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Town of Flower Mound’s Urban Ecosystem Analysis
with Conservation Development
American Forests conducted an Urban Ecosystem Analysis of the Town of Flower Mound,
Texas to demonstrate the ability of the Town’s tree canopy and other “green infrastructure” to
provide air and water ecosystem services. This project provides the Town with tools and data to
utilize their green assets as part of their overall land development approach. This ecosystem
approach improves the quality of life in the community while lowering the costs of managing its
built infrastructure.
This project quantified the ecosystem benefits of the Town as a whole and also modeled the
impact of two different land development approaches: conventional vs. conservation
development. The Sanctuary conservation development site was used to conduct the comparison.
This analysis will provide community leaders with a method to conduct their own analyses to
guide policies about future development planning.

Background: Urban Ecosystem Analysis
An urban ecosystem analysis uses scientific and engineering models to quantify the value that
tree canopy and other landcover provide for stormwater management and air and water quality.
The analysis used 2006 high resolution (1 meter), 4-band satellite imagery. The imagery was
classified into five land covers: trees, open space, impervious surface, bare soil, and water. The
GIS-based digital data map produced from the imagery was used as the basis of the analysis
along with American Forests’ CITYgreen software to quantify the ecological and economic
benefits of landcover. Stormwater runoff values are determined using the Natural Resource
Conservation Service’s (NRCS) TR-55 formulas for the hydrology for small urban watersheds.
The amount of runoff is based on an average 2-year, 24 hour storm event of 3.75 inches rainfall.
Air pollutant levels were measured from the nearest city, Dallas. The source of formulas and
economic values used in the analysis can be found on American Forests’ website at:
http://www.americanforests.org/resources/urbanforests/naturevalue.php

Findings
Town of Flower Mound’s Green Infrastructure
The Town of Flower Mound’s landcover is comprised of 45% open space, 28% tree canopy,
16% impervious surface, 7% water, and 4% urban bare soil, including non-cultivated crops
(Figure 1.). The tree canopy provides 54 million cubic feet in stormwater management and its
runoff retention is valued at $109 million (assuming $2/cu. ft construction cost). The economic
values for water were calculated by comparing the current landcover composition to a no-tree
scenario, that is--if all tree canopy were replaced with impervious surface (Report 1).
The landcover also removes 745,000 pounds of air pollutants annually, at a value of $1.86
million per year. American Forests recommends that each community set a tree canopy goal to
protect and enhance the ecosystem benefits that its urban forest provides. Guidelines for
establishing tree canopy goals in different geographic locations and for various land uses can be
found at: http://www.americanforests.org/resources/urbanforests/treedeficit.php
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Analyzing Land Development Options
Conservation Development Modeling Scenarios
The Town of Flower Mound has designated two conservation developments-- residential
development projects that cluster 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.”
The Sanctuary site was used to demonstrate the ecosystem benefits of conventional vs
conservation development land planning. The Urban Ecosystem Analysis used data from the
newly acquired 2006 satellite image and compared that to the pre-developed condition using a
2001 Orthophoto provided by the Town of Flower Mound.
Sanctuary is an 89-lot cluster development on 100 acres. It is located in the south central part of
the Town, north of McKamy Creek Road, east of Simmons Road, and west of Old Settlers
Road. The lots are approximately ½ acre in size, in an area that conventionally would be 1 acre.
No net increase in the number of lots is permitted on the site. The reduced lot size allowed 40%
of the site to be preserved as open space. Contiguous hardwood tree stands and riparian and
wildlife corridors are preserved.
Two land development options are analyzed in this CITYgreen modeling project. The first
compares lot size (1/2 acre vs. 1 acre) to the ecosystem benefits of the preserved open space and
tree cover when the number of lots remains the same. The second issue examines the built lot,
and 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 is then extrapolated to the Cross Timbers
Conservation Development site to show the magnitude of ecosystem benefits when applied to a
larger area. Note that in each scenario, assumptions are made that staff can adjust as they use the
data and tools included with this project to run additional analysis modeling.
Lot Size Modeling
An urban ecosystem analysis was conducted for three scenarios: the pre-developed site, the
conservation development ½-acre lots, and the conventional 1-acre lots (Figure 2.).
Prior to development, the Sanctuary site was composed of 45% tree canopy and 55% open space
that included grass and scattered trees. The site’s ecosystem services removed 4,156 lbs. of air
pollutants per year, valued at $10,400 and provided 297,000 cu. ft. in stormwater runoff
management valued at $594,000 (Report 2).
For the portion of the site slated for development, the urban ecosystem analysis model assumes
that single-family residential (SFR) homes on 1-acre lots each have 20% impervious and 80%
vegetation landcover. The 89 lots cover the entire site (Report 3). The SFR homes on ½ acre lots
assume a 25% impervious and 75% vegetation landcover (Report 4). These values were taken
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from the Natural Resource Conservation Service’s TR-55, hydrology for small urban watersheds.
Note that because the “vegetation” category is not defined, air quality can not be calculated in
these scenarios. The remainder of the conservation site demonstrates the advantages of clustering
development. In addition to the lots, the conservation site also has 31% tree canopy and 12%
open space. The conventional site is completely covered with lots, so no additional ecosystem
services are derived from tree canopy or open space.
Table 1 summarizes the percent landcover under each scenario and their corresponding added
costs of stormwater management in post-development scenarios when compared to the predevelopment condition.
Table 1. Sanctuary Lot Size Modeling and Stormwater Management (100 acres)**
Development
Scenario
Predevelopment
site
Residential (1 acre
lots)
Residential (½
acre lots)

% tree
canopy of
site
45%

% open
space of
site
55%

% impervious
of site

% lots*
of site

0%

0%

0%

0%

5%

95%

31%

12%

10%

47%

Additional Stormwater mgt (cu.
ft.) and costs over pre-developed
site
not applicable
152, 543 cu. ft.
$305,000
125,622 cu. ft.
$251,000

*Landcover on 1-acre undeveloped lot scenario is assumed to be 80% vegetated and 20% impervious. On
the ½-acre lot site senario 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 2.).
Table 2. Sanctuary Lot Size Modeling Water Contaminants Increase Over Predevelopment 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%
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Modeling the Benefits of Various Site Designs
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 landcover percentages once the lot is built.
For example, an urban ecosystem analysis compared Sanctuary’s landcover 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 landcover percentages are summarized in Table 3.
Table 3. Sanctuary’s Built Lot Landcover (100 acres)
Development Scenario
Lot A
Lot B

% tree canopy of site
29%
23%

% open space of site
43%
8.6%

% impervious of site
29%
69%

The urban ecosystem analysis findings show that compared to developed Lot A, an additional
1,286 cubic feet stormwater runoff occurs in developed Lot B, at a cost of $2,573 (Report 5).
Reducing the building footprint, sidewalk and streets (impervious surfaces) and enhancing the
tree canopy, other vegetation (green infrastructure) reduces the cost of managing stormwater
runoff and protecting water quality.
Table 4. 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
Lead
Nitrogen
Phosphorus
Suspended Solids
Zinc

33%
18%
24%
46%
40%
13%

Sanctuary Site at Build Out
At the time that the image was collected, only half of the Sanctuary lots were built. This scenario
demonstrates stormwater runoff after Sanctuary is fully developed using an average landcover
from seven of the existing homes: 40% impervious surface, 30% open space/grass, and 30% tree
canopy. These landcover percentages were extrapolated to the 89 lots for both the conventional
and conservation development models to demonstrate stormwater runoff at full build out. The
rest of the landcover remained the same as described in the lot size modeling scenario. Thus, in
the conservation development, the existing open space and tree canopy remained, whereas in the
conventional development, no additional tree canopy nor open space remained. When comparing
the conservation with the conventional site design, the findings reveal that the conventional
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design requires an additional 117,000 cu. ft. of stormwater management, valued at $233,000.
Water pollutant levels increased for all ten measured pollutants by 7-24% (Report 6).
Cross Timbers Conservation Development
When the ecosystem benefits of the Sanctuary conservation development are applied to the
larger Cross Timbers Conservation District, a 2,792 acre area in the western, less developed side
of the Town, the ecosystem benefits of conservation development are multiplied many-fold. The
pre-development site contains 59% open space, 33% tree canopy, and 4% 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 landcover also absorbs 259,000 lbs. of air
pollutants annually. This service is valued at $648,000 each year (Report 7).
Table 5 summarizes the scenario that compares pre-development to full build out using both
conventional (Report 8) and conservation (Report 9) development scenarios. Both development
designs use the same averaged landcover percentages for seven developed lots in Sanctuary. As
described above, an average landcover from seven of the built lots is: 40% impervious surface,
30% open space/grass, and 30% tree canopy. These landcover percentages were extrapolated to
the entire Cross Timbers District.
Table 5. Cross Timbers Conservation District Landcover and Stormwater Mgt Costs (2,791
acres)**
Development Scenario

% tree
canopy of site

% open
space of site

% impervious
of site

% lots*
of site

Predevelopment site
Residential (1 acre lots) at
full build out
Residential (½ acre lots) at
full build out

33%
0%

59%
0%

4%
5%

0%
95%

31%

12%

10%

47%

Stormwater mgt
costs
(cu. ft.) and
dollar value
Not applicable
14.7 million
$29 million
4.7 million
$9 million

*The average landcover of 7 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 6. 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%
5

Table 6 summarizes the percent change in water pollutant contaminant loading as a result of
development. Even though air quality worsens with any development, it is much more apparent
with the conventional development approach.
General Recommendations
The Urban Ecosystem Analysis provides a process for the Town of Flower Mound staff to
analyze the ecosystem services of their green infrastructure. This project includes the digital data
and CITYgreen software to conduct other analyses for on-going planning. The examples
provided demonstrate that conservation development in both lot size and landcover composition
of a lot, greatly affect stormwater runoff and water quality. American Forests recommends that
staff identify critical conservation protection areas as well as those best for development. The
urban ecosystem analysis process offers metrics for designating these areas. The following
recommendations will help enhance the Town’s green infrastructure and maximize its green
assets.
American Forests Recommends:
 Use CITYgreen for on-going planning. Determine the air quality benefits of
different design scenarios on development plans that identify specific areas with
landcover types
 Set a tree canopy goal, stratified by land use to protect and enhance the ecosystem
benefits that The Town of Flower Mound’s urban forest provides. American Forests
offers guidelines for different areas of the country and for various land uses.
http://www.americanforests.org/resources/urbanforests/treedeficit.php
 Retain best soils and develop on poorer soils*
 Retain contiguous natural areas together to maximize stormwater runoff and
water quality services of green infrastructure
 Retain and enhance natural riparian buffers by Lake Grapevine for retaining water
quality.
 Maximize green infrastructure percentages within a developed lot. Offer
incentives to minimize impervious surface and maximize green infrastructure to
control stormwater runoff and water quality.
*Note: The formulas for stormwater runoff are based on NRCS’s TR-55. Each configuration of
landcover is given a curve number, a rating from 30 to 100 of the ability of rainwater to infiltrate
the soil. Soils, rainfall, and landcover taken together influence the amount of stormwater runoff.
The larger the curve number the more stormwater will run off. In the Town of Flower Mound,
the natural tree canopy in the undeveloped areas most likely grows in the best soils.
For more information on the Urban Ecosystem Analysis and CITYgreen software visit our
website at: http://www.americanforests.org/resources/urbanforests/
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Figure 1

Town of Flower Mound, Texas
2006 Landcover *
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* The 2006 landcover was derived
from the classification of IKONOS
satellite data with a 1 meter resolution.
The image was acquired on 03/25/2006.
The Open Space classification consists of
grassy areas, meadow, and cropland with
vegetation as well as fallow.
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Report 1

Analysis Report
for

Flower Mound 2006 Landcover
Land cover areas are in acres.

4,585.7 16.2%
Impervious Surfaces
Open Space - Grass/Scattered Trees 12,673.4 44.8%
Trees
8,037.2 28.4%
1,062.7 3.8%
Urban: Bare
Water Area
1,928.6 6.8%
28,287.5 100.0%
Total:

Total Tree Canopy: 8,037.2 acres (28.4%)
Air Pollution Removal
Nearest Air Quality Reference City: Dallas

Lbs. Removed/yr

Dollar Value

35,822

Carbon Monoxide:
Ozone:
Nitrogen Dioxide:
Particulate Matter:
Sulfur Dioxide:

336,727
85,973
257,919
28,658

$15,287
$1,034,499
$264,127
$529,036
$21,506

Totals:

745,098

$1,864,456

Carbon Storage and Sequestration
Total Tons Stored:

345,851.19

Total Tons Sequestered (Annually):

2,692.54

Stormwater
Water Quantity (Runoff)
2-yr, 24-hr Rainfall:

Water Quality (Contaminant Loading)
3.75 in.

Percent Change in Contaminant Loadings
Biological Oxygen Demand

Curve Number reflecting existing conditions:
Curve Number using default replacement landcover:

84

Cadmium

90

Chromium

21.65

25.44
29.66

Chemical Oxygen Demand

30.97

Copper

Additional Storage volume needed:
Construction cost per cu. ft.:

Total Stormwater Savings:
Annual costs based on payments
over 20 years at 6% interest:

54,480,441 cu. ft.
$2.00
$108,960,882

17.99

Lead

10.27

Nitrogen

13.22

Phosphorus

24.15

Suspended Solids

21.44

Zinc

$9,499,706

per year

7.64
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Figure 2

Sanctuary Conservation Development
Town of Flower Mound, TX

Original Conditions, 2001 +

Current Conditions, 2006
Conservation Development

±

Conventional Development
Modeling Scenario - One Acre Plots

Map Creation: 07/24/2006
Created By: American Forests
Source: Town of Flower Mound
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+ The 2001 orthophoto was produced by the Town of Flower Mound.

Report 2

Analysis Report
for

Sanctuary Original Landcover
Land cover areas are in acres.

Open Space - Grass/Scattered Trees: Grass cover > 75% 54.9 55.0%
44.8 45.0%
Trees: Forest litter understory
Total:
99.7 100.0%

Total Tree Canopy: 44.8 acres (45.0%)
Air Pollution Removal
Nearest Air Quality Reference City: Dallas

Lbs. Removed/yr

Dollar Value

200

Carbon Monoxide:
Ozone:
Nitrogen Dioxide:
Particulate Matter:
Sulfur Dioxide:

1,878
480
1,439
160

$85
$5,770
$1,473
$2,951
$120

Totals:

4,156

$10,399

Carbon Storage and Sequestration
Total Tons Stored:

1,929.07

Total Tons Sequestered (Annually):

15.02

Stormwater
Water Quantity (Runoff)
2-yr, 24-hr Rainfall:

Water Quality (Contaminant Loading)
3.75 in.

Percent Change in Contaminant Loadings
Biological Oxygen Demand

Curve Number reflecting existing conditions:
Curve Number using default replacement landcover:

74

Cadmium

85

Chromium

62.12
80.97

107.56

Chemical Oxygen Demand

117.32

Copper

Additional Storage volume needed:
Construction cost per cu. ft.:

Total Stormwater Savings:
Annual costs based on payments
over 20 years at 6% interest:

296,812 cu. ft.
$2.00
$593,624

47.12

Lead

22.73

Nitrogen

31.08

Phosphorus

74.11

Suspended Solids

61.15

Zinc

$51,755

per year

16.05
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Report 3

Analysis Report
for

Stormwater - Change in Runoff and Water Quality from Pre-Development to Modeled

Conventional Development with Single Family Homes on 1 Acre Lots*

Water Quantity (Runoff)
2-yr, 24-hr Rainfall:

Water Quality (Contaminant Loading)
Percent Change in Contaminants from
Pre to Modeled Development

3.75 in.

Curve Number reflecting conditions in pre-development:
Curve Number reflecting conditions modeled development:

74

Biological Oxygen Demand

80

Cadmium

33.88

44.17

Chromium

Additional storage volume needed during an average
2-year 24-hour storm event to store an increase in
runoff resulting from the change in landcover:

152,543 cu. ft.

Construction cost per cu. ft.:

$2.00

Additional Stormwater Containment Costs:

$305,085

Annual costs based on payments
over 20 years at 6% interest:

58.67

Chemical Oxygen Demand

63.99

Copper

25.70

Lead

12.40

Nitrogen

16.95

Phosphorus

40.42

Suspended Solids

33.35

Zinc

$26,599

per year

8.75
0

10

20

30

40

* Pre-development data is from 2001 and modeled development is of single family homes on a 0.1 acre lot. The model assumes the 1
acre lots consist of 20% impervious and 80% vegetation.

Trees decrease total stormwater volume helping cities to manage their stormwater and decrease detention costs. CITYgreen assesses how
land cover, soil type, and precipitation affect stormwater runoff volume. It calculates the volume of runoff in a 2-year 24-hour storm event
that would need to be contained by stormwater facilities if the trees were removed. This volume multiplied by local construction costs
calculate the dollars saved by the tree canopy. CITYgreen uses the TR-55 model developed by the Natural Resource Conservation Service
(NRCS) which is very effective in evaluating the effects of land cover/land use changes and conservation practices on stormwater runoff.
The TR-55 calculations are based on curve number which is an index developed by the NRCS, to represent the potential for storm water
runoff within a drainage area. Curve numbers range from 30 to 100. The higher the curve number the more runoff will occur. CITYgreen
determines a curve number for the existing landcover conditions and generates a curve number for landcover conditions for an alternate
landcover scenario. The change in curve number reflects the increase in the volume of stormwater runoff.
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Report 4

Analysis Report
for

Stormwater - Change in Runoff and Water Quality from Pre-Development to Modeled

Conservation Development with Single Family Homes on 0.5 Acre Lots*

Water Quantity (Runoff)
2-yr, 24-hr Rainfall:

Water Quality (Contaminant Loading)
Percent Change in Contaminants from
Pre to Modeled Development

3.75 in.

Curve Number reflecting conditions in pre-development:
Curve Number reflecting conditions modeled development:

74

Biological Oxygen Demand

79

Cadmium

28.23

36.81

Chromium

Additional storage volume needed during an average
2-year 24-hour storm event to store an increase in
runoff resulting from the change in landcover:

125,622 cu. ft.

Construction cost per cu. ft.:

$2.00

Additional Stormwater Containment Costs:

$251,244

Annual costs based on payments
over 20 years at 6% interest:

48.89

Chemical Oxygen Demand

53.33

Copper

21.42

Lead

10.33

Nitrogen

14.13

Phosphorus

33.69

Suspended Solids

27.80

Zinc

$21,905

per year

7.30
0

10

20

30

40

* Pre-development data is from 2001 and modeled development is of single family homes on a 0.5 acre lot. The model assumes the
0.5 acre lots consist of 25% impervious and 75% vegetation.

Trees decrease total stormwater volume helping cities to manage their stormwater and decrease detention costs. CITYgreen assesses how
land cover, soil type, and precipitation affect stormwater runoff volume. It calculates the volume of runoff in a 2-year 24-hour storm event
that would need to be contained by stormwater facilities if the trees were removed. This volume multiplied by local construction costs
calculate the dollars saved by the tree canopy. CITYgreen uses the TR-55 model developed by the Natural Resource Conservation Service
(NRCS) which is very effective in evaluating the effects of land cover/land use changes and conservation practices on stormwater runoff.
The TR-55 calculations are based on curve number which is an index developed by the NRCS, to represent the potential for storm water
runoff within a drainage area. Curve numbers range from 30 to 100. The higher the curve number the more runoff will occur. CITYgreen
determines a curve number for the existing landcover conditions and generates a curve number for landcover conditions for an alternate
landcover scenario. The change in curve number reflects the increase in the volume of stormwater runoff.
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Figure 3

Sanctuary Conservation Development
Lot A and Lot B Landcover Comparison

±

Lot A

Lot B

Town of Flower Mound

Lot A Landcover - Impervious 28.6%, Grass 42.9%, Trees 28.5%
Lot B Landcover - Impervious 68.6%, Grass 8.6%, Trees 22.7%
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with vegetation as well as fallow.
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Report 5

Analysis Report
for

Stormwater - Change in Runoff and Water Quality from Comparing Lot A Landcover vs.

Lot B Landcover in the Sanctuary Development

Water Quantity (Runoff)
2-yr, 24-hr Rainfall:

Water Quality (Contaminant Loading)
Percent Change in Contaminants from
Lot A to Lot B

3.75 in.

Curve Number reflecting conditions of Lot A:
Curve Number reflecting conditions of Lot B:

81

Biological Oxygen Demand

91

Cadmium

40.47

48.58

Chromium

Additional storage volume needed during an average
2-year 24-hour storm event to store an increase in
runoff resulting from the change in landcover:

1,286 cu. ft.

Construction cost per cu. ft.:

$2.00

Additional Stormwater Containment Costs:

$2,573

Annual costs based on payments
over 20 years at 6% interest:

58.05

Chemical Oxygen Demand

61.06

Copper

32.96

Lead

18.05

Nitrogen

23.59

Phosphorus

45.78

Suspended Solids

40.02

Zinc

$224

per year

13.24
0

10

20

30

40

* Lot A Landcover Percentages - Impervious-28.6, Open Space-42.9, Trees-28.5
Lot B Landcover Percentages - Impervious-68.6, Open Space-8.6, Trees-22.7

Trees decrease total stormwater volume helping cities to manage their stormwater and decrease detention costs. CITYgreen assesses how
land cover, soil type, and precipitation affect stormwater runoff volume. It calculates the volume of runoff in a 2-year 24-hour storm event
that would need to be contained by stormwater facilities if the trees were removed. This volume multiplied by local construction costs
calculate the dollars saved by the tree canopy. CITYgreen uses the TR-55 model developed by the Natural Resource Conservation Service
(NRCS) which is very effective in evaluating the effects of land cover/land use changes and conservation practices on stormwater runoff.
The TR-55 calculations are based on curve number which is an index developed by the NRCS, to represent the potential for storm water
runoff within a drainage area. Curve numbers range from 30 to 100. The higher the curve number the more runoff will occur. CITYgreen
determines a curve number for the existing landcover conditions and generates a curve number for landcover conditions for an alternate
landcover scenario. The change in curve number reflects the increase in the volume of stormwater runoff.
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Report 6

Analysis Report
for

Stormwater - Change in Runoff and Water Quality from Current Landcover Applying

Average Landcover Percentages to Undeveloped 0.5 Acre Parcels on the Sanctuary
Development vs. 1 Acre Lots Assuming the Same Landcover Percentages

Water Quantity (Runoff)
2-yr, 24-hr Rainfall:

Water Quality (Contaminant Loading)
Percent Change in Contaminants from
Pre to Modeled Development

3.75 in.

Curve Number reflecting current conditions:
Curve Number reflecting conditions modeled development:

81

Biological Oxygen Demand

85

Cadmium

16.19

19.43

Chromium

Additional storage volume needed during an average
2-year 24-hour storm event to store an increase in
runoff resulting from the change in landcover:

116,722 cu. ft.

Construction cost per cu. ft.:

$2.00

Additional Stormwater Containment Costs:

$233,445

Annual costs based on payments
over 20 years at 6% interest:

23.22

Chemical Oxygen Demand

24.43

Copper

13.18

Lead

7.22

Nitrogen

9.44

Phosphorus

18.31

Suspended Solids

16.01

Zinc

$20,353

per year

5.30
0
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8

12

16

* The average landcover percentages for the 0.5 acre Sanctuary Conservation Development were derived by taking a sample of 7
currenty developed lots. Impervious Surfaces = 40%, Grass = 30%, Trees = 30% - These percentages were applied to a scenario of 1
acre lots covering the entire area of the Sanctuary Development.

Trees decrease total stormwater volume helping cities to manage their stormwater and decrease detention costs. CITYgreen assesses how
land cover, soil type, and precipitation affect stormwater runoff volume. It calculates the volume of runoff in a 2-year 24-hour storm event
that would need to be contained by stormwater facilities if the trees were removed. This volume multiplied by local construction costs
calculate the dollars saved by the tree canopy. CITYgreen uses the TR-55 model developed by the Natural Resource Conservation Service
(NRCS) which is very effective in evaluating the effects of land cover/land use changes and conservation practices on stormwater runoff.
The TR-55 calculations are based on curve number which is an index developed by the NRCS, to represent the potential for storm water
runoff within a drainage area. Curve numbers range from 30 to 100. The higher the curve number the more runoff will occur. CITYgreen
determines a curve number for the existing landcover conditions and generates a curve number for landcover conditions for an alternate
landcover scenario. The change in curve number reflects the increase in the volume of stormwater runoff.

20

24

28

Figure 4

Cross Timbers District - 2006 Landcover *
Town of Flower Mound
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* The 2006 landcover was derived
from the classification of IKONOS
satellite data with a 1 meter resolution.
The image was acquired on 03/25/2006.
The Open Space classification consists of
grassy areas, meadow, and cropland with
vegetation as well as fallow.

Source: American Forests
US Census Bureau
Town of Flower Mound, TX
Map Creation: 07/25/2006

Report 7

Analysis Report
for

Cross Timbers District Data
Land cover areas are in acres.

351.3 4.1%
Impervious Surfaces
Open Space - Grass/Scattered Trees 5,015.5 58.5%
Trees
2,791.9 32.6%
271.0 3.2%
Urban: Bare
Water Area
137.1 1.6%
8,566.8 100.0%
Total:

Total Tree Canopy: 2,791.9 acres (32.6%)
Air Pollution Removal
Nearest Air Quality Reference City: Dallas

Lbs. Removed/yr

Dollar Value

12,444

Carbon Monoxide:
Ozone:
Nitrogen Dioxide:
Particulate Matter:
Sulfur Dioxide:

116,971
29,865
89,595
9,955

$5,310
$359,361
$91,752
$183,775
$7,471

Totals:

258,830

$647,668

Carbon Storage and Sequestration
Total Tons Stored:

120,140.59

Total Tons Sequestered (Annually):

935.33

Stormwater
Water Quantity (Runoff)
2-yr, 24-hr Rainfall:

Water Quality (Contaminant Loading)
3.75 in.

Percent Change in Contaminant Loadings
Biological Oxygen Demand

Curve Number reflecting existing conditions:
Curve Number using default replacement landcover:

79

Cadmium

87

Chromium

35.23
43.05

52.54

Chemical Oxygen Demand

55.65

Copper

Additional Storage volume needed:
Construction cost per cu. ft.:

Total Stormwater Savings:
Annual costs based on payments
over 20 years at 6% interest:

20,083,556 cu. ft.
$2.00
$40,167,111

28.23

Lead

14.98

Nitrogen

19.81

Phosphorus

40.32

Suspended Solids

34.80

Zinc

$3,501,952

per year

10.88
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Report 8

Analysis Report
for

Stormwater - Change in Runoff and Water Quality from Current Cross Timbers

Landcover 2006 vs. Full buildout using 1 acre lots that have the same landcover
percentages as the lots currently developed on the Sanctuary site

Water Quantity (Runoff)
2-yr, 24-hr Rainfall:

Water Quality (Contaminant Loading)
Percent Change in Contaminants from
Pre to Modeled Development

3.75 in.

Curve Number reflecting current conditions:
Curve Number reflecting conditions modeled development:

79

Biological Oxygen Demand

85

Cadmium

26.42

32.28

Chromium

Additional storage volume needed during an average
2-year 24-hour storm event to store an increase in
runoff resulting from the change in landcover:
Construction cost per cu. ft.:

14,712,620 cu. ft.

41.74

Copper

21.17

Lead

11.24

Nitrogen

$2.00

14.85

Phosphorus

Additional Stormwater Containment Costs: $29,425,239
Annual costs based on payments
over 20 years at 6% interest:

39.40

Chemical Oxygen Demand

30.24

Suspended Solids

26.10

Zinc

$2,565,426

per year

8.16
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* The average landcover percentages for the 1 acre Sanctuary Development were derived by taking a sample of 7 currenty developed
lots 0.5 acre lots on the site. Impervious Surfaces = 40%, Grass = 30%, Trees = 30%

Trees decrease total stormwater volume helping cities to manage their stormwater and decrease detention costs. CITYgreen assesses how
land cover, soil type, and precipitation affect stormwater runoff volume. It calculates the volume of runoff in a 2-year 24-hour storm event
that would need to be contained by stormwater facilities if the trees were removed. This volume multiplied by local construction costs
calculate the dollars saved by the tree canopy. CITYgreen uses the TR-55 model developed by the Natural Resource Conservation Service
(NRCS) which is very effective in evaluating the effects of land cover/land use changes and conservation practices on stormwater runoff.
The TR-55 calculations are based on curve number which is an index developed by the NRCS, to represent the potential for storm water
runoff within a drainage area. Curve numbers range from 30 to 100. The higher the curve number the more runoff will occur. CITYgreen
determines a curve number for the existing landcover conditions and generates a curve number for landcover conditions for an alternate
landcover scenario. The change in curve number reflects the increase in the volume of stormwater runoff.
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Report 9

Analysis Report
for

Stormwater - Change in Runoff and Water Quality from Current Cross Timbers

Landcover 2006 vs. Full buildout using same design as Sanctuary Conservation
Development 0.5 Acre Lots

Water Quantity (Runoff)
2-yr, 24-hr Rainfall:

Water Quality (Contaminant Loading)
Percent Change in Contaminants from
Pre to Modeled Development

3.75 in.

Curve Number reflecting current conditions:
Curve Number reflecting conditions modeled development:

79

Biological Oxygen Demand

81

Cadmium

8.81

10.76

Chromium

Additional storage volume needed during an average
2-year 24-hour storm event to store an increase in
runoff resulting from the change in landcover:

4,681,130 cu. ft.

Construction cost per cu. ft.:

$2.00

Additional Stormwater Containment Costs:

$9,362,261

Annual costs based on payments
over 20 years at 6% interest:

13.13

Chemical Oxygen Demand

13.91

Copper

7.06

Lead

3.75

Nitrogen

4.95

Phosphorus

10.08

Suspended Solids

8.70

Zinc

$816,245

per year

2.72
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* The average landcover percentages for the 1 acre Sanctuary Development were derived by taking a sample of 7 currenty developed
lots 0.5 acre lots on the site. Impervious Surfaces = 40%, Grass = 30%, Trees = 30%

Trees decrease total stormwater volume helping cities to manage their stormwater and decrease detention costs. CITYgreen assesses how
land cover, soil type, and precipitation affect stormwater runoff volume. It calculates the volume of runoff in a 2-year 24-hour storm event
that would need to be contained by stormwater facilities if the trees were removed. This volume multiplied by local construction costs
calculate the dollars saved by the tree canopy. CITYgreen uses the TR-55 model developed by the Natural Resource Conservation Service
(NRCS) which is very effective in evaluating the effects of land cover/land use changes and conservation practices on stormwater runoff.
The TR-55 calculations are based on curve number which is an index developed by the NRCS, to represent the potential for storm water
runoff within a drainage area. Curve numbers range from 30 to 100. The higher the curve number the more runoff will occur. CITYgreen
determines a curve number for the existing landcover conditions and generates a curve number for landcover conditions for an alternate
landcover scenario. The change in curve number reflects the increase in the volume of stormwater runoff.
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