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Executive Summary 
This report provides an inventory of greenhouse gas (GHG) and criteria air pollutant (CAP) emissions associated with activities at Everglades National Park (Everglades NP).  Everglades is one of several national parks that have performed inventories of their CAP emissions, but only the fourth to inventory GHG emissions.
  Three of the four other GHG inventories completed for national parks were developed in conjunction with a pilot project initiated by the National Park Service (NPS), with assistance from the Environmental Protection Agency (EPA).  The pilot project was designed to establish a Climate Friendly Parks Program (CFP) within the NPS Green Parks Partnership Program.  The Climate Friendly Parks Program aims to reduce park-related GHG emissions and to inform the public about the climate-friendly actions each park is taking and the reasoning behind the actions. 

Spanning the southern tip of the Florida peninsula and most of Florida Bay, Everglades NP is the only subtropical preserve in North America. It contains both temperate and tropical plant communities, as well as marine and estuarine environments. The park is known for its rich bird life and is the only place in the world where alligators and crocodiles exist side by side. 

Everglades NP has been designated a World Heritage Site, an International Biosphere Reserve, and a Wetland of International Importance.  President Harry S Truman formally dedicated Everglades National Park on December 6, 1947. This event culminated years of effort by a dedicated group of conservationists to make a national park in the Florida Everglades a reality. 

The purpose of this inventory is to provide the foundation for discussions of GHG and CAP emissions at Everglades NP and to assist park officials in identifying ways to reduce these emissions.  In addition, this inventory will provide Everglades NP with a baseline against which future actions to reduce emissions may be compared.

This national park inventory includes estimates of emissions from activities attributable to park operations undertaken within park boundaries.  In the interest of considering a full range of options for reducing emissions, the inventory for Everglades NP also includes selected “indirect emissions,” or emissions from sources that are not directly within the park’s control, but which the park has some influence over (e.g., purchased electricity, visitor vehicle emissions, concessionaire operations, and solid waste management).  Consideration of these indirect emissions will both expand the park’s portfolio of possible emissions reduction actions and enable the park to work with its electricity providers, waste haulers, concessionaires, and visitors to reduce park-related emissions occurring outside park boundaries.

This inventory provides an overview of emissions at Everglades NP in 2004.  Because the principal goal of inventories developed as part of the Climate Friendly Parks Program is to provide the parks with a foundation for identifying and implementing activities to reduce emissions, the park inventories may not reflect all sources of emissions.  The Everglades NP inventory includes the most significant sources of emissions at the park, but does not include some smaller sources due to data and resource limitations.  Criteria used to decide which sources to include are described below.  Because data availability, contractor resources, and park staff time are inconsistent across parks, some park inventories are more comprehensive than others.  Specific sources of emissions that have been excluded from this inventory include concessionaires other than the park’s main concessionaire (Xanterra) and estimates of CO2 flux from forestry.

The sources (e.g., purchased electricity, mobile combustion, area sources) included in this GHG and CAP emissions inventory were chosen based on: (1) whether emissions are reasonably attributable to park activities; (2) whether opportunities exist for reducing emissions from the activity; (3) whether emissions from each source were significant enough to warrant substantial data collection and emission estimation efforts; and (4) whether data were available for collection.   

In addition to estimating emissions by source, the body of the report separates Everglades NP’s overall emissions into three “park units”: park operations, visitors, and Xanterra (the park’s main concessionaire).  Note that the NPS and its concessionaires are responsible for paying for electricity used by visitors in park buildings and concessionaire facilities.  Similarly, the National Park Service and park concessionaires are responsible for managing visitor-generated wastes.  For these reasons, visitor emissions from purchased electricity and waste disposal were unable to be quantified separately.  Instead, electricity consumption and waste generation attributable to Everglades NP’s visitors are reflected in the estimates for the park or the concessionaires that provide those services. Table ES‑1 lists the GHG sources included in this inventory by gas and park unit, and Table ES‑2 lists the CAP sources included in this inventory by gas and park unit.

Table ES‑1: Sources of GHGs Included in Everglades NP’s Emissions Inventory by Gas and Park Unit

	Source
	GHG Emissions

	
	CO2
	CH4
	N2O
	HFC

	Stationary Combustion
	
	
	
	

	   Park Operations
	√
	√
	√
	

	   Visitors
	
	
	
	

	   Xanterra
	√
	√
	√
	

	Purchased Electricity
	
	
	
	

	   Park Operations
	√
	
	
	

	   Visitors
	
	
	
	

	   Xanterra
	√
	
	
	

	Mobile Combustion
	
	
	
	

	   Park Operations
	√
	√
	√
	

	   Visitors
	√
	√
	√
	

	   Xanterra
	√
	√
	√
	

	Wastewater
	
	
	
	

	   Park Operations
	
	√
	√
	

	   Visitors
	
	
	
	

	   Xanterra
	
	√
	√
	

	Waste
	
	
	
	

	   Park Operations
	√
	√
	
	

	   Visitors
	
	
	
	

	   Xanterra
	√
	√
	
	

	Refrigeration and Air Conditioning
	
	
	
	

	   Park Operations
	
	
	
	√

	   Visitors
	
	
	
	√

	   Xanterra
	
	
	
	√

	Forestry
	
	
	
	

	   Park Operations
	
	√
	√
	

	   Visitors
	
	
	
	

	   Xanterra
	
	
	
	


Table ES‑2: Sources of CAPs Included in Everglades NP’s Emissions Inventory by Gas and Park Unit
	Source
	CAP Emissions

	
	SO2
	NOx
	VOCs
	PM2.5
	PM10
	CO

	Stationary Sources
	
	
	
	
	
	

	   Park Operations
	√
	√
	√
	√
	
	√

	   Visitors
	
	
	
	
	
	

	   Xanterra
	√
	√
	√
	√
	
	√

	Mobile Sources
	
	
	
	
	
	

	   Park Operations
	
	√
	√
	√
	
	√

	   Visitors
	
	√
	√
	√
	
	√

	   Xanterra
	
	√
	√
	√
	
	√

	Area Sources
	
	
	
	
	
	

	   Park Operations
	√
	√
	√
	√
	√
	√

	   Visitors
	
	
	
	
	
	

	   Xanterra
	
	
	
	
	
	


The remainder of this executive summary provides an overview of emissions for Everglades NP, and compares Everglades NP’s emissions with emissions estimated for other parks.

Greenhouse Gas Emission Inventory Results
Naturally occurring GHGs include carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), water vapor, and ozone (O3).  Human activities (e.g., fuel combustion in stationary and mobile sources, waste disposal, wastewater treatment, etc.) lead to increased concentrations of these gases in the atmosphere.  In addition, there are other more powerful GHGs—hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride (SF6)—called high-global warming potential (high-GWP) gases that are created by various industrial processes and through the use of refrigerants.  Global warming potentials are assigned to various GHGs to weight their ability to trap heat in the atmosphere. This ability is measured relative to the most commonly occurring GHG: CO2, which has a GWP of 1.  GHGs inventoried for Everglades included CO2, CH4, N2O, and HFCs.  In order to compare emissions of these gases with different heat trapping abilities, the GWPs for each gas were used to express emissions for Everglades in metric tons of carbon equivalent (MTCE).
Everglades NP’s 2004 GHG emissions totaled 6,160 MTCE. Table ES‑3 presents the results of Everglades NP’s 2004 GHG emission inventory in MTCE per gas by source (e.g., stationary combustion, purchased electricity, wastewater) and responsible park unit (e.g., park operations, visitors, Xanterra).

Table ES‑3: Summary of GHG Emission Results (MTCE)
	Source
	Emissions (MTCE)

	
	CO2
	CH4
	N2O
	HFC
	Total

	Stationary Combustion
	28.8
	0.1
	0.1
	NA
	29.0

	   Park Operations
	2.2
	0.0
	0.0
	NA
	2.2

	   Xanterra
	26.6
	0.1
	0.1
	NA
	26.8

	Purchased Electricity
	609.7
	0.0
	0.0
	NA
	609.7

	   Park Operations
	323.4
	NE
	NE
	NA
	323.4

	   Xanterra
	286.2
	NE
	NE
	NA
	286.2

	Mobile Combustion
	2,047.3
	3.3
	37.9
	NA
	2,088.5

	   Park Operations
	210.9
	0.8
	5.0
	NA
	216.6

	   Visitors
	1,781.5
	2.5
	32.1
	NA
	1,816.1

	   Xanterra
	54.9
	0.1
	0.9
	NA
	55.8

	Wastewater
	NA
	6.9
	5.4
	NA
	12.3

	   Park Operations
	NA
	4.5
	3.6
	NA
	8.1

	   Xanterra
	NA
	2.4
	1.9
	NA
	4.2

	Waste
	0.0
	212.3
	NA
	NA
	212.3

	   Park Operations
	0.0
	159.2
	NA
	NA
	159.2

	   Xanterra
	0.0
	53.1
	NA
	NA
	53.1

	Refrigeration and Air Conditioning
	NA
	NA
	NA
	24.9
	24.9

	   Park Operations
	NA
	NA
	NA
	2.3
	2.3

	   Visitors
	NA
	NA
	NA
	22.3
	22.3

	   Xanterra
	NA
	NA
	NA
	0.3
	0.3

	Forestry
	NA
	2,762.0
	449.0
	NA
	3,211.0

	   Park Operations
	NA
	2,762.0
	449.0
	
	3,211.0

	Total GHG Emissions
	2,685.7
	2,984.6
	492.4
	24.9
	6,187.7


Note: Totals may not sum due to independent rounding.

NA = Not Applicable.  + Does not exceed 0.05 MTCE.

As Figure ES‑1 demonstrates, emissions resulting from the burning of forested land were the largest source of emissions for Everglades NP, accounting for 51.9 percent of total emissions.  Mobile combustion (33.8 percent) was the second largest source of emissions, followed by purchased electricity (9.9 percent), and solid waste sent to landfill (3.4 percent).  The remaining sources, stationary combustion, refrigeration, and wastewater treatment, each accounted for 1.0 percent of total emissions.

Figure ES‑1: Everglades NP’s 2004 GHG Emissions by Source
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However, while the burning of forested land represents the largest source of GHGs for Everglades NP, these emissions are the result of ecologically responsible actions undertaken by the park, that are necessary to restore and maintain forests in their natural state.  Therefore, in the interest of performing a targeted inventory that helps to identify actions the park can take to reduce emissions, it is beneficial to view emission results irrespective of forestry-related emissions. Figure ES‑ demonstrates that over two-thirds of Everglades NP’s non-forestry related emissions result from mobile combustion; therefore, mobile combustion is the key source of non-forestry GHG emissions for Everglades NP.

Figure ES‑2: Everglades NP’s 2004 Non-forestry GHG Emissions by Source
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Seventy percent of Everglades NP’s non-forestry GHG emissions are attributable to the operation of highway vehicles, non-road equipment, watercraft, and aircraft by park staff, visitors, and Xanterra.  The vast majority of these emissions (89 percent) result from highway vehicle and watercraft activity within the park, and, as Figure ES‑3 demonstrates, are largely attributable to visitors.

Figure ES‑3: Distribution of Mobile Source GHG Emissions by Park Unit and Vehicle/Equipment Type
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Greenhouse Gas Emissions In Context

Everglades NP is the fourth national park or recreation area to perform an inventory of GHG emissions.  Of these, Everglades is the second least emissive – only Zion NP emits less.  Of the four parks for which inventories have been performed, Everglades produces by far the least amount of emissions from stationary sources. This is largely due to the fact that, located so far south, Everglades does not need to burn much fossil fuel for space or water heating needs.  As with other parks, CO2 is the most emitted gas; however, Everglades emits more CH4 than any other park.  Most of the CH4 is emitted during natural and prescribed burning of forested land, which are required to maintain the health of the forested ecosystems and should be considered when making inter-park emission comparisons.  Most of Everglades NP’s non-burning emissions are from mobile sources, which also account for a significant portion of other park’s emissions. Everglades’ emissions from this source are the second highest of the four parks.
Figure ES‑4: Everglades NP’s GHG Emissions Relative to Previous National Park/Recreation Area Inventories
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Criteria Air Pollutant Emission Inventory Results
Criteria air pollutant (CAP) emissions for Everglades NP were 115,724 lbs for SO2, 512,227 lbs for NOx, 443,579 lbs for VOCs, 404,880 lbs for PM2.5, 414,193 lbs for PM10, and 3,781,463 lbs for CO (Table ES‑4). CO emissions are twice as high as all other pollutants combined.  Most of the park’s CO emissions (81 percent) are from watercraft, and, of these, 96 percent are from visitor watercraft.  A similar percentage of the park’s CO emissions from highway vehicles, which make up most of the park’s remaining CO emissions, are from visitors (89 percent) (Figure ES‑5).  After CO, NOX is the park’s most emissive pollutant; however, if particulate matter were not subdivided into PM2.5 and PM10, these emissions would be greater than NOx. Burning of forested land produces most of the park’s NOX and PM emissions, and to a lesser extent, the park’s SO2 emissions.  The remaining pollutant, VOC, results primarily from mobile sources.
Table ES‑4: Summary of CAP Emission Results 

	Source
	CAP Emissions (lbs)

	
	SO2
	NOx
	VOCs
	PM2.5
	PM10
	CO

	Stationary Sources
	4
	956
	5,628
	NA
	13
	33

	   Park Operations
	4
	718
	4,098
	NA
	6
	+

	   Xanterra
	+
	238
	1,530
	NA
	7
	32

	Mobile Sources
	NA
	111,271
	432,802
	53,580
	NA 
	3,239,270

	   Park Operations
	NA
	5,128
	15,024
	2,012
	NA 
	167,270

	   Visitors
	NA
	104,819
	415,655
	51,545
	NA 
	3,029,457

	   Xanterra
	NA
	1,323
	2,123
	24
	NA 
	42,544

	Area Sources (All)
	115,720
	400,000
	5,149
	351,300
	414,180
	542,160

	   Park Operations
	115,720
	400,000
	5,149
	351,300 
	414,180
	542,160

	Total CAP Emissions
	115,724
	512,227
	443,579
	404,880
	414,193
	3,781,463


Note: Totals may not sum due to independent rounding.

NA = Not Applicable.  + Does not exceed 1 lb.

Figure ES‑5: Everglades NP’s 2004 CAP Emission Inventory Results
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Criteria Air Pollutant Emissions In Context

Relative to other parks, Everglades CAP emission are fairly low.  While this comparison only includes a few of the parks for which CAP emission inventories have been performed, the parks selected represent parks that are similar to Everglades in either visitation, acreage, or geographic location.  
Of the parks selected, Lake Mead is the closest in acreage and is similar to Everglades in that it has a large boating population.  Similar to Everglades, Lake Mead’s boating population accounts for a large percentage of the overall CO emissions; however, Lake Mead’s CO emissions are approximately 7 times greater than Everglades.  This is because Lake Mead’s visiting population is about 6 times greater than Everglades, and a large percentage of this population operates boats within the park; wherein, the total hours spent by visitors on the water at Lake Mead are about six times that of Everglades.

Of the parks selected, Shenandoah’s visitation is closest to Everglades as are Shenandoah’s CAP emissions.  Sources of emissions are very similar for the two parks; however, Shenandoah’s emissions result more from area sources (burning) than from mobile sources.  Burning activities are also the primary contributor to emissions at Big Cypress, which is closest geographically to Everglades, but far outweighs Everglades in emission totals.
Figure ES‑6: Everglades NP’s CAP Emissions Relative to Previous National Park Inventories
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1 Introduction

1.1 Background & Purpose
Since the late 1990s, the National Park Service (NPS) and Environmental Protection Agency (EPA) have undertaken efforts to help parks improve their management of natural resources, implement green practices, and become better stewards of the environment.  Examples of these initiatives include the NPS Natural Resource Challenge, the NPS Environmental Leadership Program, and EPA’s longstanding support to parks and outdoor enthusiasts on climate change.  In 2002, the NPS Green Partners Program evolved out of the NPS Environmental Leadership Program.  The main objective of the Green Partners Program was to identify key partners that could assist parks in accelerating the implementation of green strategies and practices.  As part of this program, NPS partnered with the EPA to launch the Climate Friendly Parks (CFP) pilot project in 2002.  The CFP Program has four key objectives:
· Supporting the President’s Climate Change Initiative
· Supporting a Federal model of environmental excellence
· Achieving greenhouse gas (GHG) reductions and energy savings
· Protecting natural resources
Individual parks achieve these objectives by partnering with EPA and NPS national programs to become more environmentally-friendly.  The CFP Program assists parks in educating staff about climate change and air pollution, estimating baseline emissions of GHGs and criteria air pollutants (CAPs), identifying opportunities to reduce park emissions, and developing materials and methods to inform the public about the environmentally-friendly actions underway in the park.  

Air emission inventories, of which CAP and GHG inventories are a subset, are often—but not necessarily—prepared for regulatory reasons.  Emission regulations or statutes require air emission inventories to determine the amount of pollutants released to the atmosphere.  For example, the Clean Air Act, as amended in 1990, sets forth requirements for specific inventories, such as base year inventories for State Implementation Plans.  Regulations often require a nationwide inventory of emissions from a particular industry or type of emission source.  Small-scale, facility-specific inventories show eligibility for construction and operating permits by showing compliance with existing permit conditions or emission regulations. They can also provide data for environmental impact assessments for proposed new emission sources, and for input to human health risk assessment studies.  The goal of emission inventories at national parks is threefold: (1) to compare the park’s emissions to those of the surrounding area; (2) to identify existing and potential strategies to reduce park emissions; and (3) to evaluate and ensure the compliance of parks with local, state, and federal air pollution regulations.  

Inventories are an essential part of the Climate Friendly Parks program.  They let park staff and concessionaires know which activities cause emissions and the relative magnitude of emissions from each source, and therefore where to focus their emissions reduction efforts.  In addition, an inventory provides Park staff with a baseline against which future emissions reductions may be compared. 

1.2 Park Description
Spanning the southern tip of the Florida peninsula and most of Florida Bay, Everglades National Park (NP) is the only subtropical preserve in North America (Figure 1‑1). It contains both temperate and tropical plant communities, as well as marine and estuarine environments. The park’s beaches, small islands, marshes, mangroves, and cypress swamps provide habitat for species such as manatees, snail kites, storks, sea turtles, key deer and panthers. The park is known for its rich bird life and is the only place in the world where alligators and crocodiles exist side by side. 

Everglades NP has been designated a World Heritage Site, an International Biosphere Reserve under UNESCO, and a Wetland of International Importance.  President Harry S Truman formally dedicated Everglades National Park on December 6, 1947. This event culminated years of effort by a dedicated group of conservationists to make a national park in the Florida Everglades a reality.

In 2004, Everglades NP recorded 1,181,355 visitors to the park.  These visitors contributed  $120 million to the local economy through tourism revenue. The park’s peak season employee population in 2004 was 283 full-time and seasonal employees, and Xanterra, the park’s largest concessionaire, had a peak season employee population of 120 full-time and seasonal staff members. With a vast land area of 1,508,538 acres, Everglades NP contains 137 miles of coastline and is the largest preserve, in terms of acreage, east of the Rocky Mountains. The park is home to 14 endangered species and recognized as one of the most threatened national parks, due primarily to hydrological developments that have disrupted water flow with serious ecological consequences.
Figure 1‑1: Map of Everglades National Park
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Source: National Park Service (Available online at <http://www.nps.gov/applications/parks/ever/ppMaps/parkmap2.gif>

1.3 Greenhouse Gas (GHG) and Criteria Air Pollutant (CAP) Emissions
The conveniences of the modern world come at an environmental cost. Emissions of carbon dioxide and pollutants from the vehicles we use to get around, the industries that provide the goods and energy we use, and from many other sources have been shown to cause global climate change. In the last two decades, increasing concerns about human effects on the environment have resulted in a great deal of research and interest in GHGs and CAPs.  The Environmental Protection Agency (EPA), among other governmental and international agencies, has sought to protect human health in the long term by understanding and reducing pollution.  

By ratifying the United Nations Framework Convention on Climate Change (UNFCCC) in 1992, the United States is obligated to create and maintain an annual inventory of greenhouse gases. It fulfils this obligation by publishing the Inventory of Greenhouse Gas Emissions and Sinks annually, most recently the inventory for 1990-2003 (EPA 2005).

Certain gases in the Earth’s atmosphere are called greenhouse gases because they contribute to the greenhouse effect.  The most important of these gases are water vapor, carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O).  These gases create the greenhouse effect by acting as a blanket, causing the Earth’s surface to be warmer than it otherwise would. This is a delicate balance often called the natural greenhouse effect. Without this natural greenhouse effect, the earth would be too cold to sustain life as we know it. Unfortunately, anthropogenic (human-caused) increases of GHGs (mostly CO2 from the burning of fossil fuels) emitted to the atmosphere increase the amount of radiation absorbed by the earth and its atmosphere, upsetting the natural balance. The Intergovernmental Panel on Climate Change (IPCC) has shown that these changes in atmospheric composition result in climate change, i.e. global warming. Over 150 countries have ratified the UNFCCC in an effort to prevent harmful interference with global climate patterns by reducing GHG emissions.

Greenhouse gases are compared by their global warming potential (GWP). Global warming potentials are assigned to various GHGs to weight their ability to trap heat in the atmosphere. This ability is measured relative to the most commonly occurring GHG, CO2, which has a GWP of 1. Other GHGs are far more potent, such as CF4 with a GWP of 6,500 and HFC-23 with a GWP of 11,700. The most potent of greenhouse gases are halocarbons, including chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFCs) both containing chlorine, and bromofluorocarbons with bromine. 
Pursuant to the Clean Air Act amendments of 1990, the EPA is required to set National Ambient Air Quality Standards for levels of the criteria air pollutants (CAPs).  Six CAPs are regulated, namely: sulfur dioxide (SO2), nitrogen oxides (NOx), carbon monoxide (CO), lead (Pb), particulate matter (PM), and ground-level ozone (O3). These regulations protect the public health, especially of children, the elderly, and asthmatics, who are especially sensitive to pollution; they also protect animals, crops and other vegetation, and buildings, which can all be harmed by CAPs.

It is important to maintain an accurate inventory of both CAPs and GHGs so that the public is aware of changes and can work to reduce anthropogenic influences on climate change. An inventory of the emissions of Everglades NP will contribute to the national inventory and allow park officials to understand how to reduce their emissions.

1.4 The Climate Leadership In Parks (CLIP) Tool
EPA is currently developing an Excel-based tool that will enable park personnel to complete GHG and CAP inventories themselves.  Currently, the Climate Friendly Parks program is limited in the number of parks it can reach due to the time and money required to develop a comprehensive inventory.  This new resource, the Climate Leadership in Parks (CLIP) tool, will guide park personnel through the various steps involved in estimating emissions, automate the calculations, and generate summary reports and reduction targets for the park.  By enabling parks to develop their own inventories and action plans with relative speed and ease, EPA hopes to expand the Climate Friendly Parks program to many more parks than would otherwise be possible.

The Everglades NP inventory is unique because it is the first Climate Friendly Parks inventory that was developed using the CLIP tool.  A draft version of the tool was completed in the spring of 2005, and EPA chose test the tool at Everglades NP.  Although the Everglades NP inventory was still completed by EPA and its contractors, the Everglades NP inventory provided valuable feedback on the tool.
1.5 Report Overview
The remainder of the Everglades NP Greenhouse Gas and Criteria Air Pollutant Inventory Report is organized as follows:

Section 2: GHG Emissions Inventory

Section 3: CAP Emissions Inventory

Section 4: References
Greenhouse Gas Emission Inventory
Section 2 describes the inventory of greenhouse gas (GHG) emissions at Everglades NP.  This is the first GHG inventory that has been conducted for Everglades NP and the fourth GHG inventory performed at a National Park.  The remainder of this section is organized as follows: Section 2.1 provides a summary of results.  Sections 2.2 through 2.8 describe emissions from fuel combustion in stationary sources, purchased electricity, fuel combustion in mobile sources, wastewater treatment, solid waste disposal, forest activities, and refrigeration and air conditioning, respectively.
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Summary of GHG Emission Inventory
Table 2‑1 presents the results of Everglades NP’s inventory of GHG emissions, wherein, emissions totaled 6,188 metric tons carbon equivalent (MTCE).  The largest source of emissions at Everglades NP is burning of forested land; however, as highlighted throughout this report, these emissions are generally considered the result of ecologically responsible actions on behalf of the park.  Because one of the main objectives of the report is to identify sources of emissions that can be targeted for reduction, this section will focus primarily on non-forestry emissions.  
Table 2‑1: Summary of GHG Emission Results

	Source
	Emissions (MTCE)

	
	CO2
	CH4
	N2O
	HFC
	Total

	Stationary Combustion
	28.8
	0.1
	0.1
	NA
	29.0

	   Park Operations
	2.2
	0.0
	0.0
	NA
	2.2

	   Xanterra
	26.6
	0.1
	0.1
	NA
	26.8

	Purchased Electricity
	609.7
	0.0
	0.0
	NA
	609.7

	   Park Operations
	323.4
	NE
	NE
	NA
	323.4

	   Xanterra
	286.2
	NE
	NE
	NA
	286.2

	Mobile Combustion
	2,047.3
	3.3
	37.9
	NA
	2,088.5

	   Park Operations
	210.9
	0.8
	5.0
	NA
	216.6

	   Visitors
	1,781.5
	2.5
	32.1
	NA
	1,816.1

	   Xanterra
	54.9
	0.1
	0.9
	NA
	55.8

	Wastewater
	NA
	6.9
	5.4
	NA
	12.3

	   Park Operations
	NA
	4.5
	3.6
	NA
	8.1

	   Xanterra
	NA
	2.4
	1.9
	NA
	4.2

	Waste
	0.0
	212.3
	NA
	NA
	212.3

	   Park Operations
	0.0
	159.2
	NA
	NA
	159.2

	   Xanterra
	0.0
	53.1
	NA
	NA
	53.1

	Refrigeration and Air Conditioning
	NA
	NA
	NA
	24.9
	24.9

	   Park Operations
	NA
	NA
	NA
	2.3
	2.3

	   Visitors
	NA
	NA
	NA
	22.3
	22.3

	   Xanterra
	NA
	NA
	NA
	0.3
	0.3

	Forestry
	NA
	2,762.0
	449.0
	NA
	3,211.0

	   Park Operations
	NA
	2,762.0
	449.0
	
	3,211.0

	Total GHG Emissions
	2,685.7
	2,984.6
	492.4
	24.9
	6,187.7


Note: Totals may not sum due to independent rounding.

NA = Not Applicable.  + Does not exceed 0.05 MTCE.

As will be discussed more thoroughly in the following source-highlighted sections, forestry emissions (3,211 MTCE) result from the burning of forested land by the park and consist of CH4 and N2O emissions.  Visitor use of highway vehicles and watercraft account for approximately 87 percent of total mobile combustion emissions (1,816 MTCE); the remaining emissions are largely from highway vehicle use by the park and Xanterra.  Purchased electricity emissions (610 MTCE) are completely CO2 and are divided nearly evenly between the park (53 percent) and Xanterra (47 percent).  Indirect emissions from waste sent to landfill (212 MTCE) by both the park and Xanterra are completely CH4.  Stationary combustion emissions (29 MTCE) account for less than one percent of Everglades’ total emissions and are due to the operation of two diesel-fired generators by Everglades NP as well as through the consumption of propane by Xanterra primarily for heating and cooking purposes.  Wastewater emissions (12 MTCE) are generated by a park-operated wastewater treatment plant that treats approximately 15 million gallons of the park’s and Xanterra’s wastewater annually, and by a wastewater treatment plant located outside the park to which the Everglades sent 270,000 gallons of wastewater in 2004.

Figure 2‑1: Everglades NP’s 2004 GHG Emissions by Source and Park Unit
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By gas, Everglades NP’s non-forestry emissions are primarily CO2; however, as Figure 2‑2 demonstrates if forestry emissions are considered, the percent of total emissions that are CO2 sharply decreases, from 89.9 percent to 42.2 percent.  This is because the burning of forested land generates a large amount of CH4 and N2O emissions.
Figure 2‑2: Everglades NP’s 2004 Total and Non-forestry GHG Emissions by Gas
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Similarly, when considering Everglades NP’s total emissions, park operations constitute the largest percentage of emissions (65 percent).  However, this is because the park is responsible for conducting prescribed burns.  When emissions from forestry are not considered, Figure 2‑3 demonstrates that the bulk of emissions (60 percent) are from visitor activities within the park.  These emissions are from visitor highway vehicle and watercraft use.

Figure 2‑3: Everglades NP’s 2004 Total and Non-forestry GHG Emissions by Gas
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1.7 Stationary Combustion
Carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O) are emitted when fuels are burned for energy by both stationary and mobile sources.  Stationary emissions associated with combustion occurring within park boundaries result from activities such as heating buildings, cooking, and having campfires.  Relative to other parks, Everglades NP does not consume large amounts of fossil fuel.  There are several reasons for this, including the fact that Everglades NP is located further south than most parks and, as a result, rarely needs to consume fossil fuels for heating purposes.  Additionally, campfires are not commonplace within the park.  Fossil fuels are consumed at Everglades NP, both by park operations and by Xanterra.  Park operations consume diesel fuel to power two diesel-fired generators, one is located in Pine Island and the second is located at Flamingo Bay.  Xanterra consumes propane for hot water, cooking, and other miscellaneous purposes.  A small percentage of the propane consumed by Xanterra is actually sold to visitors and the park.  Visitors use the propane for cooking purposes, while the park consumes propane purchased from Xanterra to power mosquito magnets (large propane-powered devices that produce CO2 as a means to attract and capture mosquitoes).  While not all propane purchased for Xanterra is actually consumed by the concessionaire, all propane emissions are attributed to this park unit because no data exists to differentiate between propane consumed by Xanterra and propane sold to visitors or the park.

1.7.1 Results
In 2004, 29 metric tons of carbon equivalent (MTCE) from stationary combustion sources were emitted by Everglades NP, as shown in Table 2‑2.  This quantity represents approximately one percent of non-forestry GHG emissions from Everglades NP.  Nearly all emissions from stationary combustion (93 percent) were CO2, which is consistent with national and most state emission inventories.  Additionally, as Figure 2‑4 demonstrates, the majority of these (92 percent) are the result of propane combustion by Xanterra.
Table 2‑2: Summary Stationary Source GHG Emission Results

	Source
	Emissions (MTCE)

	
	CO2
	CH4
	N2O
	Total

	Park Operations
	2.2 
	0.0 
	0.0 
	2.2

	Xanterra
	26.6
	0.1
	0.1
	26.8

	Total GHG Emissions
	28.8
	0.1
	0.1
	29.0


Note: Totals may not sum due to independent rounding.

NA = Not Applicable.  + Does not exceed 0.05 MTCE.

Figure 2‑4: Stationary Combustion GHG Emissions by Park Unit and Gas
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1.7.2 Methodology, Data Sources and Gaps, and Assumptions
To estimate emissions from the stationary combustion of fossil fuels, ICF Consulting (ICF) obtained data on gallons of distillate (diesel) fuel and propane used by park operators and Xanterra, respectively (See Table 2‑3).

Table 2‑3: Summary Stationary Source GHG Emission Results
	Park Unit
	Gallons Consumed
	Source

	Park Operations
	
	

	   Distillate Fuel
	800
	Jester 2005

	Xanterra
	
	

	   Propane
	17,020
	Kroll 2005


Direct emissions from stationary combustion were estimated using guidelines from the Intergovernmental Panel on Climate Change (IPCC). CO2 emissions are based on the carbon content of each fuel. Petroleum consumption emissions were calculated by converting volume (in gallons) to energy content (in British thermal Units or BTU). This energy was multiplied by the fuel-specific carbon content coefficient, then multiplied by the assumed fraction (of carbon) oxidized in the atmosphere. 

CH4 and N2O emissions were also calculated according to IPCC guidelines. Petroleum volume was converted to BTUs, again; then, because the petroleum is given in gross calorific value (high-heating value), it was converted to the net calorific value (low-heating value). This value was multiplied by an IPCC fuel-specific emissions factor. 

Purchased Electricity
Although GHG emissions associated with purchased electricity occur outside park boundaries, it is common practice to include these “indirect” emissions in inventories of GHG emissions.  Emissions generated by purchased electricity are included for the following reasons, the activity data are readily available (i.e., the park knows how much electricity it buys), the emissions are relatively certain (i.e., the fuel mix for the local utility is available and can be used to calculate emissions), and there are many measures that the park can take to reduce these emissions.
Carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O) are emitted to the atmosphere as fossil fuels are combusted to produce electricity.  Emissions of these gases actually occur at electric power facilities, which are outside the park’s boundaries.  However, since Everglades NP’s use of purchased electricity indirectly causes GHG emissions, they are considered “indirect” emissions.  The resulting emissions depend on the amount of energy used and the mix of fuel that goes into electricity generation.  For example, if hydroelectric or nuclear power provides much of the electricity, GHG emissions from this source would be much lower than if it were primarily generated by fossil fuels.

For the Everglades NP inventory, ICF limited the estimates of emissions from purchased electricity to CO2.  The reason for this is twofold.  Whereas CO2 emissions from fuel combustion are primarily dependent on the carbon content of the fuel, emissions of CH4 and N2O are much more complex.  The characteristics of the fuel, combustion technology, control technology, environmental conditions, and other factors can affect the amount of CH4 and N2O emitted.  In addition, emissions of these gases only represent 0.5 percent of U.S. emissions from fuel combustion from stationary sources, while CO2 represents almost all emissions (99.5 percent) (EPA 2003b).

1.7.3 Results
Purchased electricity resulted in an estimated 610 MTCE of indirect CO2 emissions.  These emissions were divided nearly evenly between park operations and Xanterra, wherein park operations were responsible for approximately 6 percent more of the total emissions than Xanterra. Purchased electricity emissions presented in Table 2‑4 and Figure 2‑5 account for approximately 21 percent of Everglades NP’s 2004 non-forestry GHG emissions.

Table 2‑4: Summary of GHG Emissions Results from Purchased Electricity 

	Source
	Emissions (MTCE)

	
	CO2
	CH4
	N2O
	Total

	Park Operations
	323.4 
	NA
	NA
	323.4

	Xanterra
	286.2 
	NA
	NA
	286.2

	Total GHG Emissions
	609.7
	0.0
	0.0
	609.7


Note: Totals may not sum due to independent rounding.

NA = Not Applicable.  + Does not exceed 0.05 MTCE.

Figure 2‑5: Purchased Electricity GHG Emissions by Park Unit and Gas
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1.7.4 Methodology, Data Sources and Gaps, and Assumptions
ICF obtained the amount of electricity purchased by Everglades NP, broken down by park unit. Park operations accounted for 53 percent of the electricity purchased with the remaining 47 consumed by Xanterra (Table 2‑5).
Table 2‑5: Purchased Electricity Consumption Data and Data Source
	Park Unit
	Kilowatt-Hours (kWh)
	Source

	Park Operations
	
	

	   Purchased Electricity
	2,486,880
	Jester 2005

	Xanterra
	
	

	   Purchased Electricity
	2,200,772
	Kroll 2005

	Total
	4,687,652
	


The EPA’s Climate Protection Partnerships Division of the Climate Leaders Greenhouse Gas Inventory Protocol methodology was used to estimate purchased electricity CO2 emissions (EPA 2002). CO2 emissions from purchased electricity were calculated by considering the amount of energy purchased, how much energy was produced in order to deliver the amount purchased, and the emissions created during production.

Everglades NP provided consumption values for 2 units, park operations and Xanterra, in kilowatt-hours. These consumption values were increased to compensate for power generated to meet the demands of the park, but lost in transmission and distribution before reaching Everglades NP. The average loss factor in the U.S. (9 percent) was used to calculate the total amount of electricity produced that the park was responsible for.  

Electricity generated (MWh) = electricity purchased (kWh) x 1 MWh/103 kWh

x 1/ (1- loss factor)

The electricity generated to meet Everglades NP’s needs was multiplied by the average CO2 emissions for power generated by Florida Power and Light Company (lbs CO2/MWh), the power company responsible for Everglades NP’s electricity.  The utility closes to Everglades NP uses nuclear power to generate electricity, which is not emissive.  However, the emission factor provided for Florida Power and Light is emissive (957 lbs CO2/ MWh).  This likely occurs for two reasons.  First, the nuclear power plant uses fossil fuels to overcome peak load periods.  Second the utility is part of a greater power control area (PCA).  While the utility closest to the park generates electricity using nuclear power, other utilities that are part of the PCA and partial providers of electricity to the local grid, and thus Everglades NP, likely use fossil fuels to generate electricity.   The emission factor used to estimate emissions for Everglades NP was determined as follows and was multiplied by total kWh consumed by each park unit to obtain total CO2 emissions resulting from purchased electricity.

Emission Factor (MTCE/MWh) = PCA emission factor (lb CO2/MWh) x 1,000 kWh/MWh x 1 short ton / 2000 lbs.

x .9072 mt / short ton x 12 C / 44 CO2

1.8  Mobile Combustion

Mobile combustion of fossil fuels emits carbon dioxide (CO2), (CH4), and (N2O) from the combustion of fossil fuels.  Mobile sources of emissions at Everglades NP include highway vehicles, non-road equipment, watercraft, and aircraft.  Park operations, park visitors, and Xanterra all operate highway vehicles and watercraft, while only park operations maintain non-road equipment and aircraft.
Everglades NP maintains a 38 mile length of roadway that begins at the entrance to the park near the Ernest F. Coe Visitors Center and stretches to Flamingo Bay at the southwestern tip of the park’s land.  There are also a few smaller sections of roadway at the northern ends of the park at the Shark Valley and Gulf Coast park entrances.  These sections of roadway are maintained by the park and used throughout the year by park staff, park visitors, and concessionaires.  At present the park maintains approximately 65 vehicles, while Xanterra maintains approximately 6 vehicles.  In 2004, Everglades NP received 1,181,355 visitors, approximately 89 percent of which drove into the park. The two most important factors influencing emissions from highway vehicles are the number of vehicles and the miles traveled by each vehicle within park boundarie0s.  Although individually park and concessionaire employees travel more miles within the park during the course of a year than most visitors would ever drive during a visit, the large number of visitors in Everglades NP makes them a significant contributor to Everglades NP’s overall emissions.

Unlike most other parks in the U.S. Everglades NP has a large visitor boating population.  The entire southern end of the park is a bay area consisting of keys that attract recreational visitors, ranging from small fishing boats to large motor boats that travel in from the Gulf of Mexico.  For 2004, the park estimates that approximately 60,000 boat-days were spent by visitors on park waterways.  
1.8.1 Results

In 2004, Everglades NP emitted approximately 2,089 MTCE from mobile sources, as shown in Table 2‑6.  This quantity represents 66 percent of total non-forestry GHG emissions from Everglades NP.  Nearly all of these emissions (98 percent) were CO2, analogous to the proportion seen in most national and state inventories.  Emissions of CH4 and N2O accounted for 0.2 and 1.8 percent, respectively, of total mobile combustion emissions.  CO2 emissions from mobile combustion are driven by fuel use, while CH4 and N2O emissions are determined based on vehicle miles traveled (VMT), vehicle type, vehicle age, and control technology.

Table 2‑6: Summary of GHG Emissions from Mobile Combustion
	Source
	Emissions (MTCE)

	
	CO2
	CH4
	N2O
	Total

	Highway Vehicles
	1,354
	2
	32
	1,388

	   Park Operations
	129
	0
	4
	133

	   Visitors
	1,207
	2
	27
	1,236

	   Xanterra
	19
	0
	1
	19

	Non-road Equiment
	7
	0
	0
	7

	   Park Operations
	7
	0
	0
	7

	   Visitors
	0
	0
	0
	0

	   Xanterra
	0
	0
	0
	0

	Watercraft
	680
	1
	5
	687

	   Park Operations
	69
	0
	1
	70

	   Visitors
	575
	1
	5
	580

	   Xanterra
	36
	0
	0
	37

	Aircraft
	6
	0
	0
	7

	   Park Operations
	6
	0
	0
	7

	   Visitors
	NA
	NA
	NA
	NA

	   Xanterra
	NA
	NA
	NA
	NA

	Total GHG Emission
	2,047
	3
	38
	2,089

	   Total from Park Operations
	211
	1
	5
	217

	   Total from Visitors
	1,782
	3
	32
	1,816

	   Total from Xanterra
	55
	0
	1
	56


Note: Totals may not sum due to independent rounding.

NA = Not Applicable.  + Does not exceed 0.05 MTCE.

As Figure 2‑6 demonstrates, the majority of Everglades NP’s mobile source emissions stem from visitor activities within the park.  Figure 2‑7 further illustrates the fact that park visitors are largely responsible for mobile emissions, wherein, at 59 percent of total mobile emissions, highway visitor vehicles are the vehicle type most responsible for emissions, followed by visitor watercraft at 28 percent.
Figure 2‑6: Mobile Combustion GHG Emissions by Park Unit and Gas
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Figure 2‑7: Mobile Combustion Emissions by Vehicle/Equipment Type and Park Unit
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The remaining mobile combustion emissions are attributed to Xanterra (3 percent) and park operations (10 percent).  As Figure 2‑8 and Figure 2‑9 depict, the bulk of park operations’ mobile combustion emissions are from highway vehicles (62 percent) and watercraft (32 percent).  Remaining park operations’ mobile combustion emissions are evenly distributed between non-road equipment and aircraft, which the park uses to apply pesticides in the park.

Figure 2‑8: Mobile Combustion Emissions by Park Unit (Visitor Emissions Disaggregated into Those from Watercraft and Those from Highway Vehicles)
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Figure 2‑9: Park Operations Mobile Combustion Emissions by Vehicle Type
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1.8.2 Methodology, Data Sources and Gaps, and Assumptions
The methodology used to estimate mobile emissions is divided into those methods used to estimate emissions for highway vehicles, non-road equipment, watercraft, and aircraft.
Highway Vehicles
ICF estimated highway vehicle emissions for Everglades NP park operations, for visitors to the park, and for Xanterra.  
For park operations, the park provided data on fuel consumption for all park vehicles that refuel within the park.  A small percentage (< 1 percent of all fuel consumption) of the fuel consumed by park vehicles is purchased at gas stations outside of the park (Jester 2005).  The park does maintain credit card records on these purchases but was unable to provide them for the inventory.  Therefore, emissions from these fuel purchases are not captured in the inventory.  The park was also able to supply a breakdown of their park vehicles to aid in the estimation of CH4 and N2O emissions.
For visitors, the park did not maintain records of visitor vehicle travels; however, a traffic data report developed by the Federal Highway Administration did provide values for the total visitor vehicle miles traveled (VMT) (FHWA 2005).  Table 2‑7 presents the total VMT, which was distributed by vehicle type to estimate vehicle-specific emissions.
Table 2‑7: Everglades NP Visitor VMT

	
	Visitor Vehicle Miles Traveled

	Total
	9,971,000


For Xanterra, the concessionaires Environmental, Health, and Safety Officer provided data on fuel consumption by vehicle type (Kroll 2005).
Carbon dioxide emissions from mobile combustion are driven by the amount of fuel consumed, and are largely dependent on the carbon content of each fuel type.  In contrast, CH4 and N2O emissions are dependent on VMT, since vehicle emission control systems influence the amount of emissions on a per mile basis.  It was thus necessary to have activity data in terms of both fuel consumption and VMT.  However, ICF obtained data in either one form or the other, and then estimated the other necessary activity data based on national fuel economy averages (shown in Appendix B).  For park operations and Xanterra, ICF started with fuel consumption estimates and then estimated the VMT based on national fuel economy averages.  Conversely, visitor data were provided in terms of VMT, so ICF estimated fuel consumption based on the same average fuel economy values.  National fuel economy averages were obtained from FHWA (2004).  Table 2‑8 presents the data used to estimate emissions from highway vehicles.
Table 2‑8: Fuel Consumption, VMT Data, and Data Source

	Park Unit
	Gallons Consumed
	Vehicle Miles Traveled
	Source

	Park Operations
	
	
	Jester 2005

	   Gasoline
	
	
	

	   Passenger Cars
	 6,734
	
	

	   Light Trucks and SUVs
	 46,876
	
	

	Xanterra
	
	
	Kroll 2005

	   Gasoline
	
	
	

	      Passenger Cars
	3,850
	
	

	      Light Trucks and SUVs
	3,850
	
	

	   Diesel
	
	
	

	      Heavy-Duty Vehicles
	57
	
	

	Visitors
	
	
	FHWA 2005

	   Gasoline
	
	
	

	      Passenger Cars
	
	6,962,241
	

	      Light Trucks and SUVs
	
	2,387,054
	

	      Buses
	
	24,942
	

	      Heavy-Duty Vehicles
	
	99,461
	

	      Motorcycles
	
	298,382
	

	   Diesel
	
	
	

	      Heavy-Duty Vehicles
	
	198,922
	


To estimate CO2 emissions from these sources, ICF followed the methods outlined by the Inventory of US Greenhouse Gas Emissions and Sinks: 1990-2002 (EPA 2004), which invokes the following equation:
CO2 emissions = quantity of fuel x carbon content x oxidation fraction
Wherein, carbon content refers to amount of carbon contained in the fuel, which varies by fuel type, as does the oxidation fraction, which accounts for the amount of carbon contained in the fuel that is oxidized into CO2.  The carbon contents and oxidation fractions were obtained from EPA (2004) and are shown Appendix B.

Methane and N2O emissions from highway vehicles result from chemical processes that occur during the combustion of fuel and catalytic after-treatment of exhaust gases.  Unlike CO2, CH4 and N2O emissions are not dependent on the quantity of fuel consumed, but rather the number of miles a vehicle is driven.  The method employed to calculate emissions from this source category is consistent with that used in the Inventory of US Greenhouse Gas Emissions and Sinks: 1990-2002 (2004).
Although not specifically intended to influence GHG emissions, the emission control systems used in highway vehicles determine the amount of CH4 and N2O emitted per mile traveled.  Therefore, these emissions are calculated based on (1) the type of control technology systems on the vehicles and (2) the VMT driven under each type of system.  Because VMT is not reported by control system types, ICF estimates the distribution of VMT among different control system types based on three criteria: (1) vehicle type (e.g., passenger car, light-duty truck), (2) distribution of vehicle model years in the fleet, and (3) the breakdown of types of control systems used for a given vehicle type and model year.

As previously discussed ICF estimated VMT by vehicle type for visitors based on NPS data (Street 2005, CE-CERT 2003b) and derived VMT for park operations and Xanterra based on vehicle type fuel efficiencies.  ICF also assumed that for each vehicle type and model year, the distribution of control technology types are the same as used in EPA (2004a).  ICF obtained emission factors per VMT by control technology type from EPA (2004), and used these factors to develop weighted emission factors to apply to VMT driven by each vehicle type for a given model year.  These factors are provided in Appendix B.  
Non-road Equipment, Watercraft, and Aircraft
Everglades NP did not have data on the amount of fuel consumed by non-road equipment within the park.  Everglades NP did possess a listing of types and an estimate of total hours of use for all land management equipment.  Because the park was unable to distinguish hours of use by equipment type, it was assumed that the park operated all non-road equipment at equivalent rates.  Fuel consumption estimates were determined using data on hours of use and rates of fuel consumption per horsepower hour (hp-hr) established by EPA (EPA 2004).

Everglades NP maintained data on fuel consumption for park boats by engine type, including 2-stroke carbureted engines, 2-stroke EFI, 2-stroke DFI, and 4-stroke engines (Jester 2005).  Xanterra watercraft consisted of two 4-stroke vessels and one diesel-powered vessel (Kroll 2005).  Visitor boat distribution and fuel consumption data were not available for Everglades NP.  The park’s facilities manager provided estimates of the boating population vessel type and boating days.  As well as the percent of time visitor boats were running their engines while within park boundaries.  These data were applied to the number of hours an average boating visitor spends on the water (7.35 hours) to obtain the total number of hours visitor boats operated within the park boundaries during the inventory year (Osbourne et al. 2004).  Total boating hours were converted to fuel consumption according to horsepower fuel consumption statistics provided by EPA (EPA 2004b).

Everglades NP operates helicopters and airplanes to apply pesticides within park boundaries.  Of these, the park was able to provide data on fuel consumption for helicopter use.  No data were available for airplanes operating within the park; therefore, emissions from this activity were not captured by the inventory (Jester 2005).

Table 2‑9 presents the fuel consumption data used to estimate emissions disaggregated by non-road equipment, watercraft, and aircraft  and attributed to park unit.
Table 2‑9: Fuel Consumption for Non-road Vehicles/Equipment and Data Source

	Park Unit
	Gallons Consumed
	Source

	Park Operations
	
	Jester 2005

	   Agricultural Equipment
	
	

	      Gasoline
	2,359
	

	      Diesel
	582
	

	   Watercraft
	
	

	      Gasoline
	29,059
	

	   Aircraft
	
	

	      Aviation Gasoline
	10,000
	

	Xanterra
	
	Kroll 2005

	   Watercraft
	
	

	      Gasoline
	12,561
	

	      Diesel
	2,400
	

	Visitors
	
	Street 2005

	   Watercraft
	
	

	      Gasoline
	1,054,438
	


For all GHGs, CO2, CH4, and N2O, emissions from non-road equipment, watercraft, and aircraft are a direct result of the amount of fuel consumed.  For CO2 emissions, ICF relied on the same equation and factors used to estimate emissions for highway vehicles.  For CH4 and N2O, ICF multiplied the quantity of fuel consumed by the fuel-specific emission factor for each type of equipment, as provided by IPCC (1997).  This methodology for estimating CH4 and N2O emissions is similar to that described in ICF (2004), which employs the methods and some default data used to estimate national emissions for EPA (2004) and is consistent with international guidelines, set forth by the IPCC (1997).
1.9 Wastewater Treatment
Wastewater sent to a wastewater treatment plant is treated to remove soluble organic matter, suspended solids, pathogenic organisms, and chemical contaminants.  Organic materials are usually removed from the wastewater by the digestive actions of microorganisms.  This digestion can occur in either an aerobic or anaerobic environment.  In an anaerobic environment, the digestion results in the production of CH4.  If the CH4 is not captured or flared by the wastewater treatment plant, all CH4 produced is assumed to escape to the atmosphere.  Additionally, nitrogen contained in proteins present in wastewater decomposes through the combined processes of nitrification/denitrification, which produce N2O emissions.  GHG emissions from wastewater treatment were estimated for both park operations and Xanterra concessionaire.  Everglades NP maintains one wastewater treatment plant within the park.  This plant treats wastewater from park buildings and from Xanterra.  Additionally, wastewater from buildings located at the northern end of the park is sent outside of park for treatment at an external wastewater treatment plant.  Flaring is not practiced at either wastewater treatment plant. While the park maintains a wastewater treatment plant on park grounds and sends some wastewater outside the park for treatment, wastewater treatment production is not substantial enough to emit large amounts of GHGs.  Wastewater treatment is Everglades NP’s least emissive sector, accounting for only 0.4 percent of total non-forestry emissions.    
1.9.1 Results
Wastewater treatment activities, both inside and outside of the park, emitted 12.3 MTCE in 2004.  Park operations accounted for nearly two-thirds of the emissions, while Xanterra accounted for the remaining third. Table 2‑10 and Figure 2‑10 present the wastewater emission results for Everglades NP.
Table 2‑10: Summary of GHG Emissions from Wastewater Treatment
	Source
	Emissions (MTCE)

	
	CO2
	CH4
	N2O
	Total

	Park Operations
	NA 
	4.5
	3.6
	8.1

	Xanterra
	NA 
	2.4
	1.9
	4.2

	Total GHG Emissions
	NA
	6.9
	5.4
	12.3


Note: Totals may not sum due to independent rounding.

NA = Not Applicable.  + Does not exceed 0.05 MTCE.

Figure 2‑10: Wastewater GHG Emissions by Park Unit and Gas
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1.9.2 Methodology, Data Sources and Gaps, and Assumptions

In 2004, Everglades NP’s wastewater treatment plant treated over 15 million gallons of wastewater.  Park operations are responsible for 65 percent of the treated wastewater, while Xanterra accounts for the remaining 35 percent (Table 2‑11).  An additional 270,000 gallons produced by park operations were treated outside the park.  While visitors contribute to wastewater from both park operations and Xanterra, the park and concessionaire control the treatment of the wastewater; therefore, emissions are attributed to these park units. 

Table 2‑11: Wastewater Produced by Park Unit and Data Source
	Park Unit
	Gallons Produced
	Source

	Park Operations
	
	

	   Wastewater Produced
	10,072,000
	Jester 2005

	Xanterra
	
	

	   Wastewater Produced
	5,278,000
	Kroll 2005

	Total
	15,350,000
	


To estimate CH4 emissions from a wastewater treatment plant, the amount of organics and other materials contained in the wastewater (expressed in Biological Oxygen Demand (BOD)) are estimated according to the following equation.

Gallons of wastewater treated x 813.86 mg BOD/ gallon
Once the total BOD contained in the wastewater is estimated, the mg of CH4 produced per mg of BOD treated are estimated according to the emission factor presented in the following equation and determined by EPA (EPA 2003).

BOD (mg) x 0.6 mg CH4/ mg BOD
The result is converted to metric tons and multiplied by the GWP of CH4 to obtain total potential CH4 emissions expressed in MTCE.  Potential emissions assume that all wastewater is treated anaerobically and that no CH4 is flared or otherwise recovered by the wastewater treatment plant.  If only a fraction of the wastewater treated by a wastewater treatment plant is treated anaerobically, the total potential CH4 must be multiplied by the percent treated anaerobically to obtain adjusted potential CH4 emissions.  If flaring takes place at the wastewater treatment plant, CH4 recovered through this process is deducted from the adjusted potential CH4 emissions to obtain actual CH4 emissions.
Most of the wastewater treated at Everglades NP’s wastewater treatment plant is not treated anaerobically.  Park staff estimated that approximately 16 percent of their wastewater was treated anaerobically (Jester 2005).  For the purposes of this inventory, it was assumed that both the Everglades NP wastewater treatment plant and the wastewater treatment plant outside the park treat 16 percent of their wastewater in an anaerobic environment.  Neither wastewater treatment plants practice flaring.  Therefore, actual CH4 emissions were equal to potential CH4 emissions realized through the above equations multiplied by 0.16 to account for the percent that was treated in an anaerobic environment.

Unlike CH4, N2O is emitted from a wastewater treatment plant irrespective of whether the plant treats the wastewater in an aerobic or anaerobic environment.  N2O is produced as the process of nitrification/denitrification acts upon nitrogen contained in the wastewater.  At present the IPCC does not provide methods to estimate direct N2O emissions from wastewater treatment and methods used by EPA for the national inventory of GHG emissions and sinks rely on population data.  Because the latter method is not easily converted for use at national parks, a new method was developed, incorporated into the CLIP tool, and used to estimate N2O emissions from wastewater treatment at Everglades NP.  N2O emissions from wastewater treatment estimated by the CLIP use an emission factor of 0.0000042 kg N2O per gallon of wastewater as determined by the following equation.

0.114 kg protein/personday
 x 1 personday/68.7 gallons wastewater (WW)
 x 0.16 kg nitrogen (N)/ kg protein = 0.00027 kg N/gallon WW

0.00027 kg N/gallon WW x 0.01571 kg N2O/ kg N = 0.0000042 kg N2O/ gallon WW

The result is converted to metric tons and multiplied by the GWP of N2O to estimate the total MTCE of N2O emitted through the treatment of wastewater at Everglades NP.

1.10 Municipal Solid Waste Disposal
The greatest source of greenhouse gas (GHG) emissions from municipal solid waste (MSW) disposal is landfill methane (CH4).  Methane is emitted as organic materials (i.e., materials containing carbon) decompose in an oxygen-deprived (anaerobic) environment.  Estimates of landfill CH4 emissions for Everglades NP are based on the amount of MSW that was disposed in garbage receptacles within park boundaries and subsequently sent to a landfill.  The waste in these receptacles was generated by a combination of park employees, concessionaires, and visitors; however, only the park and its concessionaire, Xanterra, handled the waste disposal.  As a result, emissions from solid waste disposal at Everglades NP by park employees, residents, and some visitors were attributed to the park, while disposal emissions for Xanterra employees and visitors were attributed to Xanterra.  

Although emissions from the landfilling of MSW generated at the park actually occur at the landfill site, and therefore take place outside park boundaries, they are included in Everglade’s GHG inventory because the waste-generating activities underway within the park are indirectly responsible for these emissions.  Should the park or Xanterra expand waste reduction efforts, these emissions could be reduced.  The park and its concessionaires already recycle many materials, including glass, cardboard, aluminum, paper, plastic, and batteries.  Everglades NP and Xanterra have expressed interest in expanding on these recycling efforts as well as reducing waste in other ways, which could significantly lower Everglades NP’s waste-related GHG emissions. 
1.10.1 Results

The emissions attributed to the waste sector for Everglades NP are solely from the CH4 generated by the anaerobic decomposition of organic wastes in landfills.
  In 2004, Everglades NP emitted approximately 212 MTCE from MSW disposal (Table 2‑12).  This quantity represents the largest share of non-forestry-related CH4 emissions in the park (96 percent), and 7 percent of the park’s overall CH4 emissions (including forest burning).  The majority of Everglades NP’s waste emissions are attributable to waste collected in park receptacles, comprising 75 percent (159 MTCE) of the park’s emissions from this source (Figure 2‑11).  The remaining emissions (53 MTCE) are attributed to waste managed by Xanterra.  Possible explanations for why Everglades NP generated more waste than Xanterra include the larger number of park employees (roughly 4 times greater than the average year-round number of Xanterra employees) and a greater share of visitor-generated waste being disposed in the park’s (rather than Xanterra’s) receptacles.
Table 2‑12: Summary of GHG Emissions from Municipal Solid Waste Disposal
	Source
	Emissions (MTCE)

	
	CO2
	CH4
	N2O
	Total

	Park Operations
	NA 
	159.2
	NA
	159.2

	Xanterra
	NA 
	53.1
	NA
	53.1

	Total GHG Emissions
	NA
	212.3
	NA
	212.3


Note: Totals may not sum due to independent rounding.

NA = Not Applicable.  + Does not exceed 0.05 MTCE.

Figure 2‑11: Waste GHG Emissions by Park Unit and Gas
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1.10.2 Methodology, Data Sources and Gaps, and Assumptions

The methodology used to estimate CH4 emissions from solid waste is based on guidelines published by the Intergovernmental Panel on Climate Change (IPCC 1997).  The methodology used for this inventory is also similar to the methodology used in the U.S.’s official report of national GHG emissions to the United Nations (Inventory of U.S. Greenhouse Gas Emissions and Sinks); however, it is different from the methodology used to estimate emissions for the other three inventories under the Climate Friendly Parks program (which used an equation based on 30-year waste-in-place, rather than the First Order Decay model described below).

In order to estimate CH4 emissions from MSW disposal, the park and Xanterra were asked to provide the quantity of MSW disposed in 2004 (see Table 2‑13).

Table 2‑13: 2004 Waste Disposal in Everglades NP

	Park Unit
	Short Tons Disposed
	Source

	Park Operations
	701
	Beneway 2005

	Xanterra
	234
	Kroll 2005

	Total
	935
	


ICF estimated CH4 emissions from landfills using the First-Order Decay (FOD) model, which is consistent with EPA’s Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2002 (2004) and international estimation guidelines, as set forth in IPCC’s Revised 1996 Guidelines for National Greenhouse Gas Inventories (1997).

The FOD model is based on the following equation:

Qt,x = k x Rx x Lo x e-k(T-x)

Where,

QT,x = Amount of CH4 generated in year T by the waste Rx,

T = Current year

x = Year of waste input,

k = CH4 generation rate (yr-1)

Rx = Amount of waste landfilled in year x

Lo = CH4 generation potential

Using the quantity of waste disposed in 2004, ICF used the FOD model to generate a landfill model for the past thirty years of waste disposal at Everglades NP.  To estimate waste disposed in years previous to the inventory year (Rx), ICF regressed current waste sent to landfill with visitor populations over the past thirty years.  These estimates of waste disposal were used to generate an artificial landfill for the park.   Because Everglades NP is considered a non-arid environment, a CH4 generation rate (k) of 0.04 (l/yr) was chosen as was a CH4 generation potential (L0) of 100 (m3/Mg of refuse).  Using this landfill model, ICF estimated CH4 emissions generated during the inventory year from waste sent to landfill by the park over the past thirty years.
ICF calculated CH4 emissions separately for park operations and Xanterra (as mentioned above, visitor-generated waste is assigned to park operations and Xanterra, since visitor waste is disposed in park- and Xanterra-owned receptacles and it is impossible to differentiate visitor waste from employee waste).

According to Everglades NP staff, the landfill that receives waste from the park does not flare its CH4 emissions; therefore all CH4 emitted from the landfill is assumed to be released into the atmosphere (Jester 2005).

1.11 Forestry
Forests accumulate and emit carbon as organic material grows and dies.  When carbon is emitted, it is emitted in the form of carbon dioxide (CO2).  Methane (CH4), and nitrous oxide (N2O) are emitted when organic materials in the forest are burned.  During photosynthesis, trees incorporate carbon into living tissues. This process is called carbon sequestration, and it reduces the rate at which CO2 accumulates in the atmosphere.  Fast-growing trees sequester carbon at a faster rate than slow-growing trees or trees that have already matured.  When forests later decay, burn, or are harvested, CO2, CH4, and N2O are emitted to the atmosphere where they act as GHGs.  

Together, the emissions and sequestration of carbon in the forests of national parks comprise the forests’ net forest-related carbon “flux.”  The carbon flux varies greatly in forested ecosystems as it is sensitive to land management, climate variability, and natural processes.  Subtle changes in these variables can alter an ecosystem’s condition from a steady state (i.e., one that is neither accumulating nor losing carbon on the whole), to a net source (i.e., an ecosystem that emits more carbon than it stores), or a net sink (i.e., an ecosystem that stores more carbon than it emits).  Although these changes often only represent a small change in total forest carbon storage, their magnitude may be important when considering the park’s net GHG emissions, as even small changes to such a large carbon reservoir can produce fluxes exceeding those from other GHG sources.
One natural occurrence that affects a forests’ net carbon flux and results in emissions of CH4 and N2O is fire.  Forest fires within a park can either be the result of natural processes or actions prescribed by the park as part of their fire management plan.  Everglades NP has a fire management plan that includes provisions for burning and thinning its forest as part of an overall goal of maintaining a healthy and natural ecosystem.  While these practices lead to short-term emissions, it is believed that they reduce the parks vulnerability to catastrophic future fire events and associated emissions.  

Ideally, estimates of forest-related emissions would include both the estimates of carbon flux and estimates of emissions that result from burning and thinning.  Unfortunately, though various options were considered, ICF and Everglades NP were not able to coordinate existing data with existing methods to estimate forest carbon flux.  As a result, the current inventory of forestry-related emissions only includes those estimates of emissions form the burning of forested land.

1.11.1 Results
The largest source of GHG emissions for Everglades NP in 2004 was the burning of forested land.  These emissions totaled 2,198 MTCE and were largely CH4 (81 percent) (Table 2‑14). N2O emissions accounted for the remaining 14 percent.  As Table 2‑14 shows, these emissions are entirely attributable to park operations because it is the park’s responsibility to maintain park grounds.
Table 2‑14: Summary of GHG Emissions from Forestry

	Source
	GHG Emissions (MTCE)

	
	CO2
	CH4
	N2O
	Total

	Longleaf-slash pine (natural)
	NE
	427
	98
	525

	Loblolly-shortleaf pine (planted)
	NE
	2,335
	315
	2,686

	Total GHG Emissions
	NE
	2,762.0
	409
	     3,211.0


Note: Totals may not sum due to independent rounding.

NA = Not Applicable.  + Does not exceed 0.05 MTCE.
Figure 2‑12: Burning of Forested Land GHG Emissions by Park Unit and Gas

1.11.2 Methodology, Data Sources and Gaps, and Assumptions

In order to estimate emissions from wildfires and prescribed burning, the park was asked to provide the total amount of acres burned; by fire and forest type in 2004 (see Table 2‑15).  Although present in the park, Tropical Hardwood and Mangrove forest types are not targeted for fuel reduction efforts.  The park believes that a very small portion of the populations of these forest types do burn each year, but consumption data is not available.  

Table 2‑15: Park Forest Burned by Tree Type, Acreage, and Data Source
	Forest Type
	Total Area in Park (acres)
	Wildfire Area Burned (acres)
	Prescribed Area Burned (acres)
	Source

	Parries and Savannas
	621,875
	3,188
	12,752
	Loveland 2005

	Pinelands
	21,787
	<100
	5,020
	Loveland 2005

	Tropical Hardwoods
	32,679
	<100
	<100
	Loveland 2005

	Mangroves
	29,3042
	<100
	<100
	Loveland 2005


The IPCC method for calculating GHGs released in fires (IPCC 2003) was used for Everglades NP. Because forest carbon flux inherently considers CO2 from burning, only the CH4 and N20 emissions from burning were calculated. Both gases were calculated using the same formula:

Emissions of GHG from Fires (MT) = area of forest type (ha) x biomass density (k dry matter/ha) x combustion efficiency (%) x emission factor (g / kg dry matter x 10-6) x 1/GWP

Methane (CH4) emissions were calculated by multiplying the number of acres of each forest type that is burned by the average carbon density per tree type (biomass density). This product was multiplied by the CH4 combustion efficiency (the percentage of available fuel burnt), and then by the CH4 burning factor (an emissions factor for dry matter combusted in forest fires; given in grams of N2O per kilogram of dry matter combusted). This product was then divided by 21, methane’s global warming potential (GWP).

Nitrous oxide (N2O) emissions, likewise, were calculated by multiplying area by carbon density, N2O combustion efficiency, and CH4 burning factor; then dividing by 310, the GWP for N2O.
1.12 Refrigeration and Air Conditioning

Refrigerators, freezers, and air conditioners all rely upon cooling agents to work.  Historically, gases such as CFC-12 and HCFC-22 were the most common coolants in use. As these gases are phased out due to their ozone-depleting properties, they are being replaced with gases such as HFC-134a and blends like R-410.  These coolants are potent GHGs, and they slowly leak out of their cooling units.  The amount of GHGs emitted from cooling units is driven by the number of units and the age of the units, and not by actual use of the units, as the coolants will leak regardless of whether they are used.  For the purposes of this inventory, refrigeration and air conditioning are categorized into those stationary and mobile units.

Emissions from refrigeration and air conditioning at Everglades NP accounted for only a small percentage of total emissions (1 percent).  These emissions were divided into those that originated from refrigerated appliances operated by Xanterra and mobile air-conditioning units from vehicles operated by the park, by visitors, and by Xanterra.

1.12.1 Results
Everglades NP’s emissions from refrigeration and air conditioning totaled 24.9 MTCE in 2004.  These emissions are entirely HFCs; CO2, CH4, and N2O are not emitted by activities within this sector.  Nearly 90 percent of these emissions result from refrigerant leakage by visitor vehicles while in the park.  On an individual vehicle basis, vehicles operated by the park or by Xanterra leak more refrigerant within the park each year than a visitor vehicle; however, because so many visitor vehicles enter the park, the combined leakage of these vehicles generate more emissions than park operations or Xanterra.  By operating several refrigerated appliances, Xanterra generates the only stationary unit emissions for the park; however, these emissions account for less than one percent of total refrigerant and air-conditioning emissions.  Table 2‑16 and Figure 2‑13 present the emission results for refrigerant and air-conditioning related activities at Everglades NP in 2004. 
Table 2‑16: Summary of GHG Emissions from Refrigeration and Air Conditioning
	Source
	Emissions (MTCE)

	
	HFC
	Total

	Stationary Units
	0.1
	0.1

	   Park Operations
	0.0
	0.0

	   Visitors
	NA
	NA

	   Xanterra
	0.1
	0.1

	Mobile Units
	24.8
	24.8

	   Park Operations
	2.3
	2.3

	   Visitors
	22.3
	22.3

	   Xanterra
	0.2
	0.2

	Total GHG Emissions
	24.9
	24.9

	   Total from Park Operations
	2.3
	2.3

	   Total from Xanterra
	0.3
	0.3

	   Total from Visitors
	22.3
	22.3


Note: Totals may not sum due to independent rounding.

NA = Not Applicable.  + Does not exceed 0.05 MTCE.

Figure 2‑13: Refrigeration and Air-Conditioning GHG Emissions by Park Unit and Gas
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1.12.2 Methodology, Data Sources and Gaps, and Assumptions

The methodology used to estimate HFC emissions from refrigerant use is based on guidelines published by the Intergovernmental Panel on Climate Change (IPCC 1997) and the methodology used in the U.S.’s official report of national GHG emissions to the United Nations (Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2002 (EPA, 2004)). Deviations from these methodologies are due to differences between the scope of national inventories and that of this inventory. In the IPCC methodology and the U.S. national inventory, emissions are calculated for the entire life-cycle of refrigeration and air-conditioning equipment, which includes emissions that occur when the equipment is disposed at the end of its useful life. However, this inventory does not include emissions that occur at disposal because disposal typically occurs outside of the park, and the rate of emissions at disposal is dependent on equipment at the disposal location. Additionally, motor vehicle air conditioner emissions from visitors’ vehicles are calculated on an annual basis and then adjusted based on the length of time the average vehicle is within park boundaries. 

Stationary

Stationary refrigeration and air conditioning includes the use of refrigerated appliances and various types of air conditioning units. For this inventory, only 53 refrigerated appliances reported by Xanterra were included.
The methodology used is based on guidelines published by the International Panel on Climate Change (IPCC 1997). HFC emissions were calculated using the following equation:

Emissions of HFC-134a from stationary refrigeration = number of refrigerated appliances x charge size (kg) x percentage leaked annually through normal use and servicing x GWP for HFC-134a
The charge size, leak rate, and service rate were provided by the U.S. EPA’s Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2002 (2004).  The charge size was assumed to be 0.14 kg, the leak and service rate was assumed to be 0.8%, and the GWP for HFC-134a is 1,300.

Mobile

Mobile air conditioning includes the use of air conditioners in park-, concessionaire-, and visitor-owned vehicles.

First, vehicles were divided into four age categories: pre-1992, 1992, 1993, and post-1993. This is because before 1992, all motor vehicle air conditioners used a refrigerant that does not have a GWP associated with it. After 1993, all motor vehicle air conditioners use HFC-134a. Both chemicals were used in vehicles made in the transition years of 1992 and 1993. For this inventory, the age distribution was derived from MOBILE inputs used in NPS’ mobile source emissions inventory for Zion and Arches National Parks. Table 2‑17 shows the distribution of park, visitor, and Xanterra vehicles realized using these methods.

Table 2‑17: Distribution of Vehicles by Park Unit and Air-Conditioner Transitional Year
	Park Unit
	Vehicles

	
	Pre-1992
	1992
	1993
	Post-1993
	Source

	Park Operations
	46
	3
	2
	14
	Jester 2005

	Visitors
	163,694
	8,846
	7,567
	32,984
	Street 2005

	Xanterra
	4
	
	
	2
	Kroll 2005


Next, emissions were calculated for each age group using a methodology based on guidelines published by the International Panel on Climate Change (IPCC 1997). HFC emissions were calculated using the following equation:

Emissions of HFC-134a from mobile air conditioning = number of vehicles x charge size (kg) x percentage leaked annually through normal use and servicing x percentage of emissions released within park boundaries x GWP for HFC-134a
The charge size, leak rate, and service rate were provided by the U.S. EPA’s Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2002 (2004).  The charge size was assumed to be 1.3 kg. The leak and service rate was assumed to be 10.8%, but it was weighted based on the proportion of units manufactured in a given year that use HFC-134a. Thus, the pre-1992 factor was 0%, for 1992 it was 3.6%, for 1993 it was 7.1%, and for post-1993 it was 10.8%. For park- and Xanterra-owned vehicles, it was assumed that 100% of annual emissions occurred within park boundaries. For visitors’ vehicles, it was assumed that 0.27% of emissions occurred within park boundaries because the average park stay was estimated to be one day, thus 1/365 = 0.27%. The GWP for HFC-134a is 1,300.

Criteria Air Pollutant Emission Inventory
Section 3 describes the results of Everglades NP’s 2004 inventory of criteria air pollutant (CAP) emissions.  Pollutants included in the inventory were sulfur dioxide (SO2), oxides of nitrogen (NOx), volatile organic compounds (VOCs), particulate matter (PM), and carbon monoxide (CO).  This is the first CAP inventory that has been conducted for Everglades NP, but several CAP emission inventories have been conducted for other national parks.  The remainder of this section is organized as follows.  Section 3.1 provides a summary of results.  Sections 3.2 through 3.4 describe emissions from stationary sources (e.g., boilers, heaters, and generators; fuel storage tanks; and wastewater), mobile sources (e.g., highway vehicles, non-road equipment, watercraft, and aircraft), and area sources (burning and non-burning), respectively.
1.13 Summary of CAP Emission Results 

Everglades NP’s CAP emissions by pollutant were 115,724 lbs SO2, 512,227 lbs NOx, 443,579 lbs VOCs, 414,193 lbs PM2.5, 404,880 lbs PM10, and 3,781,463 lbs CO in 2004 (Table 3‑1).  CO emissions were greater than all other pollutants combined.  NOx were the park’s second largest pollutant, though, for this inventory, particulate matter was disaggregated into PM2.5 and PM10.  If particulate matter had been combined, this pollutant would have been the second most emissive.  The majority of the park’s CAP emissions result from mobile sources (Figure 3‑1).

Table 3‑1: Summary of CAP Emissions Results (lbs)
	Source
	CAP Emissions (lbs)

	
	SO2
	NOx
	VOCs
	PM2.5
	PM10
	CO

	Stationary Sources
	4
	956
	5,628
	NA
	13
	33

	   Park Operations
	4
	718
	4,098
	NA
	6
	+

	   Xanterra
	+
	238
	1,530
	NA
	7
	32

	Mobile Sources
	NA
	111,271
	432,802
	53,580
	NA 
	3,239,270

	   Park Operations
	NA
	5,128
	15,024
	2,012
	NA 
	167,270

	   Visitors
	NA
	104,819
	415,655
	51,545
	NA 
	3,029,457

	   Xanterra
	NA
	1,323
	2,123
	24
	NA 
	42,544

	Area Sources (All)
	115,720
	400,000
	5,149
	351,300
	414,180
	542,160

	   Park Operations
	115,720
	400,000
	5,149
	351,300 
	414,180
	542,160

	Total CAP Emissions
	115,724
	512,227
	443,579
	404,880
	414,193
	3,781,463


Note: Totals may not sum due to independent rounding.

NA = Not Applicable.  + Does not exceed 1 lb.

As will be discussed more thoroughly in the highlighted-source sections of this report, stationary source’s most emissive pollutant was VOCs, largely from fuel storage tank.  Mobile source emissions are primarily CO, and, of the CO emissions, 81 percent result from the operation of watercraft in the park.  The burning of forested land in the park produces nearly all of the area source CAP emissions, with the exception of VOCs, which occur when the park applies pesticides.  As Figure 3‑2 depicts, visitors generate most of the CO and VOC emissions, while the park is responsible for most of the SO2, NOx, and PM emissions.

Figure 3‑1: Everglades NP’s 2004 CAP Emissions by Gas and Sector


Figure 3‑2: Everglades NP’s 2004 CAP Emissions by Gas and Sector

1.14 Stationary Sources
Stationary sources of park CAP emissions include boilers; heaters; and generators, underground and aboveground fuel storage tanks, and wastewater treatment plants.  The incomplete combustion of fossil fuels in boilers, heaters, and generators produce SO2, NOx, VOCs, PM, and CO, while fuel storage tanks and wastewater treatment plants emit VOCs.  Fuel storage tanks emit VOCs as the removal of fuel from the tank allows air to enter and vaporize fuel contained within the tank.  Additionally, storage tanks emit VOCs during the refueling process as added fuel compresses air within the tank and increases the vapor pressure.  Together these emissions are considered the tanks “working” emissions.  In addition to working emissions, fuel storage tanks have “breathing” emissions as changes in the ambient air temperature around a tank force vaporization of the fuel within.  Therefore, VOCs emissions from fuel storage tanks are directly linked to the amount of fuel consumed, ambient air temperatures, and the frequency of refueling.  VOCs are emitted at wastewater treatment plants when open-air units allow organics to make contact with ambient air.  The organics volatilize, and are emitted to the atmosphere as they attempt to exert their equilibrium partial pressure above the wastewater.

1.14.1 Results

Because the park combusts very little fossil fuel for space and water heating purposes, the park’s CAP emissions from stationary sources are low in comparison to other sources (e.g., mobile sources).  The CAP emissions that do occur are primarily VOCs from fuel storage tanks owned by the park for refueling highway vehicles and watercraft.  Fuel storage tanks accounted for nearly 98 percent of all VOCs from stationary sources (remaining VOC emissions were from wastewater treatment), and were mostly from park operations (71 percent) (Table 3‑2 and Figure 3‑2).  VOCs from stationary sources were the second largest source of VOCs in the park; however, these emissions still only accounted for 1.3 percent of the park’s total VOC emissions.
Table 3‑2: Stationary Source CAP Emissions Results (lbs)

	Source
	CAP Emissions (lbs)

	
	SO2
	NOx
	VOCs
	CO
	PM

	Park Operations
	4
	718
	4,098
	<1
	6

	   Boilers, Heaters, and Generators
	4
	718
	<1
	<1
	6

	   Fuel Storage Tanks
	NA
	NA
	4,010
	NA
	NA

	   Wastewater Treatment
	NA
	NA
	87
	NA
	NA

	Xanterra
	<1
	238
	1,530
	32
	7

	   Boilers, Heaters, and Generators
	<1
	238
	0
	32
	7

	   Fuel Storage Tanks
	NA
	NA
	1,483
	NA
	NA

	   Wastewater Treatment
	NA
	NA
	47
	NA
	NA

	Total CAP Emissions
	4
	956
	5,628
	33
	13


Note: Totals may not sum due to independent rounding.

NA = Not Applicable.  + Does not exceed 1 lb.

Figure 3‑3: Stationary CAP Emissions by Gas and Park Unit
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1.14.2 Methodology, Data Sources and Gaps, and Assumptions
Boilers, Heaters, and Generators

ICF estimated stationary source CAP emissions for park operations and for Xanterra.  The park operates two uncontrolled diesel-fired generators, one in Pine Island and one in Flamingo Bay.  Combined these generators consumed 800 gallons of diesel fuel in 2004
 (Jester 2005).  Xanterra consumes propane for hot water heating, cooking, and various small operations throughout the park.  Not all propane used by Xanterra during the inventory year was actually consumed by the concessionaire.  Some propane is sold to park visitors for cooking purposes and to the park itself to operate mosquito magnets.  Additionally, because some of the propane is sold to visitors, a small percentage may actually be consumed outside park boundaries.  However, because there is no way to track propane consumption, all propane used by Xanterra (17,020 gallons) is attributed to Xanterra (Kroll 2005).
ICF estimated CAP emissions for boilers, heaters, and generators according to methods and emission factors provided in EPA’s AP-42 (EPA 1995).  Emission factors from these sources vary by fuel type, device type, and control technology.  For park operations, emissions were estimated for uncontrolled diesel-fired generators.  Because Xanterra consumed propane in various devices that are more specific than those offered by AP-42 (e.g., mosquito magnets), all emission estimates from propane were derived using the emission factor for commercial propane boilers (Worstell 2005). 
For both fuel types, emissions were estimated by multiplying the fuel consumption value by emission factors, which are specific to CAP, fuel type, device type, and control type, and are provided in AP-42.  Values are reported in pounds of gas per gallon of fuel consumed. Table 3‑3 reports fuel consumption activity data by type, consumption, units, and data source.

Table 3‑3: Stationary Source Activity Data by Type, Consumption, and Source

	Activity Data


	Fuel Type
	Consumption
	Units
	Data Source

	Park Operations Fuel Consumption
	Diesel Fuel
	800
	gallons
	Jester 2005

	Xanterra Fuel Consumption
	Propane
	17,020
	gallons
	Kroll 2005


Fuel Storage Tanks

VOC emissions from stationary tanks were estimated using EPA’s TANKS model and entered into the CLIP tool.  Stationary tank emissions were estimated for tanks operated by both the park and by Xanterra.  All park tanks are aboveground tanks, while Xanterra maintains both aboveground and underground tanks.  Specifics on each tanks included in the inventory such as size, fuel type, throughput, and the outputs from the TANKS model for both working and breathing emissions are presented in Appendix C.  

Wastewater  
VOC emissions from wastewater are highly dependent on several factors, including the types of pollutants, pollutant concentration, wastewater flow rate, wastewater temperature, and wastewater treatment plant design.  For the purposes of this inventory, an emission factor of 8.9 lbs VOC/ million gallons of wastewater provided by the Emissions Inventory Improvement Program (EPA 2003).  Unlike GHGs, only wastewater that is treated inside park boundaries is included in estimates of emissions for CAPs.  Therefore, wastewater treated at the northern end of the park that is sent outside the park for treatment is not included in CAP emission estimates. Table 3‑4 reports the wastewater treated at Everglades NP’s wastewater treatment plant by park unit.

Table 3‑4: Wastewater Produced at Everglades NP and Data Source by Park Unit
	Activity Data
	Gallons
	Data Source

	Park Operations Wastewater
	9,802,000
	Jester 2005

	Xanterra Wastewater
	5,278,000
	Jester 2005


1.15 Mobile Sources
Emissions of CAP from mobile sources include oxides of nitrogen (NOx), volatile organic compounds (VOCs), particulate matter (PM2.5), and carbon monoxide (CO).  These gases are produced by highway vehicles, non-road equipment, watercraft, and aircraft within the park.  Unlike GHGs, CAP emissions from these sources have a local affect on air quality; however, air quality in the region is generally considered good due to the geographic location of Everglades between two large waterbodies, which prevent pollutants from settling in the region for long periods of time.  Still the park does maintain a 38 mile long stretch of roadway that cuts across the southern portion of the park and hosts nearly 200,000 visitors each year (Street 2005).  Additionally, a large section of the southern portion of the park is waterway, which receives several thousand visitor boats each year.  Together, visitor vehicles and watercraft combine to create a considerable amount of visitor vehicle activity within the park each year.

CAP emissions from these sources are both from the vehicles exhaust and from evaporative emissions.  Exhaust emissions for diesel vehicles are dependent on the control technologies utilized by the vehicle.  Highway vehicles are required to have control technologies that limit the amount of CAP emission generated; however, non-road equipment, watercraft, and aircraft do not have control technologies.  Evaporative emissions occur from the volatilization of fuel due to vapor expansion and are largely dependent on local temperatures and the volatility of the fuel used.  Results of emission estimates for highway vehicles and watercraft operated by the park, park visitors, and Xanterra are presented below, as are emission results from non-road equipment and aircraft operated by the park.  
1.15.1 Results
Everglades NP’s 2004 CAP emissions from mobile sources were 105,607 for NOx, 418,546 for VOCs, 2,012 PM2.5, and 3,182,668 for CO (Table 3‑5).  CO emissions and VOC emissions from this source are by far the largest contributors to the park’s overall CAP emissions.  Most of the park’s CO emissions (70 percent) are from watercraft, and, of these, 96 percent are from visitor watercraft.  A similar percentage of the park’s CO emissions from highway vehicles are from visitors (89 percent) (Figure 3‑4).  Therefore, as Figure 3‑5 illustrates most mobile source CO emissions are the result of visitor activities in the park.
Table 3‑5: Mobile Source CAP Emissions Results (lbs)

	Source
	CAP Emissions (lbs)

	
	NOx
	VOCs
	PM2.5
	CO

	Highway Vehicles
	55,180
	135,730
	448
	576,109

	   Park Operations
	2,871
	4,501
	35
	51,124

	   Visitors
	51,981
	130,743
	409
	519,098

	   Xanterra
	327
	486
	5
	5,888

	Non-road Equipment
	308
	119
	119
	228

	   Park Operations
	308
	119
	119
	228

	   Visitors
	0
	0
	0
	0

	   Xanterra
	0
	0
	0
	0

	Watercraft
	54,945
	296,116
	53013
	2,620,998

	   Park Operations
	1,111
	9,566
	1,858
	73,983

	   Visitors
	52,838
	284,912
	51,136
	2,510,359

	   Xanterra
	966
	1,638
	19
	3656

	Aircraft
	838
	838
	NA
	41935

	   Park Operations
	838
	838
	NA
	41932

	Total CAP Emissions
	111,271
	432,803
	53,580
	3,239,270

	   Total from Park Operations
	5,128
	15,024
	2,012
	167,270

	   Total from Visitors
	104,819
	415,655
	51,545
	3,029,457

	   Total from Xanterra
	1,323
	2,123
	24
	42,544


Note: Totals may not sum due to independent rounding.

NA = Not Applicable.  + Does not exceed 1 lb.

Figure 3‑4: Mobile CAP Emissions by Gas and Park Unit
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Figure 3‑5: Mobile CAP Emissions by Vehicle Type and Gas
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Methodology, Data Sources and Gaps, and Assumptions
Methods to estimate CAP emissions from mobile sources are subdivided into those emission that come from highway vehicles, non-road equipment, watercraft, and aircraft.  
Highway Vehicles
CAP emissions from highway vehicles were estimated for park operations, visitors, and Xanterra.  To estimate CAP emissions from park operations and Xanterra, the park and concessionaire provided data on fuel consumption as well as data on park climate, average vehicle speed, and seasonal vehicle use.  The park did not maintain specific data on visitor vehicle use within the park; therefore, the VMT from the Federal Highway Administrations’ National Park Service Traffic Data Report were used (FHWA 2005).  
CAP emissions from highway vehicles, which include CO, NOx, VOC, and PM2.5, are  determined by several factors, including, among others, local temperature, altitude, vehicle speed, and control technology.  To estimate CAP emissions from highway vehicles at Everglades NP, ICF used a subset of emission factors generated using EPA’s Mobile 6.2 by the John A. Volpe National Transportation Systems Center.  These factors report emissions in grams of gas produced per mile traveled.  Therefore, for park operations and Xanterra activity data were converted from fuel consumption to VMT by multiplying data on fuel consumption per vehicle type by national average fuel efficiencies.  For visitor vehicles, visitor VMT by vehicle type  (TABLE 3-6) were multiplied by the emission factors identified for Everglades NP.  These factors are presented in Appendix B.
Table 3‑6: Everglades NP’s VMT
	
	Visitor Vehicle Miles Traveled

	Total
	9,971,000


Non-road Equipment
For non-road equipment, CAP emissions are estimated using horsepower-hours (hp-hrs) and vary by equipment type.  Everglades NP provided a listing of the types of equipment operated by the park as well as information on the total hours of use for all non-road equipment operated within the park; however, these data were not disaggregated by equipment type. ICF categorized the Everglades NP equipment listing to best fit the non-road equipment categories provided by EPA (EPA 2004) and allocated hours of use equally among all equipment. Table 3‑7 depicts the distribution of Everglades NP’s non-road equipment by type, hours of operation, and hp-hrs used in the inventory.  
Table 3‑7: Everglades NP’s Non-road Equipment by Type, Hours of Operation, and Horsepower Hours
	Equipment Type
	Number
	Hours of Operation


	Horsepower2
	Load
	Horsepower-Hour (hp-hr)

	Tractors
	4
	247
	55
	0.68
	13,611

	Bobcat
	2
	124
	70
	0.55
	8,661

	Loaders, etc.
	4
	247
	30
	0.55
	7,424

	ATV
	5
	309
	15
	0.55
	4,640

	Gasoline Mower
	4
	247
	15
	0.55
	3,712

	Diesel Mower
	11
	681
	15
	0.55
	10,208

	Brushcutter, etc.
	45
	2,784
	1.2
	0.55
	3,341

	Total
	75
	4,640
	NA
	NA
	NA


1Everglades provided total non-road equipment hours of operation, but the value was not distributed by equipment type.  ICF distributed hours of use equally among all equipment.

2 Tractor horsepower is the average of tractor engine power provided by the park.  All other equipment engine powers are EPA defaults (EPA 2004). 

To estimate CAP emissions from non-road equipment, ICF multiplied the total hp-hrs for each type of equipment presented in Table XX by each gas’ appropriate emission factor (gm/hp-hr) and converted from grams of gas to pounds of gas.  Non-road equipment emission factors are provided by EPA’s Non-road Engines, Equipment, and Vehicle Tables (EPA 2004) and are listed in Appendix D.
Watercraft
No formal boating population study has been performed for Everglades NP since 1983.  At which time the park estimated boating population by counting trailers in the park’s parking lots and compared the populations found there to estimates of boats on the water counted by flying over Florida Bay.  After discussions between ICF, NPS, and Everglades NP, it was determined that the boating population has changed too much, both in quantity and boat type, since the 1983 census to allow use of the 1983 data in this inventory.  As a result, those members of park staff who are most familiar with the boating population estimated the number of visitor boating days and established a breakdown of the types of boats seen on the waters.  The results of this distribution are provided in Table 3‑8. 

Table 3‑8: Everglades NP’s Visitor Boating Population Breakdown
	Boat Type
	Engine Type
	Horsepower
	Percent of Boating Population

	< 16 ft
	2-stroke carbureted
	35
	5%

	< 16 ft
	2-stroke EFI
	35
	5%

	16-18 ft
	2-stroke carbureted
	100
	6.25%

	16-18 ft
	2-stroke EFI
	100
	6.25%

	16-18 ft
	2-stroke DFI
	100
	6.25%

	16-18 ft
	4-stroke
	100
	6.25%

	18-20 ft
	2-stroke EFI
	160
	7.5%

	18-20 ft
	2-stroke DFI
	160
	15%

	18-20 ft
	4-stroke
	160
	7.5%

	20-22 ft
	2-stroke DFI
	175
	20%

	20-22 ft
	4-stroke
	175
	10%

	> 23 ft
	2-stroke DFI
	200
	2.5%

	> 23 ft
	4-stroke
	200
	2.5%


ICF multiplied the number of boating days estimated by the park (60,000) (Jester 2005) by the number of hours the average boating visitor spends on the water (7.35 hours) as identified in the park’s annual fisheries report (Osbourne 2004) to obtain the total hours park visitors spend on the water each year (441,000 hours).  ICF then multiplied this value by the percent of time the average visitor operates their boat while on the water (33 percent) (Jester 2005) to obtain total hours of engine operation (145,530 hours).  To estimate emissions by CAP, ICF then distributed the total engine operation hours by engine types identified in Table XX and multiplied these values by the respective engine horsepower to obtain total horsepower-hours for each engine type.  These values were multiplied by the load factor for watercraft (EPA 2004), and then by the grams of gas produced per horsepower hour for CO, VOCs, NOx, and PM by engine type.  These steps are illustrated by the example equation below and the emission factors by engine type are provided in Appendix D.

60,000 boating days x average boating visitor stay (7.35 hours/boating day) x average engine operation (33 percent) =  145,530 engine hours
145,530 engine hours x percent engine type x engine horsepower per engine type = horsepower-hour (hp-hr) per engine type
Hp-hr per engine type x load factor (0.21) x grams gas/ hp-hr x 0.0022 lbs/gram = lbs gas

Aircraft
Everglades NP provided data on the amount of fuel consumed (10,000 gallons of aviation fuel) by a helicopter that is used to apply pesticides to park grounds (Jester 2005).  Airplanes are used within the park for the same purpose, but no fuel consumption data was available to estimate emissions from this source.  ICF estimated NOx, VOC, and CO emissions from aircraft using the emission factors listed in Appendix D and the following equation:

Gallons x barrel/ 42 gallons x 5.048 MMBtu/ barrel x 0.001 TJ/MMBtu x CAP Emission factor (kg gas /TJ) x lb/ 0.4536 kg = lbs gas
1.16 Area Sources
For the purposes of this inventory, area sources are subdivided into those from burning activities within the park and those from non-burning activities that occur in the park.  Burning activities include wildfires and prescribed fires and emit sulfur dioxide (SO2), oxides of nitrogen (NOx), particulate matter (PM2.5 and PM10) and carbon monoxide (CO).  Wildfires are those fires that occur naturally in the park, while prescribed fires are fires that the park sets in order to prevent the occurrence of larger, more destructive, fires that can occur if fuel is allowed to buildup on forest floors.  Non-burning activities that result in CAP emissions within the park include an array of potential sources, including asphalt application; the application of paints, degreasers, and solvents, the use of various household products; and the pesticide application.  For Everglades NP, data was only available on the amount of pesticide applied in the park; therefore, this is the only non-burning area source of emissions including in the inventory.  Applying pesticides emits volatile organic compounds (VOCs) (Deets 2005).
1.16.1 Results
Table 3‑9 presents the area source emission results for Everglades NP subdivided into those that occur through burning activities and those that occur through non-burning activities.  Burning activities generated more CO than any other gas, while non-burning activities produced only VOCs.  Emissions of SO2 and VOCs were relatively minor when compared to other gases. Park operations were the only park unit responsible for the emission of CAPs from area sources (Figure 3‑6).

Table 3‑9: Area Sources CAP Emissions Results (lbs)
	Source
	CAP Emissions (lbs)

	
	SO2
	NOx
	VOCs
	PM2.5
	PM10
	CO

	Area Sources (Burning)
	115,720
	400,000
	0
	351,300
	414,180
	542,160

	   Park Operations
	115,720
	400,000
	0
	351,300
	414,180
	542,160

	Area Sources (Non-Burning)
	NA
	NA
	5,149
	NA
	NA
	NA

	   Park Operations
	NA
	NA
	5,149
	NA
	NA
	NA

	Total
	115,720
	400,000
	5,149
	351,300
	414,180
	542,160


Note: Totals may not sum due to independent rounding.

NA = Not Applicable.  + Does not exceed 1 lb.

Figure 3‑6: Area Source CAP Emissions by Gas and Park Unit
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1.16.2 Methodology, Data Sources and Gaps, and Assumptions
Area source CAP emission estimates are disaggregated into those that result from burning and those that result from non-burning activities.
Burning
In order to estimate emissions from wildfires and prescribed burning, the park was asked to provide the total amount of acres burned; by fire and forest type in 2004 (see Table 3‑10).  Although present in the park, Tropical Hardwood and Mangrove forest types are not targeted for fuel reduction efforts.  The park believes that a very small portion of the populations of these forest types do burn each year, but consumption data is not available.  
Table 3‑10: 2004 Acres Burned, by Fire and Forest Type
	Forest Type
	Total Area in Park (acres)
	Wildfire Area Burned (acres)
	Prescribed Area Burned (acres)
	Source

	Parries and Savannas
	621,875
	3,188
	12,752
	Loveland 2005

	Pinelands
	21,787
	<100
	5,020
	Loveland 2005

	Tropical Hardwoods
	32,679
	<100
	<100
	Loveland 2005

	Mangroves
	29,3042
	<100
	<100
	Loveland 2005


SO2, NOX, PM10 and PM2.5 emissions from prescribed burning and wildfires were calculated by Everglades using the First Order Fire Effects Model (FOFEM) Version 5.21 (Reinhardt and Keane 2003).  FOFEM was developed at the Missoula Fire Sciences Lab to allow resource managers and planners to evaluate fire effects under a number of different circumstances.  FOFEM is sensitive to the type of forest burned, the area, geographic region, season, fuel type (e.g., wood, litter, etc.), biomass density, moisture, and rotten wood.  Data on the area burned by forest type from Everglades NP for both prescribed burns and wildfires were entered into the model.  Where data were not available from the park, FOFEM’s default data for the region were used.  FOFEM reports in lb/acre; the appropriate acreages from Everglades NP’s data were applied to these factors to produce emissions totals.

Non-burning
In order to estimate VOC emissions from solvent use, the park was asked to provide the quantity of solvents used within park boundaries.  Everglades NP reported using herbicides.  The park area and quantity used of each herbicide is provided in Table 3‑11.
Table 3‑11: Herbicide Use in Everglades NP
	Park Area
	Garlon (gallons)
	Arsenal (gallons)
	Rodeo (gallons)



	East Everglades SFWMD and EPMT
	NA
	84
	84

	East Everglades SAMP
	1,153
	61
	61

	East Everglades CCI
	417
	114
	132

	East Everglades ACOE
	513
	29
	29

	East Everglades
	NA
	NA
	NA

	Gulf Coast
	770
	172
	189

	Cape Sable
	41
	1
	1

	Dry Tortugas
	4
	1
	1

	Lygodium
	NA
	NA
	NA

	Dry Tortugas
	NA
	NA
	NA

	Total
	2,898
	462
	497


The EIIP method for calculating GHGs released during solvent use (EPA 2003) was used for Everglades NP. Use of FIFRA regulated products (herbicides) from Park Operations was the only reported solvent use for Everglades NP.  The emission factor for FIFRA regulated products was applied to the total amount of herbicide consumed:

Emissions of VOC from Solvents (lb/year) = Quantity of Solvents Used (lbs) X the appropriate emission factor (pounds of VOC emitted per pound of product used) for the solvent category
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Appendix A: Stationary Combustion Background Tables

Table A‑0‑1 Stationary Combustion Conversions and Emission Factors 

	Fuel Type
	Heat Content
	Carbon Content Coefficient

(Tg C/QBtu)
	Fraction Oxidized
	Heating Value Conversion 
	Emission Factors         

(g gas/GJ)

	
	
	
	
	
	CH4
	N2O

	Petroleum
	(MMBtu/barrel)
	
	
	
	
	

	Distillate Fuel Oil
	5.825
	19.95
	99.0%
	95%
	10.0
	0.6

	Propane
	3.836
	17.20
	99.5%
	95%
	10.0
	0.6


Sources:  Heat contents, carbon contents, fraction oxidized factors, and heating value conversions from EPA 2004.  Emission Factors and net calorific value for wood from IPCC 1997.
a Represents typical net calorific value for wood with 15 percent moisture.  

Appendix B: Mobile Combustion Background Tables

This appendix provides further background information on the activity data and factors used in the estimation of GHG emissions from mobile combustion at Everglades.
Table B‑1: Mobile Combustion Conversions and Emission Factors for Estimating CO2
	Fuel Type
	Heat Content (MMBtu/barrel)
	Carbon Content Coefficient

(lbs C/MMBtu)
	Fraction Oxidized

	
	
	
	

	Petroleum
	
	
	

	Distillate Fuel Oil
	5.825
	43.98
	99.0%

	Motor Gasoline
	5.208
	42.64
	99.0%


Source:  EPA (2004). 
Table B‑2: U.S. Miles Per Gallon  
	Vehicle Type
	MPG

	Gasoline
	

	Car
	22.15

	Light Truck, SUV, Minivan
	17.69

	Bus
	6.90

	Heavy Duty Vehicle
	7.61

	Motorcycle
	50.00

	Diesel
	

	Car
	19.52

	Light Truck, SUV, Minivan
	15.59

	Bus
	6.90

	Heavy Duty Vehicle
	7.23


Source: FHWA (2003).
Table B‑3: N2O and CH4 Emission Factors for Highway Vehicles

	Vehicle Type/Control Technology
	Emission Factors

(g/mi)

	
	N2O 
	CH4

	Gasoline Passenger Cars
	       0.022 
	       0.017 

	Low Emission Vehicles
	       0.043 
	       0.027 

	EPA Tier 1a
	       0.065 
	       0.070 

	EPA Tier 0a
	       0.050 
	       0.135 

	Oxidation Catalyst
	       0.020 
	       0.170 

	Non-Catalyst Control
	       0.022 
	       0.017 

	Uncontrolled
	       0.020 
	       0.178 

	Gasoline Light-Duty Trucks
	
	

	Low Emission Vehicles
	      0.015 
	      0.022 

	EPA Tier 1a
	      0.087 
	      0.045 

	EPA Tier 0a
	      0.106 
	      0.078 

	Oxidation Catalyst
	      0.064 
	      0.152 

	Non-Catalyst Control
	      0.022 
	      0.191 

	Uncontrolled
	      0.022 
	      0.202 

	Gasoline Heavy-Duty Vehicles
	
	

	Low Emission Vehicles
	      0.029 
	      0.043 

	EPA Tier 1a
	      0.175 
	      0.066 

	EPA Tier 0a
	      0.213 
	      0.263 

	Oxidation Catalystb
	      0.132 
	      0.236 

	Non-Catalyst Control
	      0.047 
	      0.418 

	Uncontrolled
	      0.050 
	      0.460 

	Diesel Passenger Cars
	
	

	Advanced
	      0.001 
	    0.0005 

	Moderate
	      0.001 
	    0.0005 

	Uncontrolled
	      0.001 
	    0.0006 

	Diesel Light-Duty Trucks
	
	

	Advanced
	    0.001
	    0.001 

	Moderate
	    0.001 
	    0.001 

	Uncontrolled
	    0.002 
	    0.001 

	Diesel Heavy-Duty Vehicles
	
	

	Advanced
	      0.005 
	      0.005 

	Moderate
	      0.005 
	      0.005 

	Uncontrolled
	      0.005 
	      0.005 

	Motorcycles
	
	

	Non-Catalyst Control
	     0.007 
	     0.067 

	Uncontrolled
	     0.009 
	     0.090 


Source: EPA (2005).

Table B‑4: N2O and CH4 Emission Factors for Non-road Vehicles

	Vehicle Type
	Density (kg/gal)
	Emission Factors (g/kg fuel)

	
	
	N2O 
	CH4 

	
	Diesel
	Gasoline
	Diesel
	Gasoline
	Diesel
	Gasoline

	Agricultural Eq.
	3.1920
	2.8009
	0.0800
	0.0800
	0.4500
	0.4500

	Watercraft
	3.1920
	2.8009
	0.0800
	0.0800
	0.2300
	0.2300

	
	Aviation Gasoline
	Aviation Gasoline
	Aviation Gasoline

	Aircraft
	2.6752
	0.0400
	2.6400


Source: Density values from EPA (2004).  Emission factors from IPCC (1997).

Table B‑5:  Vehicle Type Distribution Measured in National Parks

	Vehicle Type
	Distribution

	LDGV
	70.1%

	LDGT1
	13.7%

	LDGT2
	10.6%

	HDGV
	0.8%

	LDDV
	0.0%

	LDDT
	0.3%

	HDDV
	1.6%

	MC
	2.8%

	Total
	99.9%


Source: CE-CERT (2003a). Table 5.3.

Table B‑6: National Parks Study VMT Distribution by Model Year Used for Park and Concessionaire Vehicles

	Vehicle Model Year
	LDGV
	LDGT
	HDGV
	LDDV
	LDDT
	HDDV
	MC

	
	
	
	
	
	
	
	

	2004
	7.51%
	9.41%
	7.89%
	7.51%
	11.50%
	8.27%
	19.39%

	2003
	9.52%
	11.56%
	13.48%
	9.52%
	13.07%
	14.00%
	21.15%

	2002
	9.05%
	10.62%
	11.11%
	9.05%
	11.15%
	11.86%
	15.82%

	2001
	8.59%
	9.70%
	9.85%
	8.59%
	9.51%
	10.05%
	11.82%

	2000
	8.14%
	8.80%
	8.43%
	8.14%
	8.11%
	8.52%
	8.77%

	1999
	7.68%
	7.92%
	7.21%
	7.68%
	6.92%
	7.22%
	6.37%

	1998
	7.22%
	7.04%
	6.16%
	7.22%
	5.90%
	6.13%
	4.60%

	1997
	6.72%
	6.19%
	5.27%
	6.72%
	5.04%
	5.20%
	3.31%

	1996
	6.20%
	5.36%
	4.51%
	6.20%
	4.30%
	4.41%
	2.33%

	1995
	5.64%
	4.57%
	3.86%
	5.64%
	3.67%
	3.74%
	1.62%

	1994
	5.03%
	3.82%
	3.31%
	5.03%
	3.13%
	3.18%
	1.09%

	1993
	4.38%
	3.14%
	2.83%
	4.38%
	2.67%
	2.70%
	3.73%

	1992
	3.54%
	2.52%
	2.42%
	3.54%
	2.28%
	2.29%
	0.00%

	1991
	2.67%
	1.99%
	2.07%
	2.67%
	1.95%
	1.94%
	0.00%

	1990
	2.01%
	1.54%
	1.76%
	2.01%
	1.66%
	1.65%
	0.00%

	1989
	1.52%
	1.16%
	1.52%
	1.52%
	1.42%
	1.40%
	0.00%

	1988
	1.14%
	0.87%
	1.30%
	1.14%
	1.21%
	1.19%
	0.00%

	1987
	0.86%
	0.64%
	1.12%
	0.86%
	1.04%
	1.01%
	0.00%

	1986
	0.65%
	0.50%
	0.96%
	0.65%
	0.89%
	0.86%
	0.00%

	1985
	0.49%
	0.43%
	0.82%
	0.49%
	0.76%
	0.73%
	0.00%

	1984
	0.37%
	0.37%
	0.70%
	0.37%
	0.65%
	0.62%
	0.00%

	1983
	0.28%
	0.32%
	0.60%
	0.28%
	0.55%
	0.53%
	0.00%

	1982
	0.21%
	0.27%
	0.52%
	0.21%
	0.47%
	0.45%
	0.00%

	1981
	0.16%
	0.23%
	0.44%
	0.16%
	0.40%
	0.38%
	0.00%

	1980
	0.43%
	1.04%
	1.85%
	0.43%
	1.75%
	1.65%
	0.00%

	Total
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%


Source: EPA (2004).

Table B‑7: National Parks Study VMT Distribution by Model Year Used for Visitor Vehicles

	Vehicle Model Year
	LDGV
	LDGT
	HDGV
	LDDV
	LDDT
	HDDV
	MC

	
	
	
	
	
	
	
	

	2004
	15.8%
	16.10%
	18.30%
	15.80%
	16.10%
	18.30%
	10.00%

	2003
	15.8%
	16.10%
	18.30%
	15.80%
	16.10%
	18.30%
	10.00%

	2002
	15.8%
	16.10%
	18.30%
	15.80%
	16.10%
	18.30%
	10.00%

	2001
	15.8%
	16.10%
	18.30%
	15.80%
	16.10%
	18.30%
	10.00%

	2000
	5.9%
	4.30%
	5.00%
	5.90%
	4.30%
	5.00%
	10.00%

	1999
	5.9%
	4.30%
	5.00%
	5.90%
	4.30%
	5.00%
	10.00%

	1998
	5.9%
	4.30%
	5.00%
	5.90%
	4.30%
	5.00%
	10.00%

	1997
	5.9%
	4.30%
	5.00%
	5.90%
	4.30%
	5.00%
	10.00%

	1996
	2.5%
	2.50%
	2.20%
	2.50%
	2.50%
	2.20%
	5.00%

	1995
	2.5%
	2.50%
	2.20%
	2.50%
	2.50%
	2.20%
	5.00%

	1994
	2.5%
	2.50%
	2.20%
	2.50%
	2.50%
	2.20%
	5.00%

	1993
	1.0%
	1.80%
	0.20%
	1.00%
	1.80%
	0.20%
	5.00%

	1992
	1.0%
	1.80%
	0.00%
	1.00%
	1.80%
	0.00%
	0.00%

	1991
	1.0%
	1.80%
	0.00%
	1.00%
	1.80%
	0.00%
	0.00%

	1990
	0.4%
	1.00%
	0.00%
	0.40%
	1.00%
	0.00%
	0.00%

	1989
	0.4%
	1.00%
	0.00%
	0.40%
	1.00%
	0.00%
	0.00%

	1988
	0.4%
	1.00%
	0.00%
	0.40%
	1.00%
	0.00%
	0.00%

	1987
	0.4%
	1.00%
	0.00%
	0.40%
	1.00%
	0.00%
	0.00%

	1986
	0.4%
	0.40%
	0.00%
	0.40%
	0.40%
	0.00%
	0.00%

	1985
	0.2%
	0.40%
	0.00%
	0.20%
	0.40%
	0.00%
	0.00%

	1984
	0.2%
	0.40%
	0.00%
	0.20%
	0.40%
	0.00%
	0.00%

	1983
	0.2%
	0.10%
	0.00%
	0.20%
	0.10%
	0.00%
	0.00%

	1982
	0.1%
	0.10%
	0.00%
	0.10%
	0.10%
	0.00%
	0.00%

	1981
	0.0%
	0.10%
	0.00%
	0.00%
	0.10%
	0.00%
	0.00%

	1980
	0.0%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%
	0.00%

	Total
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%
	100.0%


Source: CE-CERT (2003b).  Mobile Inputs Received from Aaron Worstell by email, 2/11/03.
Appendix C: Fuel Storage Tanks Statistics
	PARK TANKS
	Length (feet)
	Diameter (feet)
	Volume (Gallons)
	Through-put
	Aboveground or Underground
	Contents
	Losses (lbs/yr)

	Tank Location
	
	
	
	(gallons)
	
	
	Working
	Breathing
	Total

	Tamiami Ranger Station
	11
	3
	500
	1,500
	Aboveground
	Aviation Fuel
	13.90
	107.08
	120.98

	Chekika Maintenance Area
	11
	3
	500
	1,250
	Aboveground
	Aviation Fuel
	11.58
	107.08
	118.66

	Pine Island Maintenance Facility
	11
	3
	500
	500
	Aboveground
	Aviation Fuel
	4.63
	107.08
	111.71

	Pine Island Maintenance Facility
	11
	3
	500
	-
	Aboveground
	BioDiesel
	-
	-
	-

	Ernest F. Coe Visitor Center/ Park Headquarters
	11
	3
	500
	150
	Aboveground
	Diesel Fuel
	0.01
	0.13
	0.14

	Ernest F. Coe Visitor Center/ Park Headquarters
	5
	3
	35
	-
	Aboveground
	Diesel Fuel
	-
	0.06
	0.06

	Shark Valley Observation Tower
	11
	4
	1,000
	-
	Aboveground
	Diesel Fuel
	-
	0.23
	0.23

	Chekika Maintenance Area
	11
	3
	500
	2,000
	Aboveground
	Diesel Fuel
	0.07
	0.13
	0.20

	Chekika Maintenance Area
	11
	3
	500
	-
	Aboveground
	Diesel Fuel
	-
	0.13
	0.13

	Flamingo Maintenance Yard
	11
	4
	1,000
	1,500
	Aboveground
	Diesel Fuel
	0.05
	0.23
	0.28

	Flamingo Wastewater Treatment Plant
	11
	3
	500
	325
	Aboveground
	Diesel Fuel
	0.01
	0.13
	0.14

	Flamingo Water Treatment Plant
	11
	3
	500
	225
	Aboveground
	Diesel Fuel
	0.01
	0.13
	0.14

	Pine Island Maintenance Facility
	11
	6
	2,000
	4,000
	Aboveground
	Diesel Fuel
	0.14
	0.53
	0.67

	Pine Island Maintenance Facility (A)
	11
	3
	500
	200
	Aboveground
	Diesel Fuel
	0.01
	0.13
	0.14

	Pine Island Maintenance Facility (B)
	11
	3
	500
	200
	Aboveground
	Diesel Fuel
	0.01
	0.13
	0.14

	Fire Management Area
	11
	3
	500
	1,000
	Aboveground
	Diesel Fuel
	0.04
	0.13
	0.17

	Everglades City
	11
	4
	1,000
	4,000
	Aboveground
	Gasoline
	37.07
	172.39
	209.46

	Tamiami Ranger Station
	11
	4
	1,000
	2,000
	Aboveground
	Gasoline
	18.53
	172.39
	190.92

	Chekika Maintenance Area
	11
	4
	1,000
	1,500
	Aboveground
	Gasoline
	13.90
	172.39
	186.29

	Key Largo Ranger Station
	11
	6
	2,000
	4,000
	Aboveground
	Gasoline
	37.07
	326.28
	363.35

	Flamingo Maintenance Yard (A)
	11
	6
	2,000
	2,750
	Aboveground
	Gasoline
	25.48
	326.28
	351.76

	Flamingo Maintenance Yard (B)
	11
	6
	2,000
	3,750
	Aboveground
	Gasoline
	25.48
	326.28
	351.76

	Flamingo Maintenance Yard (C) 
	11
	6
	2,000
	2,750
	Aboveground
	Gasoline
	25.48
	326.28
	351.76

	Flamingo Maintenance Yard (D)
	11
	6
	2,000
	3,750
	Aboveground
	Gasoline
	25.48
	326.28
	351.76

	Flamingo Plug Tank
	11
	4
	1,000
	1,000
	Aboveground
	Gasoline
	9.27
	172.39
	181.66

	Pine Island Maintenance Facility (A)
	11
	6
	2,000
	5,000
	Aboveground
	Gasoline
	46.33
	326.28
	372.61

	Pine Island Maintenance Facility (B)
	11
	6
	2,000
	5,000
	Aboveground
	Gasoline
	46.33
	326.28
	372.61

	Pine Island Maintenance Facility (C) 
	11
	6
	2,000
	5,000
	Aboveground
	Gasoline
	46.33
	326.28
	372.61

	
	
	TOTAL
	
	
	
	
	387
	3,623
	4,010


Xanterra

	CONCESSION TANKS
	Length (feet)
	Diameter (feet)
	Volume (Gallons)
	Through-put
	Aboveground or Underground
	Contents
	Losses (lbs/yr

	Tank Location
	
	
	 
	 
	 
	 
	Work-ing
	Breathing
	Total 

	Tamiami Ranger Station
	           11 
	              4 
	        1,000 
	                 7,200 
	Aboveground
	Premium Gasoline
	       66.72 
	       172.39 
	       239.11 

	Dan Beard Center – Helicopter Contractor
	           11 
	              3 
	           500 
	               10,000 
	Aboveground
	Aviation Fuel
	       92.67 
	       107.08 
	       199.75 

	Fire Management Area – Westwind Contractor
	           35 
	              7 
	      10,000 
	               50,000 
	Aboveground
	Diesel
	         1.78 
	           2.28 
	           4.06 

	Everglades City
	           11 
	              4 
	        1,000 
	               15,000 
	Underground
	No. 2 Fuel
	         0.49 
	              -   
	           0.49 

	Flamingo Marina
	           20 
	              7 
	        6,000 
	               58,945 
	Underground
	Regular Gasoline
	     519.85 
	              -   
	       519.85 

	Flamingo Marina
	           20 
	              7 
	        6,000 
	               10,116 
	Underground
	Diesel
	         0.33 
	              -   
	           0.33 

	Flamingo Marina
	           20 
	              7 
	        6,000 
	               58,945 
	Underground
	Super Gasoline
	     519.85 
	              -   
	       519.85 

	Total
	
	
	
	 
	
	
	   1,202 
	        282 
	     1,483 


	Some data provided here indicated 2 or 3 tanks in a given line.  ICF accounted for these by adding a unique row for each tank, copying in the characteristics, and dividing the throughput by the number of tanks indicated.

	Assumed RVP (Reid Vapor Pressure) of 7.8 (rounded to 8).  http://www.ftc.gov/os/2004/04/gaspricesappb.pdf

	Assumed aviation gasoline also equal to gasoline (RVP 8)
	
	


Appendix D: Mobile Source CAP Emission Factors

Highway Vehicle CAP Emission Factors and Park Parameters
	
	Summer
	Summer
	Summer
	Summer
	Winter
	Winter
	Winter
	Winter

	
	CO
	NOx
	VOC
	PM2.5
	CO
	NOx
	VOC
	PM2.5

	LDGV
	9.815
	0.562
	0.733
	0.012
	11.161
	0.572
	0.705
	0.012

	LDGT
	16.179
	1.152
	1.764
	0.017
	35.978
	1.785
	2.902
	0.017

	HDGB
	3.307
	2.428
	34.161
	0.042
	3.384
	2.478
	316.721
	0.042

	HDGV
	4.309
	3.471
	5.079
	0.059
	4.348
	3.537
	146.953
	0.059

	MC
	321.031
	46.656
	132.916
	0.021
	345.711
	53.213
	113.389
	0.021

	LDDV
	0.975
	0.641
	0.159
	0.101
	1.132
	0.693
	0.192
	0.101

	LDDT
	0.564
	0.663
	0.250
	0.140
	0.659
	0.713
	0.290
	0.149

	HDDB
	2.967
	15.232
	0.319
	0.438
	2.961
	15.232
	0.319
	0.438


Parameters

Speed: Fast (around 45 mph)

Summer Temperatures: High

Winter Temperatures: High

Weighted Summer VMT: 50 percent

Weighted Winter VMT: 50 percent
Non-road Equipment CAP Emission Factors
	
	CO
	NOX
	VOC
	PM2.5

	
	(gm/hp-hr)
	(gm/hp-hr)
	(gm/hp-hr)
	(gm/hp-hr)

	ATVs
	2.31
	1.03
	2.19
	2.04

	Tractors 1
	2.31
	1.03
	2.19
	2.04

	Tractors 2
	2.31
	1.03
	2.19
	2.04

	Bobcats
	2.31
	1.03
	2.19
	2.04

	Backhoes and Dozers
	2.31
	1.03
	2.19
	2.04

	Forklifts and Cranes
	3.8
	9.6
	1.43
	1.06

	Lawn and Brush Mowers
	4.8
	10.3
	1.3
	1.11

	Snowmobiles
	300
	0.86
	110
	2.7

	Front-end and Skid Loaders
	4.8
	10.3
	1.3
	1.11

	Brushcutters and Chainsaws
	4.8
	0.9
	1.3
	3.99

	Leaf Blowers and Trimmers
	4.8
	0.9
	1.3
	3.99

	Other
	4.8
	0.9
	1.3
	3.99


Watercraft CAP Emission Factors

	Boat and Engine Type
	HC
	CO
	Nox
	PM

	2-stroke carburetor
	g/hp-hr
	g/hp-hr
	g/hp-hr
	g/hp-hr

	25-50
	116.38
	231.3
	1.19
	7.7

	51-100
	101.95
	233.5
	1.83
	7.7

	101-175
	128.69
	313.3
	4.476
	7.7

	>175
	128.69
	313.3
	4.476
	7.7

	 
	
	
	
	 

	2-stroke EFI
	
	
	
	 

	25-50
	20.89
	272.3
	5.968
	7.7

	51-100
	19.77
	255.5
	7.087
	7.7

	101-175
	19.15
	242.5
	8.206
	7.7

	>175
	18.65
	242.5
	8.26
	7.7

	 
	
	
	
	 

	2-stroke DFI
	
	
	
	 

	25-50
	28.35
	194.7
	3.73
	7.7

	51-100
	32.08
	191
	3.73
	7.7

	101-175
	40.28
	305.5
	3.73
	7.7

	>175
	38.05
	284.2
	3.73
	7.7

	 
	
	
	
	 

	4-stroke
	
	
	
	 

	25-50
	14.92
	339.2
	7.46
	0.06

	51-100
	8.21
	258.1
	7.46
	0.06

	101-175
	7.46
	258.1
	8.952
	0.06

	>175
	7.46
	258.1
	8.952
	0.06


Aircraft

	CAP
	EF (kg/TJ)

	Nox
	300

	CO
	15000

	NMVOC
	300
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� The only other inventories of GHG emissions (i.e., including CO2 and non-CO2 GHGs) at national parks were conducted for Gateway National Recreation Area (ICF 2003), Glacier National Park (ICF 2004), Zion National Park (ICF 2004), and Glacier Bay National Park and Preserve (ICF 2005).  


� Source: U.S. Inventory of Greenhouse Gas Emissions and Sinks 2003. Available online at <http://yosemite.epa.gov/oar/globalwarming.nsf/content/ResourceCenterPublicationsGHGEmissionsUSEmissionsInventory2005.html>


� Source: UNEP (2004) International Source Book on Environmentally Sounds Technologies for Wastewater and Stormwater Management, United Nations Environment Programme Division of Technology, Industry, and Economics. Available online at <http://www.unep.or.jp/ietc/Publications/TechPublications/TechPub-15/3-4AmericaNorth>


� There are other GHG emissions associated with MSW disposal, including CO2 and N2O emissions from incineration.  However, Everglades does not combust its waste, so emissions from combustion are not estimated. 


� Because the park did not possess 2004 calendar year fuel consumption data, 2003 fiscal year fuel consumption data substituted for 2004 fuel consumption data.
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