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January 2012

Planning for imProved 
Watershed health 

Using inforest

Department of Forestry

Every day, Virginia’s citizens, policy makers, planners, 
developers and others make decisions that affect the 
health and abundance of the Commonwealth’s natural 
resources. These resources provide a wide variety of 
ecosystem services, cleaning the air, filtering water 
supplies and providing recreation opportunities, among 
others. To ensure these services are maintained and 
restored, we need to make better-informed land use 
decisions. Environmental modeling provides a powerful 
tool for communities, local governments, agencies and 
businesses to enhance their management of Virginia’s 
lands and waterways, protecting water quality and 
healthy communities.

This document presents a new, easy-to-use planning 
tool that enhances environmental decision-making for 
land managers, planners, developers, farmers and others 
interested in making better-informed decisions about 
how to develop and use land in ways that conserve 
healthy watersheds in Virginia. Developed as part of the 
Virginia Department of Forestry’s InFOREST tool, the 
nutrient and sediment runoff calculator allows users 
to evaluate water pollution impacts from changes in 
land cover and to model scenarios for reducing those 
pollutants. 

The document discusses the calculator’s use as part of an 
integrated environmental approach to natural resource 
management. The document also presents two case 
studies, in suburban Richmond and rural New Kent 
County, Virginia, to illustrate how the calculator works.
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InFOREST: An Overview
InFOrEST is a suite of tools that allows people, agencies and organizations to make better-informed land use 
management decisions based on changes in land cover. Developed by the Virginia Department of Forestry and 
Virginia Polytechnic and State university, InFOrEST uses Geographic Information System (GIS) technology 
and  natural resource data to generate custom maps, reports and information about ecosystem services for 
a watershed or a specific area or tract of land. InFOREST is an example of a tool that can inform an effective 
integrated environmental planning approach (see page 3 for more information).

The InFOREST application includes: 
a Mapping Tool that allows users to create custom maps using a wide range of natural resource data and 
background map layers, and;
a suite of Ecosystem Service Calculators that enables users to estimate carbon sequestration from forests, 
nutrient and sediment loadings from various land covers, and nutrient credit trading information.
The case studies presented in this document use the nutrient and sediment runoff calculator, which allows 
users to quickly and easily model water pollution impacts from changes in land cover. The calculator models 
current and future pollution loadings. These predicted loadings are based on results from studies of loadings 
from different land uses.

The Nutrient and Sediment Runoff Calculator: How it Works
Choose your level of analysis: users can model changes in land use at the 
watershed level or at a user-defined project level. Watersheds are based on 
a 12-digit hydrologic unit code (HuC 12). For larger watersheds or areas 
that cross HuC 12 watersheds, individual HuC 12 watershed loadings can be 
calculated and the results added together.  

Evaluate Existing Land Cover: The calculator assesses the land cover types 
for the watershed or site entered and calculates runoff pollutant loadings for 
nitrogen, phosphorus and sediment. Land cover information is based on a 
variety of data sources. 

Baseline land cover can also be modified to reflect recent land use changes 
or more precise information as needed. For example, on a large farm with 
newly implemented land conservation practices, “conventional tillage” may 
need to be changed to “conservation tillage.” In a situation where a large 
forested area has recently been cleared, the percent of forest area can be 
reduced to reflect that change.

Model Different Scenarios: For a specified area, users can estimate future 
runoff pollutant loadings based on changes in land use and compare those 
results to current runoff loadings. For example, if a development or land 
clearing proposal will reduce forest cover by 70 percent, the user can 
enter the acreage changes for various land use types to identify the loading 
impacts. This information can help users make better decisions to prevent 
additional loadings to an already impaired watershed. users also can model 
and evaluate multiple land use change scenarios to better understand their 
loading impacts.

This document applies the nutrient and sediment runoff calculator to development scenarios in a suburban 
neighborhood in richmond, Virginia and a rural area in new Kent County, Virginia. Both areas border impaired 
waterways. Please see page 4 of the document for more information.

http://inforest.frec.vt.edu

nutrient and Sediment runoff Calculator interface (top) 
and sample chart of land cover results (bottom)
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Making the Connection: 
Water Quality and Land Cover
Virginia’s water resources include more than 52,000 miles of rivers and streams, 
116,230 acres of lakes and 2,302 square miles of estuaries. In 2010, the Virginia 
Department of Environmental Quality found that of 17,000+ river miles assessed for 
water quality, more than two-thirds were impaired, along with most lakes and almost 
the entire Chesapeake Bay.

restoring these waterways and reducing the pollutants causing the impairments 
requires an integrated environmental planning approach, one that views our natural 
resources as a network of “green infrastructure” – interconnected lands and waterways 
– requiring careful planning and maintenance just like traditional “grey” infrastructure, 
such as roads and utilities. In particular, healthy waterways rely on intact natural land 
cover such as forests. Tools such as InFOrEST and its nutrient and sediment runoff 
calculator help users determine how different natural resource management strategies, 
such as expanding forested areas, can reduce pollution and maximize environmental 
benefits.      

The Integrated Environmental Planning Approach 
Key Components
•	 Green	infrastructure	assessments	– communities map their highest-value natural 

resources, using tools such as the Virginia Conservation Lands needs assessment 
and the Southern Forest resource assessment. (To learn more, see page 12.)  

•	 Planning	– communities establish natural resource management goals and 
objectives, update their Comprehensive Plans, zoning and other planning tools.

•	 Implementation	and	next	steps – communities develop and implement natural 
resource management and restoration strategies.

Benefits
In addition to protecting and restoring our natural resources, an integrated approach 
to environmental planning strengthens public health, local quality of life and Virginia’s 
economy.

For Virginia’s towns, cities and counties, the approach helps local governments comply 
with state and federal regulations, including water supply planning, total maximum daily 
loads (TMDLs) and stormwater management. The approach also helps localities pursue 
voluntary initiatives, including parkland acquisition and open space planning, as well as 
transfer and purchase of development rights (TDr / PDr) programs. They also can use 
the model to share goals with the development community, so that developers can plan 
their land development accordingly, saving time and resources for both localities and 
developers.

Developers can use an integrated planning approach to determine the best locations for 
development and can decide the most strategic locations to set land aside for open space 
or conservation within a proposed development parcel to achieve the greatest benefits 
for reducing land runoff. 

Finally, an integrated approach to environmental planning provides a host of additional 
benefits, including the conservation of wildlife habitat and biodiversity, enhanced 
recreation and tourism opportunities, natural hazard mitigation and support of scenic 
and historic resources. 

Did You Know?
Maintaining forested 
land cover is one of 
the most effective 
means to reduce the 
primary pollutants 
– nitrogen, 
phosphorus and 
sediment – impairing 
Virginia’s waterways. 
Forests also ensure 
that water can 
infiltrate into the 
ground, recharging 
ground water and 
replenishing surface 
water flows.



4

Adams Park 
Richmond, Virginia 

Adams Park is a subdivision in southern Richmond. Homes 
range in size from 1,500 to 3,000 square feet. Located in 
Virginia’s coastal plain, this suburban neighborhood also 
includes approximately 34 acres of undeveloped woodland 
approved for development. This area contains significant 
green infrastructure assets and is one of the few natural areas 
remaining in Richmond. With the area zoned R-2 “Single-
Family Residential,” the developer could build up to 67 
homes with no additional approvals required.

Recognizing the value of the natural area, the developer proposed an alternate approach with smaller lots and 
more open space, while still slightly increasing the total number of development lots. To make it possible to 
build smaller homes on smaller lots, the developer would need a rezoning to a higher density. The rezoning 
would support the City’s Master Plan, which states that the property “contains one of the few natural areas 
remaining within the City limits. In order to provide incentives to protect a significant portion of the site and 
allow it to remain in a natural setting, a higher residential density should be allowed.”  

The table below illustrates the reduced development footprint and gain in 
wooded open space that would be made possible by the proposed rezoning.

In creating his proposal, the developer was responding to need for a more intimately scaled community 
with park and trail amenities. The developer was also following a personal commitment to help conserve the 
James River watershed and the Chesapeake Bay. Market trends also drive the demand for local green spaces 
within developments. As America’s population ages and more people near retirement, many prefer to “age in 
place,” remaining in their homes. This puts a premium on residences located near parks and open space that 
enable people to walk and recreate near where they live. Also, many studies have documented that homes 
near green spaces sell faster and at higher prices than similarly sized homes located elsewhere. 

As the table illustrates, the proposed rezoning would protect a significant natural area and provide a 
recreational amenity for the neighborhood. The rezoning would allow for almost 20 acres of open space, with 
a 62 percent reduction in the development footprint and a 30 percent reduction in the amount of roadways 
needed. With smaller lots, the developer would also be able to increase the project’s total number of units 
by four homes. By reducing the lot frontage from 90’ to 50’, development infrastructure costs would also be 
reduced by around 40 percent. Lastly, there would be reductions in long term maintenance costs since there 
is less stormwater and roadway infrastructure to maintain.

Data Sources
The Richmond Regional Planning District Commission, in partnership with the City of Richmond and others, conducted a green infrastructure 
assessment that identified the neighborhood’s natural assets. The assessment relied on multiple data sources, including the Virginia Natural 
Landscape Assessment.

Existing

undeveloped

R-2 Zoning R-5 Zoning Change
Development Area 30.28 acres 11.59 acres 62% reduction in development footprint
# of  Units 67 71 +4 homes
Roads 4.16 acres 2.92 acres 30% reduction in roads needed 

Open Space: 0.0 acres 19.88 acres +19.88 acres of open space



5

0%

1000%

2000%

3000%

4000%

5000%

6000%

7000%

Scenario 1 Scenario 2 Scenario 3

Nitrogen (lb/yr)

Phosphorus (lb/yr)

Sediment (tons/yr)

% Increased Loading 
to Watershed

Developed by Skeo Solutions for the Green Infrastructure Center

Bathgate Road

Glenbeigh Drive

1” = 60’

Proposed New Development

Neighborhood Loop Path

Existing Development

Existing Woodland

Parcels

Water

Wetlands

Natural Drainage Basins

Rain Gardens

Street Plantings

10’ Easement

Scenario 4. Revised cluster development with 40’ protected and low impact development (LID) features

* Alternative to 10’ trail easement includes modifying parcels boundaries to accommodate trail within common space

8'-0" 10'-0" 10'-0" 5'-0"

38'-0"

5'-0"

58'-0"

PARKING BIKE
LANE

DRIVE
LANE

DRIVE
LANE

BIKE
LANE

STREET
WIDTH

PUBLIC
RIGHT-OF-WAY

SCALE:  1" = 10'-0"

RICHMOND - DRAFT STREET SECTIONS

STREET RETROFIT
PLAN AND SECTION  B

Stormwater Mitigation Strategies
Top: Rain garden example
Middle: Street plantings example
Bottom: Alternative street section

*

Developed by Skeo Solutions for the Green Infrastructure Center

Bathgate Road

Glenbeigh Drive

1” = 60’

Proposed New Development

Neighborhood Loop Path

Existing Development

Existing Woodland

Parcels

Water

Wetlands

Natural Drainage Basins

Rain Gardens

Street Plantings

10’ Easement

Scenario 4. Revised cluster development with 40’ protected and low impact development (LID) features

* Alternative to 10’ trail easement includes modifying parcels boundaries to accommodate trail within common space

8'-0" 10'-0" 10'-0" 5'-0"

38'-0"

5'-0"

58'-0"

PARKING BIKE
LANE

DRIVE
LANE

DRIVE
LANE

BIKE
LANE

STREET
WIDTH

PUBLIC
RIGHT-OF-WAY

SCALE:  1" = 10'-0"

RICHMOND - DRAFT STREET SECTIONS

STREET RETROFIT
PLAN AND SECTION  B

Stormwater Mitigation Strategies
Top: Rain garden example
Middle: Street plantings example
Bottom: Alternative street section

*

Developed by Skeo Solutions for the Green Infrastructure Center

Scenario 2. Revised cluster development plan Scenario 3. Revised cluster development plan with rear 
40’ of lots protected

Scenario 4. Revised cluster development with 40’ 
protected and low impact development (LID) features

Scenario 1. Original development planCurrent developmentAdams Park Site

Developed by Skeo Solutions for the Green Infrastructure Center

Scenario 2. Revised cluster development plan Scenario 3. Revised cluster development plan with rear 
40’ of lots protected

Scenario 4. Revised cluster development with 40’ 
protected and low impact development (LID) features

Scenario 1. Original development planCurrent developmentAdams Park Site

Developed by Skeo Solutions for the Green Infrastructure Center

Scenario 2. Revised cluster development plan Scenario 3. Revised cluster development plan with rear 
40’ of lots protected

Scenario 4. Revised cluster development with 40’ 
protected and low impact development (LID) features

Scenario 1. Original development planCurrent developmentAdams Park Site

Considerations
The calculator cannot account for additional loading 
reductions from implementation of Low Impact 
Development (LID) stormwater best management 
strategies, such as natural drainage areas and rain 
gardens. As shown in Scenario 4, biofiltration can 
effectively treat most runoff from suburban lawns, 
streets and sidewalks. However, the nutrient and 
sediment calculator is based on land cover and does 
not include these finer-scaled engineered practices. 
Additional loading reductions could be calculated 
separately and added to the model results. 

Development Scenarios
Four scenarios were created to highlight 
different development and neighborhood 
amenity options based on a higher-density 
development pattern. 
Scenario 1 is the original approved R-2 
development, which would convert the entire 
34 acres to residential development. 
Scenario 2 provides an example of a clustered 
R-5 development, which retains nearly 20 
acres in forested open space. 
Scenario 3 builds on Scenario 2 and provides 
additional neighborhood amenities by 
retaining the rear 40 feet of forest lots as a 
connected trail network for use by residents. 
Scenario 4 provides additional stormwater 
mitigation strategies, such as bioswales, 
discussed at the bottom of the page.   

InFOREST Analysis
InFOREST’s nutrient and sediment runoff calculator was 
used to demonstrate nitrogen, phosphorus and sediment 
loading differences under the original R-2 and proposed 
R-5 development scenarios. Scenario 1’s traditional 
development proposal could result in 60 times more 
nitrogen entering an already-impaired nearby reservoir. 
The smaller-scale development footprints of Scenarios 2 
and 3 would protect a significant portion of the site as a 
neighborhood amenity and reduce watershed impacts by 
nearly 50 percent. The graph to the right illustrates the 
loading differences based on the InFOREST analysis. 

Existing Development

Scenario 2. Proposed R-5 Development 

Scenario 4. Proposed R-5 Development with 
rear 40 feet of lots protected and LID

Scenario 1. Original R-2 Development 

Scenario 3. Proposed R-5 Development with 
rear 40 feet of lots protected

Forest

Water

Existing Development

Proposed New Development

Examples of a rain garden (top) and 
bioswale (bottom)



6

Diascund Property 
New Kent County, Virginia

This 1,000-acre tract is located  just east of Richmond, Virginia, 
and borders the southern edge of the Diascund Creek Reservoir. 
Although New Kent County is primarily rural, its proximity to 
Richmond and Interstate 64 have led to new development in 
recent years. Despite the economic downturn, areas such as this 
property with natural beauty and scenic views will likely attract 
development interest in the future. The site is currently part of 
an Agricultural and Forestal District and is being managed for 
forestry. 

In 2009, the Green Infrastructure Center completed a study 
of New Kent County’s green infrastructure assets. The GIC  
worked with a multi-stakeholder advisory committee to 
map the county’s most significant forest and wetland areas 
and recreation and cultural areas to help inform the county’s 
planning for future development. These maps were then 
proposed for adoption into the county’s Comprehensive Plan.  

The Diascund Property is located in one of the county’s highest 
ranked conservation lands and borders a major public drinking 
water source – the Diascund Creek Reservoir. Keeping forest 
cover in the reservoir’s watershed could help protect water 
quality and reduce treatment costs. A survey by the American 
Water Works Association found that a 10 percent increase in 
forest cover reduced chemical and treatment costs of 
drinking water by 20 percent (Barten and Ernst, 2004).
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Development Scenarios

Planned lots at the property average 25 acres in size and the land is currently zoned for agricultural 
uses. A smaller development footprint for the site could allow for intact forested areas along the 
reservoir to be retained. Four scenarios were created to highlight different development options.

Scenario 1: Traditional development pattern that retains 10 percent of existing forest land and 
maximizes development within required setbacks. 
Scenario 2: Traditional development pattern that meets maximum open space requirements under 
the state Code of Virginia, retaining 20 percent of existing forest land. 
Scenario 3: Cluster development plan that retains 50 percent of existing forest land. 
Scenario 4: Cluster development plan that maximizes forest land retention, retaining 70 percent of 
existing forest land. 
 

InFOREST Analysis

InFOREST’s nutrient and sediment runoff 
calculator was used to demonstrate nitrogen, 
phosphorus and sediment loading differences 
under the four development scenarios at a 
watershed scale. The chart on the right illustrates 
the percent loading increases under each scenario. 

The Diascund Property represents four percent 
of the watershed’s total area. Converting this 
forested area to traditional suburban development could result in a nearly seven percent increase in nitrogen 
runoff into the Diascund Creek drinking water reservoir. The additive impacts of forest loss from additional 
development in the area could result in even greater impacts and the need for extensive cleanup measures to 
restore the reservoir and overall watershed health.

Additional Considerations for localities in the Chesapeake Bay Watershed

Given the recent Watershed Implementation Plan (WIP) Virginia is following 
to help restore water quality in the Chesapeake Bay, some users have asked if 
InFOREST can be used to confirm compliance with the WIP. Compliance with 
the WIP is calculated using the new VAST model. The VAST model produces 
pollutant reduction calculations based on best management practice inputs for 
large river basins. The InFOREST nutrient and sediment calculator operates at a 
different scale, using land cover scenarios to determine pollutant loadings on a 
more localized watershed level. In the Adams Park example, the City could use 

the InFOREST modeling tool to approximate the impacts of the options before them. Then, after completing 
the planning and permitting process, the required Best Management Practices for the development would be 
entered into the VAST system.

InFOREST’s strength as a land planning tool is its ability to easily and quickly create different land cover 
scenarios. In short, InFOREST is a modeling tool that allows better decision-making at the watershed or site 
scale about how lands can be used and managed to reduce pollution. This can help localities prevent future 
impairments to local rivers, wetlands and the Chesapeake Bay. 
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Summary

The Virginia Department of Forestry’s InFOREST tool and its nutrient and sediment runoff calculator are part of an 
integrated environmental approach to natural resource management.

The tools, available at http://inforest.frec.vt.edu, enable Virginia’s land managers – everyone from individual 
landowners to organizations, agencies and localities – to determine how different natural resource management 
strategies can reduce pollution impacts and maximize environmental benefits. The case studies illustrate some 
of InFOREST’s applications, determining how changes in land cover can reduce the amount of key pollutants – 
nitrogen, phosphorus and sediment – impairing Virginia’s waterways and the Chesapeake Bay. Applicable at the site 
or watershed scale, InFOREST’s nutrient and sediment calculator is particularly useful in areas that are developing or 
subject to changing land uses.  

The scenarios in both case studies include different types of development, as opposed to a no-build scenario, 
demonstrating that land can be conserved in forested cover while also providing economic benefit to a landowner who 
seeks to develop some portion of their land. An integrated environmental planning approach allows for development 
and natural resource management, conserving vital natural assets that protect water quality, enhance recreation 
opportunities and provide wildlife habitat, among other ecosystem services. 

InFOREST is also easy to use. Users can run scenarios in seconds, and run multiple scenarios to identify the mix 
of land covers needed to achieve pollution reduction goals. It is also easy to display results using pie charts and 
downloadable reports, enabling users to share visually compelling findings with decision-makers and the general 
public. 

This is the first release of InFOREST. To share examples of your applications for the tool or to suggest ideas for future 
InFOREST updates, please contact InFORESTHelp@dof.virginia.gov.  

For More Information

This document was developed by the Green Infrastructure Center and 
its partner Skeo Solutions for the Virginia Department of Forestry.

Virginia Department of Forestry
Introduction to Ecosystem Services: 
www.dof.virginia.gov/mgt/ecosystem-services.htm
Ways to Conserve Forest Land: 
www.dof.virginia.gov/land/ways-to-conserve-land.htm

The Green Infrastructure Center
Case study Examples: www.gicinc.org/projects.htm  
Guidance on Green Infrastructure Planning: 
www.gicinc.org/resources.htm 

Regional Resources
Virginia Conservation Lands Needs Assessment: 
dcr.virginia.gov/natural_heritage/vclna.shtml 
Southern Forest Resource Assessment Data: 
www.srs.fs.usda.gov/sustain/data 

National Resources
National Fish and Wildlife Foundation (grants for projects 
that restore habitat and water quality): 
www.nfwf.org/AM/Template.cfm?Section=GrantPrograms

Center for Watershed Protection (information on low-
impact stormwater protection measures): www.cwp.org


