreage 
Total acreage caused by wildland fires per 

county by year 

- Differences-in-

Differences 

- Fixed-effects panel data 

model 

- Δ in total acreage 

- Total acreage before 

- Total acreage after 

- difference between after and before 

- sum of all acreage before (1997-2001) 

- sum of all acreage after (2002-2006) 

- Differences-in-

Differences 

Fragmentation Measured by forest area density - Cross-sectional model 

Timber Production 
Pulpwood, saw logs, and veneer logs in 

MCF 

- Fixed-effects panel data 

model 

Treatments 

Population Total county population 

- Propensity Score 

Matching 

- Differences-in-

Differences 

- Cross-sectional model 

- Fixed-effects panel data 

model 
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Table 9 Continued 

 

Population 

Density 
Population sq./mile 

- Propensity 

Score Matching 

- Differences-in-

Differences 

- Fixed-effects 

panel data 

model 

Household 

Income 
Median household income 

- Propensity 

Score Matching 

- Differences-in-

Differences 

- Cross-sectional 

model 

Poverty Percent of population below poverty line 

- Propensity 

Score Matching 

- Differences-in-

Differences 

- Cross-sectional 

model 

- Fixed-effects 

panel data 

model 

Education Percent of population 25+ with bachelor’s degree or higher 

- Propensity 

Score Matching 

- Differences-in-

Differences 

County 

Area 
Total county area in either acres/sq.mi/sq.km 

- Propensity 

Score 

Matching 

- Differences-in-

Differences 

- Fixed-effects 

panel data 

model 

- Cross-sectional 

model 

Percent 

Intermix 

Percent area of intermix WUI; Intermix WUI is defined in the 

Federal Register as an area above a threshold of 6.17 housing 

units/km2 that is dominated by wildland vegetation. We set the 

threshold for wildland vegetation at 50% of the terrestrial area of 

a given census block. (sq.km) 

 

- Propensity 

Score Matching 

- Differences-in-

Differences 

- Fixed-effects 

panel data 

model 

- Cross-sectional 

model 
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Table 9 Continued 

 

Precipitation 
Yearly precipitation averages in inches by climatic 

division 

- Propensity Score 

Matching 

- Differences-in-

Differences 

- Fixed-effects panel 

data model 

Niño-3 SST 

anomalies 

Yearly Niño Region 3 Sea Surface Temperature 

anomalies averages in degrees Celsius 

- Propensity Score 

Matching 

- Differences-in-

Differences 

- Fixed-effects panel 

data model 

d1998 
Dummy variable for year 1998, an extreme year for 

drought and wildland fires 

- Fixed-effects panel 

data model 

Forest Area Area of county’s forest in acres 

- Fixed-effects panel 

data model 

- Fixed-effects panel 

data model 

Prescribed Burning 

Ordinances 
Frequency per county by year 

- Differences-in-

Differences 

- Fixed-effects panel 

data model 

Restrictive 

Ordinances 

1) requiring owner/agent action 

(permits/notification/mgmt. plans/or evidence of 

active mgmt.) or 

2) rules within the ordinance restricts forestry 

(buffers/select harvest/protect majestic trees), or  

3) exempt forestry provided established rules 

followed (i.e. BMPs).   

- Cross-sectional 

model 

- Fixed-effects panel 

data model 

Cluster 14 43 counties 

- Propensity Score 

Matching 

- Differences-in-

Differences 

- Cross-sectional 

model 

Cluster 2 15 counties 

- Propensity Score 

Matching 

- Differences-in-

Differences 

- Cross-sectional 

model 

                                                 
4
 Refer to Figure 6 of Chapter 2 for a visual of Florida county clusters 
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Methods  

Sample 

Two different ways to define the sample for analyses were explored: (i) restricting the 

sample to counties in clusters 1 and 2 (n=58), and (ii) using matching to identify counties that 

are on-support and matched to treated counties.  58 counties make up clusters 1 and 2 and 

they were assigned to all panel regression models.  Matching was used as the sample for the 

DiD analysis.  

 

Matching with Differences-in-Differences 

In order to test for local ordinances’ impacts on forest health, our first analysis 

focused on prescribed burning ordinances.  Such ordinances have increased throughout 

Florida from 12 ordinances in 1980 to 41 ordinances by 2001.  Florida is very susceptible to 

wildfires; lightning being one of the most common ignition sources.  Florida’s forests are 

also largely composed of pines, fire dependent ecosystems requiring intense management, 

which can include silvicultural burns as a management tool (Florida Division of Forestry, 

2013).  Moreover, Florida is experiencing rapid urbanization, often mingling with its forested 

areas, commonly referred to as the Wildland Urban Interface and Intermix.  Therefore, the 

use of prescribed fire can reduce hazardous fuel buildups, thus providing increased protection 

to people, their homes and the forest.  Prescribed burning ordinances are believed to reduce 

the probability of wildfires as well as the total acreage burned by wildfires (Florida Division 
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of Forestry, 2013).  Prescribed fires are a legitimate and locally accepted activity; however, 

based on Delphi responses, some of the main concerns with the proliferation of ordinances 

are increased costs and time associated with obtaining permits, potentially discouraging 

sustainable forest management.  These ordinances cannot legally conflict with already 

implemented state and federal laws; however additional paperwork may make the new local 

ordinances appear restrictive.  According to Delphi responses, local governments regulate 

prescribed burning further due to its impact on local air quality.  We hypothesize that 

counties with prescribed burning ordinances make it more costly to burn, due to paperwork 

load and therefore result in fewer prescribed burns (as measured by the number of permits 

issued), resulting in more acreage burned by wildfires due to discouraged management, 

causing fuel buildups.     

Prescribed burning ordinances across Florida leveled off in 2001 with 41 ordinances; 

therefore we used 2001 as our “cutoff” year, where we analyzed their effect by comparing 

1997-2001 (before) and 2002-2006 (after).  In Appendix D, a probability distribution 

function was modeled for prescribed burning ordinances to select our cutoff year.  We 

summed the number of prescribed burning permits by county for both 5-year increments and 

also the total acreage burned by wildfires in each county for both 5-year increments.  We 

focused our analysis only on PB ordinances classified as restrictive, for a total of 38 

restrictive ordinances.  We then estimated the impact of PB ordinances on two outcomes 

(wildfire acreage and PB permits) per 5-year period using Differences-in-Differences.   
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First we conducted propensity score matching (PSM) using Radius and Kernel 

methods.  We imposed a radius caliper equal to 0.1 and used Gaussian Kernel method.  In 

PSM, there is a group of treated counties, counties with a prescribed burning ordinance in 

2001, and an untreated group of counties without a prescribed burning ordinance.  In the 

matching analysis, we estimate a propensity score, which is the probability of a county to 

enact a PB ordinance by 2001.  We then select control counties from the untreated group that 

closely resemble the counties in the treated group in terms of the estimated propensity score.  

Propensity score matching utilized 11 variables, found in Table 9.  The observed 

characteristics that were used in PSM were population, population density, household 

income, percent of population below the poverty line, percent with a bachelor’s degree or 

higher, percent living in intermix area, county area, precipitation, Niño-3 SST anomalies, and 

dummy variables for cluster 1 and 2 from the cluster analysis.  We omitted clusters 3, 4, and 

5 from the logistic regression estimation to estimate the propensity score because the number 

of counties found in these clusters is too small. 

In PSM, all 67 Florida counties were originally part of the sample.  However, of 

Florida’s 67 counties, five counties were dropped due to outliers (Flagler, St. Johns, Taylor, 

Union, and Volusia); the mean acreage burn by wildfire for those counties was greater than 

the overall state mean of 10,000 acres.  Three more counties (Brevard, Broward, and 

Okeechobee) were dropped from PSM because the PB ordinances found within their county 

were classified as promoting forestry, leaving 59 counties for PSM.  Of these 59 counties, 56 

were on support and three were off support (Charlotte, Dade, and Pinellas) because there was 
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Figure 17 DiD Estimation (Kernel matching, 

normal) for both outcomes 

no counterfactual to match them to.  These 

three off-support counties were dismissed 

from PSM because they had very high 

propensity scores and no similar control 

counties with similar propensity scores.  

Of the 56 on support counties, 23 counties 

had at least one prescribed burning 

ordinance by year 2001 (treated, on 

support), and 33 counties were without 

prescribed burning ordinances by 2001 

(untreated, on support).   

In Figure 16, a visual of the 

treated, untreated, and removed 

counties is provided.  A 

balance check was conducted 

for the propensity score 

variables and balance was 

determined.  Moreover, we 

looked at the common support 

in Figure 17 for PSM results to 

get a better visual of the 
Figure 167 Common Support for a) Radius and b) Kernel 

(acreage), and c) Radius, and d) Kernel (permits) 
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matching.  Both Radius and Kernel methods matched identically for the wildfire acreage 

outcome; however Kernel method matched differently for the PB permits outcome.  The 

visual inspection of the densities of propensity scores of treated and untreated groups shows 

that there are no sizable differences between the maxima and minima of the density 

distributions. 

Once matches were made, we calculated the impact using DiD, by comparing the 

means of both outcomes across the selected matched sample.  We compared year intervals 

1997-2001 and 2002-2006.  Treatment measures were determined for the causal effect of 

prescribed fire permits and total acreage burn by wildfires and were the same as the variables 

used in the PSM.  Also, a fixed-effects panel regression model was conducted as a robustness 

check on matching results for the wildfire acreage outcome.   

 

Fixed-Effects Panel Regression Models 

An alternative analysis was conducted to predict the effect of prescribed burning 

ordinances on total acreage burned by wildfires between years 1990 and 2006.  A fixed-

effects panel data model was estimated with the following explanatory variables: count of 

prescribed burning ordinances in a county in a given year (the treatment), precipitation, 

Niño-3 SST anomalies, dummy variable for 1998 (a very extreme year for wildfire), forest 

area, county area, poverty, percent intermix, population density, and dummy variables for 

each county found within cluster 1 and 2 of the cluster analysis (n=58).  Three counties 
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(Brevard, Broward, and Okeechobee) were deleted from the sample because the prescribed 

burning ordinances found within these counties were classified as promoting forestry.  

Furthermore, seven outlier county observations were deleted in year 1998 because their total 

acreage is larger than the state’s average of 10,000 acres.  In this model, we are counting 

individual counties’ effect in the total estimation of the treatment variables’ coefficients.  

Correlation between poverty, intermix and population density was checked, with results in 

Table 10 below.  The following correlation coefficients suggest there is no correlation 

between the variables. 

 

Table 10 Correlation coefficients 

 

 

 

 

Our model’s equation is: 

Y = β0 + β1X1 +…+ βkXk + γ2E2 +…+ γnEn + ε 

Where: 

- Y is the dependent variable, total acreage burn by wildfire 

- Xk represents independent variables 

o Weather 

 Precipitation 

 Niño-3 SST anomalies 

 dummy1998 

o Landscape 

 Forest area 

o Socioeconomics 

 Poverty Income 
Population 

Density 

Poverty 1   

Income -0.0771 1  

Population Density -0.4696 0.1050 1 
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 Poverty 

 Population density 

 Percent in wildland-urban intermix 

- βk are the coefficients for the independent variables, 

- En is the entity n. Since counties within clusters are binary (dummies), n-1 entities are 

included in the model, 

- γ2 is the coefficient for the dummy fixed-effects (entities), 

- ε is the error term. 

 

A random-effects panel data model was also considered, however based on a 

Hausman test, fixed-effects model was most appropriate.  In the Hausman test, we checked 

whether the variables we have for our model are correlated with unobserved specific county 

characteristics.  The Hausman test p-value was significant (<0.05), therefore we rejected the 

null hypothesis; the coefficients estimated by the random-effects estimator are not the same 

as the ones estimated by the fixed-effects estimator.  In this case, we used dummy variables 

for all counties found within cluster 1 and 2 to capture the unobserved characteristics. 

A fixed-effects panel data model was also used to investigate the relationship between 

restrictive forestry-related ordinances and population and their effect on timber production 

(pulp, saw, and veneer) for counties found within cluster 1 and 2 (n=58).  Due to data 

availability limitations, there are only 10 observations for the period 1995 to 2005.  

Correlation between restrictive ordinances and population was checked for possible 

confounding effects.  A correlation coefficient of -0.0423 was found, suggesting no 

correlation between the two variables.   
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OLS Cross-Sectional Model 

Our second forest health analysis assessed percent change in fragmentation, as 

measured by forest area density, for years 2001 and 2006.  Private land owners own more 

than 70% of Florida’s forests; however there has been rapid forest loss due to land 

conversion caused by population growth and an expansion in the agricultural sector (not 

including silviculture).  It is also believed that forest loss may also be a result of “unintended 

consequences” of public policies.  In the Delphi analysis, respondents mentioned imbalanced 

property taxes as a cause for land conversion because land owners are paying more than their 

forest can yield.  Another trend has been discussed in the literature concerning the 

“parcelization” of forest landholdings.  It has been found that by 2010, private ownerships of 

forests will be 17 acres on average, and that productive forests will be held in smaller parcel 

sizes (Sampson & DeCoster, 2000).   

Parcelization combined with forest fragmentation results in the loss of forest health 

and economic values provided by these remaining forests.  We are interested in the 

proliferation of forestry-related ordinances labeled as restrictive to private landowners.  

Expenses associated with complying with regulations make owning productive forests less 

attractive than alternative uses.  Ordinances found in our ordinance database were classified 

by five effects, three of those considered restrictive.  Restrictive ordinances were labeled as 

either (1) requiring owner/agent action (permits/notification/management plans/or evidence 

of active management) or (2) rules within the ordinance restricts forestry (buffers/select 

harvest/protect majestic trees), or (3) exempt forestry provided established rules followed 
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(i.e. BMPs).  We hypothesized that the sheer number of restrictive ordinances affects forest 

fragmentation as measured by forest area density, which in turn negatively affects the amount 

of timber harvested for pulpwood.  Cross-sectional (OLS) model for the marginal ∆% in 

fragmentation was conducted for years 2000 and 2006.  Our analysis sample consisted of all 

58 counties found within cluster 1 and 2 of the cluster analysis.  No dummy variables were 

added for each county found within cluster 1 and 2 because there was no variation in the 

analysis (R=1).  As an alternative, clusters 1 and 2 were added as treatment variables in this 

analysis so that we could see the impact according to cluster.   

 

Results 

We begin our discussion of results by reexamining the characteristics of the treated 

versus untreated acreage burned by wildfires and prescribed burning permits after the 

matching to illustrate the advantages of the matching techniques.  We consider the effects of 

prescribed burning ordinances in place during the 5-year period of 1997-2001 on the 5-year 

period of 2002–2006; after all current ordinances had been passed.  DiD analysis results are 

shown in Figure 18.   

Based on our results, the causal impact of having at least one prescribed burning 

ordinance in an average Florida county is a greater increase in prescribed burning permits 

and a greater decrease in acreage burn by wildfires.  The difference for treated counties was 

wildfires caused 936 acres less to be burn, whereas untreated counties saw an increase of 
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2388 acres burn by wildfires.  In terms of prescribed burning permits, treated counties saw an 

increase of 5 permits, while untreated counties saw a greater increase with 31 permits.  Based 

on balance and %bias checks on propensity score variables, the Kernel method had consistent 

results compared to the fixed-effects regression model.  In our fixed-effects model, acreage 

affected by wildfires was negatively affected by prescribed burning ordinances, meaning 

prescribed burning ordinances reduced the amount of acreage burn by wildfires.  Prescribed 

burning ordinances, as well as population density, poverty levels and climatic variables 

(precipitation, and d1998) had highly statistically significant results.  We therefore reject our 

hypothesis that prescribed burning ordinances impose restrictions on landowners leading to 

discouraged sustainable forest management.  Results are presented in Table 11.      

Based on our cross-sectional OLS model results, population is the main driver of 

fragmentation in both years and not restrictive ordinances as we hypothesized.  Restrictive 

ordinances had a negative coefficient in both years, however it was found to be statistically 

insignificant.  Human land uses tend to expand over time, therefore forests that share a high 

proportion of their borders with anthropogenic uses are at higher risk of further degradation 

than forests that share a high proportion of their borders with non-forest, natural land cover, 

such as wetlands (Riitters, 2013), which explains why population had a negative effect on 

fragmentation.  Results are found in Table 12. 

In our timber production models, as hypothesized, restrictive ordinances, as well as 

population had a highly statistically significant negative impact on pulp production.  
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However, saw and veneer productions were not statistically affected by restrictive 

ordinances.  Results are found in Table 13. 
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Figure 18 Difference-in-Differences Results 
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Table 11 Fixed-effects model on total wildfire acreage 

Acreage burned by wildfires 

1990-2006 

N=58 

Variables Coefficient Statistical Significance 

Prescribed burning ordinances -0.927 ** 

Population density -0.01 *** 

Poverty 9.63 ** 

Percent Intermix -0.17  

Forest Area -6.98e-06   * 

Precipitation -0.08 *** 

Niño-3 SST anomalies 0.03  

Year 1998 (dummy) 0.8 *** 

Intercept 9.34 *** 
     N = sample size 

       Significance level: * = 90%, ** = 95%, *** = 99% 

       The model was estimated with dummy variables for 55Florida counties found in cluster 1 and 2 

 

 
Table 12 Results for cross-sectional model on fragmentation 

Fragmentation 

2001 

N=58 

Variables Coefficient P-value Statistical Significance 

Restrictive Ordinances -0.02 0.130  

Population -9.43e-07 0.000 *** 

Household Income 6.70e-06 0.390  

Percent Intermix 0.23 0.461  

Timber Production (pulp) 0.00004 0.003 ** 

County Area 0.002 0.000 *** 

Cluster 1 0.34 0.005 ** 

Intercept 4.07 0.000 *** 
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Table 12 Continued 

 

Fragmentation 

2006 

N=58 

Variables Coefficient P-value Statistical Significance 

Restrictive Ordinances -0.02 0.117  

Population -9.21e-07 0.000 *** 

Household Income 7.25e-06 0.264  

Percent Intermix 0.42 0.178  

Timber Production (pulp) 0.00003 0.021 * 

County Area 0.002 0.000 *** 

Cluster 1 0.38 0.002 ** 

Intercept 3.96 0.000 *** 

 

 

Table 13 Fixed-effects model on timber production 

Pulp 

1995-2005 

N=58 

Variables Coefficient P-value Statistical Significance 

Restrictive Ordinances -0.14 0.000 *** 

Population -9.22e-06 0.000 *** 

Timberland area -0.000012 0.000 *** 

Intercept 20.42 0.000 *** 

Saw 

1995-2005 

N=53 

Variables Coefficient P-value Statistical Significance 

Restrictive Ordinances -0.0008 0.972  

Population 4.62e-06 0.002 ** 

Timberland area 4.71e-06 0.000 *** 

Intercept 9.89 0.000 *** 
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Table 13 Continued 

 

Veneer 

1995-2005 

N=58 

Variables Coefficient P-value Statistical Significance 

Restrictive Ordinances 0.06 0.144  

Population 7.37e-06 0.018 * 

Timberland area 3.59e-06 0.378  

Intercept 1.36 0.412  
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CHAPTER 5: CONCLUSION 

 

Local ordinances regulating multiple aspects of forestry have been increasing across 

Florida in the last 30 years.  These ordinances can have both intended and unintended 

impacts.  In this study, I explore the motivations for the enactment of such ordinances, the 

trends in their enactment by Florida counties, and their impacts on forest production and 

health.  Using the Delphi method, I elicited expert opinions on the motivations for and 

impacts of local ordinances relevant to forestry operations in Florida.  The most commonly 

mentioned barriers to production forestry were urbanization and costly, lengthy permitting 

processes.  As discovered through the cluster analysis, the number of local ordinances 

affecting forestry has increased across Florida, but with particular ordinance categories more 

likely in particular types of counties.  Rural counties are enacting more diverse categories of 

ordinances, whereas more urbanized counties are enacting more protective ordinances 

(environmental and tree protection).  Population growth has been highly correlated with the 

increase in the number of ordinances across counties in the last 30 years.  Based on the 

impact analyses, I found that ordinances labeled as restrictive (which include land clearing 

ordinances) tend to reduce pulp production in Florida, all else equal.  This is similar to 

findings by Henderson et al. (2008) that land clearing ordinances have a negative impact on 

timber harvests, and by Greene & Haines (1993) that state and local ordinances have a 

negative effect on private timber supply.  Among the covariates, population growth also has a 

notable negative effect on pulp production.  On the other hand, I found that the increase in 
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prescribed burning ordinances has had a positive outcome for forest health: reduction in total 

acreage burned by wildfires.  This result on the impact of local ordinances regulating 

prescribed burning is novel, as no previous research quantifying their impacts is existing.  

Further work is needed to understand how ordinances impact forest fragmentation, possibly 

by considering alternative models and by exploring supplementary explanatory variables 

associated with fragmentation. 

It remains unclear whether the concern that local ordinances tend to discourage forest 

management is warranted.  My research suggests that this varies across types of ordinances 

and dimensions of forest production and health.  Future research should investigate the 

intermediate mechanisms (linking ordinances to forest health and timber production 

outcomes), as suggested by experts in the Delphi panels.  This would probably require a 

survey of Florida landowners.  Such research could substantiate the linkages between 

ordinances and final outcomes, as posited in the theory of change.  For example, the theory 

of change assumes that ordinances increase the costs of forest management, which in turn 

discourages sustainable forest management.   

The future of Florida’s forest ecosystems will be shaped by numerous intermingled 

forces including development, population growth and local government regulation.  These 

forces must be better understood through further empirical studies quantifying the impacts of 

local ordinances in order to assess the long-term viability of Florida’s forest ecosystems.                 
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Appendix A. Geographic Location of Delphi Panels 

 

Delphi panel clusters maps 

 
Figure 19 Northwest/Panhandle Panel: Bay and Leon 

 

 
Figure 20 North Panel: Columbia and Alachua 

 

 
Figure 21 North Central Panel: Orange and Hillsborough 
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Appendix B. Delphi Final Summary Reports 

 

Study of how local ordinances affect forestry and  

forest resources in Florida: 

 

Summary of Findings from Florida State Delphi Panel 
 In Florida, state rules dominate the forestry regulatory landscape.  Local 

governments’ control over forestry operations has been significantly curtailed by state 

legislation, especially the Right to Farm and Agricultural Land Practices acts. 

 County governments do influence forestry operations, notably through zoning, 

comprehensive planning, and regulation of land development.   

 Municipal and city government have very limited influence over forestry operations 

because there is typically little working forest within their boundaries and because 

their regulatory power is limited by the Right to Farm and Agricultural Land 

Practices acts. 

 Water Management Districts regulate and enforce performance criteria for activities 

such as above-grade roads, water crossings, ditching and borrow pit construction, but 

they are not commonly considered to be a major cause of delay in forestry operations. 

 

Further description of county regulation included the following key points: 

 There is significant variation across counties in their positions on production forestry, 

with some more likely to favor and others more likely to restrict forestry operations. 

Restrictive ordinances are often motivated by concerns about the real estate arms of 

large timber companies but they also directly regulate forestry practices. 

 Forestry operations are often exempt from local ordinances if the land is classified as 

agricultural by the county tax assessor.  Land classified as agricultural is also eligible 

for the lowest property tax rates.  Thus, the county tax assessors have significant 

influence.   

 Local ordinances encourage forest landowners to follow BMPs, primarily to address 

concerns with water quality, timber production in wetlands, and wildlife habitat. The 

BMPs are reasonably clear, with limited scope for variable interpretation at the 

county level. Disputes over interpretation are arbitrated by the Florida Forest Service.  

 Local ordinances impact owners of both small and large tracts.  Owners of large tracts 

have more resources to handle ordinance requirements.  However, owners of small 
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tracts are less likely to be managing intensively for commercial timber production and 

therefore less likely to be affected by the ordinances.  
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We asked about the following specific state laws: 

1. Agricultural Lands Classification and Assessment Act (F.S. 193.461) 

2. Right to Farm Act and the Agricultural Lands and Practices Act (F.S. 823.14) 

3. Comprehensive Planning Acts (F.S. 186.007-186.009 and F.S. 163.3161) 

Based on responses, we conclude that: 

 Production forestry is facilitated and forest conservation is promoted through the 

Agricultural Lands Classification and Assessment Act. This law is favorable to forest 

landowners and has played a critical role in protecting timberlands from development. 

 The Right to Farm Act and the Agricultural Lands and Practices Act facilitate 

production forestry by preventing restrictive local ordinances. However, wetland 

ordinances that were enacted prior to these laws still apply to forestry.  

 Local ordinances that restricted production forestry were largely a result of the 

Comprehensive Planning Act, which required counties to write Comprehensive 

Development Plans specifying how they would protect natural resources, including 

forests.  This prompted some counties to adopt restrictions on silvicultural activities 

(e.g., limitations on clear cutting, restrictions on harvesting  hardwoods and large 

diameter trees, and regulation of site preparation  and chemical use) while other 

counties exempted silvicultural activities.  The state agency that oversaw 

implementation of this law (the Department of Community Affairs) has recently been 

eliminated, which is expected to result in significant changes. 
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Study of how local ordinances affect forestry and  

forest resources in Florida: 

 

 

Summary of Findings from Delphi Panel for Alachua and Columbia 

Counties 
 Major city found in Alachua County: Gainesville 

 Major city found in Columbia County: Lake City 

 The factors that make these counties good places for forestry, relative to other 

counties in Florida, are strong markets and biophysical factors such as favorable site 

indexes and climate.   

 Most respondents considered municipal/city, county, and state governments to all 

have important influence on forestry operations.   

 Two commonly cited barriers to production forestry in both counties are: 

o rapid urbanization around timber resources; 

o long and costly permitting process for harvesting timber.  

We asked about the following specific ordinances: 

1. Sec. 405.19 – Tree Protection (Alachua) 

2. Sec. 406.05 to 406.11 – Tree Protection (Alachua) 

3. Sec. 353.20 to 353.28 - Hazardous Materials Management Code (Alachua) 

4. Sec. 4.3 – Zoning (Columbia) 

5. Sec. 4.4-4.6 – Zoning (Columbia) 

6. Sec. 7.1 – Stormwater Management (Columbia) 

Responses indicated that these ordinances have not increased the cost or reduced the 

profitability of timber harvest. These ordinances have also generally promoted timber 

harvest, reforestation and the protection of ecosystem services such as water protection and 

forest resources.  

Based on responses to the questions about those ordinances, we hypothesize that: 

 The BMPs established by the Florida Forest service are promoted by county 

governments, which exempt “bonafide silvicultural” activities from tree permit 

regulations provided BMPs are followed. 

 Many county ordinances do not affect forestry operations, because they are written so 

that they do not apply to forestry or they exempt forestry operations following 

standard practices. 
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 Tree protection ordinances do not significantly restrict forestry operations if they 

exempt harvesting as part of bonafide silviculture. In environmentally sensitive areas, 

as identified by New Unified Land Development Code (ULDC), Special Area Studies 

(SAS) such as the Idyllwild/Seronola area, a management plan is required to confirm 

that forestry operations are bonafide but this is not a significant hindrance to forestry.  

 Zoning laws that protect sensitive/conservation districts do not significantly restrict 

forestry operations.  Specifically, timber harvest and reforestation are not 

significantly restricted on lands within the Conservation Districts, because they are 

allowed as long as there is a management plan and operations follow BMPs.  

If landowners and timber buyers follow state regulations and BMPs, they generally do not 

have problems with local government, as long as they are operating on land zoned for 

agriculture and they obtain  the necessary written permits from municipalities.  
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Study of how local ordinances affect forestry and  

forest resources in Florida: 

 

 

Summary of Findings from Delphi Panel for Hillsborough and Orange 

Counties 
 Major city found in Hillsborough County: Tampa 

 Major city found in Orange County: Orlando  

 The factors that make these counties good places for forestry, relative to other 

counties in Florida, are strong markets and biophysical factors such as favorable site 

indexes and climate. However, there are concerns about permitting and review 

processes and the considerable urban sprawl around working forests.  

 Comparing different levels of government, county governments are believed to have 

the most influence on forestry. This is largely because the county greenbelt 

departments decide whether to classify properties as agricultural, which in turn 

defines “bonafide forestry.”   

 In these counties, municipalities and city governments also regulate and influence 

forestry operations. In Hillsborough County, cities do not annex timberland, whereas 

in Orange County, timberland is often annexed from the County.  

We asked about the following specific ordinances: 

1. Sec. 2.02.01 – Agricultural zoning districts (Hillsborough) 

2. Definition 12.01.00 – High Quality Natural Plant Communities (Hillsborough) 

3. Sec. 4.01.01-4.01.03 – Land Clearing Permit (Hillsborough) 

4. Sec. 15-276-279 – Tree protection (Orange) 

5. Sec. 15.361-376 - Wetland Protection (Orange) 

6. Sec. 15.251-254 – Shoreline Protection (Orange) 

Respondents assessed these ordinances as follows: 

1. Agricultural zoning districts in Hillsborough promote forestry including timber 

harvest. 

2. Silvicultural activities can promote High Quality Natural Plant Communities. Such 

sites require additional review in Hillsborough. 

3. Land clearing permits required by Hillsborough negatively impact forestry operations 

due to the lengthy permit process, which means that harvests cannot be optimally 

timed. However, this ordinance does effectively protect wetlands and wetlands soils 

by requiring wetland mitigation.  
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4. In Orange County, land used for bonafide agriculture and classified as such for 

property-tax purposes is exempted from tree protection requirements. However, the 

tree removal permits still required for protected trees can lead to delay of timber 

harvests. 

5. Wetland protections restrict forestry practices, increase costs (for permitting), and 

reduce harvestable timber due to required buffer zones. However, wetland forest 

health is protected. 

6. Shoreline protection in Orange County requires permits for land clearing, thereby 

restricting forestry operations in those zones.  In general, timber is not harvested near 

shorelines. Shorelines and associated habitat are therefore protected. 

In general, we hypothesize that: 

 Tree protection ordinances encourage the adoption of the state BMPs, which are 

generally not seen as restricting forestry operations.  

 The most significant trade-off between the profitability of forestry and the protection 

of ecosystem health occurs in wetland areas, and local ordinances therefore impose 

the greatest cost on forestry operations in these areas.   

 The property appraisal process is critical for the viability of forestry operations.  

When forestry operations are regulated as “development” rather than “agriculture,” 

this can significantly delay and increase the cost of timber harvest, particularly in 

wetlands. Many respondents focused on the issue of whether county appraisers 

approve properties for agricultural use value taxation, rather than the valuation 

process per se. 
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Appendix C. Number of Forestry-Related Ordinances, by Categories and Clusters, 

Over Time (1980-2011) 
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Appendix D. Probability Distribution Function (PDF) by Ordinance Categories, Over Time (1980-2011) 

 

The number of new ordinances passed in each year for all of Florida, as well as the distribution of the classification of ordinance 

effects. 

 
 
Table 14 Classification of Ordinance Effects 

Classification of Ordinance Effects 

1 Exempts forestry (which essentially promotes forestry use) 

2 Exempts provided established rules followed (i.e. BMPs) 

3 Restricts forestry (buffers/select harvest/protect majestic trees) - rules within ordinance 

4 Owner or agent action required: permits/notification/mgmt. plans/or evidence of active mgmt. (recent harvest, 

replanting, site prep, timber stand improvement, etc.) 

5 Zoning promotes forestry 
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