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Context of StudyContext of Study

Undergraduate Senior Seminar in Undergraduate Senior Seminar in 
Environmental StudiesEnvironmental Studies
CapstoneCapstone

Environmental ScienceEnvironmental Science
Environmental PolicyEnvironmental Policy
Environmental ValuesEnvironmental Values



Learning GoalsLearning Goals

Think critically & creatively about sprawl & Think critically & creatively about sprawl & 
sustainabilitysustainability

Causes, impacts and alternativesCauses, impacts and alternatives
Link theory and practiceLink theory and practice

Concepts Concepts –– Case studies Case studies –– Methods Methods –– ApplicationApplication
Develop & apply GIS skillsDevelop & apply GIS skills
Work collaborativelyWork collaboratively
Present & disseminate results to local Present & disseminate results to local 
communitycommunity



Pedagogical MethodsPedagogical Methods

Collaborative LearningCollaborative Learning
Group project with individual assignmentsGroup project with individual assignments

Active & Applied LearningActive & Applied Learning
Field & Computer LabField & Computer Lab
Tangible End ProductTangible End Product

Service LearningService Learning
Work to improve local environment & communityWork to improve local environment & community

Interdisciplinary ApproachInterdisciplinary Approach



Project: Costs of Urban SprawlProject: Costs of Urban Sprawl

Assess the social and Assess the social and 
ecological effects of ecological effects of 

suburban sprawl through suburban sprawl through 
a case study analysis of a a case study analysis of a 

proposed 455 unit proposed 455 unit 
development in Butler development in Butler 

Township, Adams Township, Adams 
County, Pennsylvania County, Pennsylvania 

(Summerdale and (Summerdale and 
Biglerville Crossing)Biglerville Crossing)



Project ObjectivesProject Objectives

1.1. Assess impacts of Assess impacts of proposedproposed developmentdevelopment
Social and EconomicSocial and Economic
EcologicalEcological

2.2. Construct Construct alternative designalternative design that reduces that reduces 
negative impactsnegative impacts

ReRe--run assessmentsrun assessments
3.3. DisseminateDisseminate findingsfindings



Ecological Analysis: CityGreenEcological Analysis: CityGreen
Extension for ArcGISExtension for ArcGIS
Developed by Developed by American American 
ForestsForests
Based on tree canopy & Based on tree canopy & 
land coverland cover
Air pollution abatementAir pollution abatement
Storm water runoffStorm water runoff
Water contaminant loadingWater contaminant loading



Adams County, PennsylvaniaAdams County, Pennsylvania



PrePre-- vs. Postvs. Post--Development LandoverDevelopment Landover



Contrast of PreContrast of Pre-- and Postand Post--Development Development 
Land CoverLand Cover

Pre Development Land Use

farmsteads

open space

trees

impervious
surfaces
water area

Impervious Surfaces: 0.16%

Farmsteads: 0.34%

Water: 0.1%

Post Development Land Use

impervious
surfaces
open

trees

residential
64.5%

34.9%

58.8%

12.1%

17.7%11.3%

17.7%



ResultsResults
Ecological (CityGreen) AssessmentEcological (CityGreen) Assessment

Pre vs. PostPre vs. Post--DevelopmentDevelopment



Air Quality ComparisonAir Quality Comparison

2,8782,8788,9118,911TotalTotal

312312965965Sulfur DioxideSulfur Dioxide

8878872,7482,748Particulate MatterParticulate Matter

6486482,0052,005Nitrogen DioxideNitrogen Dioxide

9609602,9712,971OzoneOzone

7272223223Carbon MonoxideCarbon Monoxide

Post DevelopmentPost Development
(lbs removed/yr)(lbs removed/yr)

PrePre--DevelopmentDevelopment
(lbs removed/yr)(lbs removed/yr)

PollutantPollutant



Carbon Sequestration and StorageCarbon Sequestration and Storage

9.029.02

1,157.941,157.94

PostPost--Development Development 
(tons)(tons)

18.8918.89

2,426.942,426.94

Total LossTotal Loss

27.9127.91Total Tons Total Tons 
SequesteredSequestered
(annually)(annually)

3,584.883,584.88Total TonsTotal Tons
StoredStored

PrePre--DevelopmentDevelopment
(tons)(tons)



Storm Water Quantity ResultsStorm Water Quantity Results

$515,629$515,629257,815257,815
Post Post 

DevelopmentDevelopment

Total storm water Total storm water 
infrastructure costinfrastructure cost

(based on $2 /cu. ft. (based on $2 /cu. ft. 
estimated cost)estimated cost)

Additional storage Additional storage 
volume needed due volume needed due 
to reduction in tree to reduction in tree 

canopy (ftcanopy (ft33))



Percent Increase in Contaminant Percent Increase in Contaminant 
Loadings from Pre to Post DevelopmentLoadings from Pre to Post Development

57.79%57.79%21.23%21.23%PhosphorousPhosphorous

47.07%47.07%18.19%18.19%Suspended SolidsSuspended Solids

23.26%23.26%10.15%10.15%NitrogenNitrogen

16.88%16.88%7.63%7.63%LeadLead

47.88%47.88%18.43%18.43%Biological Oxygen DemandBiological Oxygen Demand

Biglerville CrossingBiglerville CrossingSummerdaleSummerdale

86.71%86.71%28.12%28.12%ChromiumChromium

95.5%95.5%29.90%29.90%Chemical Oxygen DemandChemical Oxygen Demand

11.85%11.85%5.51%5.51%ZincZinc

63.57%63.57%22.75%22.75%CadmiumCadmium



Alternative DesignAlternative Design



Alternative Design GoalsAlternative Design Goals

Used results of our ecological and social analysis to Used results of our ecological and social analysis to 
determine priorities determine priorities 
Goals: based on environmental planning principlesGoals: based on environmental planning principles

Primary and Secondary ConservationPrimary and Secondary Conservation
Strive to comply with regional watershed Strive to comply with regional watershed 
standardsstandards
Mixed Use DevelopmentMixed Use Development
Higher Density Residential AreaHigher Density Residential Area
Pedestrian and Community Friendly DesignPedestrian and Community Friendly Design



PostPost--Development vs. Alternative Design Development vs. Alternative Design 



ResultsResults
Alternative DesignAlternative Design



Air Quality ResultsAir Quality Results

9,8429,8422,8782,8788,9118,911TotalTotal
1,0661,066312312965965Sulfur DioxideSulfur Dioxide

3,0353,0358878872,7482,748Particulate Particulate 
MatterMatter

2,2142,2146486482,0052,005Nitrogen Nitrogen 
DioxideDioxide

3,2813,2819609602,9712,971OzoneOzone

2462467272223223Carbon Carbon 
MonoxideMonoxide

Alternative Alternative 
DevelopmentDevelopment

PostPost--
DevelopmentDevelopment

PrePre--
DevelopmentDevelopment

PollutantPollutant
(lbs removed/yr)(lbs removed/yr)



Storm Water Runoff Quantity Storm Water Runoff Quantity 
Results Results 

$122,956$122,956

61,47861,478

Alternative Alternative 
DevelopmentDevelopment

--$392,573$392,573$515,629$515,629Total storm water Total storm water 
infrastructure costinfrastructure cost

--196,337196,337257,815257,815Additional Storage Additional Storage 
volume needed if all volume needed if all 

trees are removed trees are removed 
(ft(ft33))

DifferenceDifferencePost Post 
DevelopmentDevelopment



Water Quality ResultsWater Quality Results
Summerdale Summerdale Percent Change in Contaminant LoadingPercent Change in Contaminant Loading

2.762.765.515.51ZincZinc

9.109.1018.1918.19Suspended Suspended 
SolidsSolids

10.6110.6121.2321.23PhosphorusPhosphorus
5.085.0810.1510.15NitrogenNitrogen
3.823.827.637.63LeadLead
0.00.00.00.0CopperCopper

14.9514.9529.9029.90Chemical Oxygen Chemical Oxygen 
DemandDemand

14.0614.0628.1228.12ChromiumChromium
11.3711.3722.7522.75CadmiumCadmium

9.219.2118.4318.43Biological Oxygen Biological Oxygen 
DemandDemand

PrePre-- to Alternative to Alternative 
DevelopmentDevelopment

PrePre-- to Postto Post--
DevelopmentDevelopment



Learning OutcomesLearning Outcomes
Achieved!!!!Achieved!!!!
Public presentationsPublic presentations

Campus and local Campus and local 
communitycommunity
Butler Township Butler Township 
Planning BoardPlanning Board

County recognitionCounty recognition
Graduate schoolGraduate school


