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Linking land use and water qualityLinking land use and water quality



Ag/Urban C t i t WorsenedAg/Urban 
Land Use Contaminants Worsened 

Water  Quality

Land approach Engineering approach



• Surface Water Treatment 
R lRule

• $Billions for filtration plant 
$100 f illi ior $100s of millions in 

watershed protection and 
conservation?conservation?



Ecological value 
+ 

Drinking water value 
+ 

Development threats 
==  

Conservation Priority



Potomac Watershed 
Priority Lands Strategy

1. How do land areas in the Potomac 
Watershed contribute to stream water 
quality?
Water quality model of how land contributes to water

2. How should land conservation be prioritized

Water quality model of how land contributes to water 
quality using regression analysis

2. How should land conservation be prioritized 
given land’s contribution to drinking water?
Decision support tool for prioritizing conservationDecision support tool for prioritizing conservation 
using additional considerations



OverviewOverview

• Potomac watershedPotomac watershed
• Water Quality model

C ti P i iti ti d l th t• Conservation Prioritization model that 
functions as decision-support tool 

• Conclusions
• Next Stepsp





Water Quality Model
Weighted Layer Approach

• Index of water quality = 
Summed weighted componentSummed weighted component 
layers 

• Determine validity and relativeDetermine validity and relative 
importance of components
– Past methods
– Regression approach



Water Quality ModelQ y
Water Quality Data

• 564 
monitoring 
points from 
Maryland 
Biological 
Stream 
Survey 
(MBSS)



Water Quality Model

• Landscape Composition Metrics

Q y
Landscape Characteristics

p p
– Percent land use in watershed
– Inverse Distance Weighted
– Buffer Capacity/Urban Saturation
– Flowpath buffer distance
– Average buffer widthAverage buffer width

• Soil Erodibility Metrics
– Interactions of slope, K-factor, land typep yp

• Other 
– road-stream intersections, river density, etc.



Percent of forestPercent of forest

50% 50% 50%



Inverse Distance Weighted 
f fof  forest

30% 42% 75%



Contiguous ForestContiguous Forest

0 0 2 cells



Buffer CapacityBuffer Capacity

21% 42% 79%

**U b**Urban 
Saturation



Water Quality Model
Soil Erodibility Metrics

Universal Soil Loss Equation (USLE)

A  =  K  *  LS  *  CP *  R

Source:  Wischmeier and Meyer, 1965



K-factor 
(soil erodibility)



Slope



Land Use
(runoff factor)



K-factor 
(soil erodibility)
Soil Loss 
Estimate 
= 
K-factor  * Slope 
* Land Usea d Use



Soil Loss 
Estimate 
= 
K-factor  * Slope 
* Land Usea d Use



Regression ResultsRegression Results
B-IBI Elasticity/ 

W i ht F t
P-value

Weight Factor
Slope * Land Use 
T

-37.4% 0.000
Type
Buffer capacity 31.3% 0.000

Urban Saturation -8.5% 0.000

K-factor * Slope * 
Land Use Type

-0.1% 0.087
Land Use Type



Slope * Land UseSlope * Land Use x      37.39%x      37.39%S ope a d UseS ope a d Use 3 39%3 39%

Buffer CapacityBuffer Capacity x      31.30%x      31.30%

== Water Quality Water Quality 
ModelModel

Urban SaturationUrban Saturation x      8.53%x      8.53%

KK--factor * Slope * factor * Slope * 
Land UseLand Use x 0 14%x 0 14%Land Use Land Use x      0.14%x      0.14%



Water Quality 
Model

High 
value

Low 
value



Water Quality 
Model



Strategic Conservation Prioritization

How do we prioritize these areas?

Strategic Conservation Prioritization

How do we prioritize these areas?  
– Not only water quality importance

What about?
Likelihood of land development– Likelihood of land development

– Proximity of Intakes
E l i l l– Ecological value

– What’s available for conservation
– Cost of conserving



Land Contribution to Water Quality
+ 

Intake Importance
++

Development Vulnerability
++

Ecological Value
=

Conservation Priority



Intake Importance Areas

• Over 60 intakes

Intake Importance Areas

• Over 60 intakes 
in watershed

• Prioritize areas 
ffor :
• Intakes (to 

lower the 
purification 
cost burden)

• PeoplePeople 
served by 
intakes (lower 
the overallthe overall 
health risk)



Intake Importance AreasIntake Importance Areas

• Area next to intake is 
more important than farmore important than far 
away.  
– Dilution,
– Decay, and
– Deposition of contaminants

• Decay Function:
Y = e^(-0.01 * d)



Intake Importance AreasIntake Importance Areas

All Intakes Equal
Intakes weighted by 
population served



Land Contribution to Water Quality
+ 

Intake Importance
+

Development Vulnerability
++

Ecological Value
=

Conservation Priority



Development 
Vulnerability 
Model

Source:  Chesapeake Bay Program



Land Contribution to Water Quality
+ 

Intake Importance
+

Development Vulnerability
+

Ecological Value
=

Conservation Priority



Ecological Value 
Model 

Source:  Chesapeake Bay Program



Land Contribution to Water Quality
+ 

Intake Importance
+

Development Vulnerability
+

Ecological Value
=

Conservation Priority



Water QualityWater Quality x    1x    1

Intake Intake 
Importance #1Importance #1 x 0.5x 0.5

Conservation Conservation 
Intake Intake 

Importance #2Importance #2

x    0.5x    0.5

Prioritization Prioritization 
Model #1Model #1

Importance #2Importance #2

VulnerabilityVulnerability
==x    0.5x    0.5

VulnerabilityVulnerability

x    1x    1

EcologicalEcological

11x    1x    1



Water QualityWater Quality x    1x    1ate Qua tyate Qua ty

ConservationConservation

Intake Intake 
ImportanceImportance x    1x    1

Conservation Conservation 
Prioritization Prioritization 

Model #2Model #2VulnerabilityVulnerability ==
x    1x    1

EcologicalEcological

11x    1x    1



Water QualityWater Quality x    1x    1

ConservationConservation
VulnerabilityVulnerability

Conservation Conservation 
Prioritization Prioritization 

Model #3Model #3
x    1x    1

==
EcologicalEcological

x    1x    1



Priority 
Conservation 
Areas



Priority 
Conservation 
Areas + 
Protected areas



Available forest 
lands in intake 
watershed not 
already protected



ConclusionsConclusions

PART 1: Land Contribution to Water QualityPART 1: Land Contribution to Water Quality
• Position of forest matters

L t th d t k f th l• Let the data speak for themselves



ConclusionsConclusions

PART 2: Strategic Conservation PrioritizationPART 2:  Strategic Conservation Prioritization
• Conservation priority areas depend on how 

components are valuedcomponents are valued.   
• This model serves as a decision support 

t l it il b dj t d f thtool as it can easily be adjusted for these 
varying value weights, and can incorporate 

t t !costs, too!



How this tool can be usedHow this tool can be used
• Choosing  which areas to prioritize and fund g p

conservation
• Rationale for funding for land acquisitions or 

conservation easementsconservation easements
• Updating county or municipal zoning to 

incorporate natural areas that provide watershed 
iservices

• Consulting with developers to develop the least 
impacting site plan scenariospact g s te p a sce a os

• Building a common understanding as to the 
benefits of conservation



Questions for Potomac PartnershipQuestions for Potomac Partnership

• How can the Potomac Partnership helpHow can the Potomac Partnership help 
promote coordinated source water 
protection in priority areas?protection in priority areas?

• In what ways would this prioritization 
model be most effective and how mightmodel be most effective, and how might 
the Potomac Partnership carry out these 
activities?activities?   



Th k !Thank you!
•EPA Region 3 Drinking Water TeamEPA Region 3 Drinking Water Team 
especially Chuck Kanetsky, Rick Rogers, KR 
Young, Vicky Binetti, and Ellen SchmittYoung, Vicky Binetti, and Ellen Schmitt
•Dean Urban and John Fay, Nicholas School 
of the Environment, Duke Universityof the Environment, Duke University

Questions?  Comments?  


