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1. Introduction 
1.1. Urban Stormwater Runoff and Green Infrastructure 

Green infrastructure and low impact development (GI/LID) have started to gain traction as some 
of the best available practices to address urban stormwater’s negative impact on the 
environmental and human health (e.g. Seo et al, 2017; Liu and Jensen, 2018). These practices, 
typically designed to capture the 85th percentile storm (1.5 inch in the DFW area) (NCTCOG, 
2014), have been shown to be effective in reducing runoff volume as well as typical urban 
pollutants such as total suspended solids (TSS), bacteria, nitrogen, phosphorus and other typical 
pollutants (Jaber, 2015). Such practices include bioretention, bioswales, permeable pavement, 
rain gardens and rainwater harvesting. One of the less investigated benefits of GI/LID is the ability 
of these practices to mitigate hazards such as floods, droughts, fire prevention and emergency 
water supply (Jack et al., 2021). While many areas in the US have a Natural Hazards Mitigation 
Plan (NHMP), GI/LID is rarely integrated into these plans due to the lack of input from natural 
resources professionals that are not usually integrated into stakeholder meetings for NHMPs. 
Denton county and many of the cities within it have developed a Greenbelt Plan (Upper Trinity 
Conservation Trust, 2017) aiming to protect natural areas and floodplains (streams, riparian 
areas, wetlands) to improve the counties resiliency and its citizens’ wellbeing. In line with this 
plan, the integration of GI/LID in NHMP will increase the adoption of GI/LID practices, provide 
additional tools for NHMP and increase potential federal and state funding for GI/LID 
implementation.   

1.2. Project Funding and Objectives 
This project was funded by the United States Environmental Protection Agency (EPA) through a 
grant to Texas A&M AgriLife Extension.  EPA and the Federal Emergency Management Agency 
(FEMA) have developed a partnership that identified Green Infrastructure and Low Impact 
Development as a common solution that addresses the two agencies’ objectives (Figure 1). 

 
Figure 1. Intersection between EPA and FEMA objectives. 
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The objective of this study is to investigate and further enhance the integration of GI/LID into 
hazard mitigation plans in Denton County, Texas. The specific goals are: 

• To investigate the current watershed protection and hazard mitigation planning in 
Denton County with special attention to their intersection with respect to flooding. 

• To increase stakeholder involvement: Stakeholder identification and two meetings were 
held to increase the interaction between hazard mitigation and watershed management 
staff, solicit their input into the project and increase their familiarity with the results of 
this project. 

• Develop a GIS tool that will allow local government staff to identify flood prone areas in 
Denton County for identifying priorities for GI projects to include in hazard mitigation 
plans 

• Develop a presentation (in ESRI StoryMaps and Microsoft PowerPoint) that will be made 
readily available for local government staff to use for staff training and/or public meetings 

• Provide a framework for hazard mitigation planners to integrate GI in their plans. 

The ultimate objective of this study is to provide tools to decision-makers to increase GI adoption 
in hazard mitigation plans in order to reduce the risk from flooding while providing water quality, 
community, health and habitat benefits. 

2. Background 
2.1. What is Green Infrastructure 

Section 502 of the Clean Water Act defines Green Infrastructure as “the range of measures that 
use plant or soil systems, permeable pavement or other permeable surfaces or substrates, 
stormwater harvest and reuse, or landscaping to store, infiltrate, or evapotranspirate stormwater 
and reduce flows to sewer systems or to surface waters.” It ranges from simple practices such as 
a rain barrel or planting trees to more complex designed systems such as bioretention, 
permeable pavement or constructed wetlands. Low impact development (LID) represents the 
integration of GI in the community as these practices are placed within parks, parking lot 
medians, and residential areas. 

Traditionally these have been used for water quality benefits while providing other ecosystem 
services such as beautification of neighborhoods, clean air, habitats, etc. Lately, research has 
shown that such practices can also have significant impact on reducing flooding (Jack et al., 2021; 
Thorsby et al., 2020). As such, the aforementioned ecosystem services can be obtained while 
increasing the resiliency of cities against flooding events. 
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2.2. What is Hazard Mitigation 
As defined by FEMA (FEMA, 2021), “hazard mitigation is any sustainable action that reduces or 
eliminates long-term risk to people and property from future disasters. Mitigation planning 
breaks the cycle of disaster damage, reconstruction and repeated damage. Hazard mitigation 
includes long-term solutions that reduce the impact of disasters in the future.” Accordingly, the 
Code of Federal Regulations, Stafford Act Title 44, Chapter 1, Part 201 (44 CFR Part 201) (Code of 
Federal Regulations, 2021) states the requirements and procedures to implement hazard 
mitigation planning provisions. 44 CFR Part 201.6 defines a local mitigation plan as “the 
jurisdiction's commitment to reduce risks from natural hazards, serving as a guide for decision 
makers as they commit resources to reducing the effects of natural hazards.” The key 
responsibility of local governments is to: 

• Prepare and adopt a jurisdiction-wide natural hazard mitigation plan as a condition of 
receiving project grant funds under the HMGP, in accordance with § 201.6. 

• At a minimum, review and update the local mitigation plan every 5 years from date of 
plan approval of the previous plan in order to continue program eligibility. 

Providing tools to local government officials for facilitating the integration of GI/LID in local 
hazard mitigation is a key objective of this project. 

2.3. Denton County 
Denton County is the 9th most populous county in Texas. The largest cities in the county are the 
City of Denton (County seat), Corinth, and parts of Lewisville, Carrolton, and Frisco. Several small 
cities are also either completely or partially located in the county. The county is rapidly urbanizing 
and, as a result, impervious areas have increased. This is resulting in increased flooding as well 
as deterioration of streams and rivers.  

The county and various cities in Denton County have taken action to address flooding by 
increasing the adoption of green infrastructure and by issuing ordinances to address flooding. 

2.4. Green Infrastructure in Denton County Stormwater Management 
2.4.1. City of Denton Stormwater Management 

2.4.1.1. City of Denton Stormwater Design Criteria Manual 
Stormwater enters streams and lakes directly, without being treated. This can cause some serious 
negative implications, such as increasing the number of floods and reducing the quality of water. 
For that reason, stormwater management is crucial. The City of Denton Stormwater Design 
Criteria Manual focuses on streambank protection, and flood mitigation and conveyance. 

The manual encourages green infrastructure practices as a way to carry out flood mitigation 
practices. The manual suggests many options to enable control. If the downstream receiving 
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system does not have enough capacity, a conveyance system can help prevent overflow. These 
include gutters and downspouts, which move the stormwater into storage containers. Another 
option is installing stormwater controls to maintain existing downstream conditions, such as 
detention, regional controls, and, as a last resort, local flood protection such as levees, floodwalls, 
floodproofing, etc.  Lastly another option calls for on-site controls, which can be used to maintain 
the pre-development peak discharges from the site.  

In addition, the manual includes a water quality protection section which refers the user to the 
iSWMTM water quality manual (NCTCOG, 2014). The iSWMTM water quality manual recommends 
GI practices, called in the manual filtration/infiltration zones, as a way to reduce the water 
volume to improve water quality.  

2.4.1.2. City of Denton Watershed Protection Plan for Hickory Creek 
2.4.1.2.1. Hickory Creek Plan 

The Hickory Creek watershed is one of Denton’s three main watersheds. It is noted to contain 6 
of the 10 of the most pollutant-prone sub-watersheds from all of Denton. There is an increased 
level of nitrogen from ammonia and other non- point sources of sediments found in the 
watershed. The City of Denton developed a watershed protection plan for Hickory Creek to 
improve its water quality (City of Denton, 2008).  

According to the report, the plan called for re-analyzing Lewisville Lake (which runs adjacent to 
the watershed) to help find the causes, sources and loads found in Hickory Creek. Doing this 
background research allowed planners to develop a clear understanding of how to examine the 
loadings in the watershed and apply an effective strategy. Using this research conducted in the 
Hickory Creek Watershed, a list of green infrastructures (GI) planning sites was generated. 
Stakeholder groups then evaluated all the sites to narrow down the list in order to find the best 
candidates. GI types and locations were dependent on-site conditions, ownerships and the 
stakeholder group recommendations. The City of Denton was responsible for constructing the 
sites for GI. These GIs generate benefits in the form of pollutant loading reductions.  

2.4.1.2.2. Implementation of Hickory Creek Plan 
Hickory Creek is a tributary to Lewisville Lake, and the Hickory Creek watershed is predominantly 
rural, located almost entirely in Denton County, with a large portion in the City of Denton. As 
population growth and land development increases within this watershed, urban storm water 
pollutant loads will become a proportionately larger source of water quality impacts. 

This project has two parallel and integrated tracks: (1) efforts focused on implementing and 
advancing the Hickory Creek Watershed Protection Plan (WPP), completed in 2008, and (2) 
activities designed to expand and adapt the analytical methods and policy frameworks developed 
for Hickory Creek for broader geographic application within the Lewisville Lake watershed.  
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• Under the track 1, BMPs were designed, constructed and monitored. There are several 
BMPs that were designed to provide design guidance and a framework for incorporating 
effective and environmentally sensitive storm water management into the site 
development process and to encourage a greater uniformity in developing plans for storm 
water management systems. The first goal of the BMPs was to control conveyance of 
runoff within and from the site to minimize flood risk to people and properties. The 
second one was to assess discharges from the site to minimize downstream bank and 
channel erosion. The last goal was to reduce pollutants in storm water runoff to protect 
water quality.  

• In Track 2, seven BMPs were constructed in the second project including a bioretention 
area, a dry detention basin, an infiltration trench, a culvert outlet protection, a riprap 
plunge pool, a channel stabilization, and two grass swales. The city of Denton estimated 
the reductions from these BMPs to be 90.3% for sediments 0.9% for phosphorus and 3.4% 
for nitrogen. The project teams used iSWM guidance to calculate water quality volumes 
associated with the BMPs as installed. The project team then calculated the drainage 
areas that would be associated with those water quality volumes and estimated annual 
pollutant loading based on land use distributions equivalent to the original, larger 
drainage areas.   

2.4.2. City of Corinth Stormwater Management 
Large cities in Denton County other than the City of Denton were analyzed. Corinth is promoting 
GI techniques for both residential and non-residential properties. The City of Corinth has GI page 
on its website which show how GI techniques can be applied to both residential and non-
residential properties. The appropriateness of each technique depends on the proximity to the 
Lynchburg creek channel. 

• The first zone is within 1000 feet of the creek. At this zone, protecting the creek is most 
important. Practices such as riparian buffers, vegetated filter strips, bioswales, 
conservation easements, wet detention ponds, as well as picking up dog waste, managing 
grass clippings and reducing runoff from irrigation are to be prioritized.  

• The second zone is greater than 1000 feet but less than 5000 feet from the creek. In this 
zone, reducing runoff from urban areas, as well as managing runoff from upstream areas 
is recommended. Practices such a bioswales, rain gardens, conservation easements, and 
rainwater harvesting would serve this purpose.  

• Lastly, the third zone is greater than 5000 feet away from the creek channel. This zone is 
where runoff begins. At this zone, common practices would consist of protecting water 
resources such as picking up dog waste, managing grass clippings, and reducing runoff 
from irrigation.  



   

10 
 

2.4.3. City of Carrollton Stormwater Management 
The City of Carrollton is another large city which occupies a segment of Denton County. The city 
is susceptible to having greater quantities of stormwater run-off and higher pollution 
concentration from development and redevelopment of land areas. The City of Carrollton Storm 
Water Management Program (2013-2018) outlines seven BMPs which work to lessen those 
impacts.  

• The first BMP proposes that the City of Carrollton review some policies and ordinances, 
which aim to protect ecologically sensitive areas, minimize impervious surfaces, and 
provide some buffers along sensitive water bodies.   

• The second BMP suggests that the enforcement of structural BMPs, such as detention 
and retention, will limit the rate of runoff from areas of new development.  

• The third BMP asserts that the City of Carrollton must continue to review all new 
development/redevelopment site plans before construction permits are issued.  

• The fourth BMP proposes greenspace preservation.  This would serve to enhance 
treatment and infiltration runoff.  

• The fifth BMP calls for tree preservation, which prohibits the removal of 38 species of 
protected trees with a caliper measurement of 4’’ or greater.  This would be beneficial as 
essential green spaces that break up a landscape of impervious surfaces would be 
provided.  

• The sixth BMP states the City of Carrollton must inspect the construction of structural 
BMPs that are required on all new and redeveloped sites of one acre and greater, 
including the larger common plan of development, to verify that design specifications are 
followed to ensure appropriate performance of the finished BMP. Poor construction of 
structural BMPs can affect their efficiency in removing pollutants from runoff and 
controlling flow.  

• Lastly, the seventh BMP proposes that the City of Carrollton limits mowing of parks areas 
to a minimum height of 2.5 inches to protect the soil from erosion due to rain or irrigation. 
Excessive mowing reduces turf thickness and root formation. A thick vegetative coverage 
protects topsoil from rain and irrigation, and strong roots maintain the soil in place. 

2.4.4. City of Lewisville Stormwater Management 
The City of Lewisville is another city which occupies a segment of the Denton County. The City of 
Lewisville Stormwater Management Plan: July 2019 mentions that the Engineering Division is 
working on developing a post-construction ordinance of development/redevelopment projects 
to help maintain both water quality and quantity. Five BMPs were determined to find the most 
appropriate method to comply with this.  
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• The first BMP proposes drainage and development criteria updates. The Engineering 
Division will update the drainage and development criteria, using all or part of the 
integrated Stormwater Management (iSWM).  

• The second BMP is post-construction ordinance. The Engineering Division will implement 
ordinance requirements which establish a mechanism for mandating post-construction 
BMPs for small and large construction, ensure that water quality is addressed, and require 
that long-term maintenance plans are developed and filed with the real property records 
of Denton or Dallas County.  

• The third BMP is Post-Construction Ordinance (Storm Water). The Storm Water Division 
will implement ordinance requirements which mandate long-term maintenance of post-
construction BMPs per the maintenance plan filed in the country records, and appropriate 
documentation of the maintenance activities. The ordinance will establish a mechanism 
for enforcement for non-compliance.  

• The fourth BMP is long-term maintenance of structural BMPs. The Storm Water Division 
will develop procedures to verify that post-construction BMP maintenance activities are 
conducted per the maintenance plan and documented accordingly. Enforcement action 
will be taken for noncompliance.  

• Finally, the fifth BMP is a record-keeping system: The stormwater Division will create an 
inventory of new post-construction BMPs resulting from new development and 
redevelopment. All documents, pertaining to the implementation of the post-
construction program, will be maintained in accordance with TXR040000. 

2.4.5. Town of Flower Mound Stormwater Management 
Flower Mound is another city which falls in Denton County that is concerned with practicing 
potent stormwater management. The Town of Flower Mound, Texas Ordinance No.65-11 aims to 
prevent, control, and reduce stormwater pollutants. According to the report, the Town Manager 
will periodically report to the Town Council on the status of implementation of BMP to be 
developed for inclusion in the Town of Flower Mound’s Stormwater management program. In 
terms of new development/redevelopment, the town may require any owner or person 
developing real property to identify appropriate BMP to control the volume, rate, and potential 
pollutant load of stormwater runoff from new development and redevelopment. The 
requirements may include a combination of structure and non-structural BMPs and shall include 
requirements to ensure the proper long-term operation and maintenance of these BMPs. BMPs 
to reduce pollutants in any stormwater runoff activity shall be incorporated in any land use 
entitlement and construction or building-related permit. When dealing with watershed 
protection, the City of Flower Mound will ensure that every person or entity owning property 
through which a watercourse passes, or such owner’s lessee, shall keep and maintain that part 
of the watercourse within the property reasonably free of trash, debris, excessive vegetation, 
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and other manmade or unnatural obstacles that would pollute, contaminate or significantly 
retard the flow of water through the watercourse.  

Site development or construction activities are already regulated under a Texas Pollutant 
Discharge Elimination System (TPDES) General Construction Permit, which is limited to: small 
construction activities that disturb 1 acre to 5 acres and large construction activities that disturb 
5 acres or greater. 

2.4.6. City of Frisco Stormwater Management Plan 
The City of Frisco is another city which falls as part of the Denton County. According to the City 
of Frisco Stormwater Management Program there are a couple of BMPs that take place with 
regard to post construction.  

• The first BMP is Post construction stormwater ordinance. The goal for this BMP is 
essentially to continue enforcement of the City’s ordinances addressing post-construction 
stormwater requirements. it also aims to conduct education activities, as needed, to 
inform the public about new ordinance requirements.  

• The second BMP is structural control maintenance and inspections. The main goal for this 
is to develop and approach to implement maintenance procedures for structural controls 
at a frequency that maintains effectiveness.  

2.4.7. Denton County Greenbelt Plan 
Denton was previously a rural county. However, its population has been steadily increasing over 
recent years. Executing proper precautions for safeguarding the natural greenery is essential for 
maintaining the aquatic resources. For that reason, the Upper Trinity Conservation Trust, Denton 
County, and Upper Trinity Regional Water District commissioned a study to protect the existing 
greenbelts in Denton County.  

The plan calls for limiting encroachment of floodplain areas to conserve the functions of these 
valuable assets. The main goal for this plan is to ensure protection for the water quality of flowing 
into Denton County’s three drinking water supply reservoirs—Lewisville Lake, Lake Ray Roberts, 
and Grapevine Lake. From the 900 miles Denton County encompasses, streams and watersheds 
are prioritized to allow communities, developers, and other stakeholders to concentrate on the 
highest priority areas. Prioritization happens depending on factors such as hydrology, ecology, 
land use, and cultural/historical features. Implementation of the plan will be done by County 
officials, local municipalities, and dedicated citizens.  

In order to ensure the plan is preserved, three calls for actions occur:  

• Education and Outreach,  
• Protection Measures and  
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• Funding Acquisition Tools.  

To enforce education and outreach, social media and billboard campaigns, brochures, and a 
developer recognition can help convey the message to the residents of the county. For protection 
measures, the municipality can enforce laws that mitigate impacts from development in 
floodplains and greenbelt areas. Lastly, some funding acquisition tools include state and federal 
grants, development dedications, and public/private partnerships.  

2.4.8. Summary of GI In Denton County 
Green Infrastructure in Denton County is not a new concept. A county-wide “greenbelt plan” was 
developed to encourage the preservation of green spaces and limiting encroachment in 
floodplain zones. The city of Denton has integrated iSWM recommendation with regard to green 
infrastructure and has implemented such practices using a nonpoint source pollution grant 
(EPA/TCEQ). Other cities have developed educational programs or included the mention of green 
infrastructure in their stormwater management plan. While this is encouraging, the county and 
the cities would benefit from an analysis that would provide a prioritization process for 
investment in green infrastructure that is based on hydrology, ecology, and human dimensions. 
In addition, most address green infrastructure as a water quality solution while, green 
infrastructure also has water quantity benefits resulting in significant flooding mitigation 
potential.  

2.5. Denton County National Hazard Mitigation Plans: Flooding Aspects 
2.5.1. Denton County Plan 
As Denton is becoming increasingly developed, the risk of flooding has risen as a result of 
increased impermeable areas and reduced natural channels floodplain area. According to the 
Denton County Hazard Vulnerability Analysis, flooding is a dynamic event and developed land 
often results in a greater volume of water entering a drainage system. Thence, it is important for 
Denton to prepare for such measures and develop a plan for action to help mitigate the effects 
of flooding.  

To manage flooding, the federal government maintains a floodplain map. Floodplain maps 
designate areas of land into different potential. Some areas of land may be designated as being 
in a 50-year, 100-year, or 500-year floodplain. These designations represent a potential for 
flooding in the respective floodplain. For example, a 100-year floodplain means that there is a 
1% likelihood of that area being flooded to a certain level during any given year.  

Denton County also participates in the National Flood Insurance Program (NFIP). Continued 
mapping and identification of historical high-water problems is necessary. Public education 
regarding high water crossings should be included in any community awareness program. Flood 
studies of water-runoff caused by development outside the county should be considered.  
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To reduce flood losses, Denton County employs five methods in accordance with the Flood 
Damage Prevention Ordinance. The first method is to restrict/prohibit uses that are dangerous 
to health, safety, or property in times of flood, or cause excessive increases in flood heights or 
velocities. The second method requires uses vulnerable to floods, including facilities which serve 
such uses, to be protected against flood damage at the time of initial construction. The third 
method controls the alteration of natural floodplains, stream channels, and natural protective 
barriers, which are involved in the accommodation of flood waters. The fourth method calls for 
controlling the filling, grading, dredging and other development which may increase flood 
damage. Finally, the fifth method is to prevent or regulate the construction of flood barriers 
which will unnaturally divert flood waters or may increase flood hazards to other lands. 

2.5.2. City of Denton Plan 
The City of Denton has also recognized that the risk of flooding is a critical issue and that 
developing a plan of action is extremely important. The City of Denton has adopted the latest 
Flood Insurance Rate Maps (FIRMs) issued by FEMA. It can also be displayed using the City of 
Denton Interactive Map. The City of Denton also participates in the National Flood Insurance 
Program (NFIP). Lastly, the City of Denton has developed a flood warning system for properties 
in floodplains. Severe weather alerts and flood warnings will be issued by radio (KNTU FM 88.1), 
local TV Channel 26, all cable TV stations in Denton (audio override and bulletin board) and on 
NOAA weather radios. The system, which is operated manually by the National Weather Service 
and Emergency Management trained SKYWARN volunteers, can provide one-hour advanced 
warning of a flood hazard. Battery operated NOAA weather radios may be purchased to receive 
warnings during power and telephone outages. The city has also implemented a two-way radio 
and paging system (911 Dispatch) that can be used by Emergency Management personnel to 
activate warning sirens throughout the city as needed. 

2.5.3. Other Cities in Denton County 
The remaining cities in Denton County address flooding by modifying the building code and 
sharing FEMA flood maps with their citizens (e.g. City of Corinth:  
(https://www.cityofcorinth.com/engineering/page/corinth-floodplain-information). 

2.5.4. GI and Hazard Mitigation Plans in Denton County 
Denton County and its cities are progressively looking at green infrastructure and nature-based 
solutions to reduce the impact of urbanization on flooding and water quality. While many 
projects have addressed green infrastructure, it is clear from the analysis of their emergency 
management plans, that none of the entities have considered integrating green infrastructure as 
a flood mitigation approach to be integrated in emergency plans. The integration of green 
infrastructure into emergency plans will provide great benefits to the County and increase the 
implementation of green infrastructure programs while providing low-cost flood reduction. 
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3. Stakeholder Engagement 
3.1. Stakeholder Engagement List 

One of the main reasons for the lack of integration of GI/LID practices in local natural hazard 
mitigation plans (NHMPs) has been the traditional approach to hazard management where 
stakeholders mainly consisted of emergency managers, public works staff, fire specialists, and 
law enforcement. As a result, resilient nature-based systems for prevention of natural hazards 
(particularly flooding and droughts) have not been integrated into NHMPs. In this project, natural 
resources managers, floodplain specialists and water quality specialists were invited to 
stakeholder meetings to have a much more comprehensive set of expertise and to increase 
communications between the stakeholders that traditionally work with FEMA and the Texas 
Department of Emergency Management (TDEM) and stakeholders that work with EPA and Texas 
Commission on Environmental Quality/Texas State Soil and Water Conservation Board 
(TCEQ/TSSWCB).  

Texas A&M AgriLife Extension in cooperation with the City of Denton and EPA Region 6 compiled 
a list of potential stakeholders from watershed and emergency department in the local 
government (county and cities). Furthermore, the event was advertised by a AgriLife press 
release and posts on social media (LinkedIn and Facebook). Identified stakeholders were sent an 
email announcing the project and the meeting.  

3.2. Stakeholders Meetings 
From the meeting agenda (Appendix I), David Reazin (EPA Region 6) opened the meeting and 
welcomed the group, followed by presentations by Fouad Jaber (Texas A&M AgriLife) Project 
Overview, goal, and expectations of the project, David Hunter (City of Denton) overview of the 
Watershed Protection Program for the City of Denton, Blake Alldredge (Upper Trinity Regional 
Water District) overview on the Denton County Greenbelt Plan, and Lynde Dodd (United States 
Army Corps of Engineers (USACE)) Introduction to the USACE Silver Jackets program and funding  
assistance. A schedule of events and deliverables was also presented. A discussion of the project 
occurred in which most stakeholders expressed interest in the project and requested updates 
moving forward. The meeting was from 9:00 AM to 12:00 PM on March 13th, 2020.  The meeting 
was held partly in person and virtually (Adobe Connect) due to travel restrictions on federal 
employees due to the COVID-19 epidemic. The meeting was attended by 14 persons in the room 
(Emily Fowler Public Library, Denton, TX) and 20 online.  
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Figure 2. Attendees during the first Stakeholder meeting with 6’ spacing for social distancing due to COVID-19, held on March 
13th, 2020. 

Communications with targeted stakeholders was maintained throughout the project period, 
specifically the City of Denton watershed management and emergency departments, the Upper 
Trinity Conservation Trust, and the USACE in order to meet the objectives of the grant. 

At the project was being concluded, a second and final Stakeholder meeting was held on June 
21st, 2021, in person (Emily Fowler Public Library Denton, TX) and virtually using the Microsoft 
TEAMS platform. The meeting was attended by 6 persons in the room and 53 online for a total 
of 59 attendees.  

From the meeting agenda (Appendix I), David Reazin (EPA Region 6) and Joetta Dailey (City of 
Denton) opened the meeting and welcomed the group, followed by presentations by Eric 
Gildersleeve (Emergency Management Coordinator, Denton County) on Hazard Mitigation Plan 
updates in Denton County,  Joetta Daily (City of Denton, Watershed Protection) on the City of 
Denton water quality and green Infrastructure program, and Dr. Fouad Jaber (Texas A&M AgriLife 
Extension) on the achievement of this project including the development of a GIS tool to identify 
high risk flood zones in Denton County (presented in the next section). A discussion and a 
question and answers session ensued.  

3.3. FEMA STAPLEE Evaluation 
A modified FEMA STAPLEE questionnaire (FEMA, 2003 p. 2-19 and 2-20; See Appendix II) was 
used to evaluate the stakeholders’ views with regard to GI placement in the high flooding risk 
zone. Four alternatives were assessed with Social, Technical, Administrative, Political, Legal, 
Economic, and Environmental framework provided by STAPLEE. This will provide a framework of 
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acceptance or rejection of alternatives for future actions. These alternatives represent various 
ways to integrate GI/LID practices in the County. 

The Alternatives to be evaluated were: 

• Alternative 1: Integrate GI/LID in parks and public land 
• Alternative 2: Develop Incentive program for GI/LID implementation in private property 
• Alternative 3: Require GI/LID in new developments 
• Alternative 4: Require GI/LID retrofits in existing developments 

Results were collected for analysis. Fourteen responses were received to the questionnaire 
representing 25% of eligible attendees during and after the meeting. A follow up email was sent 
a week later to all originally contacted stakeholders to gather as much feedback as possible on 
the application of this tool.  Unfortunately, no additional responses were received. Nonetheless, 
the alternatives scored as follows (out of 154 possible points):  

• Alternative 1: 100 points 
• Alternative 2: 83 points 
• Alternative 3: 82 points 
• Alternative 4 55 points.  

The detailed results of STAPLEE are shown in Table 1 (on page 18) and Appendix II. 

An analysis of the results at the results show that stakeholders are very comfortable with an 
option to integrate GI/LID in public land/parks, as this option scored the highest score in all 
questions except for the Legal category regarding the involvement legally of the local authority, 
where alternative 2 scored higher. Alternatives two and three scored very close (83 and 82, 
respectively), thus indicating that the responding stakeholder were open to providing incentives 
for GI on private property and developing ordinances for new developments that require the 
integration of GI/LID. Alternative 4 (ordinance that would require new and retrofit of 
developments to include GI/LID) scored the lowest overall and in each category. It is interesting 
that this alternative scored lowest in the environmental category, even though it represented 
the most GI/LID practices that can be installed. The political and economic potential cost of that 
alternative probably condemned that alternative in the eyes of the stakeholders considering it 
even scored low in categories where it was expected to do better. 

STAPLEE can be an effective tool to rank alternatives being considered by local governments. It 
also provides additional data if the administrators want to modify or add alternatives based on 
specific categories within the evaluation. Such evaluation will help with public support of GI/LID 
implementation projects. A detailed explanation of the various STAPLEE options and questions 
are shown in Appendix II. 
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Table 1. Detailed Result of STAPLEE questionnaire after the second stakeholder meeting. 
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Integrate 
GI/LID in parks 
and public 
land 11 11 9 8 9 9 7 9 7 

 
 
 
 

10 10 

Alternative 2: 
Develop 
Incentive 
program for 
GI/LID 
implementatio
n in private 
property 

9 10 5 6 6 7 8 7 9 8 8 

 Alternative 3: 
Require GI/LID 
in new 
developments 8 8 3 4 4 9 7 9 7 11 11 

Alternative 4: 
Require GI/LID 
retrofits in 
existing 
developments 5 7 1 3 3 6 4 7 4 9 6 

 

4. GIS Tool Development 
One of the main objectives of this report is to assist Hazard Mitigation Plans developers to easily 
integrate GI/LID into their plans. One of the difficulties of such action is knowing where to put 
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GI/LID practices in flood prone areas. In order to achieve this, a flood hazard map of Denton 
County was developed. A non-interactive map would have very little value as GI/LID practices are 
at street scale and local officials would have limited abilities to zoom in to their localities using a 
pdf county map. As a result, it was decided to provide a map as part of an ESRI StoryMap. The 
ESRI StoryMap will include a presentation that presents the background and the results of this 
study and in addition, it will include a zoomable flood hazard map that will be at street level and 
will allow the planners to zoom to parcel level in order to recommend specific locations for GI/LID 
integration. 

The Hazard map was developed from a stacked map layers of flood impacting factors. The 
methodology modified an approach developed by Mukherjee and Singh (2019) for Harris County, 
TX. The layers downloaded for this study were  

• Elevation 
• Slope 
• Flood Accumulation 
• Landuse/Land Cover 
• Soil Flooding Frequency and  
• Normalized Difference Vegetation Index (NDVI). 

 
Details of these layers are provided in the following sections: 
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4.1. Elevation Map 
The elevation layer was obtained from the USGS National Map Datasets and cropped to Denton 
County Boundaries. The range of values from minimum to maximum elevation (Above Sea Level) 
were reclassified using the Jenks Natural Breaks Tool in ArcGIS Pro, and were ranked from 1 to 5 
with high elevations having the lowest risk and the low elevations having the highest risk (Figure 
3). 

 

 
Figure 3. Elevation map ranked from very low to very high in severity of flooding risk. 

  



   

21 
 

4.2. Slope Map 
The second map produced was the slope map. The slope map was generated from the elevation 
map using the ArcGIS slope tool. Slope represents the rate of change of elevation for each digital 
elevation model (DEM) cell. High slopes result in faster flows thus less flow accumulation, while 
flat slopes tend to accumulate water and thus are a higher risk of flooding (Figure 4). 
 
 

 
Figure 4. Slope map ranked from very low to very high in severity of flooding risk. 
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4.3. Flow Accumulation Map 
The third map produced was a flow accumulation map. The flow accumulation is a representation 
of how many cumulative cells flow into a cell based on the flow direction of the cell as identified 
by the slope of each cell. The higher the flow accumulation, the more flood prone a cell is (Figure 
5). 

 
Figure 5. Flow accumulation ranked from very low to very high in flood severity risk. 
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4.4. Land Use/Land Cover Map 
The fourth map is a land use land cover map. The map was obtained from the USGS National 
Land Cover Database (NLCD) 2016 data. The map was cropped to Denton County and reclassified 
to include 4 categories:  

• Developed, high intensity  
• Developed, medium Intensity 
• Developed, low intensity 
• Other land uses 

With the highest risk being “developed, high intensity” and the other uses as the lowest flooding 
risk (Figure 6). 

 
Figure 6. Reclassified Land Use/Land Cover map showing developed areas from low to high intensity and other uses (forest, parks, 
farms, and prairies). 
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4.5. Soil Flooding Frequency Map 
The fifth map used was a soil flooding frequency map. The Denton County soil map was 
downloaded from the Web Soil Survey data of the NRCS USDA. The USDA soil survey “Flooding 
Frequency Class” indicates frequency of flooding of soils from overflowing streams or runoff from 
watershed slopes. The feature category goes from very rare, rare, occasional, frequent and very 
frequent. These were reclassified as very to very high risk of flooding in 5 categories (Figure 7). 

 
Figure 7. Soil flooding frequency map classified from very low to very high in severity of flooding risk. 
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4.6. Normalized Difference Vegetative Index (NDVI) Map 
The last map used was the Normalized Difference Vegetative Index (NDVI) map. The NDVI map 
from eMODIS V6 for the entire USA from 04/21/2020 to 04/27/2020 was downloaded from the 
USGS earth Explorer website and cropped to Denton County. The NDVI index ranges from -0.1 to 
1 with the lower the value the less the vegetation. The range of NDVI values was reclassified using 
Jenks natural breaks into five classes ranging from very low flood priority (high NDVI/high 
vegetation) to Very High flood priority (low NDVI/barren area (Figure 8). 

 
Figure 8. NDVI map classified from Very low to Very High in severity of flood risk. 
 

4.7. Finalized Flood Risk Map 
The six maps were then stacked, and their values added and then reclassified using Jenks natural 
breaks into five ultimate categories of flood risk ranging from Very low to Very high. The map 
was then integrated into and ESRI StoryMap with an introduction to the integration of GI/LID into 
Hazard mitigation plans. All the maps were made available in that tool and the ultimate flooding 
map is highlighted at the end of all the maps. The integration of the map into StoryMaps not only 
allows a viewer to see the general risk areas in the county, but they can zoom to parcel levels and 
see in selected high flood risk areas, street names. This will allow a viewer to use other tools to 
identify an area of sidewalks or park or even the number of structures that could be used for GI 
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implementation (Figure 9). Figure 10 shows the details provided by the tool as it is zoomed to the 
City of Denton. 

 
Figure 9. Flood risk map of Denton County ranked into five categories from Very low to Very high risk of flooding. 

 
Figure 10. Flood risk map zoomed to the City of Denton showing the various street names and cell scale ranking 
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The tool is made publicly available at: https://agrilife.org/lid/projects/incorporating-gi-lid-
nature-based-systems-hazard-mitigation-plan/ 

5. Integrating GI/LID into Hazard Mitigation Plans 
5.1. Example of points to integrate GI BMPs into the Hazard Mitigation Plan 

following 44 CFR Part 201.6 (Text in italic is from 44 CFR Part 201.6 followed by an 
example of possible input).   
The 44 CFR Part 201.6 provides direction to help local governments develop local hazard 
mitigation plans (Appendix III). The purpose of this project is to help Denton County local 
governments integrate GI/LID in such plans. The GI and hazard mitigation plans review presented 
in Background Section above show that while GI adoption has been increasing, it has not been 
integrated in hazard mitigation plans as flood mitigation structural practice. This partially because 
GI has been traditionally seen as water quality best management practice and not a flood 
mitigation practice.  

The Hazard Mitigation Plan provides information on (a) Plan requirements, (b) Planning process, 
(c) Plan content, and (d) plan review.  The focus of the integration of GI BMPs is in (c) the Plan 
content related to risk assessment and the mitigation strategy. Consider: 

(c)(2)(i) Description of the type, location, and extend of all natural hazards that can affect the 
jurisdiction.  The Plan shall include information on previous occurrences of hazard events and on 
the probability of future hazard events. 

Input:  Language under flooding could include localized flood areas as well as areas affected by 
bank overflow of streams.  These recurring events that could be mitigated through GI BMPs 
installed all throughout the affected watersheds. 

(c)(2)(ii) A description of the jurisdiction’s vulnerability to the hazards described in 
paragraph(c)(2)(i) of this Section.  This description (C) Providing a general description of land uses 
and development trends within the community so that mitigation options can be considered in 
future land use decisions.   

Input:  Possibly include programmatic/non-structural language that may include smart growth 
policies and practices.  This may be related to new development codes such as language of no 
adverse impacts or no adverse in downstream velocity and no increase in base flood elevations 
(BFE).  For example, the City of Denton can use language from the City of Denton Development 
Code and Stormwater Design Criteria Manual.  Other communities in the County could use a 
similar approach. 

https://agrilife.org/lid/projects/incorporating-gi-lid-nature-based-systems-hazard-mitigation-plan/
https://agrilife.org/lid/projects/incorporating-gi-lid-nature-based-systems-hazard-mitigation-plan/
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(c)(3)(i) A description of mitigation goals to reduce or avoid long-term vulnerabilities to the 
identified hazards.   

Input:  Increase use of GI/LID practices as a flood mitigation tool throughout the local entity’s 
jurisdiction. Justification for GI use for flood mitigation can be found in section 2.5.4 of this report. 

Section (c)(3)(i) of 44 CFR Part 201.6 can be addressed by using this tool to identify areas prone 
to flooding and then developing a GI implementation plan in the watershed of the “high” and 
“very high” risk areas using the recommendations above.  

(c)(3)(ii) A section that identifies and analyzes a comprehensive range of specific mitigation 
actions and projects being considered to reduce the effects of each hazard, with particular 
emphasis on new and existing buildings and infrastructure.  

Input:  Section (c)(3)(ii) asks for specific actions. An Action Plan to address GI as a mitigation 
action and links to the EPA description of the various GI practices that can be used as a mitigation 
action are found in Appendix IV. The attached Action Plan template can also be used to address 
(c)(3)(iii). 

(c)(3)(iii) An Action Plan describing how the actions identified in paragraph (c)(3)(ii) of this section 
will be prioritized, implemented, and administered by the local jurisdiction. Prioritization shall 
include a special emphasis on the extent to which benefits are maximized according to a cost 
benefit review of the proposed projects and their associated costs.   

Input:  A template for Action Plans is provided in Appendix V. Please refer to this for the following 
discussion: 

Location/Site Area:  As an example, the City of Denton, using the GIS tool developed in this study, 
identifies a high/very high area north of the city. They identify the watershed as part of the 
Cooper Creek Watershed.  The user can hone down and identify the subwatershed where the 
site is located. Then using satellite imagery or impervious layers data, they can identify parking 
lots, bioretention and other GI suitable sites in the watershed.  

Specific Action to Mitigate Risk:  They have the choice to use bioretention in the parks and 
medians or permeable pavement in the parking lots as a mitigation action.  Please refer to 
Appendix IV for additional practices and EPA links. 

Importance of this action: This can be addressed by stating the volume of runoff that such action 
will retain/detain, thus reducing the volume of runoff and reducing the risk of flooding during the 
storm. 

Immediate next steps:  This may lead to the hiring of a consultant to design the GI practice.   
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Measures of success:  Measures can be assessed by recording the reduction of backflow at 
stormwater inlets in the watershed. An inspection list for the function of each BMP can be 
developed (e.g., high infiltration and plant survival in bioretention) and the GI practice passing 
the inspection can be a measure of success.  

Costs:  As mentioned above, recent research increasingly show that GI can have a significant flood 
mitigation impact when adopted widely within targeted watersheds. It is also cost effective as 
Jack et al. (2021) found that per runoff gallon mitigated, GI can be 2 to 3 times cheaper than the 
grey infrastructure alternative. GI is also less difficult to modify and increase in size as compared 
to grey infrastructure. Given that climate change is expected to increase the size of the extreme 
event storms (10-year to 100-year), GI could be a resilient and adaptable tool to reduce flooding 
from such changes. 

To estimate the cost of the GI practices, the total size of the practice needs to be determined.   
Heidari et al., identified potential GI sites as follow: 

• 10% of parks and open areas can be used for bioretention areas implementation 
• 34% of parking lot and street medians, commercial sidewalks (wider than 8 feet), and 

plant strips (green area between the sidewalk and the road) can also be used for 
bioretention areas 

• Each house can have a rainwater harvesting tank of 1000 gallons; larger structures can 
use larger tanks 

• A 200 square feet rain garden can be installed in each backyard 
• Other practices such as tree boxes can be integrated in commercial sidewalks 
• Existing detention ponds can be transformed into constructed wetlands 
• Structurally capable buildings can integrate a green roof 
• Parking lots can be built with permeable paving materials 

Once you have the total size of the GI practice, then the total cost can be obtained by multiplying 
the total size by cost per unit.  Based on a review of literature (Jack et al, 2021; Center for 
Neighborhood Technology, 2021), the following cost (Table 2) indicate an average cost of GI per 
unit. 

Table 2. Cost of GI Practices per unit are or volume 
 Bioretention Area Rain Garden Rainwater 

Harvesting 
Permeable 
pavement 

Green Roof 

Cost $15/sq. ft. $10.5/sq. ft. $1.75/gallon $20/sq. ft. $25/sq. ft 
 

For example: 
 

o Bioretention: for 10,000 sq. foot park, a 1,000 sq. feet bioretention would cost:  
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 1,000 sq. feet x $15/sq. ft = $15,000  
o Rain Garden: for each back yard a rain garden would cost: 

 200 sq. feet x 10.5/sq. ft = $2,100  
o Rainwater Harvesting: For each house, a rainwater harvesting system would cost: 

  1,000 gallons x $1.75/gallon = $1,750 
o Permeable pavement: Each 200 sq. foot parking space would cost: 

  200 sq. feet x $20/sq. ft = $4,000 
o Green roof:  a 1,000 sq. foot of green roofs would cost 

 1,000 sq. feet x $25/sq. ft = $25,000 
 
The following questions on the Action Plan Template (Appendix V) are city specific and can be 
completed by city officials and managers. 
 
For Programmatic/Non-Structural actions, these practices are city specific and can be completed 
by city officials and managers. The use of the STAPLEE tool may be used to show a willingness to 
adopt ordinances, such as requiring GI integration into new development areas. 

5.2. Public Approval Process  
Upon adding this information to the Hazard Mitigation Plan it must then be incorporated in the 
overall planning steps listed in 44 CFR 201.6.  Public engagement is essential in the approval 
process of the Hazard Mitigation Plan. 

6. Conclusions 
GI/LID practices provide nature-based solutions to flooding while providing other ecosystem and 
social services such as water quality benefits, clean air, green space esthetics, habitat, etc.  All 
that can be done at a fraction of grey infrastructure cost, keeping in mind that the optimal 
solution is a combination of both grey and green practices. Flooding is one of the most common 
and costly hazards that urban areas are currently facing, and this will probably increase as climate 
change impacts storm events. Integrating GI in hazard mitigation plans can be beneficial to both 
watershed managers as well as disaster managers. The integration of GI into these plans can be 
difficult and confusing due to the various requirements.  

This project developed a GIS tool to help identify locations of high and very high flood risk in 
Denton County and shared this data with stakeholders in the area in two meetings held at the 
beginning and the end of the project period. This GIS tool can used to identify the location and 
implementation of GI BMPS to mitigate specific identified localized flood hazards. 

Stakeholder meetings increased awareness of GI practices as a flood mitigation tool. This could 
lead to greater integration of GI BMPs into the cities/county Hazard Mitigation Plan.  
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A STAPLEE questionnaire indicated willingness to adopt GI in public land and parks and to a lesser 
extent incentivize private property to install GI and develop an ordinance to require new 
developments to integrate GI in their designs. Furthermore, the project detailed an approach to 
use 44 CFR Part 201.6 in order to modify existing hazard mitigation plans and gives a template 
for an action plan as indicated in the CFR.  

We provided a list of possible structure and programmatic/non-structural practices to be 
considered in the Hazard Mitigation Plan. A step-by-step framework of completing the Action 
Plan Template shows how to integrate a given GI practice into the Hazard Action Plan.   

What we learned from this study is that the integration of GI/LID into hazard mitigation plan 
can be a cost-effective beneficial approach for both hazard mitigation as well as watershed 
protection. Integrating GI into Hazard Mitigation Plans is not intuitive and there is a scarcity of 
directions on how to achieve this goal. This document aims at helping hazard mitigation 
planners, particularly in North Texas and Denton County, to use resources provided herein to 
identify high risk areas for GI siting (GIS tool), increase public acceptance (results of STAPLEE 
questionnaire) and identify practices that are suitable for targeted sites and develop an Action 
Plan.  These activities will help integrate GI, open space and nature-based systems into hazard 
mitigation planning. 
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Appendices 
Appendix I: Meetings’ agendas 
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Appendix II: FEMA STAPLEE Matrix 
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Integrate 
GI/LID in parks 
and public 
land 11 11 9 8 9 9 7 9 7 

 
 
 
 

10 10 

Alternative 2: 
Develop 
Incentive 
program for 
GI/LID 
implementatio
n in private 
property 

9 10 5 6 6 7 8 7 9 8 8 

 Alternative 3: 
Require GI/LID 
in new 
developments 8 8 3 4 4 9 7 9 7 11 11 

Alternative 4: 
Require GI/LID 
retrofits in 
existing 
developments 5 7 1 3 3 6 4 7 4 9 6 
Source: Federal Emergency Management Agency. 2003. State and Local Mitigation Planning How-To Guide: Developing 
the Mitigation Plan – Identifying Mitigation Actions and Implementation Strategies. FEMA.  
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Appendix III: 44 CFR § 201.6 Local Mitigation Plans. 

The local mitigation plan is the representation of the jurisdiction's commitment to reduce risks from 
natural hazards, serving as a guide for decision makers as they commit resources to reducing the effects 
of natural hazards. Local plans will also serve as the basis for the State to provide technical assistance 
and to prioritize project funding.  

(a) Plan requirements.  

(1) A local government must have a mitigation plan approved pursuant to this section in order to 
receive HMGP project grants. The Administrator may, at his discretion, require a local mitigation 
plan for the Repetitive Flood Claims Program. A local government must have a mitigation plan 
approved pursuant to this section in order to apply for and receive mitigation project grants under all 
other mitigation grant programs.  

(2) Plans prepared for the FMA program, described at part 79 of this chapter, need only address 
these requirements as they relate to flood hazards in order to be eligible for FMA project grants. 
However, these plans must be clearly identified as being flood mitigation plans, and they will not 
meet the eligibility criteria for other mitigation grant programs, unless flooding is the only natural 
hazard the jurisdiction faces.  

(3) Regional Administrator's may grant an exception to the plan requirement in extraordinary 
circumstances, such as in a small and impoverished community, when justification is provided. In 
these cases, a plan will be completed within 12 months of the award of the project grant. If a plan is 
not provided within this timeframe, the project grant will be terminated, and any costs incurred after 
notice of grant's termination will not be reimbursed by FEMA.  

(4) Multi-jurisdictional plans (e.g. watershed plans) may be accepted, as appropriate, as long as each 
jurisdiction has participated in the process and has officially adopted the plan. State-wide plans will 
not be accepted as multi-jurisdictional plans.  

(b) Planning process. An open public involvement process is essential to the development of an 
effective plan. In order to develop a more comprehensive approach to reducing the effects of natural 
disasters, the planning process shall include:  

(1) An opportunity for the public to comment on the plan during the drafting stage and prior to plan 
approval;  

(2) An opportunity for neighboring communities, local and regional agencies involved in hazard 
mitigation activities, and agencies that have the authority to regulate development, as well as 
businesses, academia and other private and non-profit interests to be involved in the planning 
process; and  

(3) Review and incorporation, if appropriate, of existing plans, studies, reports, and technical 
information.  

https://www.ecfr.gov/current/title-44/part-79
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(c) Plan content. The plan shall include the following:  

(1) Documentation of the planning process used to develop the plan, including how it was prepared, 
who was involved in the process, and how the public was involved.  

(2) A risk assessment that provides the factual basis for activities proposed in the strategy to reduce 
losses from identified hazards. Local risk assessments must provide sufficient information to enable 
the jurisdiction to identify and prioritize appropriate mitigation actions to reduce losses from 
identified hazards. The risk assessment shall include:  

(i) A description of the type, location, and extent of all natural hazards that can affect the 
jurisdiction. The plan shall include information on previous occurrences of hazard events and on 
the probability of future hazard events.  

(ii) A description of the jurisdiction's vulnerability to the hazards described in paragraph (c)(2)(i) 
of this section. This description shall include an overall summary of each hazard and its impact on 
the community. All plans approved after October 1, 2008 must also address NFIP insured 
structures that have been repetitively damaged by floods. The plan should describe vulnerability in 
terms of:  

(A) The types and numbers of existing and future buildings, infrastructure, and critical facilities 
located in the identified hazard areas;  

(B) An estimate of the potential dollar losses to vulnerable structures identified in paragraph 
(c)(2)(ii)(A) of this section and a description of the methodology used to prepare the estimate;  

(C) Providing a general description of land uses and development trends within the community 
so that mitigation options can be considered in future land use decisions.  

(iii) For multi-jurisdictional plans, the risk assessment section must assess each jurisdiction's risks 
where they vary from the risks facing the entire planning area.  

(3) A mitigation strategy that provides the jurisdiction's blueprint for reducing the potential losses 
identified in the risk assessment, based on existing authorities, policies, programs and resources, and 
its ability to expand on and improve these existing tools. This section shall include:  

(i) A description of mitigation goals to reduce or avoid long-term vulnerabilities to the identified 
hazards.  

(ii) A section that identifies and analyzes a comprehensive range of specific mitigation actions and 
projects being considered to reduce the effects of each hazard, with particular emphasis on new 
and existing buildings and infrastructure. All plans approved by FEMA after October 1, 2008, 
must also address the jurisdiction's participation in the NFIP, and continued compliance with NFIP 
requirements, as appropriate.  

https://www.ecfr.gov/current/title-44/section-201.6#p-201.6(c)(2)(i)
https://www.ecfr.gov/current/title-44/section-201.6#p-201.6(c)(2)(ii)(A)
https://www.ecfr.gov/current/title-44/section-201.6#p-201.6(c)(2)(ii)(A)
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(iii) An action plan describing how the actions identified in paragraph (c)(3)(ii) of this section will 
be prioritized, implemented, and administered by the local jurisdiction. Prioritization shall include 
a special emphasis on the extent to which benefits are maximized according to a cost benefit 
review of the proposed projects and their associated costs.  

(iv) For multi-jurisdictional plans, there must be identifiable action items specific to the 
jurisdiction requesting FEMA approval or credit of the plan.  

(4) A plan maintenance process that includes:  

(i) A section describing the method and schedule of monitoring, evaluating, and updating the 
mitigation plan within a five-year cycle.  

(ii) A process by which local governments incorporate the requirements of the mitigation plan into 
other planning mechanisms such as comprehensive or capital improvement plans, when 
appropriate.  

(iii) Discussion on how the community will continue public participation in the plan maintenance 
process.  

(5) Documentation that the plan has been formally adopted by the governing body of the jurisdiction 
requesting approval of the plan (e.g., City Council, County Commissioner, Tribal Council). For 
multi-jurisdictional plans, each jurisdiction requesting approval of the plan must document that it has 
been formally adopted.  

(d) Plan review.  

(1) Plans must be submitted to the State Hazard Mitigation Officer (SHMO) for initial review and 
coordination. The State will then send the plan to the appropriate FEMA Regional Office for formal 
review and approval. Where the State point of contact for the FMA program is different from the 
SHMO, the SHMO will be responsible for coordinating the local plan reviews between the FMA 
point of contact and FEMA.  

(2) The Regional review will be completed within 45 days after receipt from the State, whenever 
possible.  

(3) A local jurisdiction must review and revise its plan to reflect changes in development, progress in 
local mitigation efforts, and changes in priorities, and resubmit it for approval within 5 years in order 
to continue to be eligible for mitigation project grant funding.  

(4) Managing States that have been approved under the criteria established by FEMA pursuant to 42 
U.S.C. 5170c(c) will be delegated approval authority for local mitigation plans, and the review will 
be based on the criteria in this part. Managing States will review the plans within 45 days of receipt 
of the plans, whenever possible, and provide a copy of the approved plans to the Regional Office.  

https://www.ecfr.gov/current/title-44/section-201.6#p-201.6(c)(3)(ii)
https://www.govinfo.gov/link/uscode/42/5170c
https://www.govinfo.gov/link/uscode/42/5170c
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APPENDIX IV: Specific Actions to Mitigate Risk 
Structural 
Action 

Description  

Green 
Infrastructure:  
Address 
localized 
flooding events.  

Stormwater management to sink, slow, reuse, or move stormwater. 
https://epa.gov/green-infrastructure/what-green-infrastructure  

Bioretention / 
rain gardens  

Small, shallow, sunken areas of plantings that collect stormwater runoff from 
roofs, streets, and sidewalks Planted areas to collect rainwater/stormwater off 
streets and parking lots. 
https://epa.gov/green-infrastructure/what-green-infrastructure  

Planter Boxes Urban rain gardens with vertical walls with open or closed bottoms to collect 
runoff from streets, sidewalks, and parking lots. 
https://epa.gov/green-infrastructure/what-green-infrastructure  

Bioswales Found along curbs and in parking lots, use of vegetation or mulch to slow and 
filter stormwater flows. 
https://epa.gov/green-infrastructure/what-green-infrastructure  

Cisterns and 
Rain Barrels  

Cisterns and rain barrels collect runoff from rooftops and other paved surfaces for 
non-potable water uses such as lawn watering or fire control. 
https://epa.gov/green-infrastructure/what-green-infrastructure  

Rain harvesting Reduce stormwater runoff and collect rainfall for later use.  Effective stormwater 
control function. 
https://epa.gov/green-infrastructure/what-green-infrastructure  

Downspout 
Disconnection  

Reroute rooftop drainage pipes from draining rainwater to storm sewer and drain 
rain into barrels, cisterns, permeable areas. 
https://epa.gov/green-infrastructure/what-green-infrastructure  

Permeable 
pavements 

Permeable pavements infiltrate, treat, and/or store rainwater where it falls. 
https://epa.gov/green-infrastructure/what-green-infrastructure  

Open space/land 
conservation  

Protecting open spaces and sensitive natural areas within or adjacent to a city. 
May provide recreational opportunities for residents.  Includes riparian areas, 
wetlands, and steep hillsides. 
https://epa.gov/green-infrastructure/what-green-infrastructure  

Detention basins A storage basis designed to provide water quality control through detention of 
stormwater runoff.  Designed to completely drain following a storm event and are 
dry between rain events. 
Google definition, EPA Stormwater Wet Pond and Wetland Management 
Guidebook. 
https://www3.epa.gov/npdes/pubs/pondmgmtguide.pdf  

Nature-based 
systems  

Actions to protect, sustainably manage, and restore natural or modified 
ecosystems. 
https://epa.gov/green-infrastructure  

Constructed 
wetland 

Man-made wetlands to reduce, detain, and treat stormwater runoff.  Designed to 
simulate natural wetland ecosystems. 
https://epa.gov/wetlands/constructed-wetlands  

https://epa.gov/green-infrastructure/what-green-infrastructure
https://epa.gov/green-infrastructure/what-green-infrastructure
https://epa.gov/green-infrastructure/what-green-infrastructure
https://epa.gov/green-infrastructure/what-green-infrastructure
https://epa.gov/green-infrastructure/what-green-infrastructure
https://epa.gov/green-infrastructure/what-green-infrastructure
https://epa.gov/green-infrastructure/what-green-infrastructure
https://epa.gov/green-infrastructure/what-green-infrastructure
https://epa.gov/green-infrastructure/what-green-infrastructure
https://www3.epa.gov/npdes/pubs/pondmgmtguide.pdf
https://epa.gov/green-infrastructure
https://epa.gov/wetlands/constructed-wetlands
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Naturalized 
landscaping 

Use of native vegetation in landscaping 
EPA Greenacres:  Landscaping with Native Plants.  
https://archive.epa.gov/greenacres/web/html/index.html   

 Smart Growth / 
Conservation 
Development  

Planning of subdivisions to decrease impervious cover and maximize open space. 
https://epa.gov/smartgrowth  

Green Roofs Vegetation on roof tops for rainwater infiltration and evapotranspiration of stored 
water. 
https://epa.gov/green-infrastructure/what-green-infrastructure  

Trees and Tree 
boxes 

Bioretention practices for the retention and detention of stormwater runoff.  Trees 
provide benefits of cleaner air, reduction of heat island effect, carbon 
sequestration, reduced noise pollution, and reduced pavement maintenance needs. 
Also provide aesthetic value. 
https://www.epa.gov/sites/default/files/2015-
11/documents/stormwater2streettrees.pdf  

Urban Tree 
Canopy 

Trees absorb stormwater in their leaves and branches 
https://epa.gov/green-infrastructure/what-green-infrastructure  

Creek 
Daylighting  

Uncovering and restoring natural creeks, streams, rivers that were previously 
buried in underground pipes or culverts. Decrease demand on treatment facilities 
and enhance local neighborhoods. 
EPA Stream Daylighting at Brownfield Sites February 2021. 
https://www.epa.gov/sites/default/files/2021-
03/documents/epa_oblr_daylighting_streams_factsheet_v25_web_release_508.pdf  

Programmatic Description  
Green 
Infrastructure  

EPA Green Infrastructure.  
https://epa.gov/green-infrastructure 

Green 
Infrastructure 
Incentive 
Programs 

Development incentives, Grants, Rebates/Installation financing, 
awards/recognition programs, stormwater fee discounts  
WEF Stormwater Report, January 10, 2013. 
Managing Wet Weather with Green Infrastructure. Municipal Handbook:  
Incentive Mechanisms EPA 833-F-09-001 
https://nepis.epa.gov 

Green Streets 
and Alleys 

Integrating green infrastructure into the design of streets and alleys to store and 
filter stormwater. 
Epa.gov/G3/green-street-practices 
https://epa.gov/green-infrastructure/what-green-infrastructure  

Green Parking Integrating green infrastructure into parking lot and along the parking lot 
perimeter.  A form of parking lot designed to be environmentally more 
sustainable.   
EPA Green Parking Lot Resource Guide. 
https://epa.gov/green-infrastructure/what-green-infrastructure 

Stormwater 
management 
regulations on 
use of Green 
Infrastructure  

Regulatory drivers can provide an effective foundation for consistent 
implementation of green infrastructure across a community, state, or region.  
Green infrastructure can be integrated into federal regulatory programs for 
municipal separate storm sewer system (MS4s), combined sewer overflows 
(CSOs), and Total Maximum Daily Loads (TMDLs). 

https://archive.epa.gov/greenacres/web/html/index.html
https://epa.gov/smartgrowth
https://epa.gov/green-infrastructure/what-green-infrastructure
https://www.epa.gov/sites/default/files/2015-11/documents/stormwater2streettrees.pdf
https://www.epa.gov/sites/default/files/2015-11/documents/stormwater2streettrees.pdf
https://epa.gov/green-infrastructure/what-green-infrastructure
https://www.epa.gov/sites/default/files/2021-03/documents/epa_oblr_daylighting_streams_factsheet_v25_web_release_508.pdf
https://www.epa.gov/sites/default/files/2021-03/documents/epa_oblr_daylighting_streams_factsheet_v25_web_release_508.pdf
https://epa.gov/green-infrastructure
https://nepis.epa.gov/
https://epa.gov/green-infrastructure/what-green-infrastructure
https://epa.gov/green-infrastructure/what-green-infrastructure
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Integrating Green Infrastructure into Federal Regulatory Programs. 
https://Epa.gov/green-infrastructure/integrating-green-infrastructure-federal-
regulatory-program 

Adopt riparian 
and wetland 
buffer 
requirements  

Wetlands and riparian areas act as natural buffers between uplands and adjacent 
water bodies.  They act as natural filters of nonpoint source pollutants, including 
sediment, nutrients, pathogens and metals, to waterbodies, such as rivers, streams, 
and coastal waters.  Help decrease the need for costly stormwater and flood 
protection of facilities. 
https://www.epa.gov/nps/nonpoint-source-wetlandriparian-management 

Regional 
collaboration for 
watershed 
management  

A watershed approach is a coordinating framework for environmental 
management that focuses public and private sector efforts to address the highest 
priority problems within hydrologically defined geographic areas, taking into 
consideration both ground and surface water flow. 
EPA Watershed Approach Framework, EPA 840-S-96-001 
https://www.epa.gov/sites/default/files/2015-06/documents/watershed-approach-
framework.pdf 

Incentives to 
decrease 
impervious 
pavement  

Development incentives, Grants, Rebates/Installation financing, 
awards/recognition programs, stormwater fee discounts  
WEF Stormwater Report, January 10, 2013. 
Managing Wet Weather with Green Infrastructure. Municipal Handbook:  
Incentive Mechanisms  EPA 833-F-09-001 
https://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=P1005FLG.TXT 

Comprehensive 
Plan with Water 
Flood Planning  

A comprehensive plan can be defined as a long-range plan to direct growth and 
physical development of a community for a 20 to 30 year or longer period.  
Comprehensive planning is a process that determines community goals and 
aspirations in terms of community development.   
Wikipedia definition of comprehensive planning. 
EPA Planning for flood recovery and long-term resilience in Vermont:  Smart 
growth approaches for disaster-resilient communities. 
EPA 231-R-14-003. July 2014. 
https://www.epa.gov › vermont-sgia-final-report 

Adopt FEMA 
Community 
Rating System  

The FEMA Community Rating system determines flood insurance premium 
reductions for residents.  As a community engages in additional mitigation 
activities, its residents become eligible for increased National Flood Insurance 
Program (NFIP) policy premium discounts. 
Fema.gov/fact-sheet/community-rating-system 
https://www.fema.gov/fact-sheet/community-rating-system 

Drainage System 
Maintenance 
Program 

Drainage maintenance is the maintenance of drainage system by keeping ditch, 
culvert and other drainage structure, clean and ready to carry next flow water as 
well as removing sediments deposited during period of heavy flow. 
Reducing damage from localized flooding:  A guide for communities 
FEMA 511/June 2005 
https://www.fema.gov/pdf/fima/FEMA511-01-TOC.pdf 

Smart Growth 
Policies 

Smart growth overall approach to development and encourages a mix of building 
types and uses, diverse housing and transportation options, development within 
existing neighborhoods, and community engagement.  Smart growth. 

https://epa.gov/green-infrastructure/integrating-green-infrastructure-federal-regulatory-program
https://epa.gov/green-infrastructure/integrating-green-infrastructure-federal-regulatory-program
https://www.epa.gov/nps/nonpoint-source-wetlandriparian-management
https://www.epa.gov/sites/default/files/2015-06/documents/watershed-approach-framework.pdf
https://www.epa.gov/sites/default/files/2015-06/documents/watershed-approach-framework.pdf
https://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=P1005FLG.TXT
https://www.fema.gov/fact-sheet/community-rating-system
https://www.fema.gov/pdf/fima/FEMA511-01-TOC.pdf
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https://epa.gov/smartgrowth 
Regulatory 
Standards 

Standards related to future development/redevelopment, zoning, floodplain 
regulations, building codes, etc. 

Policies on 
facility upgrades, 
elevation, or 
relocation 

Mitigation practices to protect property and facilities. 
Protecting Building Utility Systems from Flood Damage. 
FEMA P-348, Edition 2/ February 2017. 
https://www.fema.gov 

Whole watershed 
planning  

Communities, watershed organizations; and state, local, tribal, and federal 
environmental agencies develop and implement watershed plans to meet water 
quality standards and protect water resources. 
EPA Introduction to Watershed Planning. 
Quick Guide to Developing Watershed Plans. 
https://www.epa.gov/sites/production/files/2015-
12/documents/watershed_mgmnt_quick_guide.pdf 

Floodplain 
regulations 

The National Flood Insurance Program (NFIP) provides the maps and regulatory 
basis for local floodplain management. 
National Flood Insurance Program (NFIP) Floodplain Management 
Requirements:  A study guide and desk reference for local officials.  FEMA 480 
February 2005. 
https://www.fema.gov/sites/default/files/documents/fema-480_floodplain-
management-study-guide_local-officials.pdf 

Regular updates 
to the Hazard 
Mitigation Plan 

Hazard mitigation planning reduces loss of life and property by minimizing the 
impact of disasters.  It begins with state, tribal, and local governments identifying 
natural disaster risks and vulnerabilities that are common in their area.  After 
identifying these risks, they develop long-term strategies for protecting people and 
property from similar events. 
https://www.fema.gov/emergency-managers/risk-management/hazard-mitigation-
planning 

Ditch 
Maintenance 
Program  

A drainage ditch is designed and installed to remove and safely convey runoff 
water. 
United States Department of Agriculture Natural Resources Conservation Service 
Operation and Maintenance Plan.  O&M-PS-607, 608. 
https://www.nrcs.usda.gov › nrcs144p2_033591 

Master Drainage 
Plan  

A master drainage plan addresses the current and future drainage needs of a given 
community.  The proposed facilities may include GI practices, channels, storm 
drains, levees, basis, dams, wetland or any other conveyance capable of 
economically relieving flooding problems within the plan area. 
Google search on master drainage plan. 

Add additional 
tools as needed 

 

 

  

https://epa.gov/smartgrowth
https://www.fema.gov/
https://www.fema.gov/sites/default/files/documents/fema-480_floodplain-management-study-guide_local-officials.pdf
https://www.fema.gov/sites/default/files/documents/fema-480_floodplain-management-study-guide_local-officials.pdf
https://www.fema.gov/emergency-managers/risk-management/hazard-mitigation-planning
https://www.fema.gov/emergency-managers/risk-management/hazard-mitigation-planning
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APPENDIX V: Template Action Plan for Hazard Mitigation plan development 
Steps to Develop the Action Plan – to incorporate into the Hazard Mitigation Plan 
Identified Risk Description  
Location / Site Area   
Specific Action to Mitigate Risk:  
Structural / Programmatic  

 

Importance of this Action   
Immediate Next Steps  
Measures of Success  
Lead and Support Roles.  
Costs  
What capabilities does the city have in place 
to assist in mitigation action implementation? 

 

Funding Sources 
 
Timeline for Completion  
 
Relative Priority – high, medium, low 

 

How will the current Hazard Mitigation Plan 
inform this Resiliency Project? 
 
How will the information gathered be used to 
inform your flood risk assessment in your 
future HMP update? 
  

 

What information gathered can be created as 
an update? 

 

Template developed by the Texas Division of Emergency Management (TDEM) and EPA Region 6. 
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