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Flower Mound, Texas, a 43-square-mile community located 28 miles northwest of Dallas, experienced rapid growth in the 1990s. The town was the nation's tenth fastest growing community during the 1990s, growing by 226.54 percent, from 15,527 to 50,702. 
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This prompted the town manager and other elected officials to take measures to preserve the rural, open space character of their town and its unique landscape features. While the town’s overarching public policy was to preserve its open space, the driving forces for this policy were rapid development and the resultant impacts on stormwater and water quality. The town council adopted a Smart Growth approach of preserving natural open space and forest lands and incorporated specific policies into the 2001 Flower Mound Master Plan. This case study serves to demonstrate how a community can quantify the environmental benefits derived from conservation development. 

Flower Mound’s commitment to Smart Growth began with the adoption of a Smart Growth Program in January 1999, as part of its master plan review process that began during the prior year. A Smart Growth Management plan was adopted in February 2000, and the town’s Master Plan was amended and adopted in 2001. Amendments to the Smart Growth Program were adopted in July 2002 with the following goals:

· Mitigate the ill effects of rapid and intense urbanization. Ensure growth is served with adequate public infrastructure, services, and facilities. 

· Ensure growth contributes to the attainment of the community character and quality-of-life objectives established in the town's Master Plan.

· Preserve open lands, natural landscapes, farmland, sensitive ecological resources, and scenic vistas on the urban fringe.

· Integrate the built and natural environments and contribute to a sense of place.

· Ensure growth does not occur at the expense of environmental quality, community character, or quality of life. 

The Smart Growth Program, the 2001 Master Plan, and its land development regulations operate together to create a development framework for the town. 

The town council created a conservation development provision within the town’s Code of Ordinance, Chapter 98-Zoning Plan. They designated two conservation developments in the undeveloped southwest part of town. A conservation development is defined as a residential development project that does not increase net density and clusters dwelling units on smaller lots than are currently zoned in order to protect and preserve open space. Its desired benefit: “to preserve open or natural lands as an integral component of the development” (Flower Mound Master Plan 2001). Conservation development provides development options in order to preserve the natural functions of floodplains and riparian corridors and protect significant contiguous tree stands to prevent habitat fragmentation. New development must “respect the existing natural topography, waterways, and viewsheds. Conserved lands are placed in a voluntary conservation easement, which then permanently limits development or subdivision of the property.”

While conservation development is currently voluntary, developers and homeowners have incentives to build and live in these designated areas. Developers can sell their lots at a premium and can increase their marketability by promoting their homes in open space and forested settings. Their infrastructure costs decrease because homes are located closer together. Conservation developments are given a higher priority for review, so the approval process is shortened. From a homeowner’s perspective, residents enjoy living next to open space and home values are greater in conservation developments.

Urban Ecosystem Analysis

The Environmental Resources Division adopted an innovative approach to quantifying the environmental and economic benefits of conservation development, called, Urban Ecosystem Analysis (UEA). American Forests developed the UEA so that communities could quantify the benefits of their green infrastructure. Flower Mound recognized its application for quantifying the benefits of conservation development. The UEA uses scientific and engineering models to quantify the value that tree canopy and other land cover provide for stormwater management and air and water quality. American Forests conducted initial analyses with 2006 high-resolution (1 meter), 4-band satellite imagery. A GIS-based digital data map was produced from the imagery. These data, along with American Forests’ CITYgreen software, were used to quantify the ecological and economic benefits of land cover. The Environmental Resources Division will continue to use the UEA to aid in conducting environmental site assessments and development review.
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Sanctuary, an 89-lot conservation development on 100 acres located in the south-central part of town, was used to demonstrate the ecosystem benefits of conventional versus conservation development land planning. The lots are approximately ½ acre in size, in an area that conventionally would be one acre. No net increase in the number of lots is permitted on the site. The reduced lot size allowed 40 percent of the site to be preserved as open space. This also preserved contiguous hardwood tree stands and riparian and wildlife corridors. 

Two land development options were modeled using CITYgreen software. The first compared lot size (1/2 acre versus one acre) to the ecosystem benefits of the preserved open space and tree cover when the number of lots remains the same. 

A second series of analyses examined the built lot, to address how the proportion of tree canopy, open space, and impervious surface affects the ecosystem benefits to the site as a whole. Each of these scenarios was then extrapolated to the Cross Timbers Conservation Development District, a 2,792-acre area in the western, less developed side of town, to show the magnitude of ecosystem benefits when applied to a larger area.

Table 3-5 summarizes the conventional versus the conservation lot size analysis. The table lists the percent land cover under each scenario and their corresponding added costs of stormwater management in post-development scenarios when compared to the pre-development condition. 

Table 3-5. Sanctuary Lot Size Modeling and Stormwater Management (100 acres)**

	Development Scenario
	% tree canopy of  site
	% open space of  site
	% impervious of site
	% lots* of site
	Additional Stormwater mgt  (cu. ft.) and costs over pre-developed site

	Predevelopment site
	45%
	55%
	0%
	0%
	not applicable

	Residential (1 acre lots)
	0%
	0%
	5%
	95%
	152,543 cu. ft.

$305,000

	Residential (½ acre lots)
	31%
	12%
	10%
	47%
	125,622 cu. ft.

$251,000


*Land cover on one-acre undeveloped lot scenario is assumed to be 80% vegetated and 20% impervious. On the ½-acre lot site scenario it is assumed to be 75% vegetated and 20% impervious. The figures are taken from the Natural Resource Conservation Service’s TR-55 stormwater model.

**Percentages may not add up to 100% due to rounding.

Because less tree canopy and open space were preserved under the conventional development scenario, this site would require an additional 27,000 cubic feet in stormwater management, valued at $54,000 when compared to the conservation development site.   

Water pollution is a direct result of and can be calculated from stormwater runoff. While the water quality of both developed sites diminished, the conventional site design added more contaminants than the conservation development scenario (see Table 3-6).

Table 3-6. Sanctuary Lot Size Modeling Water Contaminants Increase Over Pre-development Conditions (100 acres)

	Water Pollutants
	½-acre development
	1-acre development

	Biological Oxygen Demand
	28%
	34%

	Cadmium
	37%
	44%

	Chromium
	49%
	59%

	Chemical Oxygen Demand
	53%
	64%

	Copper
	21%
	26%

	Lead
	10%
	12%

	Nitrogen
	14%
	17%

	Phosphorus
	34%
	40%

	Suspended Solids
	28%
	33%

	Zinc
	7%
	9%


Built Lot Modeling

While lot size is an important consideration when conserving open space, the amount of stormwater runoff is also greatly affected by the land cover percentages once the lot is built. For example, an urban ecosystem analysis compared Sanctuary’s land cover on Lot A and Lot B and their corresponding ecosystem benefits for stormwater runoff and water quality. The lots are identified in Figure 3 and the land cover percentages are summarized in Table 3-7. 

Table 3-7. Sanctuary’s Built Lot Land Cover (100 acres)

	Development Scenario
	% tree canopy of  site
	% open space of  site
	% impervious of site

	Lot A
	29%
	43%
	29%

	Lot B
	23%
	8.6%
	69%
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The urban ecosystem analysis findings show that compared to developed Lot A, an additional 1,286 cubic feet of stormwater runoff occurs in developed Lot B, at a cost of $2,573. Reducing the building footprint, sidewalk, and streets (impervious surfaces) and enhancing the tree canopy and other vegetation (green infrastructure) reduce the cost of managing stormwater runoff and protecting water quality.

Table 3-8. Sanctuary Percent Increase in Water Contaminants Comparing Lots A&B 
	Water Pollutants
	Lot A vs Lot B

	Biological Oxygen Demand
	40%

	Cadmium
	49%

	Chromium
	58%

	            Chemical Oxygen Demand
	61%

	Copper
	33%

	Lead
	18%

	Nitrogen
	24%

	Phosphorus
	46%

	Suspended Solids
	40%

	Zinc
	13%


Cross Timbers Conservation Development District

When the ecosystem benefits of the Sanctuary conservation development are applied to the larger Cross Timbers Conservation Development District, the ecosystem benefits of conservation development are multiplied many-fold. The pre-development site contains 59 percent open space, 33 percent tree canopy, and 4 percent impervious surface (Figure 4). The pre-development tree canopy in this district provides 20 million cu. ft. in stormwater management, valued at $40 million. The land cover also absorbs 259,000 lbs. of air pollutants annually. This service is valued at $648,000 per year. 

Table 3-9 summarizes the scenario comparison between pre-development and full buildout using both conventional and conservation development scenarios. Both development designs use the same averaged land cover percentages for seven developed lots in Sanctuary. As described above, an average land cover from seven of the built lots is: 40 percent impervious surface, 30 percent open space/grass, and 30 percent tree canopy. These land cover percentages were extrapolated to the entire Cross Timbers District.

Table 3-9. Cross Timbers Conservation District Land Cover and Stormwater Management Costs (2,791 acres)**

	Development Scenario
	% tree canopy of site
	% open space of site
	% impervious of site
	% lots* of site
	Stormwater mgt  costs

(cu. ft.) and  dollar value

	Predevelopment site
	33%
	59%
	4%
	0%
	Not applicable

	Residential (1-acre lots) at full buildout
	0%
	0%
	5%
	95%
	14.7 million 

$29 million

	Residential (½-acre lots) at full buildout
	31%
	12%
	10%
	47%
	4.7 million

$9 million


*The average land cover of seven currently built lots on Sanctuary site is: 30% tree canopy, 30% open space, and 40% impervious. These percentages were used to calculate ecosystem benefits to the site as a whole.

**Percentages may not total 100% due to rounding

Table 3-10. Cross Timbers Conservation District Percent Increase in Water Contaminants from Pre- to Post-Modeled Development

	Water Pollutants
	½-acre development
	1-acre development

	Biological Oxygen Demand
	9%
	26%

	Cadmium
	11%
	32%

	Chromium
	13%
	39%

	Chemical Oxygen Demand
	13%
	42%

	Copper
	7%
	21%

	Lead
	4%
	11%

	Nitrogen
	5%
	15%

	Phosphorus
	10%
	30%

	Suspended Solids
	9%
	26%

	Zinc
	3%
	8%


Applying Urban Ecosystem Analyses to Planning

The urban ecosystem analysis not only quantified the ecological and economic benefits of conservation development, but more importantly, provided digital data and software for the town Planning Division staff to use. There are several agencies within the town that have jurisdiction regarding green infrastructure, including the Environmental Resources Division, the Environmental Conservation Commission, which addresses tree preservation and open space issues, the Department of Engineering, and the Planning Division. The Environmental Conservation Commission and the town council view the analysis as a good public education tool. Matthew Woods, Director of Environmental Services, envisions that he and his staff will use the data and tools to fulfill the goals mandated in the town’s existing planning mechanisms. For new development:

1. Staff can conduct an urban ecosystem analysis as part of the required environmental survey for conservation development projects.  

2. Staff will run ecosystem benefit scenarios to quantify the impacts of different development project designs.

3. Staff will use the modeling capabilities of CITYgreen software to enhance conservation development techniques related to preserving or achieving land cover percentages for the town as a whole, as well as within an individual development. 

4. Staff will use the data for updating the current and future town master plans. 

The UEA provided a baseline measure of 28 percent overall tree canopy. The Environmental Resources staff sets an overall tree canopy goal at 30 to 40 percent. In addition to this general goal, the Environmental Conservation Commission and town council will use the data and tools to establish their own canopy goals to fulfill the town’s stormwater requirements. 

The town is required to monitor and meet water quality standards under Phase II of the Clean Water Act. Flower Mound must submit a five-year stormwater management plan to meet or exceed the law’s goals. Town staff will use the UEA data as a baseline to measure their current status and use green infrastructure as a best management practice to meet its Phase II requirements.

The town is located within a region currently in nonattainment for air quality because it is located within the Dallas area airshed. The town has no monitoring stations and is not bound by local regulations for air quality. If it were required, the town could incorporate trees as a best management practice and quantify its benefits.  

The initial urban ecosystem analysis project and the Environmental Resources staff’s ongoing use of the tools and data are funded through the general budget (50 percent) and through the town’s Tree Preservation Fund (50 percent).  

