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MACATAWA WATERSHED 
GREEN STORMWATER VISION 
 

The Macatawa Watershed Green Stormwater Vision is a framework that will guide promotion and 
implementation of green stormwater infrastructure throughout the Holland-Zeeland urbanized area. The 
vision establishes a common language to discuss green stormwater infrastructure, visions opportunities 
for increased green stormwater infrastructure, and outlines a strategy for public outreach and 
implementation of projects on public land. The vision explains green stormwater infrastructure, its 
benefits, how it relates to water quality and transportation, the importance of maintenance, and 
opportunities for funding and partnerships. 

This project was made possible by a grant from the Community Foundation of the Holland/Zeeland Area 
and from the input of various community partners. The contents of this document are dedicated to the 
public. The MACC is solely responsible for the accuracy of the statements and interpretations contained 
in this publication. Such interpretations do not necessarily reflect the views of the Community Foundation 
of the Holland/Zeeland area. 

Much of the content and format of this document was inspired by and modeled after, with permission, 
the SEMCOG, the Southeast Michigan Council of Governments, Green Infrastructure Vision for Southeast 
Michigan. Their vision can be viewed online at www.semcog.org 
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EXECUTIVE SUMMARY 

Green stormwater infrastructure, as defined for the purposes of this document, includes a number of 
practices that manage stormwater by mimicking nature. In other words, green stormwater infrastructure 
is any practice that helps to reduce runoff and/or increase infiltration, the two natural processes that are 
most interrupted by development. Practices include rain gardens, vegetated swales, retention ponds, 
constructed wetlands, green roofs, rain barrels, and permeable pavement. In a broader sense, green 
infrastructure also includes open space, parks, wetlands, forests, grasslands, and farmlands. The 
Macatawa Watershed historically lost natural green infrastructure features, including forests and 
wetlands, to agricultural uses and urban development. The loss of these features that naturally manage 
stormwater makes the need for constructed green stormwater infrastructure critical to the restoration 
and protection of the Macatawa Watershed. 

The Macatawa Watershed Green Stormwater Vision provides a summary of green stormwater 
infrastructure and lays out a vision for increasing its use in the Macatawa Watershed.  

Development of this vision would not have been possible without the support of various community 
partners and other stakeholders, including: 

• Community Foundation of the Holland Zeeland area for providing funding that supported the 
development of this document 

• Keiser & Associates for assisting with prioritizing green stormwater infrastructure and developing 
initial conceptual designs for high priority projects 

• MACC Stormwater Committee for reviewing and assisting in the development of suitability and 
priority maps for green stormwater infrastructure implementation 

• MACC Watershed Advisory Committee for reviewing and providing feedback in the development 
of suitability and priority map as well as portions of the document 

• Holland Heights Residents for participating in a Community Conversation and providing feedback 
and guidance for improving stormwater management in their neighborhood 

The MACC would like to extend a special acknowledgment and thanks to the Southeast Michigan Council 
of Governments for providing the inspiration for this vision. Much of the content was modeled, with 
permission, after their Green Infrastructure Vision for Southeast Michigan1 published in 2014. 

  

                                                            
1 http://semcog.org/Reports/GIVision/files/assets/basic-html/page-1.html#  
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INTRODUCTION 

MACATAWA WATERSHED – GREENING OUR STORMWATER 

 

Lake Macatawa is a 1,780-acre drowned river mouth that empties into Lake Michigan in southern Ottawa 
County. Its watershed (the land that drains to the lake) extends 175 mi2 across southern Ottawa County 
and northern Allegan County. The watershed includes Lake Macatawa, the Macatawa River, and 
numerous smaller tributaries (Figure 1). Macatawa Watershed land use is dominated by agriculture (46%), 
but there is also a large urban core (33%). Very little of the watershed remains in natural conditions of 
forest, open space and wetlands (19%). 

Lake Macatawa’s water quality is impaired by too much sediment and phosphorus. Sediment covers the 
bottom of the lake, smothering the habitat. Phosphorus is a naturally occurring element, but also a major 
component of many fertilizers. In the water, it can feed plants, like algae, which can lead to excess 
vegetation or algae blooms. This also decreases the habitat quality for fish and other aquatic animals.  

Stormwater, all of the water that runs off the surface each time that it rains, delivers the majority of the 
sediment and phosphorus to Lake Macatawa. Sediment and phosphorus can be found on the land 
everywhere in the watershed, including farms, schools, businesses, and residential areas. Very little 
sediment and phosphorus is delivered in direct discharges from factories or wastewater treatment plants. 

Numerous efforts over the past 20 years have reduced sediment and nutrient pollution in Lake Macatawa. 
This includes wetland restorations, agricultural best management practices, improved lawn care practices, 
and improved stormwater management. However, water quality remains impaired and there is still work 
that needs to be done.  

© Photography Plus 10/21/2008 
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Figure 1. Macatawa Watershed Map 

The purpose of the Macatawa Watershed Green Stormwater Infrastructure Vision is to outline some of 
the ways we can better manage stormwater to hasten the restoration of Lake Macatawa’s water quality. 
This vision summarizes and presents some specific ideas as well as identifies steps to increase adoption 
of green stormwater infrastructure. This vision is part of a larger effort to holistically manage the 
Macatawa Watershed to restore Lake Macatawa’s water quality. It is not meant to replace existing efforts, 
but to enhance them and provide a framework to engage community members and stakeholders. 

What is Green Stormwater Infrastructure? 

Simply defined, green stormwater infrastructure is anything that manages stormwater by mimicking 
nature. This can include natural features already on the landscape all the way to highly engineered 
structures that may or may not include plants. The ultimate goal of any green stormwater infrastructure 
is to mimic nature by reducing runoff and increasing infiltration. See Chapter 1 for more detailed 
information about green stormwater infrastructure. 
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Why Green Stormwater Infrastructure? 

Traditional stormwater management uses a collection system (curb and gutter, storm drain inlets, catch 
basins, etc.) and a series of pipes to efficiently and effectively move stormwater to reduce flooding of 
streets, parking lots, businesses, and homes. Stormwater is all of the rainwater that washes off of 
impervious surfaces, such as streets, driveways and buildings. The storm drain system transfers 
stormwater from impervious surfaces directly into streams and lakes. This bypasses the natural water 
cycle in which most rainwater infiltrates into the soil and very little runs off the surface. Traditional storm 
drain infrastructure has led to other problems in many urban rivers and lakes, namely pollution and 
erosion. Rainwater runoff carries pollution off the land surface and directly delivers it to streams and 
lakes. Erosion occurs both on the land surface (e.g. construction sites) by rainwater runoff and in streams 
by the high volumes and fast flows of rainwater. Using green stormwater infrastructure to manage 
rainwater by mimicking nature will result in less runoff and more infiltration, which can reduce both 
pollution and erosion impacts in urban streams and lakes. 

What are the benefits of Green Stormwater Infrastructure? 

There are numerous social, economic and environmental benefits of green stormwater infrastructure to 
the watershed and its community. 

• Water quality – Green stormwater infrastructure can filter or trap many types of pollutants, 
keeping them out of our local waterways. 

• Flooding – Green stormwater infrastructure can help mitigate downstream flooding impacts by 
slowing stormwater runoff and reducing the volume of water that ends up in rivers and streams. 

• Water supply – Rainwater can be harvested in cisterns or rain barrels and used for irrigation to 
reduce the demand on the public water system. Infiltrated rainwater helps recharge the 
groundwater which feeds streams and many public water supplies. 

• Quality of Life – Green stormwater infrastructure can improve community aesthetics by making 
the area more attractive to live, work and play.  

• Economic –Green space added by green stormwater infrastructure may also increase property 
values or increase sales at businesses2,3. See Chapter 4 for more discussion about the economics 
of green stormwater infrastructure. 

• Traffic calming – Green stormwater infrastructure can be incorporated into features such as curb 
extensions, edge islands, medians, or other physical structures traditionally used to manage traffic 
speeds. These elements cause motorists to slow down in response to a visually narrower roadway. 
Some elements can provide a buffer between motorists and pedestrians, increasing road safety. 

• Habitat improvement – Most urban environments offer very little in the way of habitat for birds, 
butterflies and insects, all important to a healthy, thriving ecosystem. The use of native plants in 
green stormwater practices can add habitat to support these and other small urban wildlife. 

                                                            
2 Clements, J., A. St. Juliana, P. Davis, L. Levine. 2013. The Green Edge: How Commercial Property Investment in Green 
Infrastructure Creates Value. Natural Resources Defense Council Report R.13-11-C. 
https://www.nrdc.org/sites/default/files/commercial-value-green-infrastructure-report.pdf 
3 Madison, C. and J. Kovari. 2013. Impact of Green Infrastructure on Property Values within the Milwaukee Metropolitan 
Sewerage District Planning Area: Case Studies. The University of Wisconsin Milwaukee Center for Economic Development. 
https://www4.uwm.edu/ced/publications/MMSD_GreenInfrastructure_Final.pdf 
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• Air quality – Vegetated green stormwater infrastructure can help reduce ground-level ozone and 
particulate matter. Vegetation, especially trees, also help keep urban areas cooler. Vegetation 
may also reduce energy usage by cooling buildings (shade trees, green roofs, green walls), which 
in turn reduces carbon dioxide emissions. 

• Health – Greenspace, in many forms, encourages people to be outdoors and be active, improving 
individual and community health. 

• Save money – In many cases, green stormwater infrastructure is less costly to install and maintain 
compared to traditional storm sewer systems. 

• Climate resiliency – Green stormwater infrastructure may help to mitigate various projected 
consequences of a changing climate including heavier and more frequent rainfall and increased 
temperatures. 

What is the Macatawa Watershed Green Stormwater infrastructure Vision? 

The Macatawa Watershed is home to 124,000 people and includes two cities, all or parts of nine 
townships, and parts of two counties. The watershed is fortunate to have recreational resources including 
several prominent county parks, numerous city and township parks and the ever-expanding Macatawa 
Greenway. These resources, among others, help drive a strong tourism economy in West Michigan. The 
watershed also has a rich heritage of diverse agricultural production that significantly contributes to the 
state’s agricultural economy. 

In recent history, the watershed experienced reductions in agricultural land due to an increase in urban 
development (30% of agricultural land lost since 1978 compared to a 54% increase in urban land). As 
changes in land use occur, so do changes in stormwater runoff and associated water pollution. However, 
careful planning and incorporation of green stormwater solutions can mitigate these negative 
consequences of development and protect the water quality that is critical to support the watershed’s 
tourism and agriculture industries. 

Our goal is to increase community understanding and acceptance of green stormwater infrastructure so 
that its adoption will be increased throughout the watershed. Green stormwater infrastructure will play 
an important role in helping to improve and protect the water quality of Lake Macatawa now and well 
into the future. 

Implementing the Vision 

The Macatawa Area Coordinating Council has facilitated numerous community efforts since the early 
1990’s with the various political entities and other community partners located in the Macatawa 
Watershed. This has primarily included cooperation in transportation planning and 
watershed/stormwater planning. The MACC will continue to work with local partners to implement the 
activities outlined in this vision. 

  



Macatawa Watershed Green Stormwater Vision             7 

CHAPTER 1: GREEN STORMWATER INFRASTRUCTURE 

Green stormwater infrastructure is any practice that manages stormwater by mimicking nature. The main 
goals of green stormwater infrastructure are to reduce runoff and increase infiltration, the two processes 
of the natural water cycle that are interrupted by development (Figure 2).  

 
Figure 2. Comparison of natural and urban water cycles. Note the relative increase in runoff, decrease in 
infiltration, decrease in groundwater flow, and decrease in river base flow. Source: Wikimedia Commons 

In a broader sense, the term green infrastructure is often applied to natural landscape features and built 
green spaces, such as forests, wetlands, riparian corridors, greenways, parks, and farms. These green 
landscape features manage stormwater naturally. Plant canopies intercept rainfall; plant stems slow down 
and filter runoff; roots encourage rainwater to infiltrate; plants take up water and evaporate it through 
their leaves back into the atmosphere. Removing vegetation and replacing it with roads, parking lots, 
driveways, and buildings greatly interfere with the natural water cycle. Impervious surfaces reduce 
infiltration and increase runoff. Increased runoff washes away pollutants such as oil and gasoline, 
sediment, trash, pesticides and fertilizers. Therefore, these natural landscape features and built green 
spaces should be preserved and their role in stormwater management should be considered as part of 
green stormwater infrastructure visioning and planning.  

Tree Canopy 

Trees play an important role as green stormwater infrastructure. Tree canopies and trunks intercept and 
slow down rainfall. Their large, spreading root systems create channels in the soil that encourage 
infiltration. Their roots also take up a tremendous amount of water that is transpired back into the 
atmosphere (as much as 40,000 gallons per year for a mature oak tree4) Shade created by tree canopies 
helps to keep cities cooler and can reduce the costs of air conditioning. Trees also have the ability to 
remove various types of air pollution, including both gases and particulate matter5. They also consume 
carbon dioxide and therefore can help to mitigate the excess of carbon dioxide in the atmosphere.  

                                                            
4 USGS. “Evapotranspiration – The Water Cycle.” https://water.usgs.gov/edu/watercycleevapotranspiration.html Accessed Nov. 
10, 2017. 
5 Nowak, D. J. 2002. The Effects of Urban Trees on Air Quality. USDA Forest Service. 
https://www.nrs.fs.fed.us/units/urban/local-resources/downloads/Tree_Air_Qual.pdf  
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The Macatawa Area Coordinating Council worked with the Grand Valley State University’s Annis Water 
Resources Institute in 2013 to complete an assessment of the urban tree canopies within the Cities of 
Holland and Zeeland. The assessment evaluated the existing tree canopy, identified areas where canopy 
could be increased and summarized some of the many ecosystem services urban tree canopies provide. 
Table 1 presents some of the study’s findings. The full urban tree canopy assessments are available on the 
MACC’s website6 and fact sheets are in Appendix A. 

Table 1. Holland and Zeeland tree canopy estimates  

City Existing 
canopy 

Potential 
canopy 

CO2 captured 
(pounds) 

CO2 stored 
(pounds) 

Ozone 
removed 
(pounds) 

Particulate 
matter removed 
(pounds) 

Holland 24.2% 15.1% 26,270,000 796,000,000 67,195 50,750
Zeeland 19.4% 39% 3,658,000 111,000,000 9,365 7,072

 

Tree Canopy Vision 

Our vision is to increase the tree canopy throughout the Holland-Zeeland area. By how much still needs 
to be determined. Many experts historically recommended 40% as a tree canopy goal. Recent studies 
recommend that goals should be based on the unique needs and circumstances of each community. 
Based on our canopy assessments, there is ample opportunity, but where does it make the most sense 
to add tree canopy? Furthermore, the tree canopy is continually changing as dead and dying ash trees 
are removed and new trees are planted each year. More work needs to be completed to prioritize tree 
planting within the urbanized area, including updated canopy assessments. 
 

Policy Point 

Many communities have tree ordinances that call for the protection of trees as well as provide 
guidance for planting of trees, including suitable species. These ordinance and other policies related 
to trees should be reviewed for consistency with the tree canopy vision. Some things to consider 
include protection of existing trees and species recommendations based on which provide the greatest 
canopy benefits as well as use high amounts of water. 

 
Wetlands 

Wetlands serve as nature’s kidneys, collecting rainwater and filtering pollutants. Wetlands also provide 
important habitat for a variety of plant, animal and insect species. Compared to presettlement, the 
Macatawa Watershed lost about 86% of its wetlands, primarily to agriculture and urban development. 
Concurrently, the watershed lost all of the valuable functions provided by those wetlands, most notably 
water storage and filtering and flood mitigation. 

Numerous efforts have restored historically converted wetlands back into wetland habitat. Some notable 
wetland restorations include those at Ottawa County Parks (Upper Macatawa Natural Area, and Paw Paw 

                                                            
6 MACC. “2013 Urban Tree Canopy Assessment Results.” http://www.the-macc.org/watershed/education-
outreach/#education-4 Accessed Nov. 13, 2017. 
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Park), and wetlands more recently restored by the Outdoor Discovery Center Macatawa Greenway (Figure 
3). 

The Macatawa Watershed Management Plan includes goals for wetland restoration based on an 
assessment completed in 20097. In general, wetland restoration is most suitable in headwater areas and 
along river corridors where they can hold and filter agricultural runoff. There may be opportunities for 
small wetland restorations, or wetland detention, in some urban areas. 
 

  
Figure 3. Recent wetland restorations in the Macatawa. Left: Aerial view of the Haworth Wetland along the Tulip 
Intercounty Drain. Right: Middle Macatawa Wetland shortly after construction. Photo credit: Outdoor Discovery 
Center Macatawa Greenway 

 
Policy Point 

The Macatawa Watershed Management Plan recommends wetland protection ordinances as one way 
to protect existing wetlands in the watershed. Local ordinances should be reviewed for wetland 
protection language. The Michigan Department of Environmental Quality provides a sample wetland 
ordnance for local municipalities. 

 
Role of Open Space 

Open space, including both natural and altered environments, also play a role in managing stormwater. 
Natural open space, including forests and wetlands, manage rain naturally, intercepting, filtering and 
infiltrating. Other types of managed open space, like parks and agricultural fields, also function to manage 
rainwater by intercepting, filtering and infiltrating rainwater. However, land use should be balanced with 
preservation of water cycle and other ecological functions. 

In the Macatawa Watershed, most of the agricultural land is located in the headwaters or upstream 
reaches of the watershed. These areas are where the streams and tributaries begin their journey to the 
Macatawa River and Lake Macatawa. Retaining and storing rain in the headwaters is one way to reduce 
the downstream impacts of high stream flows caused by rainwater runoff. The MACC has worked with 
farmers in the watershed to increase the use of conservation practices that improve and protect the soil 

                                                            
7 MACC. 2012. Macatawa Watershed Management Plan. http://www.the-macc.org/watershed/overview/  
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to increase infiltration and decrease runoff. These practices have included planting cover crops, managing 
crop residue and applying gypsum, all of which protect the soil and improve soil infiltration. Other 
practices like grassed waterways, buffer strips and water and sediment control basins, intercept runoff 
and filter sediment and nutrients. 

The Macatawa Watershed is fortunate to have parks and recreation spaces, including numerous city and 
township parks, county parks and the Macatawa Greenway. Some of these parks manage rainwater 
passively by preserving wetland and forested areas, or just by maintaining trees. Other parks have 
restored wetlands or constructed green stormwater infrastructure features like rain gardens.  

Riparian Corridor 

Riparian corridors are the land adjacent to lakes and streams. These areas are critical for protecting lakes 
and streams from erosion and storing floodwaters. They also provide valuable habitat. High-quality 
riparian corridors are vegetated with trees, shrubs and other native plants and have a direct floodplain 
connection to the river or lake to accept floodwaters during high flow. Unfortunately, development has 
altered many of our riparian areas along Lake Macatawa and the Macatawa River. Straightened stream 
channels and built-up streambanks encourage water to flow downstream quickly and not flood the 
adjacent riparian area. Fortunately, Ottawa County Parks and the Outdoor Discovery Center Macatawa 
Greenway have acquired land with riparian corridors and have restored and protected these areas. The 
wetland restorations pictured in Figure 3 are located in riparian corridors. These restoration projects 
reconnected the river to its floodplain through control structures that allow water from the river into the 
floodplain during high flow (storm) events. 
 

Policy Point 

The Macatawa Watershed Management Plan recommends riparian overlays/zoning as a way to 
protect riparian corridors. Communities in the Rabbit River Watershed (e.g. Door Township) have 
adopted Rabbit River Protection Overlay Zones within their Zoning Ordinances. These should be 
reviewed as a model for both wetland and riparian land protection in the Macatawa Watershed.   

 
Constructed Green Stormwater Infrastructure 

Constructed green stormwater infrastructure, like the features presented in Table 2, are typically designed 
or engineered in conjunction with development or redevelopment projects, like new housing 
developments or repurposing commercial districts into new businesses. They manage rainwater by 
temporarily storing and either infiltrating or slowly releasing rainwater into the storm drain system. This 
helps to alleviate the pollution and erosion impacts of increased surface runoff from impervious surfaces. 
Their ecological, environmental, social, and economic roles in the watershed are just an important as 
those of the natural areas previously discussed. Perhaps unlike many natural landscape features, 
constructed green stormwater infrastructure must be regularly inspected and maintained to ensure that 
it continues to function properly and provide the expected benefits (see Chapter 6). 
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Table 2. Examples of Green Stormwater Infrastructure Practices 
Practice Description Example photo 
Non-vegetative Practices  

Rain barrel or cistern 

Above or below ground structures 
designed to capture and hold rainwater 
for other uses, primarily irrigation. 
There are many different ways that 
rain barrels or cisterns can be 
incorporated into site designs. 

 

Permeable pavement 

Pavers, porous asphalt, pervious 
concrete, or reinforced turf/gravel that 
is designed to allow rainwater to 
infiltrate through the material and into 
the soil or collection tank below. 

 
Vegetative Practices  

Rain garden 

Rain gardens collect and temporarily 
hold rainwater from downspouts, 
driveways and sidewalks and allow it to 
slowly soak into the ground. They are 
designed to be dry between rain events 
and fully planted with vegetation 
adapted to varying conditions. 

 

Vegetated swale 

Shallow stormwater channel planted 
with dense vegetation to slow, filter 
and infiltrate rainwater. Common 
applications are along roads or parking 
lots. 

 

Detention basin 

Provide temporary storage of 
rainwater to reduce peak stream flows 
and prevent downstream flooding; can 
be dry (usually turf grass), a wet pond, 
or a vegetated wetland. Detention 
basins are traditionally used as part of 
gray stormwater systems. 
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Table 2. Examples of Green Stormwater Infrastructure Practices 
Practice Description Example photo 

Retention basin 

Reduces peak stream flows and 
prevents erosion by capturing and 
infiltrating rainwater; can be dry or wet 
ponds that intercept groundwater. 
Designed to retain most water onsite 
and keep it out of the gray storm drain 
system. 

 

Planter box 

Typically a concrete box filled with soil 
media and plants; collects rain from 
adjoining hard surfaces that is used to 
irrigate the plants in the box. 
Depending on the size of the box, can 
be used with trees, shrubs or flowering 
plants.  

Vegetated roof 

Specially designed roof structure that 
includes a growing medium and plants 
that capture, store and transpire 
rainwater. 

 

Trees 

The original green infrastructure, trees 
alone will intercept, infiltrate and 
transpire rainwater better than 
traditional turf grass landscapes. 

 

Native plants (turf 
grass conversion) 

Native plants have deep root structures 
(up to several feet) that encourage 
rainwater to infiltrate. The shallow 
roots of turf grass (several inches) do 
not encourage deep infiltration and in 
some cases, turf grass can act similar to 
an impervious surface where more 
water runs off than infiltrates. 
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Where is Green Stormwater Infrastructure Located? 

Green stormwater infrastructure can be located almost anywhere in the watershed. However, there are 
locations that are better than others for infiltrating stormwater. Most green stormwater infrastructure is 
best located in areas where soil characteristics are favorable for infiltration. This includes soils that are 
loamy or sandy (larger soil particles) that have space between soil particles to allow infiltration. Other 
types of green stormwater infrastructure, like rain barrels and detention ponds, can be located almost 
anywhere since they are designed to hold rainwater temporarily and do not rely solely on soil 
characteristics.  

There are numerous installations of green stormwater infrastructure in the Macatawa Watershed (Figure 
4). Holland Public Schools has installed permeable pavement in several parking lots. Hope College has 
used permeable asphalt and permeable pavers in various locations on campus. The Cities of Holland and 
Zeeland have installed rain gardens and vegetated swales on public land. Private developers are also using 
green stormwater infrastructure, but locations are not as well-known as installations on public property. 
 

         
Figure 4. Green stormwater infrastructure installations in the City of Holland. From left to right: permeable pavers 
at the Hope College Bultman Student Center, vegetated swale behind the Jack H. Miller Center for the Arts, 
parking lot vegetated swale at the Holland Board of Public Works Service Center. 
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CHAPTER 2: THE WATER QUALITY CONNECTION 

The Great Lakes hold 84% of the freshwater in North America, which is about 21% of the world supply. 
The region is home to 10% of the US population and 30% of the Canadian population (more than 30 million 
people). The region also supports 7% of all US and 25% of all Canadian agricultural production.8 The 
economy of the Great Lakes, from agriculture to tourism to industry, is highly dependent on high-quality 
water. Quality of life in the region is also highly dependent on high-quality water to provide safe drinking 
water and recreational opportunities. 

The Macatawa Watershed is part of the Great Lakes Watershed and has a direct connection to Lake 
Michigan. The quality of water leaving the Macatawa Watershed impacts Lake Michigan and the Great 
Lakes region. Green stormwater infrastructure, both natural and built, has a significant connection to 
water quality. The purpose of green stormwater infrastructure is to encourage infiltration and slow runoff, 
both of which reduce the amount of pollution delivered to surface water, thereby protecting water 
quality. It is no accident that water quality topped the list of green stormwater infrastructure benefits 
listed in the introduction.  
 

Water Quality Vision 

Lake Macatawa’s water quality is considered impaired based on monitoring studies that have been 
conducted since the 1970s. The impaired water quality impacts the use of the lake as habitat for fish 
and other aquatic life. The main sources of impairment are sediment and phosphorus. In order to 
address this, the Michigan Department of Environmental Quality (MDEQ), with the approval of the US 
Environmental Protection Agency, issued a total maximum daily load (TMDL) for phosphorus in Lake 
Macatawa. This effectively sets a water quality goal that will remove the impairments to aquatic 
habitat. The MACC and partners signed a voluntary agreement with the MDEQ to reduce phosphorus 
inputs to the level specified in the TMDL. The goal that we are trying to reach is an in-lake spring 
concentration of 50 parts per billion. Concentrations fluctuate from year to year based on a number 
of factors, a large one being weather. Overall, concentrations are trending in the right direction due to 
years of practices to reduce sediment and phosphorus inputs, but we still have a long way to go to 
reach the goal (Appendix B). Green stormwater infrastructure plays a role in restoring Lake Macatawa’s 
water quality. That role has been underutilized and we aim to change that by increasing its use in the 
watershed.  

The Link between Land and Water 

Protecting and improving water quality starts on the land. Every body of water, be it a lake or stream, has 
an area of land that drains to it, its watershed. Everything that happens on the land, from building houses 
to mowing a lawn, has the potential to impact the water. 

The impacts of land on water varies, both positively and negatively, based on the land use and vegetative 
land cover types. Natural, undisturbed land cover, like forests and wetlands, function to filter pollutants 
and reduce stormwater runoff that enters surface water. Disturbed land cover, like agricultural crops, 
lawns and pavement, are less able to filter pollutants and reduce stormwater runoff. In many cases, these 
disturbed areas lead to increased stormwater runoff and increased pollution. For example, it is estimated 
                                                            
8 EPA. “Great Lakes Facts and Figures.” https://www.epa.gov/greatlakes/great-lakes-facts-and-figures Accessed Nov. 6, 2017. 
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that the volume of stormwater runoff in the Macatawa Watershed increased by 60% from 1800 to 1978 
and by 8% from 1978 to 20059. It is also estimated that the amount of total phosphorus delivered to Lake 
Macatawa from 1978 to 2005 increased by 21%10.  

As mentioned in the introduction, the majority of the land use in the Macatawa Watershed is disturbed 
land cover (79% agriculture and urban combined) and only about 21% is in a natural land cover (forest, 
wetland, open space, water). Impervious surfaces cover about 13% of the watershed land area. When 
agricultural areas are excluded, the amount of impervious surfaces increases to about 25%. Some smaller 
subwatersheds have as much as 40% impervious surface (Figure 5). From 1978 to 2005, urban land 
doubled (due to development of agricultural land) while the amount of natural areas remained relatively 
constant9. This land use change is a factor in the increased stormwater volumes and phosphorus pollution 
stated above. 

According to an impervious cover model, streams begin to be impacted when there are 10% impervious 
surfaces. At 25% impervious surface, streams may not be able to not support aquatic life4. Practices that 
mitigate the impacts of impervious surface, i.e. those that reduce runoff and increase infiltration, are 
critical to protect and maintain the health and integrity of our streams and other surface water resources. 

 
Figure 5. Imperviousness by subwatershed 

                                                            
9 Fongers, D. 2009a. Macatawa Watershed Hydrologic Study. Michigan Department of Environmental Quality, Land and Water 
Management Division, Hydrologic Studies Unit. http://www.the-macc.org/wp-content/uploads/Appendix-I-2009-DEQ-
Hydrology-Study.pdf  
10 Fongers, D. 2009b. Macatawa Watershed Modeled Pollutant Loads. Michigan Department of Environmental Quality, Land 
and Water Management Division, Hydrologic Studies Unit. http://www.the-macc.org/wp-content/uploads/Appendix-J-2009-
DEQ-Pollutant-Loading-Study.pdf 
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Greening our Stormwater Management 

Green stormwater infrastructure provides a way to mitigate the impacts of impervious surfaces and other 
land cover alterations while improving and protecting water quality. The primary reason for developing a 
green stormwater vision for the Macatawa Watershed is to better plan for and strategically use green 
stormwater infrastructure to improve and protect water quality. While the natural features in our 
watershed help improve water quality, constructed green stormwater infrastructure will further reduce 
the urban impacts of stormwater runoff. 

The Macatawa Watershed Management Plan provides goals for implementing certain types of green 
stormwater infrastructure on various types of urban land uses. These goals are based on reducing 
pollution inputs to Lake Macatawa and addressing hydrology issues that arise from urban land use 
impacts. Goals are listed in Table 3 and summarized by land use type below. 

Table 3. Urban best management practice implementation goals for the Macatawa Watershed 
 Land use type 
BMP Single family Multi-family Institutional Commercial Industrial 
Rain gardens 1,058 ac (25%) 222 ac (25%) 231 ac (25%) 539 ac (25%) N/A 
Turf grass 
conversion 

1,058 ac (25%) 223 ac (25%) 81 ac (10%) 215 ac (10%) 264 ac (10%) 

Porous 
pavement 

N/A N/A 81 ac (10%) 215 ac (10%) N/A 

Rain barrels 5,000 barrels 
Tree canopy 6,000 trees (or % canopy goal) 

Modified from Table 31 found in the Macatawa Watershed Management Plan (page 117). The acre and percent goals 
are based on highly critical urban land as defined by a study completed for the Macatawa Watershed Management 
Plan11. If implemented, these practices would annually reduce sediment and phosphorus inputs to Lake Macatawa 
by 160 tons and 1,700 pounds, respectively. 

Residential areas, both single and multi-family, provide opportunities to implement neighborhood and 
individual actions to improve water quality. Collectively, these land uses represent 61.5% of the urban 
area in the Macatawa Watershed. On the neighborhood scale, rain gardens, turf grass conversion to native 
vegetation, buffer strips, and tree planting can be added in common areas or easements. On an individual 
level, homeowners can also install rain gardens, convert turf, add buffer strips, and plant trees, but can 
also install and use rain barrels. Our vision in residential areas is to engage residents in conversations 
about how stormwater is currently managed and how it can be done better through the use of green 
stormwater infrastructure. Conversations will turn into learning about green stormwater infrastructure, 
exploring the possibilities, and eventually into actions that include installing green stormwater 
infrastructure. We want to partner with residents to provide technical assistance, and possibly financial 
assistance, to plan and implement green stormwater infrastructure. 

Institutional land includes land uses that provide community benefits, such as recreation, health, 
education, and culture. This includes both government and private property and represents about 5% of 
the watershed’s urban area. Institutional land use types generally have large expanses of parking lots that 
                                                            
11 Fishbeck, Thompson, Carr and Huber. 2011. Macatawa Watershed Critical Area Analysis for Restoration. http://www.the-
macc.org/wp-content/uploads/Appendix-M-Critical-Area-Analysis.pdf  
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offer opportunities for pervious pavement or infiltration trenches in parking lot islands. The MACC has 
well-established relationships with the governmental landowners in the watershed due to the nature of 
the organization and will continue to work with them to provide technical assistance related to green 
stormwater infrastructure. This includes policy and ordinance updates as well as planning and installing 
green stormwater infrastructure on public property. The MACC has been increasing its relationship with 
educational institutions in the watershed and will focus on strengthening those relationships. There is 
great potential to install green stormwater infrastructure at most educational institutions since they 
generally have large tracts of land traditionally maintained as turf grass. Incorporating green stormwater 
infrastructure at educational facilities will not only manage large volumes of stormwater but will also, 
perhaps more importantly, offer an opportunity to engage children in nature in very hands-on, 
experiential ways.  

Commercial land use, much like institutional, generally include large buildings and parking lots that 
generate a great deal of stormwater runoff. In many cases, there is very little natural or green space left 
on a commercial property. Commercial land use makes up about 7% of the urban area in the watershed. 
There is great potential to retrofit commercial areas with parking lot features such as permeable 
pavement or curb cuts into infiltration trenches. Some commercial buildings may also offer opportunities 
for green roofs, which not only help capture and manage rainwater but can increase building energy-use 
efficiency. In addition, there are best practices that can be put in place to reduce stormwater pollution, 
especially associated with parking lots. As part of the MACC’s Public Education Plan, best practice tips 
sheets for commercial property management will be developed in 2018. Included will be best practices 
for parking lot cleaning and sweeping, lawn care and landscape maintenance and winter management 
(salt use and snow storage). 

Industrial land use is similar to commercial in that it is typically associated with large buildings and parking 
lots. In addition, activities may occur at industrial facilities that generate pollution. Fortunately, many of 
these activities are regulated and many facilities are required to have permits from the State of Michigan 
that limit pollution discharges. Many facilities are also required to have stormwater permits that require 
best practices (material handling and safety pollution prevention, good housekeeping, etc.) to minimize 
the possibility of stormwater pollution. However, there is great potential in industrial lands to utilize green 
stormwater infrastructure, such as vegetated infiltration practices or simply turf grass conversion to 
native plants, to manage large volumes of stormwater runoff. Industrial land use accounts for over 12,000 
acres of the watershed (17% of the urban area). 
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CHAPTER 3: THE TRANSPORTATION CONNECTION 

Transportation Corridors and the Environment  

Our roads, bridges, and sidewalks help us get from one place to another. They connect us to our work and 
to our families and friends. These pathways also account for the highest levels of impervious surfaces, 
connecting pollution to our rivers and lakes during rain events. Green stormwater infrastructure can help 
to alleviate downstream pollution when it is strategically added to our transportation system.  

Within the Macatawa Watershed, there are over 950 miles of impervious roadways, a number which does 
not begin to include the countless driveways and parking lots that connect to the overall system. When 
rainwater flows over our roads and paved pathways, it picks up pollutants on its way to Lake Macatawa 
and Lake Michigan. Table 4 describes some of the common pollutants found on roadways. These 
pollutants can lead to water quality impairments that can harm fish and other wildlife.  

Table 4. Pollutants typically associated with roads 
Pollutant Source Effects 

Trash Various  
Physical damage to aquatic animals 
and fish, release of poisonous 
substances 

Sediment/solids Construction, unpaved areas 

Increased turbidity, increased 
transport of soil-bound pollutants, 
negative effects on aquatic organisms 
reproduction and function   

Metals  
Copper, Zinc, Lead, 
Arsenic 

Vehicle brake pads, tires, motor 
oil, emissions and engines, 
brake linings, and automotive 
fluids  

Toxic to aquatic organisms and can 
accumulate in sediments and fish 
tissues  

Organics associated with 
petroleum  

Vehicle emissions, automotive 
fluids, gas stations  Toxic to aquatic organisms  

Nutrients Vehicle emissions, atmospheric 
deposition  

Promotes eutrophication and 
depleted dissolved oxygen 
concentrations  

Adapted from EPA’s “Managing Wet Weather with Green Infrastructure Municipal Handbook Green Streets,” by The 
Low Impact Development Center, 2008, pg.1. 

Traditional road designs funnel water and pollutants into storm drains which are piped to the nearest 
water body. These designs were engineered to move water as quickly as possible away from the road to 
improve safety during heavy rain events. While these traditional systems still play a critical role in our 
community, advancements in green stormwater infrastructure designs such as vegetated swales, porous 
pavements, and tree planter boxes, can provide for road safety while having an additional water quality 
benefit. Infiltrating water instead of piping it away can reduce localized flooding, in-stream erosion, and 
limit the amount of chemical pollution entering waterbodies.  
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Economic and Social Benefits 

Beyond the water quality benefits of incorporating green stormwater infrastructure, our transportation 
system presents an opportunity to add economic and social value. Here are a few examples: 

Curb cuts – Instead of water bypassing vegetated areas alongside roadways or sidewalks, curb cuts allow 
rainwater to enter landscaped areas, providing irrigation for plants. This can reduce municipal water costs 
for irrigation.  

Porous pavement – These pavements can improve safety during heavy rain events and in during cold 
weather since water does not accumulate on the road surface. Due to porous pavement’s ability to melt 
snow faster, less ice will build up, reducing the cost and need for salt application.  

Street trees and planter boxes - When vegetation is increased in urban areas, walking and other forms of 
recreation have been shown to rise12. Planted areas have also been found to reduce stress and anxiety, 
which can reduce related health costs13. In addition, roads with trees or other vegetation can have a traffic 
calming effect since they create the feeling of a tighter, narrower road. The associated reduction in speed 
from this effect has the potential to reduce crashes and their severity. A study in Toronto, Canada 
compared accidents on five arterial roadways three years before and after landscape improvements. The 
plantings resulted in reduced numbers of mid-block crashes. Overall, crashes were decreased 5% to 20% 
on the roads studied.14  

 

         

Figure 6. Roadside green stormwater infrastructure examples. Street trees (left) in downtown Holland MI 
(Wikimedia Commons) and curb cuts (right) that allow street runoff into a rain garden, Hinsdale IL (Flickr). 

 

  

                                                            
12 Center for Neighborhood Technology. 2010. The Value of Green Infrastructure: A Guide to Recognizing its Economic, 
Environmental and Social Benefits. Pg. 49. http://www.cnt.org/sites/default/files/publications/CNT_Value-of-Green-
Infrastructure.pdf 
13 The Nature Conservancy. Funding Trees for Health: An Analysis of Finance and Policy Actions to Enable Tree Planting for 
Public Health. Pg. 7.https://thought-leadership-production.s3.amazonaws.com/2017/09/19/15/24/13/b408e102-561f-4116-
822c-2265b4fdc079/Trees4Health_FINAL.pdf  
14 Naderi, J.R. 2003. Landscape Design in the Clear Zone: Effect of Landscape Variables on Pedestrian Health and Driver 
Safety. Transportation Research Record 1851:119-130. 
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Increasing greenery can also have economic benefits. According to one study, property values increased 
2-10% when new street trees were planted in front of buildings15. Regarding local businesses, shoppers 
claim that they will spend 9-12% more for goods and services in areas that have high-quality tree canopy16. 
While many studies find strong correlations between property values and their proximity to green 
stormwater infrastructure, it is important to note that it is still relativity difficult to isolate an exact reason 
for those increases in value and to which specific characteristics the increase can be attributed.  

Transportation and Air Quality 

Automobiles are a common source of air pollution in the Macatawa Watershed. Our vehicles emit a wide 
range of chemicals into the air we breathe. Air pollution can have serious health effects. In a 2013 
assessment by the World Health Organization, outdoor air pollution was found to be carcinogenic to 
humans, with the particulate matter component most closely associated with increased cancer17.  

Motor vehicle pollutant concentrations tend to be higher closer to the road, with the highest levels 
generally within the first 500 feet of a roadway 18 . Street trees are a popular green stormwater 
infrastructure addition that can intercept particulate matter and absorb ground-level ozone, sulfur 
dioxide, nitrogen dioxide, and carbon monoxide. If incorporating street trees to limit air pollution, the 
vegetated barriers should be appropriate for the location of interest, including water requirements, non-
invasive species, and aesthetics. It is also important to select species that will provide coverage throughout 
all seasons and do not emit high levels of pollen. In addition, all vegetation that will be located near 
roadways should take into account local and state safety guidelines19. 
 

Transportation Vision 

Roads and impervious surfaces contribute to Lake Macatawa’s impaired water. The Macatawa Area 
Coordinating Council is in a unique position to help alleviate transportation linked pollution since the 
organization is already responsible for coordinating transportation projects alongside our local units 
of government.  It is our goal to build on those preexisting relationships to find opportunities to 
increase stormwater infiltration within the transportation system. Examples include, increased 
permeable pavement in areas such as parking lanes and non-motorized pathways, adding curb cuts 
that direct water into rain gardens and increasing street trees. These practices can reduce runoff, filter 
out phosphorous, and recharge groundwater aquifers.  

 

  

                                                            
15 Wachter, S. and G. Wong. 2008. What is a Tree Worth? Green-City Strategies, Signaling and Housing Prices. Real Estate 
Economics. 36(2): 213-239. 
16 Wolf, K.L. 2005. Business District Streetscapes, Trees and Consumer Response. Journal of Forestry 103, 8:396-400. 
17 World Health Organization. “Ambient (outdoor) air quality and health.” 
http://www.who.int/mediacentre/factsheets/fs313/en/ Accessed Nov. 13, 2017. 
18 Karner, A. A., Eisinger, D. S., & Niemeier, D. A. 2010. Near-roadway air quality: Synthesizing the findings from real-world data. 
Environmental Science & Technology, 44(14), 5334-5344. doi:10.1021/es100008x 
19 EPA. 2015. Best Practices for Reducing Near-Road Pollution Exposure at Schools. pg.17 
https://www.epa.gov/sites/production/files/2015-10/documents/ochp_2015_near_road_pollution_booklet_v16_508.pdf  
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CHAPTER 4: THE ECONOMICS OF IT ALL 

Economic prosperity in the Macatawa Watershed is enhanced by all aspects of green infrastructure, both 
natural and constructed. Some economic benefits that can be gained by green stormwater infrastructure 
include property values, tourism, agriculture, energy efficiency, and cost savings compared to traditional 
stormwater infrastructure.  

Green vs. Gray Infrastructure 

Numerous studies have shown that green stormwater infrastructure is more cost-effective over its life 
cycle compared to traditional gray stormwater (system of catch basins, curb and gutter and storm sewer 
pipes that deliver stormwater directly to surface water)20. While installation costs may be higher with 
green stormwater infrastructure, long-term maintenance and replacement costs are typically less. Much 
of the cost savings of green stormwater infrastructure comes from not having to excavate, install and 
replace concrete features including curb and gutter and storm sewer pipes. There are numerous 
additional benefits, many difficult to valuate, realized by green stormwater infrastructure that are not 
associated with gray infrastructure. They include enhanced aesthetics, improved air quality, improved 
quality of life, and opportunities for public education (Figure 7). 

 
Figure 7. Green vs. Gray Infrastructure Infographic 

                                                            
20 EPA. “Green infrastructure Cost-Benefit Resources.” https://www.epa.gov/green-infrastructure/green-infrastructure-cost-
benefit-resources Accessed Nov. 6, 2017 



Macatawa Watershed Green Stormwater Vision             24 

Water Quantity and Quality 

Traditional gray stormwater infrastructure is designed to move quantities of water away as quickly as 
possible to avoid flooding. Many stormwater systems were designed decades ago to handle certain 
volumes of water based on historic records of typical rain events. However, rain events have been 
changing in recent years with larger events occurring more frequently. Many storm drain systems are not 
designed to handle these more frequent and intense rain events. It would be extremely costly to increase 
the capacity of the storm drain system to handle these events. Green stormwater infrastructure could be 
a more cost effective way to retain or detain rainwater and reduce the burden on the gray infrastructure21. 

In addition to managing water quantity, green stormwater infrastructure effectively improves water 
quality by trapping and filtering pollutants. Traditional gray stormwater infrastructure allows many 
pollutants quick passage to surface water, where they can be costly and very difficult to clean up. Water 
quality treatment devices can be installed within the storm drain system, but can be very expensive 
compared to using green stormwater infrastructure to prevent pollution from entering the storm drain 
system in the first place.  

Energy Savings 

Certain types of green stormwater infrastructure can help reduce energy costs associated with heating or 
cooling buildings. Green roofs not only function to capture and store rainwater but provide an insulating 
layer that can reduce costs for both heating and cooling a building. One study in Canada showed that 
certain types of green roofs can reduce cooling costs by as much as 75%22. Vegetation, most notably trees, 
help to reduce air temperatures by providing shade, acting as windbreaks and through 
evapotranspiration. This can result in reduced energy needs for air conditioning. In addition to the energy 
savings realized by green stormwater infrastructure, less energy is needed to manufacture green 
stormwater infrastructure compared to gray infrastructure. 

Recreation, Tourism and Quality of Life 

Green stormwater infrastructure, if carefully planned, can become attractive landscape features that 
enhance overall enjoyment of the outdoors. Parks and open spaces within urban areas provide 
opportunities to incorporate green stormwater infrastructure while enhancing recreational opportunities. 
Attractive green spaces can encourage people to be more active, possibly reducing health care costs and 
improving overall quality of life. Visitors may be willing to pay more to visit parks with attractive green 
features. As mentioned in the transportation chapter, many people are willing to spend more at stores 
that have street trees. Recreation, tourism and quality of life are also enhanced due to improvements in 
water quality that are realized by green stormwater infrastructure. 

  

                                                            
21 EPA. “Green Infrastructure Manage Flood Risk.” https://www.epa.gov/green-infrastructure/manage-flood-risk Accessed Nov. 
13, 2017. 
22 EPA. “Green infrastructure Lower Building Energy Demands.” https://www.epa.gov/green-infrastructure/lower-building-
energy-demands Accessed Nov. 13, 2017 
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CHAPTER 5: VISIONING GREEN STORMWATER INFRASTRUCTURE FOR 
THE MACATAWA WATERSHED 

Green stormwater infrastructure can be an effective way to manage stormwater while providing 
additional benefits. It can be incorporated almost anywhere in the landscape. However, there are certain 
areas of the Macatawa Watershed where it would be more beneficial to install than others. This is also 
important so that limited funding resources can be directed to the areas where they will have the greatest 
positive impact. The MACC completed mapping exercises in 2017 to determine suitability and 
prioritization for implementing green stormwater infrastructure in the Macatawa watershed. 

Green Stormwater Infrastructure Suitability 

The Holland-Zeeland green stormwater suitability mapping project was modeled after an analysis done in 
Berlin, MD23. This study used the factors of soil type, slope, depth to groundwater, proximity to structures, 
land ownership, and urban land use type to rank land for green stormwater infrastructure 
implementation. The MACC reviewed the availability of similar data for the Macatawa Watershed and 
with input from the MACC Stormwater and Watershed Advisory Committee’s, modified the factors for 
the data that was available and made sense for the Holland-Zeeland urbanized area. Data was available 
from the state of Michigan for depth to groundwater, but upon review, the accuracy of the data was 
questioned and it was subsequently removed from the mapping exercise. Landownership and land use 
data was determined to not be a suitability factor but were considered during the prioritization exercise. 
Table 5 summarizes the final criteria that were used in our suitability analysis. Further explanation of each 
factor and their suitability levels is described below. 

Table 5. Final criteria used to assess green stormwater suitability 
 Suitability Level 
Criteria High Medium Low Not Suitable 
Hydrologic soil 
group A B C or D N/A 

Natural 
drainage class 

• Excessively drained 
• Somewhat 

excessively drained 

• Well drain 
• Moderately 

well drained 

• Somewhat 
poorly drained 

• Poorly drained 

Very poorly 
drained 

Slope 2-4.9% 5-8% 0-1.9% >8% 
Proximity to 
structures N/A N/A N/A Building +10 

feet 
 
Hydrologic soil groups are based on estimates of runoff potential. Soils are assigned to one of four groups 
according to the rate of water infiltration when the soils are not protected by vegetation, are thoroughly 
wet and receive precipitation from long-duration storms. Group A soils have high infiltration rates, Group 
B soils have moderate infiltration rates, Group C have slow infiltration rates, and Group D soils have very 

                                                            
23 Marney, Ronald A & W. 2012. Creation of a GIS Based Model for Determining the Suitability of Implementing Green 
Infrastructure: In The Town Of Berlin Maryland. Community and Regional Planning Program: Student Projects and Theses. 14.  
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slow infiltration rates24. Most types of green stormwater infrastructure are designed with infiltration in 
mind. Therefore, the higher the infiltration rate, the more suitable for green stormwater infrastructure. 

Natural drainage class refers to the frequency and duration of wet periods under conditions similar to 
those in which the soil developed. Alteration of water movement by man, either through drainage or 
irrigation, is not considered unless the alterations have significantly changed the characteristics of the 
soil25. Soils are sorted into one of seven classes listed in Table XX. Water is removed very rapidly in 
excessively drained soils and rapidly in somewhat excessively drained soils, making them suitable for 
green infrastructure practices that rely on infiltration, or water movement into the soil. On the opposite 
end, very poorly drained soils typically have water at or near the surface during much of the growing 
season and would not allow for infiltration associated with most green stormwater infrastructure. 

Slope refers to the slant of the land and affects the way that water moves over the land surface. Some 
slope is desirable for green stormwater infrastructure to encourage rainwater to naturally flow toward 
the stormwater feature. Very low slope (0-1.9%) is not desirable since water will tend to pond as opposed 
to moving across the surface. Very high slopes are also undesirable since they move water too quickly and 
could bypass the green stormwater feature. Using the natural slope of the land and placing green 
stormwater infrastructure downstream or in the path of natural water runoff is less costly than re-grading 
the land to slope toward the stormwater feature.  

Proximity to structures is important for placement of green stormwater infrastructure. Since green 
stormwater infrastructure encourages infiltration, features should be placed away from buildings so that 
water does not seep into foundations or basements. For purposes of the Macatawa Watershed suitability 
analysis, building footprints plus an additional 10 feet were completely excluded from the analysis. 
Specific distances from buildings were not included as high, medium or low suitability.  

Overall, the factors considered in our suitability analysis are intended for infiltration practices. However, 
some types of green infrastructure can be used where infiltration is not possible, such as green roofs, rain 
barrels and detention practices. This analysis is solely intended as an initial screening tool and does not 
replace on site soils investigations to confirm suitability of any specific green infrastructure practice. 

The green stormwater infrastructure suitability mapping analysis was done for the Holland-Zeeland 
urbanized area using ArcGIS software. Each factor – hydrologic soil group, natural drainage class, slope, 
and building footprints – are mapped in separate layers according to their unique characteristics. In order 
to use them in an analysis, each layer was reassigned values according to Table 5. Features with high 
priority were assigned a value of 3, medium priority a value of 2, low priority a value of 1, and not suitable 
a value of 0. Reclassifying the data to the same numerical system enables the individual data layers to be 
compared and added together to determine a total score for suitability based on all 4 factors. All factors 
were weighted evenly, meaning that they were all considered to be equally important to the analysis. This 
calculation was completed for each 900 m2 piece of land. An average of the values within each parcel was 
calculated in order to assign a suitability score to each parcel. The final suitability map by parcel is shown 
in Figure 8. 

                                                            
24 USDA-NRCS. “Web Soil Survey.” Soil Data Explorer tab. https://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm 
Accessed Nov. 13, 2017. 
25 https://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/ref/?cid=nrcs142p2_054253  
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Figure 8. Green stormwater infrastructure suitability by parcel (parcels boundaries removed so that colors are not 
hidden by the lines) 

Green Stormwater Infrastructure Prioritization 

The suitability analysis is useful for determining where green infrastructure can be placed in the 
landscape. It does not tell us where green infrastructure will serve the greatest benefit for water quantity 
and quality management. It also does not tell us where there are opportunities (space) to install green 
infrastructure. Several factors were considered for a prioritization exercise including land use, land 
ownership and amount of impervious surfaces.  

For this analysis land use and landownership were considered together. We first looked at parcel tax 
codes to distinguish between exempt (primarily government and churches), commercial, industrial, and 
residential properties. Exempt parcels, in particular those under public ownership, were considered high 
priority since the MACC has established relationships with many public entities. Commercial and industrial 
parcels were considered medium priority since they are generally larger parcels that offer more space for 
high impact projects. Residential parcels were considered low priority due to the sheer number. This 
prioritization is intended to focus the work of the MACC to areas where we can have the greatest 
stormwater management impact. However, we will continue to engage with all landowners to promote 
the use of green stormwater infrastructure. Specifically, we will reach out to residents and neighborhood 
associations to have community conversations about stormwater (see next section). 
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In total, K&A developed fourteen (14) conceptual designs for public sites in the Cities of Holland and 
Zeeland. They include city properties, schools and Hope College. Most of the designs include either rain 
gardens, permeable pavement or a combination of both. Included with the designs are cost estimates and 
projected reductions in stormwater volume and pollutants (suspended solids, phosphorus and nitrogen). 
The full report is in Appendix C. Implementation of these project is discussed in Chapter 7. 

Community Conversations 

The purpose of community conversations are to engage residents in a dialogue about stormwater. We 
want to know how it is managed in their neighborhood and what improvements could be made by using 
green stormwater infrastructure. The meetings are designed so that MACC staff and other community 
partners actively listen to homeowner’s ideas and concerns around rainwater since they are the local 
experts of their neighborhoods.  

As a pilot for this type of discussion, the MACC held a meeting on September 26, 2017 at Grand Valley 
State University’s Meijer Campus located near the Holland Heights neighborhood. The MACC mailed a 
letter to all residents in Holland Heights inviting them to the meeting. At the meeting, MACC staff asked 
residents about their current knowledge of stormwater. How it is stormwater managed in your 
neighborhood? Where are problems with flooding or other stormwater issues? Where there are 
opportunities for improvement? What benefits would green stormwater infrastructure provide to your 
neighborhood? At the end of the dialogue, attendees were encouraged to participate in a mapping 
activity. Four maps were available for participants to add stickers to highlight areas of concern, places 
where green stormwater infrastructure could be incorporated on public land, where it currently exists, 
and a final map to indicate they were interested in green stormwater infrastructure on their property. 
The results of the mapping exercise were input into an online mapping platform. The online map was 
made available to participants and other interested stakeholders to map additional locations. The map 
can be viewed at https://macatawastormwater.ushahidi.io/  

 

 
Figure 10. Community Conversation at GVSU’s Meijer Campus, September 26, 2017 
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Residents that participated in the meeting on September 26 expressed concerns about clay soil types in 
some areas of the neighborhood that do not allow infiltration and may be the cause of some flooding. 
They also pointed out areas of historic flooding and noted that the City made some improvement that 
addressed the flooding. There was some concern regarding the intention of the green stormwater vision 
and that stormwater improvements from the past would be undone. The MACC assured residents that 
the intention was to not replace the existing stormwater infrastructure, but only to seek opportunities to 
incorporate green stormwater features into new areas. During the mapping exercise, several current 
flooding issues were noted as well as numerous opportunities. Residents saw opportunities for 
incorporating green stormwater infrastructure at church properties, city parks and in the road right-of-
way. There were also suggestions to preserve existing open space and offer incentives to homeowners to 
maintain native landscapes or rain gardens in the area between the sidewalk and road. 

The MACC feels that community conversations in this manner are a great opportunity for members of the 
community to voice both their concerns about stormwater and what they desire to see incorporated in 
the future. The MACC plans to continue these meetings in more neighborhoods in the Macatawa 
Watershed.  

Public Education and Marketing 

Through all of the aforementioned efforts, the MACC has compiled a great deal of information about 
where and what green stormwater infrastructure can benefit water quality in the Macatawa Watershed. 
However, that information is only good if it is understood and shared with community stakeholders, 
especially those that will design, approve, install, and maintain green stormwater infrastructure. 
Therefore, it is crucial that the MACC and its partners develop a robust public education and marketing 
campaign that promotes understanding of green stormwater infrastructure.  

Green stormwater infrastructure is becoming more popular, even mainstream, in some areas of West 
Michigan. Many developers and engineers routinely include green stormwater infrastructure in designs 
for new developments. However, widespread implementation of green stormwater infrastructure will 
need to include not only developers/engineers that offer design services, but clients that demand/desire 
green stormwater infrastructure and planning commissioners/reviewers that understand and accept 
these practices in their communities. At the local planning commission level, widespread adoption may 
also require changes in development standards or zoning ordinances to remove real or perceived barriers 
to using green stormwater infrastructure (e.g. requiring curb and gutter around parking lot islands). These 
changes are slowly occurring in some communities within the Macatawa Watershed. The MACC supports 
these policy changes and will work with communities as needed to assist in their implementation.  

Key audiences for an overall educational campaign include developers and design engineers, decision 
makers (planning commissions), municipal staff, business owners, and homeowners. Key messages will 
include what is green infrastructure, why is it important, what are its benefits, what does it look like, and 
how is it maintained. Delivery mechanisms will include additional community conversations, 
presentations at planning commission meetings, meetings with municipal staff, public education 
seminars, and printed materials. More details on how this campaign will be delivered is in Chapter 7. 

  



Macatawa Watershed Green Stormwater Vision             31 

CHAPTER 6: MAINTENANCE, FINANCING AND PARTNERSHIPS 

Maintaining Green Stormwater Infrastructure 

Maintenance is perhaps the most important consideration when deciding to incorporate green 
stormwater infrastructure into a site. The practice, whether it is a rain garden, green roof or permeable 
pavement, will only function as well as it is maintained. Inlet and outlet pipes could become clogged with 
organic debris, infiltration could become compromised if there is an influx of sediment and other debris, 
trash may accumulate in roadside or parking lot practices, or invasive species and weeds may invade. All 
of these issues could limit the ability of the practice to handle the quantity of water it was designed for or 
reduce its ability to improve water quality. There are various types of maintenance necessary depending 
on the type of green infrastructure. Some practices may need monthly maintenance while others can 
function well for several years before maintenance is necessary. 

In order to assist developers, decision makers and land managers with maintaining green stormwater 
infrastructure, the MACC developed a Stormwater Best Management Practice Operation and 
Maintenance Planning Guide in May 2017 with funding from a Stormwater, Asset Management and 
Wastewater grant from the Michigan Department of Environmental Quality. This document is intended 
to guide the development of an operation and maintenance plan for both green and traditional 
stormwater management systems. It steps through the components that should be included in a plan and 
emphasizes the importance of a regular inspection schedule so that problems can be caught early and 
maintenance scheduled as necessary. The guide also includes fact sheets about a number of stormwater 
practices including typical routine and corrective maintenance associated with each. Templates are 
provided for inspection checklists, the operation and maintenance plan itself, corrective maintenance 
documentation, and plan evaluation.  
 

Policy Point 

The State of Michigan’s Stormwater Permit requires permitted communities to ensure that all 
permanent stormwater practices on private and public land subject to local development review are 
maintained in perpetuity. This is done by signing a maintenance agreement that is recorded on the 
deed of the property. The maintenance agreement would rely on the development and 
implementation of an operation and maintenance plan. The local municipality also needs to have a 
way to ensure that maintenance agreements are being met in perpetuity, such as periodically 
inspecting or requiring landowners to self-certify that their stormwater practices are functioning as 
they were designed. Municipalities in the Macatawa Watershed are currently working on updating and 
adopting stormwater ordinances that require, among other criteria, maintenance agreements for all 
stormwater management practices. 

 
Green infrastructure maintenance can offer opportunities for community collaboration and spur local job 
development. Some maintenance activities, especially for practices that include plants, can easily be done 
by community volunteer groups. Other types of maintenance, such as vacuuming of permeable pavement 
or repair of green roofs, may require a more skilled workforce.  
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Financing Public Green Stormwater Infrastructure 

Green stormwater infrastructure should be planned for, managed and funded in the same way as other 
community assets and infrastructure, such as parks, roads, sanitary sewer system, electric power grid, and 
the traditional gray stormwater infrastructure. Communities budget for the design, installation and long-
term maintenance of these features and green stormwater infrastructure should be included in the same 
manner.  

As discussed in the economics chapter, green stormwater infrastructure is typically more cost-effective 
over its lifecycle. However, design and installation costs may be greater for green stormwater 
infrastructure compared to traditional gray infrastructure. Regardless of the type of development project, 
whether it’s a new park, city hall or a road, stormwater must be managed and will be included in the 
overall project cost. If a green stormwater practice costs more than a traditional system, then additional 
funding is only needed for the difference between typical and green installation. That amount will be 
much smaller and relatively easier to obtain compared to the overall installation cost. 

Possible funding sources for designing and installing green stormwater infrastructure on public land 
include: 

• Local, state and federal grants. Since green stormwater infrastructure is still gaining momentum as 
an acceptable practice, numerous grant opportunities exist to fund design and installation. 

• Private-public partnerships. These can take many different forms, but the general idea is that private 
businesses or individuals invest in projects that benefit the public good. Examples include 
philanthropic donations and environmental impact bonds, a relatively new mechanism whereby an 
investor pays to install a practice and is paid back with interest based on the success of the project. 
See A New Approach to Fund Watershed management: An Evaluation of Funding Mechanisms26 for a 
detailed explanation of environmental impact bonds. 

• New taxed-base revenue. There are various ways in which communities can generate new revenue 
to pay for stormwater management, including millages, fee assessments or voluntary contributions. 
There are some legislative considerations for some types of mechanisms and new fees have to be 
crafted in a way that they meet certain legal requirements. See the PSC report referenced above for 
a detailed discussion of these types of mechanisms. 

The Power of Partnerships 

The need for maintenance and financing of green stormwater infrastructure provides 
opportunities for and perhaps underscores the importance of partnerships. Some 
maintenance activities can be done by residents or volunteer community groups, like 
Boy Scouts or Master Gardeners. Not only does the use of volunteers reduce 
maintenance costs, but it also engages citizens in appreciating and taking ownership 
in their community’s stormwater management. For funding, there is great potential 
to bring the private and public sector together to work toward creative and 
innovative funding solutions.  

                                                            
26 Public Sector Consultants Inc. 2016. A New Approaches to Fund Watershed Management: An Evaluation of 
Funding Mechanisms. Available: http://www.the-macc.org/wp-content/uploads/MACC-Watershed-Funding-
Report-Final_V2.pdf  

“Alone we 
can do so 

little; 
together 

we can do 
so much.”

Helen Keller 
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CHAPTER 7: IMPLEMENTING THE VISION 

Relationship to Existing Efforts 

The Macatawa Watershed Project has been in existence for over 20 years. Many efforts have been made 
by numerous partners to improve water quality through public education and outreach and on-the-
ground implementation of conservation practices. There are numerous plans and other documents that 
guide this work. The Green Stormwater Vision is not intended to replace any of these existing efforts, but 
strengthen and build upon them.  

Stormwater Public Education Program Plan 

There are six entities in the Macatawa Watershed (listed at right) that are 
required to have a stormwater permit from the State of Michigan. One 
requirement of the permit is to develop and implement a Public Education 
Program. The six entities have been working collaboratively on their stormwater 
programs with the MACC since 2001. The MACC developed a Community 
Outreach Plan in 2004 that included the required stormwater public education. 
This plan identified key audiences, messages and delivery mechanism. The MACC 
was the primary entity responsible for implementing this plan, but it relied 
heavily on the support and participation of the stormwater entities and other 
community partners. 

A Public Education Program Plan for Stormwater Education in the Macatawa Watershed was developed 
in 2016. This plan was developed to meet new public education requirements of the stormwater permit 
that was updated in 2013. The stormwater permit lists 10 specific educational topics that a local group of 
stakeholders evaluated and prioritized for the Macatawa Watershed. One of these topics is “educate the 
public on and promote the benefits of green infrastructure and low impact development”. Our 
stakeholders determined this topic to be medium priority when compared to others. The plan identifies 
the message, target audiences and delivery mechanisms for this topic. As a medium priority topic, it is 
planned to be addressed at least every other year. For the purposes of the Green Stormwater Vision, this 
component of the Stormwater Education Plan will be expanded upon to include additional messages, 
audiences and delivery mechanisms. 

Macatawa Watershed Management Plan 

The first plan to reduce phosphorus inputs to Lake Macatawa was developed in 1999. This plan was fairly 
narrowly focused on providing recommendations for both urban and rural areas to reduce nonpoint 
source inputs of phosphorus to Lake Macatawa. This plan recommended a number of vegetated practices 
in urban areas to help reduce phosphorus including buffer strips, low maintenance lawns, planting of trees 
and shrubs, and wetland restoration. Stormwater system updates were included, but only referred to 
traditional gray infrastructure improvements. The concept of low impact development and green 
stormwater infrastructure was still fairly new at this time and had not yet been widely adopted. Through 
the mid to late 2000’s, however, several green stormwater infrastructure demonstration projects were 
installed in the Macatawa Watershed. They include rain gardens at Smallenberg Park (City of Holland) and 
at the Zeeland Street Maintenance Building and bioswales at Paw Paw Footbridge Park (City of Zeeland) 
and an Ottawa County Road Commission site. 

Stormwater Permits

City of Holland 

City of Zeeland 

Allegan County 

Allegan County Road 
Commission 

Ottawa County 

Ottawa County Road 
Commission 
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The Macatawa Watershed Management Plan was updated in 2012 to meet state and federal management 
plan requirements. This new plan is much more comprehensive and includes identification of other 
pollutants of concern and presents structural and non-structural recommendations for addressing them. 
The updated plan also includes a number of studies and results of monitoring that has been completed 
since the first management plan was developed in 1999. All of this information helps to better inform 
management decisions. The updated plan also includes goals for specific types of best management 
practices to be implemented in critical areas of the watershed. The urban goals were presented in Table 
3 in Chapter 2.  

Project Clarity 

Project Clarity is an initiative of the Outdoor Discovery Center Macatawa Greenway that aims to restore 
the Macatawa Watershed. The goals of the initiative are based on the Macatawa Watershed Management 
Plan. However, Project Clarity highlights key actions that could start to make significant improvements in 
Lake Macatawa’s water quality. The initiative includes goals for land acquisition, wetland restoration, 
engineered water quality treatments, urban and rural best management practices, information and 
education, and the establishment of an endowment fund for long-term maintenance. The initiative 
includes a fundraising component with a goal to raise almost $12 million. 

Policy Recommendations 

Local policies have potential to both encourage and discourage the use of green stormwater 
infrastructure. In addition, policies can help ensure protection of existing natural green infrastructure. The 
term policy can apply to several types of mechanisms including development rules or standards, 
ordinances, and internal municipal policies. Several policy points were highlighted throughout this 
document. They are summarized below: 

• Tree ordinances for the protection of existing trees and guidance for planting of species that are 
appropriate to support tree canopy and stormwater goals 

• Wetland protection ordinances 
• Riparian overlay/zoning ordinances 
• Stormwater ordinances that require maintenance agreements for stormwater management 

infrastructure 

The MACC will work with local municipalities to review existing ordinances and encourage revisions to 
existing ordinances or adoption of new ordinances that address the above policies. 

Ottawa and Allegan Counties and the Cities of Holland and Zeeland are currently working with the MACC 
to update development rules that pertain to how stormwater is managed for new construction and 
redevelopment of existing sites. The rules are being updated for several reasons, one of which is to 
maintain compliance with new water quality and channel protection standards as required by the State 
of Michigan’s stormwater permits. One component of the permit is post-construction stormwater runoff 
control which requires stormwater runoff to be treated to a certain water quality standard and to be 
released from the site at a rate that does not cause harm to the receiving stream. These water quality and 
channel protection standards will encourage the use of green stormwater solutions in order to meet the 
standards. To further encourage the use of green stormwater infrastructure, other language was removed 
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or changed in the development rules that was prohibitive or restrictive of using green stormwater 
infrastructure.  

Once the new development rules are finished and in effect, then stormwater ordinances passed at the 
local level will help to enforce the standards. For some communities in the Macatawa Watershed, this will 
mean updating their existing stormwater ordinance to reflect the changes to the rules. For others, it will 
mean passing a new ordinance. The MACC has a model stormwater ordinance that is available to the local 
municipalities to use. In addition to ensuring that a stormwater ordinance is in place to enforce the 
development rules, other ordinances and zoning codes need to be reviewed for language that is 
prohibitive or restrictive to using green stormwater infrastructure. For example, many zoning codes for 
parking lots require curbing around parking lot islands. Parking lots islands provide an opportunity for 
green stormwater infrastructure like bioswales and rain gardens, but requiring curbing does not allow 
stormwater to enter the islands. This can be remedied by allowing alternatives such as curb cuts, wheel 
stops or bollards. 

Beyond policies that apply to private development, these same policies should be applied to public-owned 
land. In addition, there are internal policies that municipalities can adopt to encourage increased use of 
green stormwater infrastructure on public land. Some examples include: 

• Setting tree canopy or tree planting goals on public property including road right-of-ways 
• Requiring that green infrastructure be considered as part of all facility construction or 

improvements, including road construction 
• Allocating annual funds to support design, installation and maintenance of green stormwater 

infrastructure 
• Developing citizen volunteer groups to assist with green stormwater maintenance 

Public Education and Marketing Strategy 

Key audiences, messages and delivery mechanisms for public education related to green stormwater 
infrastructure was introduced in Chapter 6. A detailed strategy is outlined in Table 6. This strategy is 
intended to be implemented over the next 5 years, but many activities will continue beyond this 
timeframe. Some of these activities are already being done by MACC staff each year to meet other public 
education goals. Some activities, such as presentations and distribution of materials at community events, 
can be used to cover multiple audiences and/or multiple messages at the same time. Additional messages, 
audiences, and delivery mechanisms may also be added to the strategy as opportunities are identified. 
The plan will be continually evaluated for effectiveness and adjustments will be made to messages, 
audiences and delivery mechanisms as necessary.  
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Table 6. Public Education and Marketing Strategy 

Topic Messages Audience Activities and delivery 
mechanisms Measurable goals  Timeline 

What is green 
stormwater 
infrastructure (GSI)? 

Stormwater is traditionally 
managed in underground pipes 
that carry water quickly to streams
GSI manages stormwater by 
mimicking nature 
There are many different 
types of GSI 

• Residential landowners 
• Commercial landowners 
• Elected officials 
• Decision makers 
• Planners 
• Developers 
• Engineers 
 

• Distribute materials at 
community events 

• Community Conversations 
• Distribute materials at 

Chamber of Commerce events 
• Presentations to elected and 

appointed boards 
• Host GSI training seminars 

Annual goals: 
• 200 GSI flyers 

distributed 
• 6 community events 
• 2 Community 

Conversations 
• 2 Chamber events 
• 8 presentations 
• 1 seminar 

2018-2022 

Why is GSI 
important? 

Negative impacts of traditional 
stormwater management and how 
GSI overcomes those impacts 

What are the 
benefits of GSI? 

Water quality 
Economic 
Quality of Life 

How is GSI 
maintained? 

Maintenance is critical to 
ensure long-term efficacy, both on 
public and private property 
Maintenance agreements will 
help ensure that private systems 
are maintained 

• Elected officials 
• Decision makers 
• Municipal staff 

• Distribute copies and give 
presentations about 
maintenance guide 

• Work towards adoption of 
stormwater ordinances that 
require maintenance 
agreements 

Two-year goals: 
• 18 presentations to 

boards 
• 4 presentations to staff 
• 9 adopted stormwater 

ordinances 

2018-2019 

Basic maintenance tasks of 
many GSI practices can be 
completed by landowners 

• Residential landowners 
• Commercial landowners 

• Revise maintenance guide for 
a public audience 

• Distribute guide 

Annual goal: 50 guides 
distributed 2018-2022 

Operation and maintenance 
plans must be included for any 
new development that 
incorporates GSI 

• Planners 
• Developers 
• Engineers 

• Distribute copies and give 
presentations about 
maintenance guide at 
chamber events, seminar 

Annual goals:
• 50 guides distributed 
• 2 Chamber events 
• 1 seminar 

2018-2022 

What does GSI look 
like? 

There are many types of GSI 
that be used in various ways 

• Residential landowners 
• Commercial landowners 
• Elected officials 
• Decision makers 
• Planners 
• Developers 
• Engineers 

• Identify and map existing GSI 
installations 

• Install interpretive signage at 
sites willing to serve as 
demonstrations 

• Install new demonstration 
sites 

•  
• Map of existing GSI in 

Macatawa Watershed 
(digital and print) 

• 10 demonstration sites 
total 

Map: 2018 
 
Others: 
2018-2022 
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Green Stormwater Infrastructure Implementation 

Appendix C includes fourteen (14) conceptual designs for green stormwater retrofits at existing properties 
in the Macatawa Watershed (see Chapter 5 for more detail). A summary of the 14 projects is in Table 
7.The MACC intends to work over the next five (5) years to seek the support of the landowners to 
implement these projects as well as seek funding. Projects will be prioritized for implementation based 
on the willingness of the landowner to implement the project and if and how much funding they are able 
to contribute. Consideration will be given to sites where construction projects that are already planned 
(e.g. parking lot resurfacing, landscape enhancements) that would provide an opportunity to construct 
green infrastructure at the same time. 

Table 7. Summary of Conceptual Green Stormwater Designs 

Location Owner 
Proposed Green 
Stormwater 
Features 

Total Est. Cost 
Stormwater 
volume treated 
(acre-feet) 

Est. phosphorus 
reduction (lb/yr) 

Moran Tennis 
Courts 

City of 
Holland 

Bioretention with 
native vegetation $41,840 6.1 3.8 

City Hall City of 
Holland 

Bioretention and 
rain gardens with 
native vegetation 

$49,244 3.1 1.9 

Holland West  HPS1 

Bioretention with 
native vegetation, 
porous pavement 

$195,864 42.5 29.9

Columbia Ave Park City of 
Holland $72,211 4.4 4.7 

A. Paul Schaap 
Science Center 

Hope 
College $80,470 7.8 7.6 

Van Wylen Library Hope 
College $88,660 8.4 8.4 

Holland High School 
(tennis courts & 
soccer field) 

HPS $99,204 13.1 8.1 

Black River Public School $123,672 15.5 14.9
Maplewood 
Elementary HPS $140,428 11.2 10 

Jefferson 
Elementary 

City of 
Holland 
and HPS 

$167,551 16.1 11.9 

Kollen Park City of 
Holland $193,291 19 13.3 

Holland High School HPS $195,752 59.1 51.6
Cityside Middle 
School ZPS2 $199,738 16.2 16 

Lincoln Elementary ZPS $260,191 13.1 10.9
TOTALS $1,908,116 236 193

1 HPS = Holland Public Schools 
2 ZPS = Zeeland Public Schools 
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Beyond implementing the fourteen (14) conceptual designs, the MACC will also work with public 
landowners in the Macatawa Watershed, including the Cities, Townships, Counties, and Road 
Commissions, to identify and evaluate additional sites for green infrastructure installation. The MACC will 
focus on seeking opportunities within planned projects, such as road reconstruction, facility expansions 
or park improvements.  

While the majority of the MACC’s work centers on public landowners, we will also work with private 
landowners that are interested in planning and installing green stormwater infrastructure. Private 
landowners, both residential and commercial, will be a key audience in education and marketing, 
especially with the continuation of Community Conversations. As awareness of green stormwater 
infrastructure increases, so should the interest to install it. 
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CHAPTER 8: HELPFUL RESOURCES 

Enhancing Sustainable Communities with Green Infrastructure – EPA 
https://www.epa.gov/smartgrowth/enhancing-sustainable-communities-green-infrastructure  
 
Great Lakes Green Streets Guidebook - SEMCOG 
http://www.semcog.org/Green-Infrastructure  
 
Green Infrastructure Opportunities that Arise During Municipal Operations – EPA 
https://www.epa.gov/sites/production/files/2015-09/documents/green_infrastructure_roadshow.pdf  
 
Low Impact Development Manual for Michigan – SEMCOG 
http://www.semcog.org/Green-Infrastructure  
 
Macatawa Watershed Stormwater Guidebook – Macatawa Area Coordinating Council  
http://www.the-macc.org/wp-content/uploads/Macatawa-Guidebook-High-Resolution.pdf  
 
Managing Wet Weather with Green Infrastructure – EPA 
https://www.epa.gov/sites/production/files/2015-
10/documents/gi_munichandbook_green_streets_0.pdf  
 
National Stormwater Calculator – EPA 
https://www.epa.gov/water-research/national-stormwater-calculator  
 
Tackling Barriers to Green Infrastructure – University of Wisconsin Sea Grant Institute  
http://seagrant.wisc.edu/Home/Topics/CoastalCommunities/Details.aspx?PostID=2462  
 
Upgrade Your Infrastructure – The Center for Neighborhood Technology 
https://www.cnt.org/sites/default/files/publications/CNT_UpgradeYourInfrastructure.pdf  
 
Urban Street Stormwater Guide – NACTO  
https://nacto.org/publication/urban-street-stormwater-guide/  
(Available for purchase via NACTO, and loan upon request from MACC) 
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APPENDIX A 

URBAN TREE CANOPY FACT SHEETS 
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 Land Cover Surfaces

City of Holland
Urban Tree Canopy (UTC) Assessment

The Urban Forest consists of all public and private trees and shrubs in our 
community. This includes trees in yards, parks, open spaces, along streets 
and other land where trees are present. One way to understand the value  
of urban forests is by envisioning the layer of leaves,  
branches and tree stems when viewed from above.  
This layer is called Urban Tree Canopy (UTC).

What is the Urban Forest and Urban Tree Canopy?

Urban Tree Canopy  
along Euna Vista Drive.

Surface Types

Tree Canopy Water Impervious or  
Unclassified Surfaces

Pervious
Surfaces

This map shows the four major surface types: 

1. Trees

2. Other pervious surfaces  
 such as grasses, shrubs,  
 gardens, and crops.

3. Water 

4. Impervious or Unclassified Surfaces  
 such as roads, parking lots,  
 buildings, open fields, wetlands  
 and the airport.

Urban Tree Canopy at Hope College.

Project Funded By:



Street Tree Canopy  
in the City of Holland

STREET NAME         % TREE CANOPY

Midway Avenue 77.0%
Sorrento Court 74.2%
Princeton Court 71.2%
37th Street 67.9%
Knowlcrest Drive 66.0%
Euna Vista Drive 63.2%
Thomas Street 63.1%
39th Street 60.0%
Elmdale Court 59.4%
Crestview Street 58.0%
Brookfield Drive 56.5%
Hazel Avenue 53.4%
Prospect Avenue 52.9%
Viaduct Road 49.0%
Franklin Street 48.5%
Bellwood Drive 47.4%
29th Street 47.0%
Pleasant Avenue 46.9%
Timberwood Lane 46.5%
Dartmouth Avenue 46.4%
Graafschap Road 35.1%
State Street 30.4%
Paw Paw Drive 29.7%
17th Street 28.0%
Van Raalte Avenue 24.9%
S. Shore Drive 22.1%
Pine Avenue 20.9%
32nd Street 18.1%
16th Street 15.1%
Ottawa Avenue 14.1%

UTC Benefits to City of Holland

Trees Reduce Atmospheric Carbon Dioxide in Two Ways:
• By directly storing CO2 in their stems and leaves as they grow
• By reducing demand for heating and cooling, thereby reducing emission  
 associated with power production

The UTC in Holland captures 26,270,000 lbs. of CO2 each year. 
Total value of these services are valued at $254,900 annually!
The UTC in Holland currently stores approximately 796,000,000 lbs. of CO2. 
Total value of these services are valued at $7,731,000!

City of Holland
Urban Tree Canopy (UTC) Assessment

Atmosphere carbon and gaseous pollutant removal information provided by: i-Tree Vue model 
using the UTC data developed for this project. i-Tree is a cooperative initiative of the USDA Forest 
Service, Davey Tree Expert Company, the Arbor Day Foundation, Society of Municipal Arborists, 
the International Society of Arborculture, and Casey Trees. 

Trees Improve Air Quality
• They absorb gaseous pollutants (such as ozone and nitrogen oxides)
• They intercept particulate matter (such as dust, ash, pollen and smoke)
• They freshen the air we breath by releasing oxygen in the air as a byproduct  
 of photosynthesis (two healthy trees produce enough oxygen for one person  
 for one year)

Trees Save Energy in Several Ways
• Shading provided by trees reduces the amount of heat absorbed and stored  
 in built surfaces
	 	 n	 Greenspace provided by trees can lower air temperatures by 5 degrees F
	 	 n	 Trees that shade east and especially west walls help keep buildings coolest
• Evapotranspiration converts liquid water to water vapor and cools the air
• Windspeed reduction reduces the infiltration of outside air into interior spaces,  
 reducing heating and cooling costs

 Pollution Removal Services Annual Pounds Dollar Value of Services

 Carbon Monoxide (CO) 1,662 $1,205

 Nitrogen Dioxide (NO2) 25,682 $131,137

 Ozone (O3) 67,195 $343,106

 Sulfur Dioxide (SO2) 11,188 $13,986

 Particulate Matter < 10 microns 50,740 $172,979

 Total Value of Pollution Removal  $662,413

The UTC in Holland removed the following pollutants annually!

Urban Tree Canopy  
along Sorrento Court.

Trees Reduce Stormwater Runoff and Improve Water Quality
• Leaves and bark surfaces intercept and store rainfall, reducing runoff volumes
	 	 n	 A mature deciduous tree can intercept 500 to 760 gallons of water per year
	 	 n	 A mature coniferous tree can intercept for than 4,000 gallons of water  
   per year
• Roots increase the rate at which rainfall infiltrates into the soil, and increases  
 the soil’s capacity to store water, reducing overland runoff and potential erosion
• Tree canopies reduce soil erosion by diminishing the impact of raindrops  
 on barren surfaces
• Transpiration, or the expelling of moisture from a tree through the leaves,  
 reduces soil moisture, thereby increasing the soil’s capacity to store rainfall
	 	 n	 A mature deciduous tree can transpire 100 gallons of water a day  
   under hot, dry conditions

Possible
Tree Canopy

Impervious
Surfaces*

Unclassified

* Data from 
National Land Cover 
Dataset

Water

Current Tree Canopy

24%
7%

34%

20%

15%

Holland Land Cover Surfaces



FLYER SIDE ONE:

City of Zeeland
Urban Tree Canopy (UTC) Assessment

The Urban Forest consists of all public and private trees and shrubs in our 
community. This includes trees in yards, parks, open spaces, along streets 
and other land where trees are present. One way to understand the value  
of urban forests is by envisioning the layer of leaves,  
branches and tree stems when viewed from above.  
This layer is called Urban Tree Canopy (UTC).

What is the Urban Forest and Urban Tree Canopy?

This map shows the four major surface types: 
1. Trees
2. Other pervious surfaces such as grasses,  
 shrubs, gardens, crops and wetlands.
3. Water 
4. Impervious surfaces of all types  
 such as roads, parking lots,  
 buildings and sidewalks.

 Land Cover Surfaces

Major Land Cover Surfaces

Surface Types

Tree Canopy Water Impervious
Surfaces

Pervious
Surfaces

Sanford Street has the  
third highest percentage of  
UTC in the City of Zeeland.

Project Funded By:



Street Tree Canopy  
in the City of Zeeland

STREET NAME         % TREE CANOPY

Peck Street 30.3%
Michigan Street 25.9%
Sanford Street 24.3%
Woodlawn Street 22.5%
Lindy Street 21.8%
Park Street 21.7%
Pine Street 21.4%
100th Avenue 20.8%
Central Avenue 19.6%
William Street 19.5%
Ottawa Street 18.8%
Taft Street 17.8%
Westenbroek Street 17.7%
Goodrich Street 17.5%
Wall Street 16.9%
Alpine Avenue 16.8%
101st Avenue 16.7%
Division Street 16.4%
Alice Street 15.4%
Plainfield Court 14.9%
Lawrence Avenue 14.9%
Rich Avenue 14.2%
Valley Drive 14.1%
Lee Street 13.1%
Church Street 11.9%
Maple Street 11.6%
McKinley Avenue 11.4%
Huizenga Avenue 11.4%
Cherry Avenue 11.1%
Garfield Avenue 10.4%
Centennial Street 10.0%

UTC Benefits to City of Zeelend

Trees Reduce Atmospheric Carbon Dioxide in Two Ways:
• By directly storing CO2 in their stems and leaves as they grow
• By reducing demand for heating and cooling, thereby reducing emission  
 associated with power production

The UTC in Zeeland captures 6,658,000 lbs. of CO2 each year. 
Total Value of these services are valued at $35,523 annually!
The UTC in Zeeland currently stores approximately 111,000,000 lbs. of CO2. 
Total Value of these services are valued at $1,077,526!

City of Zeeland
Urban Tree Canopy (UTC) Assessment

Atmosphere carbon and gaseous pollutant removal information provided by: i-Tree Vue model 
using the UTC data developed for this project. i-Tree is a cooperative initiative of the USDA Forest 
Service, Davey Tree Expert Company, the Arbor Day Foundation, Society of Municipal Arborists, 
the International Society of Arboriculture, and Casey Trees. 

Trees Improve Air Quality
•  They absorb gaseous pollutants (such as ozone and nitrogen oxides)
•  They intercept particulate matter (such as dust, ash, pollen and smoke)
•  They freshen the air we breath by releasing oxygen in the air as a byproduct  
 of photosynthesis (two healthy trees produce enough oxygen for one person  
 for one year)

Trees Save Energy in Several Ways
• Shading provided by trees reduces the amount of heat absorbed and stored  
 in built surfaces
	 	 n	 Greenspace provided by trees can lower air temperatures by 5 degrees F
	 	 n	 Trees that shade east and especially west walls help keep buildings coolest
• Evapotranspiration converts liquid water to water vapor and cools the air
• Windspeed reduction reduces the infiltration of outside air into interior spaces,  
 reducing heating and cooling costs

 Pollution Removal Services Annual Pounds Dollar Value of Services

 Carbon Monoxide (CO) 232 $168

 Nitrogen Dioxide (NO2) 3,580 $18,277

 Ozone (O3) 9,365 $47,821

 Sulfur Dioxide (SO2) 1,559 $1,949

 Particulate Matter < 10 microns 7,072 $24,109

 Total Value of Pollution Removal  $92,324

The UTC in Zeeland removed the following pollutants annually!

Urban Tree Canopy  
along Central Avenue  
in Zeeland.

Trees Reduce Stormwater Runoff and Improve Water Quality
• Leaves and bark surfaces intercept and store rainfall, reducing runoff volumes
	 	 n	 A mature deciduous tree can intercept 500 to 760 gallons of water per year
	 	 n	 A mature coniferous tree can intercept more than 4,000 gallons of water  
   per year
• Roots increase the rate at which rainfall infiltrates into the soil, and increases  
 the soil’s capacity to store water, reducing overland runoff and potential erosion
• Tree canopies reduce soil erosion by diminishing the impact of raindrops  
 on barren surfaces
• Transpiration, or the expelling of moisture from a tree through the leaves,  
 reduces soil moisture, thereby increasing the soil’s capacity to store rainfall
	 	 n	 A mature deciduous tree can transpire 100 gallons of water a day  
   under hot, dry conditions

Possible
Urban Tree Canopy

Impervious
Surfaces

2% Water

Current
Urban Tree Canopy

19%

40% 39%

Percent Land Cover Surfaces
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Introduction 

As part of Project Clarity, Grand Valley State University’s Annis Water Resources Institute (AWRI) 
established a monitoring program on Lake Macatawa in 2013. The goal of the monitoring program is to 
evaluate and document the progress toward achieving Project Clarity’s goal of improved water quality in 
Lake Macatawa. The monitoring program involves sampling the lake 3 times per year for a suite of 
biological, physical, and chemical parameters. 

Key water quality indicators were selected from the many parameters that are monitored to create a 
water quality dashboard for Lake Macatawa (please see full annual report for all parameters). The goal 
of the dashboard is to provide a visual representation of the current status and historical trends in Lake 
Macatawa water quality, by rating each indicator along a scale from desirable (green) to undesirable 
(red) conditions. Each scale also includes a category that indicates the water quality goal for the lake is 
being met (yellow). The indicators that were chosen are commonly used to assess lake health: total 
phosphorus, chlorophyll a, and Secchi disk depth (water clarity). Each indicator is described in more 
detail below.  

Historical data are included in the dashboard to facilitate comparison of current findings with past status 
of the selected water quality indicators. Sources for historical data include U.S. EPA (1972; STORET), 
Michigan Department of Environmental Quality (1982-2012; S. Holden, personal communication), and 
AWRI (since 2013). All current and historical data shown represent the annual average value of an 
indicator across Sites 1 (east basin), 2 (central basin), and 4 (west basin; see map below).  

 
Map of Lake Macatawa showing the 5 sampling locations (green dots) for long-term water quality monitoring. 
Dashboard indicators were calculated based on data from Sites 1, 2, and 4. 
 



Total Phosphorus 
 

 
Phosphorus (P) is an essential element for living organisms. In many freshwater systems, P is the 
element that limits algal growth. However, when it becomes too abundant, it can help stimulate 
undesirable algal blooms. Phosphorus comes in many forms; Total Phosphorus (TP) was chosen for the 
dashboard indicator. TP, as the name suggests, includes all the forms of P in the lake. Some indices use 
dissolved inorganic phosphorus (DIP), which is the form readily available for algal use. However, DIP can 
be misleading. A lake with very low DIP in the water still can have a massive algal bloom because all the 
DIP has been taken up by the algae.  
 
Lake Macatawa has a history of extremely high TP concentrations (i.e., > 100 µg/L), placing it in the 
“hypereutrophic” trophic state. As a result of this nutrient enrichment, the State of Michigan has 
established an interim target TP concentration of 50 µg/L in Lake Macatawa. Thus, the TP dashboard 
shows the water quality goal as being met when TP concentrations are < 50 µg/L. While attaining this 
goal would be a significant improvement in water quality from current conditions, Lake Macatawa 
would still be in an impaired “eutrophic” state, which we define as TP concentration > 24 µg/L. 
Therefore, the TP dashboard shows the ultimate desired TP concentration as < 24 µg/L.  
 
The current status for the total phosphorus indicator is Undesirable, meaning that the average TP 
concentration in 2017 exceeded the water quality goal. Some annual variation in TP concentration 
should be expected and while the increase in TP from 2016 may be discouraging, mean 2017 TP is 
comparable to recent years and still below the range of historic TP values observed in Lake Macatawa. 



Chlorophyll a 
 

 

Chlorophyll a is the green pigment found in photosynthetic plants and algae. Measuring chlorophyll a is 
a relatively simple way to estimate the amount of algal biomass present in lake water, although it has 
some limitations. First, chlorophyll a does not provide information on the type of algae present (e.g., is it 
a harmful species or not?). Second, chlorophyll concentrations can change depending upon 
environmental conditions, such as light or nutrient level. Finally, chlorophyll a concentrations may be 
low due to very active predation by grazers, so the measurement may give an underestimate of how 
much algal biomass would otherwise be present.  
 
Lake Macatawa has a history of excess algal biomass and high chlorophyll a concentrations, typically 
exceeding the “hypereutrophic” threshold commonly used by MDEQ (22 µg/L) in its assessments of the 
lake. The chlorophyll a dashboard shows that the concentration will meet the water quality goal once it 
is < 22 µg/L. Although meeting the chlorophyll a goal would be a significant improvement in water 
quality, Lake Macatawa would still be categorized as “eutrophic” (i.e., > 7 µg/L chlorophyll a). Thus, the 
chlorophyll a dashboard shows that the ultimate desired chlorophyll a concentration is < 7 µg/L.  
 
The current status for the chlorophyll a indicator is Undesirable, meaning that the average 
chlorophyll a concentration in 2017 exceeded the water quality goal. While 2017 mean chlorophyll 
concentrations declined from those in 2016, levels are still extremely high.  



Secchi Disk Depth (Water Clarity) 
 
 

 
 
Secchi disk depth is an estimate of water clarity. It is measured using a standard black and white disk, 
named after Angelo Secchi, who first used an all-white disk for marine waters in 1865. Lake ecologists 
modified it to black and white in the late 1800s. The Secchi disk is a simple and easy way to measure 
water clarity, although if waters are cloudy, the disk depth tells you nothing about why the lake is turbid 
(e.g., is it due to suspended algae or suspended sediment?).  
 
Along with excess phosphorus and chlorophyll a concentrations, Secchi depths have historically 
reflected extremely impaired conditions in Lake Macatawa. Oligotrophic lakes, such as Lake Tahoe, have 
Secchi disk depths down to 21 m (~70 ft) or deeper. Conversely, hypereutrophic lakes, such as Lake 
Macatawa, typically have Secchi depths shallower than 1 m. The water clarity goal for Lake Macatawa is 
modest, with a Secchi depth > 1 m. Because Secchi depths between 1 and 2 m are indicative of a 
eutrophic state, a desirable Secchi depth is > 2 m.  
 
The current status for the Secchi depth indicator is Undesirable, meaning that the average Secchi 
depth in 2017 was shallower (i.e., less clear) than the water quality goal. Since water clarity declined in 
2017 compared to 2016, even though chlorophyll concentrations also decreased during the same time, 
the reduction in water clarity was likely caused by non-algal suspended particles, such as sediment.  
 



Total Phosphorus and Precipitation 
 

 

Phosphorus concentrations in Lake Macatawa are influenced by many variables, but one of the most 
significant is precipitation because rain and snow events create runoff from farms and developed areas, 
when phosphorus can be transported to Lake Macatawa either in the dissolved form or as attached to 
sediment particles; precipitation also results in atmospheric deposition, which also can contribute 
phosphorus directly to the lake and landscape. As a consequence, it is of interest to know if annual 
changes in lake phosphorus concentrations are simply due to more or less precipitation.  

To answer this question, we examined total phosphorus (TP) concentrations in the lake, based on data 
from MDEQ and AWRI (sampled 3× per year at 3 sites), and compared them to precipitation data from 
the Tulip City Airport in Holland. As seen above, between 1972 and 2017, the relationship between 
precipitation and TP concentration in the lake was not statistically significant (R2 = 0.006; p = 0.751). For 
example, some years have very high TP concentrations but relatively low precipitation (e.g., 2000 and 



2004), whereas other years have modest levels of TP but relatively high precipitation (e.g., 2017). 
Interestingly, the relationship between TP and precipitation is much improved since 2013 (R2 = 0.446; p 
= 0.218) but is still not statistically significant. This relationship is based on only 5 data points, so it 
should be viewed cautiously. We view these data as appropriate for screening purposes only, as the TP 
concentrations are single sampling events, which may miss pulses of high P concentrations after storm 
events. 
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APPENDIX C 

GREEN STORMWATER INFRASTRUCTURE CONCEPTUAL DESIGNS 



1 | P a g e

Descriptions of Holland and Zeeland Stormwater Treatment Concepts 

What is “Green Stormwater Infrastructure”?  Although the use of this particular term 
might be new, the idea behind capturing rainfall in close proximity to where it falls is not 
new.  There are many benefits to retrofitting our local urban landscapes to reduce 
stormwater runoff from impervious surfaces and slowly return that water to the 
groundwater through infiltration.  The benefits include improved water quality to 
nearby lakes and streams within the watershed.  Impairments to water quality include 
concerns such as: 

• High nutrient concentrations (TP)
• Elevated chlorophyll-a levels
• Excessive turbidity (low visibility)
• Periodic nuisance algal blooms
• Low dissolved oxygen levels
• Sediment accumulation

Stormwater management practices use to prevent these surface water concerns come 
in many different forms.  Here are just a few common examples: 

• Cisterns (reuse)
• Bioretention
• Tree planter boxes
• Infiltration practices
• Pervious pavement
• Detention/retention ponds
• Wetlands
• Green roofs
• Parking islands
• Rain gardens

The following list reflects an initial effort to identify local opportunities where green 
infrastructure might be implemented within the Lake Macatawa urbanized areas of both 
Holland and Zeeland.  These are simply concepts presented for discussion and future 
planning considerations.  These concept illustrations do not reflect designs for purposes 
of construction, nor do they suggest that these practices are entirely feasible for each 
location.  Further design development and confirmation with other local utilities would 
be necessary to move these potential stormwater management concepts forward. 
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1. Moran Tennis Courts on Maple Avenue: This conceptual project is proposed to capture  
stormwater runoff by installing two bioretention areas with native plants and trees to 
infiltrate stormwater located east of the tennis courts on W 22nd Street. 
 

2. City Hall: This project is proposed to install bioretention infiltration areas with native 
plants and trees in all three of the parking lot islands to capture and treat onsite 
stormwater runoff.  
 

3. Holland West School: In front of the school, in between W 24th St and Diekema Avenue, 
a bioretention area could be installed as well as on the other side of Diekema Avenue.  
Additionally, two bioretention areas and permeable pavers could be installed in front of 
the north entrance of the school to capture and infiltrate stormwater runoff.  Lastly, 
behind the school, also on Diekema Avenue, another section of permeable pavers with 
adjacent bioretention might be possible.   
 

4. Columbia Avenue Park: North of the main parking lot, two bioretention areas with 
native plants and a section with permeable pavers along the north end the parking lot 
might serve to capture the stormwater runoff onsite.  
 

5. A. Paul Schaap Science Center: Along College Avenue, just south of the Van Wylen 
Library, a bioretention area is proposed to be installed to capture stormwater runoff on 
the property. Another small bioretention area would to be installed in the island on the 
east side of the parking lot located south of the school, as well as two sections of 
permeable pavers within the lot. 
 

6. Van Wylen Library: This concept involves two bioretention areas behind the library 
within the semicircle walkway and two permeable pavement sections on the north side 
of the library along East 10th Street with bioretention areas nearby to capture and 
further infiltrate stormwater runoff on the property.  
 

7. Holland High School Tennis Courts and Soccer Field Areas: On the northeast end of the 
parking lot, a small section of permeable pavement could be installed surrounded by 
three bioretention areas to capture and treat stormwater and reduce onsite runoff. 
 

8. Black River Public Schools: This proposed concept involves four separate bioretention 
areas east of the school building, as well as two permeable pavement sections within 
the parking lot. One area of possible permeable pavement is located within the main 
parking lot just east of the school and the other area is located within the smaller 
parking lot just south of the school.  
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9. Maplewood Elementary School: This location is targeted for installing permeable 
pavement within the parking lot on the east side of the school accompanied by a 
bioretention area on both sides of the lot in order to capture and infiltrate stormwater 
runoff.  
 

10. Jefferson Elementary School: Along the school’s property on Van Raalte Avenue, in 
front of the school and along West 30th Street, seven bioretention areas could be 
installed, as well as three separate sections of porous pavement within the existing 
street parking lanes capture stormwater reduce runoff from these City streets. 
 

11. Kollen Park: This concept involves two stormwater treatment areas located at the 
northeast and southwest corners of the park. These two concepts include bioretention 
infiltration areas within the parking lot islands adjacent to porous pavement sections 
within the parking area to capture stormwater and prevent further runoff into Lake 
Macatawa.  
 

12. Holland High School: This project proposes four separate bioretention areas situated 
around the perimeter of the school building near West 27th Street. In addition, two 
sections of permeable pavement could be installed within the parking lot and near the 
West 27th Street entrance of the school to capture and reduce stormwater runoff. 
 

13. Cityside Middle School: This concept suggests capturing stormwater runoff onsite by 
installing four bioretention areas. Two of these areas are located north of the school 
near the main entrance and the other two areas are located south of the school near 
the main parking lot at the corner of South Centennial Street and East Central Avenue. 
In addition, permeable pavement could be installed to replace the entire impervious 
surface of the main parking lot. 
 

14. Lincoln Elementary School: To capture stormwater runoff on the school’s property, 
permeable pavement is proposed to be installed in the semicircle drive in front of the 
school along with adjacent bioretention within the grassed island. In addition, a second 
bioretention area could be installed within the southeast corner of the property to 
capture additional runoff.  
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