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What is Low Impact 
Development?

LID is an approach to land 

development (or re-development) 

that 

as close to 

its source as possible. 

LID employs principles such as 

and 

minimizing imperviousness to create 

site drainage that 

rather 

than a waste product.
Source: Whole Buildings 

Design Guide, wbdg.com

“

”- EPA



What’s the Problem?

Development is sprawling



What’s The Problem?

Source: EPA

Impervious 
surface

Runoff
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Climate Change

more & longer summer droughts

more heavy precipitation

rising temps & 

more frequent intense storms



We Need to Change Course

Traditional 
development

Impervious 
surfaces

Financial and 
regulatory burden

Stormwater 
runoff

Infrastructure 
impacts 

Water quality 
impairment



The Value of Green: 
Impervious, Runoff, Nutrients

If we continue to follow opportunistic growth, in 2060: 

If we value forests as infrastructure, in 2060: 

Source: Harvard Forest Changes to the Land 2014

These allow for nearly the same amount of development,

but 2/3 of it is clustered development



A Different Direction: 
Greening Your Community

Sustainable 
development

Increased 
infiltration

Regulations met

Money saved

Reduced 
runoff & more 
groundwater

Intact 
infrastructure

Improved 
water quality

James C. Engberg

CNT



Benefits of LID Practices

Source: Center for Neighborhood Technology’s The Value of Green Infrastructure



Start Here.

Conserve the natural green infrastructure already providing free ecosystem services

Incorporate LID and green infrastructure design into development

Restore the resiliency of urban landscapes through LID in redevelopment



Conserve

Conserve the natural green infrastructure already providing free ecosystem services

Integrate LID and green infrastructure designs into current development projects

Restore the resiliency of urban landscapes through LID in redevelopment



Integrate

Conserve the natural green infrastructure already providing free ecosystem services

Integrate LID and green infrastructure designs into current development projects

Restore the resiliency of urban landscapes through LID in redevelopment



Restore

Conserve the natural green infrastructure already providing free ecosystem services

Integrate LID and green infrastructure designs into current development projects

Restore the resiliency of urban landscapes through LID in redevelopment

North Street, Pittsfield, MA 



Free Ecosystem Services: 
Free services provided by the natural landscape

• Flooding

• Public Health

• Air Quality

• Water Quality & 
Quantity

• Recreation

• Quality of Life

• Property Value

• Carbon Sequestration

Every $1 invested in land conservation offers a $4 Return on 

Investment in terms of these ecosystem service values

MA forests provide over $3.8 billion
each year in free ecosystem services



Traditional paving costs $5-7/ft2.  Reducing just a 
short, two-mile road from 28’ to 20’ equates to a 
savings of $422,400 - $591,360. 

When the entire road is shortened for a condensed 
subdivision instead of sprawling development, that 

savings grows to the millions.

The Value of Green: 
Reduced Paving Costs

That’s half a million dollars saved by 

reducing a short stretch of 

pavement by just four feet per lane!



The Value of Green: 
Reduced Clearing & Grading Costs

• A 20-unit development with two-acre lots requires 
40 acres to be cleared and graded. 

• Conservation subdivisions that preserve 50% of 
land save $200,000-300,000, while maintaining the 
same amount of development. 

The more 

land you save, 

the more 

money you 

save.



But where to conserve?



MAPPR

Mapping

And

Prioritizing

Parcels for

Resilience

www.massaudubon.org/mappr



Step 1: Choose a study area: 
town, county, watershed



Step 2: Choose a pre-
calculated model



Step 2: Or choose your own 
adventure



Step 3: Run Model



The different models: 
Princeton

Balanced Resilience Aquatic Biological



Additional considerations



Nature does it best

“LID employs principles such as 

”



Land Protection = Water 
Protection

• Quabbin & Wachusett
Reservoirs serve 2.5 million 

• Over 20 years, 
Massachusetts Water 
Resources Authority spent 
$130M to protect 22,000 
acres of watershed lands

• Avoided ratepayer cost of 
$250M on a filtration plant 
and $4M/yr in operations

MassLive



The Power of a Bylaw: 
Westford

• Adopted a Conservation Subdivision bylaw in 1978

• Requires developers to submit both conservation 
and conventional & Planning Board chooses 
preferred

• 48 developments protected over1,700 of land



The Power of a Bylaw: 
Westford

• Preserved local habitat

• Protected water 
resources

• Created 13 miles of hiking 
trails & public recreation

• Town didn’t have to 
purchase the land 
themselves, saving millions 
of dollars

Rail Trail in Westford



Framingham Planning 
and Dept. Public Works

Amanda Loomis, Town Planner

aloomis@framinghamma.gov

Kerry Reed, Stormwater Engineer

kr@framinghamma.gov

mailto:aloomis@framinghamma.gov
mailto:kr@framinghamma.gov


Master Land Use 
Plan 



No one size fits all…



Cluster By-Laws as an Alternative 
to Conventional Subdivisions

Neighborhood Cluster Development

Open Space Cluster Development

Agricultural Preservation Development
Decrease development foot print = increase in vegetation

Stormwater Drainage System / Low Impact Development 
Techniques - achieve sustainability objectives.



Recodification of the Zoning By-
Law

•Urban Design Objectives
•BMP, LID, Energy 
•Water & Sewer Service 
Infrastructure
•Environmental Impact 
Report

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjOoKGy8P3NAhXCOz4KHYRdDc0QjRwIBw&url=http://inhabitat.com/green-building-101-sustainable-sites/&bvm=bv.127178174,d.cWw&psig=AFQjCNFbUCQ4kXWCi2EDSzYoJTUZDmcDgg&ust=1468960079810711
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjOoKGy8P3NAhXCOz4KHYRdDc0QjRwIBw&url=http://inhabitat.com/green-building-101-sustainable-sites/&bvm=bv.127178174,d.cWw&psig=AFQjCNFbUCQ4kXWCi2EDSzYoJTUZDmcDgg&ust=1468960079810711


• Methods to reduce 
parking space 
requirements = decrease 
in pervious pavement

• LID and BMPs
• Landbanking
• Pocket Parks
• Pervious Pavement for 

overflow 
• Increased number of 

trees

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjCxYzI6v3NAhWJcT4KHXj1CwwQjRwIBw&url=https://jolsonurbanist.wordpress.com/tag/li/&bvm=bv.127178174,d.cWw&psig=AFQjCNECfO3y5TEomgpnqkDcK3Yb_KYDng&ust=1468959446913025
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjCxYzI6v3NAhWJcT4KHXj1CwwQjRwIBw&url=https://jolsonurbanist.wordpress.com/tag/li/&bvm=bv.127178174,d.cWw&psig=AFQjCNECfO3y5TEomgpnqkDcK3Yb_KYDng&ust=1468959446913025


Next Steps



Green Infrastructure & Low-Impact Development

How Devens promotes smart land use/water management 

Neil Angus, AICP CEP, LEED AP BD+C, ND

Environmental Planner

Devens Enterprise Commission
neilangus@devensec.com

mailto:neilangus@devensec.com


• 35 miles outside Boston

• 4400 ac. former base

• Superfund Site

• 1993 Sustainable redev.

• LID as 1 tool to meet SD goal

• MassDev. – Landowner

• DEC – Regulatory Authority

• One-Stop Unified Permitting

Devens Overview



Balance Eco., Env., Social  Amenities:

• 90 businesses, ~400 res. & ~5,000 jobs

• Growing residential population

• New and expanding town center

• 1,100+ ac. Protected open space

• Parker Charter School 

• Guild of St. Agnes, Transitions, Veterans 
Housing, Shriver Job Corps

• Work and Play….Live? 



How Devens has facilitated GI and LID?

•Strong leadership (local gov’t)

•Communication/Partnerships

•Build on Progressive Strategy :
- Education
- Incentives
- Regulations (audit/amend)
- Guidelines



Regulating LID and GI:
Site Plan (974 CMR 3.04) 
www.devensec.com/devserv.html

• Tree Preservation, Steep slope Requirements
• Limit Construction Impact Zones
• Penalty for removal of trees to be preserved
• Native Landscaping  requirements
• Functional landscaping - reconnecting ecosystems
• Green Roof & Green Wall Regs
• Parking maximums

http://www.devensec.com/devserv.html


BMS 89 ac. Campus:
• Tree preservation (habitat)

• Reduced parking footprint (UHI)

• LID drainage (SWM)

• Green Roof and Green Wall (SWM, EE)

• Green Building (WE, EE, IAQ, GHG red.)



BMS expansion:
• Green roofs

• White roofs

• Green walls (SWM, AQ, Viewshed)



Regulating LID and GI:
Stormwater (974 CMR 4.08): 

Stormwater requirements - replicate 
natural conditions (90% on-site): 
• Decentralized systems - no macro-

detention basins (local 
recharge/preserve valuable land)

• LID as a tool to meet infiltration 
requirements

• Require all projects to comply with 
MA DEP SWM Standards 
regardless of WPA (design 
standards, LTMP)



Stormwater cont… 
LID standards and specifications :

• Biofiltration basins as preferred method (reduce curbing, 
piping, structures) edge of pavement and low flow channel;

• Vegetated Roofs and walls (subtract from impervious 
calculations)

• Permeable Paving  (Porous asphalt, paving stones and 
pervious concrete - DEP & UNH)

• Reinforced Turf (overflow pkg. and emergency access)

Safely replenish local aquifers, preserve land, promote GI



US Fish and Wildlife Visitor Contact Station

Showcase for SD & LID:
•LID stormwater and roofs

•Porous pavement, reinforced turf

•Composting toilets

•Material Reuse – recl.barn siding

•Education kiosk

•Trail connections (ONWR & Devens)

•Nashua River access

•It can be done and is being done!



Regulating LID and GI:
Subdivision (974 CMR 2.07) 
www.devensec.com/devserv.html

• Complete Streets Standards (street trees, LID drainage, reduced 
pavement widths, ped scale design)

• Additional street types (neighborhood, parkway – more green, 
less grey)

• Traffic calming measures (chicanes, bump-outs – additional LID 
planting opps. within grey infrastructure)

http://www.devensec.com/devserv.html


New Grant Road Neighborhood Redevelopment 
• Neighborhood scale - designed for people first!
• Healthy/active socially engaging neighborhood

-sidewalks, community gardens and active parks
-bikeways, traffic calming

• Bump-outs, street trees
• GI Adds to community character
• Lot-level LID (pervious pavers, reinforced turf)



Regulating LID and GI:
Rainwater Harvesting
(974 CMR 4.00 & 8.00)

•Required for comm/ind. irrigation
•Inexpensive supply of water
•Preserves drinking water supplies
•Requires little treatment for non-potable 
reuse ($$) (toilet flushing/irrigation)
•Reduces SW runoff, NPS pollution & 
erosion
•Reduces peak summer demand
•Easy to install/screen
•Plan early in design



Rainwater Harvesting Case Study – 85 Patton Rd.:

Porous Pavement area: ~30,000 sf 



Rainwater Harvesting Case Study – 85 Patton Rd.:



Little Leaf Farms
• ~110,000 sq.ft. greenhouse (Phase 1)
• Hydroponic baby green lettuce production
• Rainwater harvesting (80% of water demand)
• Automated process, pesticide-free
• Locally sourced/farm to table same day.



Education & Awareness
Seeing is Believing:

CASE STUDIES
(yes, it really works…and in most cases better than traditional!)



LID Case Study: 27 Jackson Road

• MWCC 300+ spaces
• Proper design and construction key to durability



Low-Impact Development (LID)
Devens Case Study: 27 Jackson Road

Reduced site paving -$32,000
Reduced curbing

-$50,000
Reduced stormwater piping -$14,000
Reduced stormwater structures -$68,000
Increased landscaping 

+$12,000
Increased site preparation

+$10,000
Increased soil mix 

+$18,000
Total Estimated Savings: -
$124,000



LID Peer to Peer: 155 Jackson Road
• 70+ spaces
• Same developer as MWCC
• Connected developer with DPW & other developers on “how to’s”



LID alternatives
• Underground infiltration system alternatives for constrained sites 



HERS -36 for single family, enough 

excess power an EV for 30,000 miles/yr. 

Sustainable Housing Pilot: 
• Showcase 

sustainable/affordable const. 
($225-$350K)

• Cluster/OS, smart loc.

• LID components [reduced 
pavement, porous walkways, 
roof runoff infiltration (no 
gutters) and rain gardens]



Lot Level LID strategies:
• No gutters
• Pervious walkways
• Rain gardens
• Reduced lawn areas
• Street trees
• GI & UHI reduction



• Value of trees (GI)

• Street tree inventory 
and replacement 
program

Other Ed./
Awareness 
Strategies:



• Devens Street tree inventory and replacement program



Promoting LID as a climate adaptation/resiliency 
strategy:

• Flexibility/durability for changing conditions

• Local GW recharge/decentralized systems

• Reduced flooding

• UHI mitigation (better AQ &WQ)

• GHG reduction

• Building energy efficiency



Policies and Guidelines:
Make it even easier to do the right thing!
• Green Roof and Green Wall policy
• Green Roof Inspection Report 
• Green Infrastructure Guidelines 

http://www.devensec.com/planning-docs.html

http://www.devensec.com/planning-docs.html


Green Infrastructure Guidelines: 
• Emphasizing how GI & LID meets multiple reg. requirements

• Mapping of where GI connections are needed most

• Appendices with examples, resources

• Helping to Achieve multiple Plan objectives (Land use, 
conservation, recreation, sustainability)



Frag. Developed

Frag. Patches/Edge

Unfragmented Patches



Guidelines:  



•COST:

•Cheaper upfront infrastructure costs offsetting long-
term maintenance costs

•Not out of sight, out of mind

•Supply/demand.  Efficiency now – less susceptible to 
fluctuating prices (peak water)

Incentivizing LID & Water Efficiency in Devens



•GB Incentive Program: LEED® certification = 15% fee 
refund

•SWM credit green roofs

•USGBC LEED Credit templates

•Need to do more on reuse/reclamation

Incentivizing LID & Water Efficiency in Devens



Keys to LID and GI Implementation:
• Reduce barriers (reg. audit)

• Building consensus: education/awareness (case studies; fact sheets)

• Seeing is believing: showing how it can and is being done

• Balance of regulations and incentives that facilitate smart, efficient, 
healthy development

• Guidelines and developer assistance to help do the right thing

• Market transformation (increased awareness = increased demand)



LID Resources
• MA DEP Stormwater Handbook:

http://www.mass.gov/eea/agencies/massdep/water/regulations/massachusetts-
stormwater-handbook.html

• EPA LID Fact Sheets:
http://water.epa.gov/polwaste/green/index.cfm

• MA Smart Growth/Smart Energy Toolkit 
http://www.mass.gov/envir/smart_growth_toolkit/pages/mod-lid.html

• UNH Stormwater Center
http://www.unh.edu/unhsc/

• EPA Municipal Rainwater Harvesting Guidelines
http://www.slideshare.net/K9T/t3j419

http://www.mass.gov/eea/agencies/massdep/water/regulations/massachusetts-stormwater-handbook.html
http://water.epa.gov/polwaste/green/index.cfm
http://www.mass.gov/envir/smart_growth_toolkit/pages/mod-lid.html
http://www.unh.edu/unhsc/
http://www.slideshare.net/K9T/t3j419


Thanks!

neilangus@devensec.com
Devens Enterprise Commission

www.devensec.com

mailto:neilangus@devensec.com


Technical Assistance

• Meeting with municipal staff 
and public officials

• Answering questions & 
sharing resources

• Bylaw analysis review of local 
land use regs compared to 
best practices

• Final report for each 
community



Take Home Messages

• Natural GI provides numerous 
free services

• LID/GI offer numerous 
benefits including quality of life, 
economic, and environmental 

• LID/GI are cost effective
techniques

• It’s been done! Resources are 
available.



Take Home Messages

• Conservation design, narrow 
streets, & LID drainage need 
to be the preferred, 
easy-to-permit option

• Do your bylaws encourage 
sustainable development?

We can’t continue on our 

current, business as usual path.



For more information…

Visit www.massaudubon.org/LIDcost

Contact scovino@massaudubon.org

Thank you!


