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Reducing polluted stormwater runoff from urban 
and suburban landscapes is critical to meet the 
requirements of the Clean Water Act and restore the 
Chesapeake Bay, but it presents a financial challenge 
for many municipal governments. With over 33,600 
farms and 330 regulated Phase II Municipal Separate 
Storm Sewer Systems (MS4) in the Pennsylvania 
portion of the Chesapeake Bay watershed—some 
of which include a large share of farmland within 
their regulated area1—there may be opportunities 
for agricultural operations to help municipalities 
achieve MS4 permit requirements at a lower cost. 

In 2017, the Chesapeake Bay Foundation and its 
partners, Red Barn Consulting (RBC), RETTEW 
Associates Inc. (RETTEW), Quantified Ventures 
(QV), and Land O’ Lakes (LOL), received a Natural 
Resources Conservation Service (NRCS) Conservation 
Innovation Grant to demonstrate the cost-
effectiveness of implementing pollution reduction 
projects on agricultural land to offset a portion 
of the MS4 permit requirements (i.e, “stormwater 
offsets”), as well as to work with regulatory agencies 
to identify and resolve related technical, legal, and 
policy challenges. In addition, the project explored 
the potential of an Environmental Impact Bond (EIB) 
as an alternative funding source for MS4 projects. We 
partnered with four MS4 municipalities in Lancaster 
County, Pennsylvania: West Cocalico, Ephrata, 
Paradise, and West Hempfield Townships.

We found that implementing select structural 
stormwater best management practices (BMPs) 

1  York County Planning Commission. “York County Regional 
Chesapeake Bay Pollutant Reduction Plan, June 2014 Draft.” 2014.

on agricultural lands can help achieve MS4 permit 
requirements at a cost savings to municipalities. 
However, certain factors influence the benefits 
of these projects, including, but not limited to: 
whether the site requires a new BMP or whether 
an existing one can be retrofitted; how efficiently 
the BMP removes pollution and how much area 
it treats; and the landowner’s level of interest. 
In the end, primarily due to lack of demand and 
regulatory uncertainty regarding Pennsylvania’s 
MS4 program, we were unable to complete a 
stormwater offsets transaction

We also determined that an EIB is not an 
appropriate financing structure for the hundreds of 
small MS4 communities in Pennsylvania. There are 
many reasons for this, including: 

1. Lack of appropriate size. The financing needs 
to meet individual MS4 permit requirements 
are not of sufficient scale to attract 
private investors.

2. No variation in project outcomes. The 
pollution reduction credits MS4s receive for 
installed BMPs are fixed. Without variation in 
pollution reduction outcomes, the EIB’s risk 
mitigation feature does not come into play. 

3. Little demand for new forms of debt 
financing. Most MS4s are able to meet existing 
permit requirements with their own budgets 
or via grants, and there is no formal regulatory 
incentive for municipalities to exceed existing 
MS4 permit requirements. 

Based on these findings, we explored alternative 
financing structures. One possible alternative is a 
Joint Venture, in this case a Regional Stormwater 
Joint Venture (RSJV) that would include MS4 
municipalities, entities with experience working 
with agricultural landowners and implementing 
BMPs, and financing expertise. The RSJV would 
represent a “one-stop shop” to help a group of 
municipalities coordinate, find, design, contract, 
finance, and achieve regulatory approval for 
multiple projects within their regulated areas.

To move the concepts of stormwater offsets and 
an RSJV forward, several programmatic, policy, and 
regulatory changes are recommended. 
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In 2010, Washington D.C., the six Bay states, and 
the federal Environmental Protection Agency 
(EPA) established the Chesapeake Clean Water 
Blueprint, a precedent-setting cooperative effort 
to restore the nation’s most productive estuary. 
The Blueprint includes nitrogen, phosphorus, and 
sediment pollution-reduction goals for each of 
the seven jurisdictions, state-written watershed 
implementation plans (WIPs) to achieve those 
limits, and two-year milestones to track progress 
toward long-term goals. The jurisdictions agreed to 
have practices in place by 2025 to achieve 100% of 
the pollution reductions. 

Much progress has been made, but the multi-
state region is not on track to achieve the 
Blueprint’s nitrogen pollution reduction targets. In 
particular, Pennsylvania is significantly off track in 
implementing best management practices (BMPs) 
to address polluted runoff from agricultural lands 
and urban/suburban stormwater. This shortfall 
threatens to undermine Bay restoration. 

Jumpstarting efforts to get the Commonwealth 
back on track to meet its Blueprint commitments 
is therefore important to local waterways, the Bay 
downstream, and the communities they support. 
But the challenges are substantial. There are more 
than 33,600 farms and roughly 330 permitted 
Municipal Separate Storm Sewer Systems (MS4s) 
in the Pennsylvania portion of the Bay watershed. 

As requirements to address urban and suburban 
stormwater runoff increase, many municipalities 
are having to make significant investments to 
upgrade their stormwater systems.

Specifically, in 2018, the Pennsylvania Department 
of Environmental Protection (DEP) finalized 
a new Phase II MS4 permit, which regulates 
small municipal stormwater systems under the 
Clean Water Act’s National Pollutant Discharge 
Elimination System (NPDES). For the first time, 
the permit included pollution reduction targets 
for nitrogen, phosphorus, and sediment and the 
requirement to develop and implement Chesapeake 
Bay Pollutant Reduction Plans (CBPRP) to achieve 
those reductions. 

Although a myriad of factors influence the 
outcome, it is generally recognized that the 
pollutant removal efficiency (dollar/pound 
removed) of urban/suburban stormwater 
best management practices (BMPs) is typically 
greater than those of many agriculturally-sited 
BMPs.2 Many municipalities in Pennsylvania have 
agricultural land within the area regulated under 
their MS4 permit. For example, York County found 
that its MS4 municipalities had about 55% of 
regulated municipal acreage in farmland, compared 
to 43% as residential land uses.3 This presents 
a unique opportunity to explore the feasibility 
of implementing BMPs on agricultural lands to 
create “stormwater offsets” that can count toward 
the pollution reduction requirements of the 
MS4 permit. 

With support from a Conservation Innovation Grant 
from the USDA Natural Resources Conservation 
Service, the Chesapeake Bay Foundation, in 
collaboration with Red Barn Consulting (RBC), 
RETTEW Associates Inc. (RETTEW), Quantified 
Ventures (QV), and Land O’ Lakes (LOL), explored 
two solutions for the challenges faced by MS4 
municipalities in Pennsylvania. First, we assessed 
the potential for agricultural BMPs in select 
locations to help municipalities achieve compliance 

2 chesapeakebay.net/channel_files/39307/wainger_umces_bmp_
costs_wqgit.pdf
3 York County Planning Commission. “York County Regional 
Chesapeake Bay Pollutant Reduction Plan, June 2014 Draft.” 2014.
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with their MS4 permit. Second, we assessed the 
feasibility of an Environmental Impact Bond (EIB), 
a debt financing instrument in which payments 
are partly determined by measured outcomes (i.e., 
Pay-For-Success), as an alternative to traditional 
project financing. 

This document summarizes the major findings of 
this proof-of-concept project and, most notably, 
identifies challenges and opportunities for 
municipalities considering stormwater offsets and 
alternative financial structures in Pennsylvania. 

Municipal and Agricultural 
Landowner Engagement
The project partners, leveraging the existing local 
municipal relationships of RETTEW, solicited 
the engagement of four Lancaster County 
municipalities—West Cocalico, Ephrata, Paradise, 
and West Hempfield Townships—for participation 
in the project. In addition, the partners met with 
staff from the York County Planning Department 
and representatives from Fairview Township, 
Windsor Township, and York Township, but they 
chose not to be included in the project. 

Simultaneously, RBC and LOL informally engaged 
agricultural producers in the select municipalities 

about the potential to implement BMPs on their 
land that would help the municipality comply with 
its MS4 permit and CBPRP. 

Regulator Engagement
We consulted with DEP during the project to 
seek clarity on key policy questions, including 
quantification methods, geographic boundaries, 
verification processes, and requirements 
for agricultural participants. Based on these 
discussions, the partners focused on agricultural 
sites that were within the area covered by the MS4 
permit. DEP indicated that municipalities need 
to verify the agriculturally-sited BMPs function 
properly and include this information in their 
MS4 Annual Reports; participating agricultural 
operations should comply with applicable state 
and federal regulations; and if implemented BMPs 
achieve pollutant reductions that exceed the 
minimum requirements of the MS4 permit, then 
the over-reductions can be credited toward future 
permit pollution reduction requirements.

The partners also routinely engaged with U.S. 
Environmental Protection Agency (EPA) Region 3 
staff at key junctures throughout the project. 

Worth noting is that during the project 
period, many of the municipalities expressed 
frustration with DEP regarding the CBPRP and 
the perception that the geographic area covered 
by the MS4 permit had shifted. This frustration 
had a chilling effect on the willingness of some 
partner municipalities to move forward with the 
implementation of stormwater offset projects.

Pollution Reduction 
Potential and Cost Analysis
To identify potential sites for stormwater offset 
projects, focus was placed on areas that drained 
to stormwater sewer outfalls and encompassed 
agricultural land uses within the regulated area 
of the MS4s. Sites were investigated further by 
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utilizing the most current available high-resolution 
satellite imagery, on-the-ground knowledge of the 
area, and RBC’s relationships and clientele within 
the study areas. , Additional pollution modeling 
was also employed. For more details, including 
a description of the models used and their 
calibration, see Appendix A. 

We focused the analysis on sediment pollution as 
it’s the pollutant requiring the greatest percentage 
of reductions in MS4 CBPRPs. We considered the 
following characteristics when identifying BMPs for 
inclusion in our cost analysis: 

• Landscape suitability. We selected BMPs that 
would be compatible with the adjacent land use 
and likely acceptable to the landowner;

• Structural. We selected permanent, structural 
BMPs (e.g., constructed wetlands) to reduce 
the potential for the variable success rates 
associated with many nonstructural BMPs 
(e.g., nutrient management plans) and increase 
regulatory certainty;

• Stormwater peak rate and volume control. 
We selected BMPs that would help address 

local nuisance flooding concerns, which 
are often encountered in suburban and 
urban communities.

To compare the estimated CBPRP costs on a per site 
and cumulative basis, RETTEW and RBC employed 
their intimate knowledge and experience with local 
engineering design, material, and construction costs. 

Alternative Financing 
Analysis & Structures 
Initially, the project focused on application of an EIB 
approach. An EIB is a debt financing instrument in 
which payments are partly determined by measured 
outcomes of the financed project (i.e., Pay-for-
Success)—in this case, outcomes would include 
reductions in nitrogen, phosphorus, and sediment 
pollution. This structure provides risk mitigation 
against variable project outcomes. For example, if 
the project fails or does not perform as expected, 
investors shoulder the risk. If the project delivers its 
intended results, the municipality then reimburses 
investors with a return on their investment. 

As QV and the project partners examined the 
EIB approach with municipal officials, it became 
apparent that several factors limit the applicability 
of EIBs at the individual MS4 level. These factors 
are described in the Results and Discussion section. 

As a result, QV evaluated several alternative 
financial transaction structures and the barriers 
and opportunities for each. This analysis included 
an assessment of currently available financing 
approaches in Pennsylvania, in-depth discussions 
with select Lancaster County MS4s, and QV’s 
extensive knowledge of financing structures in the 
United States. See Appendix B for QV’s final report. 

Example of outfall drainage area satellite imagery employed 
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Site-specific evaluation of BMPs on agricultural 
lands within the MS4 regulated area by RETTEW 
and RBC demonstrated that MS4s have the 
opportunity to realize cost savings through 
stormwater offsets, compared to the strategies 
currently outlined in their Chesapeake Bay 
Pollutant Reduction Plans (CBPRP). In addition, 
stormwater offsets also could achieve a substantial 
proportion of the pollution reductions required by 
the MS4 CBPRPs. 

Three of the four MS4s are relying on stream 
restoration projects to achieve their CBPRP 
pollution reductions. The median total cost of 
implementing the planned BMPs is approximately 
$390,000. Our analysis estimated the median total 

cost of stormwater offsets is $205,000, with a per-
pound median cost of $10.09 for sediment removed 
(Appendix B). 

There was, however, notable variability among the 
stormwater offset BMP scenarios assessed in our 
cost analysis (Table 1). In two of the four scenarios, 
the alternative stormwater offset BMPs yielded a 
total cost saving compared to the CBPRP BMPs. 

The two scenarios that resulted in a cost increase 
included a constructed wetland BMP, which 
can require substantial engineering design 
and permitting, contributing to a lower cost-
efficiency. There may be other reasons, however, 
for a municipality to choose a project like this on 
agricultural lands. For example, West Cocalico 
Township is approximately 80% wooded. Because 
the township does not want to remove forests to 
construct stormwater BMPs, agricultural land may 
provide the best sites for stormwater projects. 
In the case of West Hempfield Township, the 
proposed stormwater offset BMP was a constructed 
wetland on a single agricultural property at the 
bottom of a large drainage area. Working with 
one property owner is easier than working with 
multiple property owners. For example, the upland 
drainage area of this project includes a residential 
subdivision with two existing dry detention basins 
located across 14 properties. Acquiring landowner 
approval for each property would be challenging 
and likely add extra costs to the project. 

Table 1. Cost-Benefit Analysis of Proof-of-Concept Stormwater Offset compared to CBPRP BMPs

Municipality
Stormwater 

offset BMP(s)
Dollar cost

Sediment 
removal 
(annual)

$ / TSS
Cost savings 

(Cost increase)

Paradise 
Township

Dry extended 
detention basin

$200,000 19,638 lbs. $10.18 $85,511

Ephrata 
Township

Bioswales $210,000 70,871 lbs. $ 2.96 $70,000

West Cocalico 
Township

Constructed 
wetland

$46,000 2,511 lbs. $18.32 ($14,363)

West Hempfield 
Township

Constructed 
wetland

$375,040 37,504 lbs. $10.00 ($217,425)
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We also found that retrofitting existing agricultural 
grass waterways into vegetated swales was a 
promising, extremely cost-effective approach. 

Alternative Financing and 
Transaction Structures
The EIB/Pay-for-Success (PFS) model, originally 
proposed for consideration in this project, 
presented several insurmountable challenges for 
participating MS4s: 

• Little demand for new forms of debt financing. 
Most municipalities are familiar with state-
based grants and loans for infrastructure 
upgrades, particularly those administered 
through PENNVEST. Most municipalities were 
able to meet their existing permit requirements 
via general funds or grants. In addition, there 
was no regulatory incentive for implementing 
projects that went beyond permit requirements. 

• Lack of appropriate size. Stormwater project 
implementation costs for the MS4s participating 
in this project range from $250,000 to 
$500,000, with a median of $390,000, to 
meet CBPRP obligations in the current permit 
cycle (Appendix A). For a PFS transaction to 
be successful, QV determined a minimum 
transaction threshold of $3 million is needed. 

• No variation in project outcomes. Pollution 
reduction credits for installed BMPs are fixed. 
Without variation in pollution reduction 
outcomes, the EIB’s risk mitigation feature does 
not come into play.

• Lack of administrative capacity. MS4s noted a 
limited capacity (i.e., technical, administrative, 
regulatory) to thoroughly explore alternative 
approaches for developing and financing 
pollution reduction projects. 

As a result of these challenges, QV and the project 
partners revised their approach to examining 
alternative transaction structures. 

Regional Stormwater 
Joint Venture (RSJV): 
An Attractive Approach
QV concluded that municipalities need a way to 
identify, recruit, negotiate, and implement BMPs 
on private lands. One type of potential transaction 
structure that could assist municipalities is a joint 
venture, a formal partnership between two or more 
entities to achieve a shared goal. In this case, a 
Regional Stormwater Joint Venture (RSJV) would 
combine expertise in project development, BMP 
design, stakeholder and regulatory relationships, 

Regional Stormwater Joint Venture
A Joint Venture (JV) company is a legal entity that formalizes the business cooperation of multiple organizations and/or companies. This JV would 
specialize in helping municipalities form the most cost-effective package of PRP BMPs, including BMPs that are located on private agricultural land and 
BMPs that have regulatory complexity (such as inter-municipal cooperation). The JV would therefore house the combined expertise of project 
development, BMP design, stakeholder and regulatory relationships, and financing. Municipalities would pay the JV an annual fee for its services, which 
go towards paying the costs of the various JV entities. 

Various entities form a Joint Venture, 
sharing in expenses and revenues. 

JV entities assist in scouting, negotiating, 
and developing cost-effective projects, 
including on private agricultural land.

JV Entities

Business Relationships

Flow of Funds

Client Municipalities

Project Sites

Project
Developer(s)

Municipality Municipality Municipality

Regulators

BMP Design
Expertise

Capital
Sources

Private
Landowners

Private
Landowners

Private
Landowners

Stakeholder &
Regulatory
Expertise

Financing &
Transaction
Coordinator

JV

1

3

Municipalities agree to pay an annual 
service fee for the provision and 
maintenance of cost-effective BMPs.

2

JV aids with regulatory process, 
working with municipal stormwater 
staff/consultants.

4

Annual service fee covers:
•  Operations and expenses
•  Financing costs
•  Easement costs (if applicable)
•  O&M services (if applicable)

5
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and financing. Municipalities would pay the RSJV 
an annual fee in this “fee for service” model. 
Alternatively, state and federal grant and loan 
programs may offer opportunities to fund projects, 
particularly in the early life stages of the RSJV 
when resources for capital investments tend to 
be limited. Some examples of state and federal 
programs that the RSJV may access are summarized 
in Appendix B. 

An RSJV has the capacity to substantially address, 
even eliminate, the three major concerns commonly 
expressed by municipal officials regarding their 
CBPRP-based stormwater programs (Table 2).

This proof-of-concept project determined that 
agriculturally sited BMPs can be a cost-effective 
alternative to traditional urban/suburban projects. 
However, this is not universally the case, and 
careful analysis of opportunities and challenges 
is necessary. Furthermore, financing new BMPs 
and retrofitting existing BMPs, even at lesser cost, 
remains a challenge for most Pennsylvania MS4s, 
and the formation of RSJVs may offer a solution. 
We recommend the following next steps: 

Scale Up
Increasing the spatial scale—for example, a 
Hydrologic Unit Code (HUC) of 12 (Figure on 
next page), or at the county level—will help 
increase short and long-term opportunities for 
stormwater offset projects and may increase 
the likelihood of success. Many counties have 
administrative infrastructure and relationships with 
municipalities, landowners, consulting engineers, 
and financial entities that are core to a successful 
program, like an RSJV. 

The most notable example of this approach is 
in York County, where a county-level program 
has been undergoing planning for several years. 
Small, multi-municipal examples include Wyoming 
Valley Sewer Authority’s program that includes 
32 municipalities, efforts in Blair County, and 
collaboration by MS4s in Lycoming County. 

Table 2. Summary of How a RSJV Entity Can Address 
Common Challenges in MS4 Compliance

Municipal 
Challenge

How the challenge is addressed by 
the JV

A lack of reliable 
funding for 
CBPRP BMPs

• Finds combination of private 
capital and federal, state, and 
philanthropic grants or loans.

• Pays for BMP installation up 
front, then charges municipalities 
an annual fee that includes JV’s 
financing costs.

Limited technical 
expertise and 
staff capacity to 
develop projects

• Brings technical expertise in 
finding and designing cost-
effective BMPs.

• Effectively mediates between 
municipalities and private 
landowners.

• Negotiates with private 
landowners for landowner 
payments, easements, access 
rights, operation & maintenance 
or verification arrangements, etc.

• May perform the operation & 
maintenance and verification.

Limited capacity 
to develop 
policy expertise 
and regulatory 
relationships

• Can translate complex regulatory 
rules for municipalities.

• Uses working relationships 
with regulators to clarify 
uncertainties around the CBPRP, 
BMPs, or the JV’s regulatory 
compliance strategy
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Apply Precision
The concept of precision conservation has been 
gaining recognition for its ability to achieve cost-
effective ecological improvements. In the context 
of water quality, the concept relies on identifying 
the specific locations where pollution originates, 
the paths it takes to the nearest waterbody, and 
the practices that can minimize and mitigate it. As 
a result, BMPs can be sited in areas where they do 
the most good.

Precision conservation requires developing a 
geospatial analytical approach that employs 
advanced modeling of water and pollution flows 
based on land cover, drainage paths, geology, soil 
features, and other relevant factors. The results 
allow for identifying precisely the right places 
the right practices can be employed to maximize 
pollution reductions. 

Apply Nutrient 
Trading Principles
Pennsylvania’s existing nutrient trading program 
offers a blueprint for ensuring a stormwater offsets 
program maintains scientific standards, which is 
particularly necessary given that the projects are 
part of the MS4 permit. The core trading principles 
of certification, verification, and registration apply. 
Replicating these three principles, with appropriate 
adaptation, could help ensure an offsets program 
remains technically sound and defensible. 

Implement Act 167
The Pennsylvania Stormwater Management Act of 
1978, or Act 167, requires every county to prepare 
and adopt a watershed stormwater management 
plan in consultation with its municipalities, with 
review and revision every five years. Act 167 
requires DEP to reimburse counties 75% of the 
cost of preparing these plans, but no funding has 
been appropriated since the FY 2008-09 state 
budget. Allocating state resources to reinvest 
in Act 167 plans could help spur county-level 
planning, including exploring stormwater offsetting 
opportunities and forming RSJVs. 

Appendices 
Appendix A: RETTEW report

Appendix B: QV report


