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Terminology
100-year Floodplain
500-year Floodplain

Definitions
The area of land susceptible to being inundated as a result
of the occurrence of a one-hundred-year flood. This term is
synonymous with the term "state regulatory floodplain"
An area that has a 0-.2 percent change of flooding in any
given year

Community

Encroachment
Floodway

Any political subdivision in the state of Colorado that has
authority to adopt and enforce floodplain management
regulations through zoning, including, but not limited to:
cities; towns; unincorporated areas in counties; counties;
special districts
Construction, placement of fill, or similar alteration of
topography in the floodplain that reduces the area available
to convey floodwaters.
Highest hazard portion of the floodplain where floodwater is
likely to be deepest and fastest. It is the area of the
floodplain that must be kept free of obstructions to allow
floodwaters to move downstream

Freeboard

No Adverse Impact

Regulatory
Floodplain

The vertical distance in feet above a predicted water
surface elevation intended to provide a margin of safety to
compensate for unknown factors that could contribute to
flood heights greater than the height calculated for a
selected size flood such as bridge openings and the
hydrological effect of urbanization of the watershed.
Where the action of one property owner or community does
not adversely affect the flood risks for other properties or
communities as measured by increased flood stages,
increased flood velocity, increased flows, or the increased
potential for erosion and sedimentation, unless the impact
is mitigated as provided for in a community or watershed
based plan.
Synonymous with the 100-year, or 1% chance, floodplain.,
unless a Community has adopted a more stringent
regulatory floodplain (e.g. 500-year floodplain)
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1. Introduction
1.1. Purpose
The State of Colorado considers flooding an issue of statewide concern since it
can directly affect public health, safety and welfare. The Colorado statue
requires State designation and approval of floodplain information prior to local
regulation. To provide consistent mappings standards and outline processes for
designation the Rules and Regulations for Regulatory Floodplains in Colorado
was developed and made effective in 1987. This version of the document
remained effective until 2005 when the document was revised. The focus of this
first revision was on updating regulatory floodplain mapping activities. This
revision focuses on defining the regulatory floodplain and floodway and the
development that encroaches on these areas.
The purpose of this document is to provide a summary of the benefits of the
CWCB’s Draft Rules and Regulations for Regulatory Floodplains in Colorado,
dated September 2010, as it relates to the statutory requirements for
rulemaking. The CWCB’s proposed rules aim to reduce flood losses through
sound flood protection actions, which are implemented at the local level and
supported by State and Federal programs.
This memorandum will take a
qualitative and quantitative analysis approach to determine and summarize the
costs and benefits of the proposed changes.
1.2. Draft Rules
The Colorado Water Conservation Board (CWCB) currently has authority over
the Rules and Regulations for Regulatory Floodplains in Colorado, dated July
2005, which provides standards for regulatory floodplains (floodplains),
floodplain activities and floodplain designation. There are currently 18 rules and
regulations for floodplains in Colorado.
The proposed changes include
modification or clarification to the 18 effective Rules and Regulations and the
addition of two (2) new Rules and Regulations. See Table 1.2.1. The updated
Rules and Regulations can be read in their entirety in Appendix C.
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Table 1.2.1
Proposed Changes to Rules and Regulations for Regulatory Floodplains in
Colorado
Rule Description
Modification/ Clarification
Title
Update to current date
1
Authority
Statutory authorities were updated
2
Purpose and Scope
Clarification of which entities must
3
follow rules
Definitions
Definitions added/ modified for terms
4
used later in document
State Regulatory Floodplain
Clarify floodplain frequency used for
5
regulation
Critical Facilities
New Rule*
6
Standards for Delineation of
Updates to technical criteria for
7
Regulatory Floodplain Information floodplain mapping
Standards for Regulatory
Application of 1/2 foot floodway
8
Floodways
Criteria for Determining the
Allows private ownership if publicly
Effects of Flood Control
maintained, removes requirement for
9
Structures on Regulatory
flood routing
Floodplains
Criteria for Determining Effects of Discourages use of levees, modified
10
Levees on Regulatory Floodplains maintenance requirements
Floodplain Management
Requires compliance with NFIP and
11
Regulations
1-foot freeboard requirement*
Effects of Flood Mitigation
Introduces LID in design, clarification
Measures and Stream Alteration
of when a LOMR is required
12
Activities on Regulatory
Floodplains
Process for Designation and
Suggests using 500-year floodplain
13
Approval of Regulatory
as a planning tool
Floodplains
Designation and Approval of
Renumbering of rule only
14
Changes to Regulatory
Floodplains
Variances
Renumbering of rule only
15
Enforcement of Floodplain Rules
New Rule- violations will be pursued
16
and Regulations
through a Notice of Non-Compliance,
issued by CWCB
Incorporation by Reference
Renumbering of rule only
17
Severability
Renumbering of rule only
18
Modified suggested floodplain
Floodplain Management
19
Considerations
management practices
Effective Date
Update to current date
20
2

1.3. Statutory Requirements for Rulemaking
The Colorado Department of Regulatory Agencies (DORA) C.R.S. Statute 24-4103(2.5) (a) requires any agency to issue a regulatory analysis prior the
adoption of a revised or proposed rule. This analysis is being formally submitted
by CWCB. The analysis shall include the following as defined in C.R.S. 24-4103(4.5) (a):
• A description of the classes of persons who will be affected by the
proposed rule, including classes that will bear the costs of the proposed
rule and classes that will benefit from the proposed rule
• To the extent practicable, a description of the probable quantitative and
qualitative impact of the proposed rule, economic or otherwise, upon
affected classes of persons
• The probable costs to the agency and to any other agency of the
implementation and enforcement of the proposed rule and any anticipated
effects on state revenues
• A comparison of the probable cost and benefits of the proposed rule to
the probable costs and benefits of inaction
• A determination of whether there are less costly methods or less intrusive
methods for achieving the purpose of the proposed rule
• A description of any alternative methods for achieving the purpose of the
proposed rule that were seriously considered by the agency and the
reasons they were rejected in favor of the proposed rule.
It is the intent of this analysis to document the above requirements and take into
account both short and long-term consequences.
1.4. Contents
The memorandum is structured as follows:
• Section 2, Methodology, describes the analysis used to determine the
cost benefit and regulatory analysis
• Section 3, Draft Rules Studied, detailed descriptions of the rules that
required a cost benefit analysis
• Appendix A: Response Meeting DORA Requirements
• Appendix B: Spreadsheet Printout Of Cost Benefit Computations
• Appendix C. Background Data including References
1.5. Affected Parties
The CWCB’s Draft Rules and Regulations for Regulatory Floodplains in
Colorado, dated July 2010, apply to all communities in Colorado. Various
communities within the Colorado have already adopted higher standards
regarding freeboard requirements and floodway definition. Communities with
3

these regulations already adopted will not be affected by the revised or
proposed rules. These rules will also apply under the following:
• Activities conducted by state agencies
• Federal activities that are fully or partially financed by local or state funds
• Projects or studies for which the Board has made a loan or grant
pursuant to section 37-60120(2) and 37-60-121(1)(b)(VII) & (IX)(C),
C.R.S. (2009)

1.6 Draft Rules Studied
The CWCB’s Draft Rules and Regulations for Regulatory Floodplains in
Colorado, dated July 2010 is proposing modifications and clarifications to the
existing rules as well as introducing two (2) new rules. It is the intent of this
memorandum to provide a Cost Benefit and Regulatory Analysis for Rules 6, 8
and 11. These three (3) rules are considered critical changes that will affect
multiple communities whereas the other changes are considered administrative
or have little to no impact on affected parties. Rule 6 is a new rule which defines
critical facilities and protecting these facilities to a higher standard than other
structures located in the floodplain. Rule 8 requires new floodways be mapped
using a ½ -foot rise criteria opposed the current 1-foot rise criteria. The other
key revision is to Rule 11, which requires new construction or substantially
damaged structures have a finished floor elevation one (1)-foot above the 100year flood elevation. In addition to the rule changes the CWCB is suggesting
that local governments use the 500-year floodplain designation as a planning
tool for critical facilities. This is documented as a suggestion and not a
requirement in Rules 5 and 13.
The remaining sections will document the analysis described in Section 2 for
these three (3) rules and provide a summary of benefits.
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2. Background Reference Material
2.1 Introduction
The purpose of this document is to provide the reader with a basic understanding of the
technical methodology used to support the proposed Colorado Water Conservation
Board (“CWCB”) rule changes. This is certainly not an all-inclusive document, nor is all
of the material necessarily original. Many of the thoughts and materials presented are
from a wide range of recent lectures and presentations made by recognized experts
from the Federal Emergency Management Agency (“FEMA”), FEMA contractors, and
from published papers on related topics. An extended bibliography is included and the
reader is encouraged to delve into the background material as deeply as time allows.
2.1.1 Need For Cost-Benefit and Regulatory Analysis: Because of the importance
of and interest in this rulemaking, the CWCB staff voluntarily began preparing a CostBenefit and Regulatory Analysis in a manner that is in conformance with the
Administrative Procedure Act (“APA”). Under the APA, the Department of Regulatory
Agencies (“DORA”) may direct an agency engaged in a rule-making to conduct a CostBenefit and Regulatory analysis to include a good faith description of the reason for the
rule, the anticipated economic benefits and costs, any adverse effects on certain
economic sectors and factors, and the costs and benefits of the proposed rule changes.
The Executive Director of the Department did not require the CWCB to conduct said
analysis.
2.1.2 CWCB BCA Focus Group: Assisting the CWCB staff with this endeavor was the
consulting engineering firm of ICON Engineering, Inc. (“ICON”). ICON specializes in
Colorado drainage and flood control engineering and includes among their client list the
CWCB, FEMA, Urban Drainage and Flood Control District (“UDFCD”), US Army Corp of
Engineers, Omaha District (“USACOE”), as well as many counties, cities/towns and
special districts throughout Colorado. In addition to members of the ICON staff, the
assistance of a number of recognized experts in their fields was solicited in the form of a
Focus Group that meet periodically to provide input and feedback to the CWCB and
ICON staff. Principal participants in the study from ICON, CWCB and the members of
the Focus Group are as follows:
Table 2.1.2 Focus Group Members
Name
Penn Gildersleeve
Troy Carmann
Tom Browning
Kevin Houck
Joe Busto
Focus Group Members
Bret Guillory, PE, CFM
Michael Mueller, PhD
Clay Kimmi, PE, CFM
Pete Magee, PhD
Brooke Buchanan, PE, CFM

Representing
ICON, Consultant to CWCB
ICON, Consultant to CWCB
CWCB, Staff
CWCB, Staff
CWCB, Staff
City of Grand Junction
Natural Resources Economics
Weld County Public Works
San Luis Valley GIS/GPS Authority
FEMA Region VIII

The Focus Group worked towards consensus in all discussions. Where consensus was
not possible, the majority rule governed.
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2.2 Need For Higher Standards
It is an indisputable fact that our nation is faced with increasing levels of costs and
greater potential risk to lives and livelihoods as a result of floods. It is perplexing that
this is occurring, despite our best intentions and past regulations. It is even more
vexing when one considers the potential impact to future generations and the demands
on the use of land and infrastructure as our population increases. It is estimated that
the population of the State of Colorado in the year 2050 will double what the population
was in 2008. In an article published in the Journal of the American Planning
Association, (Vol. 72, No. 4, Autumn, 2006) it was estimated that more than half of the
built environment of the United States that we will see in 2025 did not exist in 2000.
The combination of urbanization, loss of natural valley storage, and increasing
impermeable surfaces when coupled with our innate desire to live and recreate near
water are all driving forces that have created an increased risk of loss.
Because flood risk is very much so an economic risk, it is prudent that we take a
common sense approach to examining the rules and regulations that have been
followed by floodplain managers for the past 40-years. The basis of sustainability
mandates that we simply cannot continue to do the same things as we have done in the
past. The Federal Emergency Management Agency (FEMA) has stated emphatically
that while we as a nation have done a number of positive things (both non-structural
and structural), but, even if we perfectly implement current regulations, flood damages
will increase.
For the most part, our current approach to floodplain management deals primarily with
how to build in a floodplain, not how to minimize future damages and create a
sustainable environment. As a consequence, FEMA, and various agencies like the
Association of Floodplain Managers (ASFPM) have asked all communities to look
towards going beyond the current National Flood Insurance Program (NFIP) minimum
standards. In order to understand the significance of this it is important to first have at
least a rudimentary understanding of the NFIP, and the current rule standards.
The U.S. Congress established the National Flood Insurance Program (NFIP) with the
passage of the National Flood Insurance Act of 1968. The NFIP is a Federal program
enabling property owners in participating communities to purchase insurance as a
protection against flood losses in exchange for State and community floodplain
management regulations that reduce future flood damages. Participation in the NFIP is
based on an agreement between communities and the Federal Government. If a
community adopts and enforces a floodplain management ordinance to reduce future
flood risk to new construction in floodplains, the Federal Government will make flood
insurance available within the community as a financial protection against flood losses.
This insurance is designed to provide an insurance alternative to disaster assistance to
reduce the escalating costs of repairing damage to buildings and their contents caused
by floods. The Flood Insurance and Mitigation Administration (FIMA), a component of
the Federal Emergency Management Agency (FEMA), manages the National Flood
Insurance Program (NFIP). The three components of the NFIP are:
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•
•
•

Flood Insurance
Floodplain Management
Flood Hazard Mapping

Nearly 20,000 communities across the United States and its territories participate in the
NFIP by adopting and enforcing floodplain management ordinances to reduce future
flood damage. In exchange, the NFIP makes federally backed flood insurance available
to homeowners, renters, and business owners in these communities.
In addition to providing flood insurance and reducing flood damages through floodplain
management regulations, the NFIP identifies and maps the Nation’s floodplains.
Mapping flood hazards creates broad-based awareness of the flood hazards and
provides the data needed for floodplain management programs and to actuarially rate
new construction for flood insurance.
Section 1315 of the 1968 Act is a key provision that prohibits FEMA from providing flood
insurance unless the community adopts and enforces floodplain management
regulations that meet or exceed the floodplain management criteria established in
accordance with Section 1361© of the Act. These floodplain management criteria are
contained in 44 Code of Federal Regulations (CFR) Part 60, Criteria for Land
Management and Use and are the minimum required standards. The emphasis of the
NFIP floodplain management requirements is directed toward reducing threats to lives
and the potential for damages to property in flood-prone areas. The NFIP Regulations
(in 44 CFR 60.1(d)) state that “any flood plain management regulations adopted by a
State or a community which are more restrictive than the criteria set forth in this part are
encouraged and shall take precedence.”
2.2.1 Concept of “No Adverse Impact:” Annual flood losses in the United States
continue to worsen in spite of 75 years of federal flood control efforts and nearly 40
years of the National Flood Insurance Program. From the early 1900’s to the year
2000, flood damage in the United States has tripled, approaching $6 billion annually.
(Source: “No Adverse Impact: A New Direction In Floodplain Management Policy”,
Published in Natural Hazards Review, Nov. 2001, IAAN 1527-6988). This has occurred
despite billions of dollars spent on flood control and other structural and non-structural
measures.
Contributing to this is the fact that we as a nation continue to build at risk on floodplains
and to ignore the impacts of watershed development on other properties. Often,
buildings, streets, utilities and other components of modern development previously
thought to be protected get flooded because of the actions of others.
Past “flood control” efforts focused on structural projects, such as levees, reservoirs and
channelization in an effort to minimize flood damage. The increasing spiral of damages
demonstrates that this one-dimensional approach is not doing the job. Efforts to control
Mother Nature created an atmosphere where we just asked for more trouble by building
in harm’s way. Many developments in the watershed increased the amount of runoff
7

flowing to our rivers and developments in the floodplain obstructed flows or displaced
areas needed for flood storage, making things worse.
In the 1960’s a more balanced strategy was instituted wherein floodplain administrators
began to look at both floodwater and the damage-prone development and try to manage
both. This broader approach that includes both structural and nonstructural measures is
more properly known as “floodplain management” as opposed to the proven
inadequacies of “flood control.” The NFIP has slowed the increases in flood damage,
but it has not stopped or reversed it. The reason is that most communities adopt and
enforce only the minimum national and state floodplain management requirements,
which focus on protecting new buildings, not what the impact of that construction will do
to others.
The NFIP’s minimum requirements are just that—minimums! These minimums set
construction standards that often do not provide sufficient protection from all local flood
hazards nor do they account for the effects of urbanization on future flood levels. They
will allow floodwater conveyance areas to be reduced; essential valley storage to be
filled; or velocities to be increased; all of which can adversely affect others in the
floodplain and watershed.
In recognition of the limitations of our current NFIP mandates, FEMA, the ASFPM and
others have advocated the concept of No Adverse Impact. No Adverse Impact (NAI)
floodplain management is an approach that ensures the action of any community or
property owner, public or private, does not adversely impact the property and rights of
others. An adverse impact can be measured by an increase in flood stages, flood
velocity, flows, the potential for erosion and sedimentation, degradation of water quality,
or increased cost of public services. No Adverse Impact floodplain management
extends beyond the floodplain to include managing development in the watersheds
where floodwaters originate. NAI does not mean no development. It means that any
adverse impact caused by a project must be mitigated, preferably as provided for in the
community or watershed based plan.
With respect to the proposed Rule changes, the concept of NAI can best be
demonstrated by looking at the consequences of allowing floodplain encroachment
through allowing the 1-foot rise in the flood stage (as is the minimum NFIP standard and
is the current rule in much of Colorado). As demonstrated by the exhibits presented on
the following page, the 1-foot rise rule can essentially allow one property owner to
legally negatively impact adjoining properties. Through enforcing a 0.0-foot rise, this
issue is averted. FEMA has suggested that adopting stricter standards, which include
minimizing the allowable rise. In paragraph VII Floodway Rise, page 6 of the
publication “A Guide for Higher Standards in Floodplain Management” dated May 10,
2010, ASFPM generally recommends an allowable floodway rise of no more than 0.5
foot and as little as 0.1 foot where vulnerable or critical development exists. By
adopting proposed the 0.5-foot rise, the State of Colorado will have approach the
guidelines prepared by ASFPM and as suggested by FEMA.
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Figure 2.2.1
Floodway NAI Implications

p p y
pp
sides of a
Property g
creek (above). Under the Minimum Standards, Property Owner “B” is allowed to
encroach into the flood fringe area, raising the effective flood depth on Property Owner
“A” (below). Property Owner “B” has adversely impacted Property A. With a true, No
Adverse Impact (NAI) rule, the allowable floodway rise would be 0.0-ft. As a
compromise to the Minimum Standard, the CWCB proposed rule change limits the
floodway encroachment rise to 0.5-ft. The selected 0.5-ft standard is the maximum
amount recommended by ASFPM (See Appendix D).
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According to an attorney specializing in floodplain management issues, (personal
communications with Ed Thomas, Esq., attorney with Michael Baker Jr., Inc.), our courts
have ruled time after time that the only person that has a right to increase the depth of
flooding on their property is themselves. However, that land owner is restricted from
harming himself, if in doing so he harms others. Our legal community has embraced
the concept of “Sic utere tuo ut alienum non laedas” which translates to “use your
property so that you do no harm to others.” In our increasingly litigious world, (again,
according to Mr. Thomas), No Adverse Impact is a concept that protects the property
rights of all. Out of necessity, the floodplain management community is embracing NAI
if for no other reason than to reduce personal and professional liability.
2.2.2 Status Of Other States: FEMA established as a standard, a maximum allowable
floodway surcharge of 1.0 foot. Because the surcharge generally increases as the
amount of encroachment increases, setting a limit on the magnitude of the surcharge
sets limits on the amount of encroachment that can occur. This can be described
further as the channel of a stream plus the portion of the floodplain adjacent to it that
must be kept free of encroachment so that the entire 1-percent annual chance flood
(100-year flood event) can discharge with no greater than a 1.0-foot increase to the
Base Flood Elevation (BFE). The 1.0 foot maximum rise is the FEMA minimum
standard. A rise greater than 1.0-foot is not allowed, and a allowable rise of less than
1.0-foot is a standard greater than the minimum FEMA standard. Several states/entities
have adopted requirements that limit the allowable encroachment to less than 1.0 foot.
These states and their respective standards, as reported in the FEMA document “Guide
for Community Officials” Chapter 7, Floodway Revisions, (December, 2009) include:
Table 2.2.2.1
States Requiring Greater Than Minimum Standards For Floodways – 2009
State / Entity
Allowable Floodway Encroachment
New Jersey
0.2 foot
Illinois
0.1 foot
Indiana
0.1 foot
Michigan
0.1 foot
Minnesota
0.5 foot
Wisconsin
0.0 foot
Montana
0.5 foot
The Association of State Floodplain Managers (“ASFPM”) periodically completes a
national summary of the practice of floodplain management at the state and local levels.
They have issued a series of reports that update and supplement previous reports
issued in 1989, 1992, 1995 and 2003. ASFPM is currently completing a 2010 update,
and unfortunately the most recent data is not currently available. Based upon the 2003
report, 19 states and Washington DC and Puerto Rico have adopted a freeboard
standard above the current minimum FEMA standard of at or above the BFE. These
states and their respective freeboard standards are:
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Table 2.2.2.2
States Requiring Greater Than Minimum Standards For Freeboard – 2003
State/Entity
Freeboard Standard*
(feet above BFE)
Alabama
1.0
Arizona
1.0
Washington DC
1.5
Georgia
1.0
Hawaii
1.0
Indiana
2.0
Kansas
1.0
Maryland
1.0
Maine
1.0
Michigan
1.0
Minnesota
1.0
Montana
2.0
North Dakota
1.0
Nebraska
1.0
Nevada
1.0
Ohio
2.0
Oregon
1.0
Pennsylvania
1.5
Puerto Rico
1.0
Tennessee
1.0
Wisconsin
2.0
*Freeboard applies to all structures (residential and non-residential) in the floodplain.
Additionally, the 2003 ASFPM report indicates that nine states require protection for
Critical Facilities. Of these, six keep critical facilities out of the 500-year floodplain, and
two use the 100-year floodplain. These states, and their respective standards, include:
Table 2.2.2.3
States Requiring Greater Than Minimum Standards
For Critical Facilities – 2003
State
Critical Facility Protection Level
Alabama
500-year
Illinois
500-year
Michigan
500-year
Mississippi
500-year
North Carolina
500-year
New York
100-year
Ohio
500-Year
Pennsylvania
100-year
2.2.3 Status Of Colorado: As stated previously, FEMA has encouraged communities
to adopt stricter standards than the minimum required under the NFIP. Several
11

communities within Colorado have already chosen to do so. For purposes of the NFIP
regulations, a community could be any state, county, city, town, special district or other
entity. Given that Colorado has a very high number of communities (including 269
city/towns and 63 counties), it is somewhat challenging to accurately report on the
status of all communities, given the scope limitations of this effort. Table 2.2.3.1 below
lists a sample of communities in Colorado that have adopted some form of higher
standards either through explicit floodplain ordinances or through adoption of IBC 2006
or newer. However, as an overview, there are approximately 44 Colorado communities
that receive discounted insurance rates through the Community Rating System (CRS)
as a result of adopting at least a portion of their floodplain regulations to a higher
standard than the FEMA NFIP minimum.
2.3 Benefit-Cost History
Benefit-Cost Analysis (BCA) is a tool for organizing data to allow comparing the relative
value of alternative public investments. If the value of significant benefits and costs can
be expressed in monetary terms, the net value, that is benefits minus costs of the
alternatives under consideration can be computed and used to compare which
alternative yields the greatest relative advantage. A fair comparison is possible only if it
is possible to assign dollar values to all relevant costs and benefits and they are on a
common time basis.
Fundamentally, drainage and flood management regulations and infrastructure
improvements are geared towards substantially reducing the risk of future flood related
damage, hardship, loss or suffering. The underlying principles that define the
methodology for comparing the relative merits of differing options that may be employed
to achieve lower flood damage risk are fairly well known.
The history of BCA has its theoretical origins dating back to issues of infrastructure
appraisal in France in the 19th century. Jules Dupuit, a French engineer, wrote about
the concepts of BCA in 1848. The British economist, Alfred Marshall built upon these
concepts and in 1890 constructed the foundation of modern BCA. In the United States,
BCA has its origins in water development projects of the US Army Corps of Engineers
(Corps). Since the time of the American Revolution, the Corps has been charged with
“preventing destructive floods.” In 1879, Congress created the Mississippi River
Commission, headed by an Army engineer and the Corps always had veto power over
any decision by the Commission. The Federal Navigation Act of 1936 effectively
required Cost-Benefit Analysis for proposed federal waterway infrastructure. This act
contained the wording that “the Federal Government should improve or participate in
the improvement of navigable waters or their tributaries, including watersheds thereof,
for flood-control purposes if the benefits to whomsoever they may accrue are in excess
of the estimated costs.” As a part of their role on the Mississippi River, the Corps had to
create systematic methods for measuring the benefits and costs. This was given
particular emphasis after World War II when there was substantial pressure for
“efficiency in Government.” Further refinement resulted with the publishing of the US
Water Resources Council “Establishment of Principles and Standards for Planning
Water and Related Land Resources” in 1973.
12

Table 2.2.3.1
Sample Colorado Communities With Locally
Adopted Higher Standard Floodplain Ordinances
Arapahoe County
Eagle County
Jefferson County
Boulder County
Weld County
Brush
Castle Rock
Fort Collins
Grand Junction
Longmont
Steamboat Springs
In addition to the role of the Corps in developing and applying BCA, FEMA has also
played an important part. Although FEMA can trace its beginnings to the Congressional
Act of 1803, it wasn’t until 1979 that President Carter issued an executive order that
merged many of the separate government disaster related responsibilities into a single
agency, thus forming FEMA. By definition, FEMA is charged with coordinating the
federal government’s role in preparing for, preventing, mitigating the effects of,
responding to, and recovering from all domestic disasters, whether natural or manmade, including acts of terror. Prior to the establishment of FEMA (and to a degree
continuing today), it was common that more than 100 governmental agencies were
involved in some aspect of disaster, hazards and emergencies. FEMA has a role in
helping States to respond to disasters that easily overwhelm the resources of local
entities, and also in providing experts in specialized fields of funding for rebuilding and
mitigating against future disasters. Given that there is often great competitiveness in
pursuing Federal funding, FEMA has developed a series of software products for
conducting BCA’s so that comparisons between projects can be made.
Most recently, with the advent of Geographical Information Systems (GIS), FEMA has
assisted States in developing a set of data that is linked to available base mapping.
The Hazards U.S. Multi-Hazard (HAZUS-MH) is a nationally applicable standardized
methodology that estimates potential losses from earthquakes, hurricane winds, and
floods. HAZUS-MH uses GIS software to map and display hazard data and the results
of damage and economic loss estimates for buildings and infrastructure. It also allows
users to estimate the impacts of earthquakes, hurricane winds, and floods on
populations. In HAZUS-MH, current scientific and engineering knowledge is coupled
with GIS technology to produce estimates of hazard-related damage before, or after, a
disaster occurs. HAZUS-MH reflects properties that lie outside of the 100-year FEMA
mapped floodplains including areas beyond the 100-year floodplain. This limits the
usefulness of HAZUS-MH for this particular Benefit Cost Analysis.
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Potential loss estimates analyzed in HAZUS-MH include:
•
•
•

Physical damage to residential and commercial buildings, schools, critical
facilities, and infrastructure;
Economic loss, including lost jobs, business interruptions, repair and
reconstruction costs; and
Social impacts, including estimates of shelter requirements, displaced
households, and population exposed to scenario floods, earthquakes and
hurricanes.

In addition to Federal BCA initiatives, within Colorado, one of the first Major
Drainageway Master Plans funded by the Urban Drainage And Flood Control District
(UDFCD) was a massive study on the Little Dry Creek Basin in Arapahoe County. The
Little Dry Creek plan was completed in late 1974 and employed a Benefit/Cost analysis
to help prioritize alternative flood control improvements. Subsequently, the UDFCD
published a report entitled “Feasibility Evaluation” in 1977. Using the Little Dry Creek
study as an example, the Feasibility Evaluation report defined a step by step process
that could be utilized to conduct benefit-cost comparisons. The majority of UDFCD
funded Master Plans completed in the Denver Metro area were required to compare the
relative merits of alternatives using a benefit/cost analysis.
In summary, the history of BCA preparation shows that the means and methods of
preparing BCA’s have been developed over time by differing agencies, with differing
levels of technical expertise using input from a myriad of engineers and economists. It
should therefore not be surprising that there are basic disagreements between the
various agencies regarding how best to conduct such a study, and on such basic input
items as what should be considered a benefit or a cost and what values should be given
to the other various parameters that are required to allow a fair comparison of
alternatives.
2.3.1 BCA Essential Elements: The process of conducting a Benefit-Cost Analysis
involves weighing the total expected costs against the total expected benefits of one or
more actions in order to choose the best or most profitable option/alternative. In the
case of the proposed floodplain rule changes, the options for comparison are the
benefits (value of flood related damages averted) if the rule is enacted compared to the
cost of implementing the rule (which may include direct construction costs and includes
both administrative costs and impacts to land value). For infrastructure and legislative
acts related to flooding, a BCA involves determining a number of parameters, which
include:
• Flood probability
• Flood Severity
• Expected Damages With and Without Implementation of the Option Under
Consideration
• Discount Rate
• Project Useful Lifetime
• Cost of Implementing the Option.
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In order to reach a conclusion as to the desirability of a project, all aspects of the
project, positive and negative, must be expressed in terms of a common unit. There
must be a “bottom line.”
The difference between damages with and without implementation is most often
considered to be the damages averted, that is the benefit resulting from the option.
These benefits may be both direct (damages to buildings and other facilities such as
infrastructure as examples) and indirect (such as changes in gross regional economic
product, incomes or employment). Benefits occur over the lifetime of a mitigation
project. In the lifetime of a mitigation project, the exposure to flood risk is a
consequence that can be determined by engineering analysis of the likelihood of flood
damage resulting from inundation of land or an improvement due to various frequencies
of flood events. As would be expected, the potential damage from a rare event such as
the 100-year flood would be expected to be greater than the damage from a more
common event (such as the 1-year, 5-year or 10-year flood), but conversely, by
definition, a rare event is much more unlikely to happen than a smaller flood.
A wide range of variables, including non-quantitative ones like quality of life, are often
not considered because the value of benefits may be indirect or projected far into the
future. This value could be less than the market value due to the difficulty in assigning
dollar values to some benefits like preserving open space or improving water quality.
Would the proposed rules provide an increase in open space and water quality
enhancement? More than likely, but as with deaths and injuries averted, this benefit
cost analysis did not include a monetary value for this benefit. Nevertheless, these are
very real benefits and a by-product of the proposed rule changes. Although a dollar
amount of the benefit of preserving open space and improving water quality is not
included, the report “A Return On Investment: The Economic Value of Colorado’s
Conservation Easements” prepared by the Trust for Public Land, states that there is a
return of $6 for every $1 invested through acquiring conservation easements and thus
preserving lands by providing a multitude of public benefits such as water supply
protection; scenic views; flood control; fish and wildlife habitat; recreation (including
hunting, fishing, hiking, bird watching and other outdoor activities); aesthetics; carbon
sequestration; dilution of waste water; erosion control; and agricultural crop productions.
Further, they have categorized conservation easements and calculated the dollar value
of the public benefits provided by these protected lands of various ecosystem types.
The estimated annual per acre value of various ecosystems from the Trust for Public
Lands report are shown in the following Table 2.3.1.1:
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Table 2.3.1.1
Estimated Annual Per Acre Value of Ecosystem Services By Ecosystem Type

On flood control projects, a somewhat different problem is presented by the valuation of
the benefit of saving human lives. There is reluctance by the general public to place a
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dollar value on human life, even if it is recognized that a benefit of a project is in
reducing the risk of death. In the case of the proposed rule changes, it may be
intuitively obvious that placing more restrictive requirements on building in the floodplain
will reduce the exposure to risk of drowning, but assigning a dollar value to this benefit
is problematic in that the intent of the analysis is to compare the scenario of with the
new rules against that of the old rules. We are not comparing the new rules against no
rules. Also, the new rules will be applied primarily to new proposed structures, and the
rules apply above and beyond the current FEMA criteria with an emphasis on 100-year
flood events. As an example, the new rules address needed free-board above the 100year event, and the benefit cost analysis is constrained to just analysis of the difference
between the current rules and the newly proposed rules. The new rules help limit the
risk of new construction exposing a home owner or commercial enterprise from extreme
events. However, it is recognized that there is an inherent danger to being caught in any
flood event, including the smaller, more common floods.
The risk of flood damage in Colorado is clearly shown in the following Table 2.3.1.2
which was taken from the Colorado Floodplain and Stormwater Criteria Manual dated
January 6, 2006.
TABLE 2.3.1.2
Major Flood Damages in Colorado
Date

Major Stream or Location

Deaths

May 1864
July 1896
Oct. 1911
July 1912
June 1921
May 1935
May 1935
May 1942
May 1955
June 1957
June 1965
June 1965
May 1969
Sept. 1970
May 1973
July 1976
July 1982
June 1983
May-June 1984
May-June
July 1997
May-June 1999
July-Aug 2001
July-Aug 2002
May 2003

Cherry Creek at Denver
Bear Creek at Morrison 2
San Juan River near Pagosa
Cherry Creek at Denver
Arkansas River at Pueblo
Monument Creek at Colorado
Kiowa Creek near Kiowa
South Platte River Basin
Purgatoire River at Trinidad
Western Colorado
South Platte River at Denver
Arkansas River Basin
South Platte River Basin
Southwest Colorado
South Platte River at Denver
Big Thompson River in Larimer County
Fall River at Estes Park
North Central Counties
Western/Northwestern Counties
Western Slope
Fort Collins and 13 Eastern Counties
Colorado Springs and 12 Eastern Counties
W. Colorado, Greeley
Prowers Co., E. Colorado
Eagle Co.
TOTALS

?
7
2
2
78
18
9
?
2
?
8
16
0
0
10
144
3
10
2
0
6
0
0
0
0
352

Damages
(In 2003 $)
$ 6,570,000
$ 6,570,000
$ 6,570,000
$ 131,400,000
$ 832,200,000
$ 56,940,000
$ 16,425,000
$ 9,307,500
$ 39,420,000
$ 19,710,000
$2,409,000,000
$ 225,000,000
$ 23,542,000
$ 14,454,000
$ 425,736,000
$ 93,294,000
$ 53,742,000
$ 28,744,000
$ 50,918,000
$ 2,343,000
$ 318,995,000
$ 101,740,000
$ 4,350,000
$ 1,890,000
$ 2,500,000
$5,013,781,000

Note: Average annual flood damages in Colorado are estimated to be $50 million.
Total estimated losses since 1964 are $5 Billion (2003 dollars).
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This table does not include all the historic flood events which, if included, would
significantly increase both the flood damage total and number of deaths. The damages
noted in the table above do not include an assigned value to the deaths or injuries.
Could any of these deaths noted from Colorado’s infamous floods have been prevented
with better floodplain management? Undoubtedly so. If the proposed rules could be
retroactively applied would there have been fewer deaths? Possibly. But more to the
point, if the proposed rules are enforced will there be fewer flood related deaths and
injuries in the future? That is the goal of implementing higher floodplain standards. But
how can this be quantified and then converted to a money value?
There is an abundance of literature on the matter in which the Federal Government has
attempted to address this issue. Most commonly, the benefit of preventing a fatality is
measured by what is called the Value of a Statistical Life (VSL). The Office of
Management and Budget (OMB) in Circular A-4 issued on September 17, 2003,
endorses a VSL to be between $1 million and $10 million. Since the issuing of the
Circular, the OMB has utilized a standard of $5 million for the value of the benefit a
fatality averted. Several federal agencies have adopted VSLs generally following the
OMB suggested value range. As examples, the Food and Drug Administration uses a
range of $5 million to $6.5 Million; EPA uses values as high as $7 Million; OSHA and
the Mine Safety Health Administration has used $6.8 million; the Department of
Agriculture used a range of $5 million to $6.5 million; and the Department of
Transportation uses a range of $3.2 million to $8.4 Million.
Nonfatal injuries are far more common during flood events and yet reliable numbers of
injuries are not well documented due primarily to the wide range of severity that can
occur. One method of monetizing injuries was introduced by the Department of
Transportation in the publication “Treatment of Value of Life and Injuries in Preparing
Economic Evaluations” dated January 1993 and since updated without revision. In this
publication, the value of preventing injuries was reported as a fraction of the VSL using
the Abbreviated Injury Scale (AIS), which categorizes injuries into levels ranging from
AIS 1 – minor to AIS 5 – critical. The ratios to VSL are:
Table 2.3.1.3
Injuries As a Fraction of VSL
MAIS Level
Severity
Fraction of VSL
MAIS 1
Minor
0.0020
MAIS 2
Moderate
0.0155
MAIS 3
Serious
0.0575
MAIS 4
Severe
0.1875
MAIS 5
Critical
0.7625
MAIS 6
Fatal
1.0000
The difficulty in including a value for deaths and/or injuries averted in the Benefit/Cost
analysis is twofold: First of all, the dollar benefit of preventing even one death is
enormous and likely overpowers the costs identified with enacting the proposed rules,
when evaluating the benefits of an individual unit (that is a single residential/commercial
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or critical facility). Rather than using the value of a death (or severe injury averted as an
over-arching factor, our analysis elected to simply note that there will likely be deaths
and injuries averted, but no value was assigned to the benefit. As a result, it should be
pointed out that the B/C analysis is necessarily very conservative in that many types of
benefits (not the least of which are death and injuries averted) are not factored into the
reported numbers.
One of the problems of conducting a BCA is that while the computation of many
components of benefits and costs is intuitively obvious, there are others for which
intuition fails. As an example, it is usually easier to establish an alternative’s cost than it
is to determine the dollar value of a benefit. Traditional BCA’s do not typically give fair
consideration to such factors as distributional effects (that is who pays compared to who
benefits) and what has been termed environmental justice wherein a disproportionate
share of negative impacts are born by low-income and minority populations and/or small
businesses. There can also be significant indirect benefits and costs, that is, benefits or
costs that are not directly generated by the investment (mitigation or rule change) but
that are the indirect result of that change. Thus calculated benefits, costs and benefitcost ratios can differ significantly from the project’s true value to society. Social and
environmental benefits, and the cost of avoiding such impacts should be included in a
BCA. However, they are not included herein due to various limitations and constraints.
An obstacle to the BCA is the fact that the benefits and costs are often expressed in
money terms but they must be adjusted for the time value of money. This is not just
due to the differences in the value of dollars at different times because of inflation. By
example, a dollar available five years from now is not as good as a dollar available now.
This is owing to the fact that a dollar available now can be invested and earn interest for
five years and would be worth more than a dollar in five years. The amount of money
that would have to be deposited now so that it would grow to be a certain amount in the
future can be determined for any interest rate and corresponding time in the future.
This is called the discounted value or present value of a dollar. When the dollar value of
a benefit (or cost) at some time in the future is multiplied by the discounted value of a
dollar at that time in the future, the result is the discounted present value of the benefit
(or cost). The net benefit of the project is just the sum of the present value of the
benefits less the present value of the costs. The choice of the appropriate interest rate
to use for the discounting must be undertaken with careful thought.
Usually, a cost of an option is a one-time initial expenditure, but the benefits may be
realized over time. A BCA must attempt to put all relevant cost and benefits on a
common temporal footing. A discount rate is chosen, which is then used to compute all
relevant future costs and benefits in present-value terms. Most commonly, the discount
rate used for present value calculation is an interest rate derived by financial
considerations, or may be assigned by convention. The interest rate can be very
controversial.
With regards to the proposed rule changes, it must also be recognized that the impact
of the rules is the difference between what the situation in the study area would be with
the new rule compared to what it would be under the current rules. Thus it is an
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incremental change evaluating just the difference between the existing rule and the
proposed rule. It is not the evaluation between the new rule and no rule.
Finally, it must be recognized that the typical flood related BCA starts with defining a
particular study area such as a portion of a river, creek gulch, etc. The cost of
implementing an improvement and the resulting benefits are then at least aerially
definable and fixed. It was recognized from the beginning of the study that it would be
cost prohibitive to complete an analysis in such a detailed manner simply owing to the
magnitude of the potential waterways impacted in Colorado. Consideration was given
to performing a BCA on sample streams and then “scaling” the results up to state-wide.
This became problematic in that there really isn’t such a thing as a typical drainageway
that could serve as a model. Each and every stream is unique, with very site specific
characteristics. Accordingly, it was determined that the study should focus on a “unit”
basis rather than by studying a specific stream. Schematics of fictional streams were
developed to test each of the rules investigated. The concept is to test a number of
reasonable situations such as various types of residential and/or commercial
applications to determine if the expected benefits and costs are reasonable and can be
generally extrapolated to a wider basis such as stream basin wide, county wide and
state wide.
2.3.2 Benefits: The benefits of a mitigation project are often described as being the
elimination and/or reduction of future damages and losses. In other words, benefits are
simply avoided damages and losses. For mitigation projects, benefits are usually
calculated by estimating future damages and losses under the circumstances of with
and without the mitigation measure. In this manner, only the incremental advantage of
the mitigation measure is accounted, and residual damages that may still occur even
with the mitigation are also accounted. Most mitigation projects, such as elevating a
building above the 100-year floodplain do not completely eliminate future damages, but
rather only reduce them. An exception to this occurs in the event of acquisition and
removal of the structure in which case the future damages may be completely
eliminated. It follows that the greater the damages and losses are before mitigation, the
greater the potential benefits. A key consideration of adopting standards beyond the
FEMA minimum is that the proposed rules address primarily rare flood events which
have low annualized damages due to infrequency of occurrence. Categories of avoided
damages, that is, benefits are:
SOFT BENEFITS
Increased Public Safety
Maximization of Sustainable Economic Development
Avoidance of Unwise Use of Floodplain and Flood Prone Areas
Protection and Restoration of the Function of Natural Systems and Mitigation of
Unavoidable Damage To Natural Systems
AVOIDED PHYSICAL DAMAGES
Damages to buildings, contents and Infrastructure
Outbuildings
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Landscaping
Site Contamination
Vehicles
Equipment
AVOIDED LOSS-OF-FUNCTION COSTS
Loss of function of buildings
Displacement costs for temporary quarters
Loss of rental income
Loss of wages
Disruption time for residents
Loss of public services
Loss of net business income
Economic impacts of loss of function of infrastructure:
Road or bridge closures
Traffic delays
Loss of Utility Services
AVOIDED CASUALTIES
Deaths and Injuries To Those Flooded
Deaths and Injuries To First Responders
Illnesses
AVOIDED EMERGENCY MANAGEMENT COSTS
Emergency operations center costs
Evacuation or rescue costs
Security costs
Temporary protective measure costs
Debris removal and cleanup costs
Other management costs
AVOIDED INDIRECT LOSSES
Tourism
Regional Economics
INSURANCE CONSIDERATIONS
CRS Rating
Policy Fee Reductions
Liability
INDIRECT OR SECONDARY BENEFITS
Local or regional employment
Changes in employment levels
Economic growth or development
Tourism
Future tax revenues
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Additional Considerations
• Minimization of adverse impacts and vulnerabilities in any case in which a
floodplain or flood-prone area must be used;
• Maximization of positive social effects that stem from a proposed project;
• Development of projects within the context of the watershed in which they
are located;
• Avoided criminal justice costs for disaster-related crime (e.g., looters).
The fallacy of conducting a benefit-cost analysis without consideration of protection of
Public Safety, can best be described with a simple example: A $2 million project
protecting a $4 million home is considered to have the same benefit-cost ratio as the
same $2 million project protecting forty $25,000 homes and the families that live in
these structures. If protection of public safety is considered to be an objective, then the
benefits of providing protection to these families would have to be considered in the final
accounting. Further, it follows that in consideration of public safety, it is important to
closely examine the 100-year level of flood protection that has become our national de
facto standard. Our nation’s recent experience with the failure of flood control levees
provides a stark reminder that flood control measures designed to minimum standards
will, over time, be subject to failure. Two recent studies conducted for FEMA have
indicated that a reasonable level of protection should be at the 500-year or standard
project flood level. These studies resulted in the reports entitled “The National Levee
Challenge: Levees and the FEMA Flood Map Modernization Initiative” conducted by the
Interagency Levee Policy Review Committee (Interagency 2006); and the report
“Assessing the Adequacy of the National Flood Insurance Program’s 1 Percent Flood
Standard” by the Water Resource Collaborative at the University of Maryland (Galloway
2006).
It should be pointed out that loss-of-function impacts are sometimes as important as or
even more important than the direct physical damages. For example, the loss of
function of a hospital or fire station or other facility critical to the emergency response
and recovery during and immediately after a disaster may have a much greater
economic impact on the community than simply the repair costs for the physical
damages. Similarly, loss of electric power or potable water service has a much larger
economic impact on a community than simply the costs to repair damage to the electric
power or water systems. Unfortunately, most of the sub-categories of loss-of-function
impacts are difficult to understand and to calculate than the more self-evident physical
damage sub-categories. As a result, loss-of-function impacts have often been only
partially counted or not counted at all when conducting cost-benefit analysis of hazard
mitigation projects.
Loss of function damages occur when facilities are damaged to the point that the normal
function of the facility is disrupted. They are also applicable when there are indirect
damages, such as a bridge becoming impassible to emergency vehicles due to damage
to the bridge. For important community operations, loss of function is often the most
severe impact of a hazard event, so correctly counting the losses and the benefits of
avoiding some or all of them is critically important. Past studies completed for the
UDFCD have utilized a simple multiplier of physical damage as a means of determining
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the monetary value of the loss of function for utilities. The FEMA BCA v.4.5.5 software
has a built-in default values for such losses. As an example, the costs for utilities not
provided are calculated on the basis of the impact per person per day that the utility is
out of service. The default values are: electrical service - $126/person/day; potable
water - $93/person/day; and for waste water - $41/person/day The FEMA BCA
software has a built-in calculator to help determine the total economic value for the
functional downtime of critical facilities such fire state, hospital, and police station.
These costs are based on the number of people affected, and the distance from the
service provided. In addition, the fire station has different values for urban, suburban
and rural stations. A sample of the BCA output for a rural fire station is shown below.
For our analysis, we did not include any loss of function values, with the sole exception
of the case of a hospital (critical facility) in the floodplain, wherein the FEMA default
value was used.
Figure 2.3.2.1
Sample BCA Loss Of Function Calculation For Rural Fire Station

As shown on this figure, the value of the service provided by a
rural fire station serving a population of 5000 with a service
radius of 20 miles is $11,307/day using the FEMA BCA
software. This is an example of a loss of function calculation.

With respect to Death and Injury, for many types of mitigation projects, such as the
proposed rule changes, life safety benefits are difficult to assign, and may not be
significantly greater as a result of the incremental advantage of the rules. This does not
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mean that in the event of a flood event that there will not be potential deaths, but rather
that the additional risk of death resulting from, say a 1-ft increase above the 100-year
event are not easily quantifiable.
Regarding the reduction in insurance costs, there are essentially twelve questions that
flood insurance determination companies use to establish a rate for a particular
property:
1. In what community is the property located?
2. Community Status – Regular or Emergency Program?
3. In what flood zone is the building located?
4. What is the building’s date of construction (DOC)?
5. Is the building pre-FIRM or post-FIRM?
6. Is an Elevation Certificate required?
7. What is the occupancy of the building?
8. How many floors in the building (including basement/enclosure)?
9. Does the building have a basement/enclosure?
10. What is the replacement cost of the building?
11. How much insurance is required?
12. What deductible has the client requested?
Answers to these questions establish the physical characteristics of the subject property
and the probability of experiencing a flood event. The proposed flood rules provide
several advantages to property owners when it comes to their insurance rating. First is
the Community Rating System (CRS) program. The National Flood Insurance
Program’s CRS is a voluntary incentive program that recognizes and encourages
community floodplain management activities that exceed the minimum NFIP
requirements. The CRS program offers a graduated scale of activities that communities
can authorize within their jurisdiction. These are floodplain management activities that
aim to reduce flood losses, facilitate accurate insurance rating, and promote the
awareness of flood insurance. As communities adopt more and more of the CRS
activities there is a flood insurance premium discount provided to all residents of that
community. These proposed rules will provide all communities in Colorado a higher
regulatory standard that communities can readily apply to the CRS program to earn
easily quantified CRS automatic points. The automatic points can help communities
increase their CRS standing which can lead to reduced flood insurance premiums for
every policy holder in the community. The FEMA publication “CRS Credit For Higher
Regulatory Standards” dated September, 2002 discusses the fact that when
communities go beyond the minimum standards for floodplain management, the CRS
can provide discounts up to 45% off flood insurance premiums. Please keep in mind
that the CRS is a part of the NFIP, and as such is not a CWCB program. The actual
discount for flood insurance premiums will need to be applied for and processed
through FEMA, likely on a community by community basis and the actual discounts
vary.
Second, these proposed flood rules will provide compliant property owners with a basis
for improved flood insurance rating on their structure. Flood Insurance rates are defined
in part on the elevation of the first floor of the structure. With the freeboard
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requirements, these proposed rules allow property owners to document a 1 foot or 2
foot freeboard above the base flood elevation. The insurance premiums continue to
decrease as freeboard increases.
Finally, liabilities following a flood event can be reduced by all affected parties when
these proposed rules are in effect. When fewer structures, people, and businesses are
affected by a flood event the insurance companies are subject to fewer claims.
2.3.3 Benefits Studied: Of all of the above listed benefits, by far the easiest benefit to
monetize is the sub-category of Avoided Physical Damages to buildings, contents and
Infrastructure. FEMA has adopted Depth-Damage Data from various sources including
the USACE and the Federal Insurance Administration (FIA), which easily allows
computation of percent damage of building value for varying depth of flood inundation.
An example of this data is shown on the following table:
Table 2.3.3.1
Sample Depth-Damage Data (USCOE)
USCOE Values
Residential
Building1 Story
GENERIC
Without
(% of
Basement
replacement
value)

2 Story
Without
Basement

Spilt Level
Without
Basement

1 or 2
Story With
Basement

Split Level
With
Basement

Mobile
Home

Other

Percent Damaged (% of Building Value)

Flood Depth
(ft)
-8
-7
-6
-5
-4
-3
-2
-1
0
1
2

0

0

0

4

3

0

0

0
9
14
22
27
29
30
40
43
44
45

0
5
9
13
18
20
22
24
26
29
33

0
3
9
13
25
27
28
33
34
41
43

8
11
15
20
23
28
33
38
44
49
51

5
6
16
19
22
27
32
35
35
44
48

0
8
44
63
73
78
80
81
82
82
82

0
0
0
0
0
0
0
0
0
0
0

These depth-damage relationships for the various types of buildings are built into the
FEMA benefit cost analysis software program.
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2.3.4 Costs: For this study, “costs” are defined as the resources, such as land, labor
and material, expended on complying with the regulations by both the entity charged
with enforcement of the regulations and also by the user of the improvement (which is
this case is most usually an individual property owner). Cost may also be thought of as
“dis-benefits.” Similarly to the benefits, there are a several categories of costs with
additional sub-groups that are intrinsic to implementing any flood management
regulations. The primary category and easiest to monetize are the initial construction
costs associated with complying with the rules. Secondary costs can include costs to
administer the regulations and other impacts resulting from the rules which may include
changes in land use and associated zoning implications.
Costs are generally easier to measure than benefits and easier to value as they
represent goods or services that are usually traded for money, such as labor, land and
materials. Typical cost categories are:
• Initial Construction Costs
• Secondary Costs
o Continuing costs
o Treatment of Revenues, Taxes and Other Transfers
o Rehabilitation Costs
o “End of Project” Costs
Initial Construction Costs: A project’s initial costs are those that are incurred during
the design and construction process. They can include any of the following:
• Planning, Preliminary Engineering, And Project Design
• Floodplain Permitting
• Environmental Permitting Project-Related Staff Training
• Final Engineering
• Land Acquisition
• Construction Costs (Including Improvements To Existing Facilities)
• Equipment Required For Project Operation (Such As Floodproofing
Measures)
• Decommission Costs For Facilities No Longer Needed
Typically, a mitigation project involves construction of a project. For this particular
analysis, general cost estimates were developed to reflect the costs associated with
designing and building a new structure at a designated height above the Base Flood
Elevation (BFE). For residential structures, the increase in structure elevation is 1-foot
above the BFE, while structures such as hospitals and commercial buildings are set at
2-feet above the BFE. Since the previous building requirements mandated that all
structures be built at or above the BFE, the estimated costs only considered the
incremental elevation increase as required by the proposed rule change.
The estimated cost of structural fill includes; purchase, transport, placement,
compaction, fine grading, and engineering services associated with placement of the
structural fill. For small residential sites, the total cost for structural fill was estimated at
$50 per cubic yard. For larger commercial sites, an economy of scale was factored into
the estimated cost of $40 per cubic yard.
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The volume of structural fill was determined based on the size of the ground floor of
each structure, the height above the BFE that the structure is raised, and a 10H:1V out
slope of fill that ties back into the original pre rule-change design grade (i.e. the BFE).
Since the proposed rule change generally affects new construction, costs such as
temporary relocation, loss of income, landscaping, and utility relocation have not been
included. Since the required elevation of the proposed structure is known prior to the
start of planning and/or design efforts, the additional cost of these items are considered
negligible for new construction. Similarly, the vast majority of the costs associated with
the planning, engineering and project design, and permitting are costs that would be
required both with and without the new regulations.
Residential – Standard
For a typical 1,000 square foot residential structure, approximately 68 cubic yards of
structural fill is required for a total cost of $3,400.
Residential – Luxury
For a 4,000 square foot luxury residential structure, (assuming that the ground floor of
the structure includes 2,500 square feet), approximately 181 cubic yards of structural fill
is required for a total cost of $6,850.
Commercial – Hospital
For a 15,000 square foot hospital complex (1st floor size), approximately 1534 cubic
yards of structural fill is required for a total cost of $61,360.
Commercial – Industrial
For a 20,000 square foot industrial structure (1st floor size), approximately 1959 cubic
yards of structural fill is required for a total cost of $78,360.
The concept of using fill to elevate new structures is a form of floodproofing that is
widely practiced throughout the United States, and is the only type of floodproofing for
residential structures that FEMA recognizes. There are a wide number of other types of
floodproofing option for commercial structures which include; raising the structure on
posts, piles piers or walls; flood shields; “waterproofing” openings; and
floodways/levees. Although currently out of print and soon to be revised, there is an
excellent description of floodproofing measures in the FEMA produced document
“Floodproofing Non-Residential Structures,” FEMA-102 dated May, 1986.
This
document discusses that floodproofing measures have primary and secondary costs.
Primary costs include the costs of the basic floodproofing elements: fill, columns
floodwalls, levees, and closures. Secondary costs include activities required to assure
that the primary floodproofing elements function properly (such as providing access to
buildings , interior drainage, backflow prevention, and training of staff to operate the
measures).
For purposes of this study, it is assumed that the lowest cost option available to a
structure owner will be implemented, and this is likely to be raising the structure on fill.
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Secondary Costs: Included in this category are the: continuing costs; changes in
revenues, taxes and other transfers; and rehabilitation costs. Continuing costs include
operation and maintenance as well as agency costs to implement the mitigation
program. With respect to the continuing costs, for the most part there are negligible
differences costs between the before and after case, that is with the current regulations
and with the proposed regulations. It could be argued that if a building was floodproofed
(as opposed to raising) then there might be some additional costs associated with
training staff to operate floodproofing equipment and to keep the equipment operational.
It could also be said that there is some additional cost associated with training agency
staff in implementing the new regulations. However, in all cases, these costs would be
quite small and not a determining factor in the BCA analysis. With respect to revenue
generated from changes in the tax basis of a structure, it is acknowledged that some
properties will, under the new regulations, be determined to be in the ½-ft floodway
where previously the property was in the floodplain but not in a defined floodway. While
this could change the zoning of the property with respect to tax levies, it would also be
argued that the tax standing of the surrounding property would have an enhanced tax
position. Accordingly, it was decided to exclude any potential costs differences due to
tax revenue change. (See the discussion on the study reach for more on this issue).
Rehabilitation costs are future costs particularly related to cost of repairs and
improvements beyond those of routine maintenance. Examples of this would be in the
case of a building within the floodplain that is substantially damaged, or it is desired to
substantially improve the building.
By FEMA definition, Substantial Damage means damage of any origin sustained by a
structure whereby the cost of restoring the structure to it’s before damage condition
would equal or exceed 50 percent of the market value or replacement cost of the
structure before the damage occurred. (Note: The cost of the repairs must include all
costs necessary to fully repair the structure to its “before damage” condition.)
Substantial Improvement means any reconstruction, rehabilitation, addition, or other
improvement of a structure, the cost of which equals or exceeds 50 percent of the
market value of the structure before the "start of construction" of the improvement. If a
building is "substantially damaged" or "substantially improved", it must be brought into
compliance with the effective rules and regulations. It is therefore possible that an
existing structure, permitted under the current regulations could be impacted by the
proposed regulations.
Structures are substantially improved in one of five ways: 1) Rehabilitations –
improvements made to an existing structure which does not affect the external
dimensions of the structure; 2) Additions – improvements that increase the square
footage of a structure; 3) Reconstruction – cases where an entire structure is destroyed
by damage or is purposefully demolished or razed and a new structure is built on the old
foundation or slab; 4) Substantial Damage – structures that are considered substantially
damaged due to a disaster, and the damages are repaired (recognized as
improvements); 5.) Improvements that exceed 1 and 2 above but that do not
hydraulically impede the floodway or floodplain. Obviously, there are a number of
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directions that could be taken in the special instances of substantially damaged and
substantially improved structures, and all of these are specific to a particular structure.
Costs for such rehabilitations will range widely and are well beyond the scope of this
study. It should be pointed out, however, that part of the purpose of the NFIP is to
encourage people with structures in the floodplain to purchase flood insurance. A
properly insured structure may have no increase due the new regulations. The
Standard Flood Insurance Policy has a provision that will pay the policy holder to
comply with a State or local floodplain management law or ordinance affecting repair or
reconstruction of a structure suffering flood damage.
2.3.5 Discount Rate: When it comes to stemming the increasing losses from natural
disasters, there is no more valuable option than mitigation. Evaluating the true
effectiveness of an alternative mitigation project (or in this case, evaluating the
effectiveness of a proposed rule change), requires assumptions regarding the time
value of money. In comparing one potential mitigation measure against another, it is
important to compare apples to apples, that is, use the same discount rate for both
options. In general, the lower the discount rate, the higher the economic benefit of the
mitigation measure. For federally funded mitigation projects, the function of a discount
rate is to measure the “opportunity costs” of withdrawing resources from private use to
be used instead in the public sector. In the case of a regulatory action, such as the
rules changes, the function of the discount rate is to express the social rate of time
preference, which is simply the discount individuals want for waiting a year for a dollar
rather than having the dollar today. Because the government programs and impacts of
regulation typically occur over a long period of time (50- to 100-years), the problem
becomes identifying the appropriate rate which captures long-term social opportunity
costs. To do this, we start first with reviewing discount rates typically used on projects.
The Federal economic oversight agencies have differing views on what the appropriate
discount rate should be. This is demonstrated by the following table:
Table 2.3.5.1
Federal Agency Discount Rates
Agency
Acronym
Discount Rate
1
Congressional Budget Office
CBO
2%
National Center for Environmental NCEDR
1.5 – 3%
Decision-Making Research 2
Government Accountability Office 3
GAO
3%
US Army Corps of Engineers 4
USACE
4.375%
5
Office of Management and Budget
OMB
7%
1
Discount Rate based on the real yield of Treasury debt.
2
Based upon a valid intergenerational useful life.
3
Based on yield of Treasury debt tied to maturity of projected length of project.
4
Average yield in 2010 on interest bearing marketable securities with 15-years
maturity.
5
Based upon US Treasury borrowing rate.
FEMA’s benefit-cost analysis software program requires analysis of the future benefits
of projects all brought back to a present worth value. To do this, a project’s benefits are
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multiplied by a net present value coefficient based upon a defined discount rate and an
assumed project life. In order to provide a national consistency in comparing mitigation
alternatives that are competing for limited funding, FEMA is required to adopt the
discount rate as adopted by the Office of Management and Budget (OMB). As shown
above, the OMB has mandated a 7% discount rate as defined in the OMB Circular A-94,
Section 8.b.1. In a white paper entitled “Discount Rate”, dated 05/17/08, the ASFPM
has noted that the OMB has not changed its prescribed rate since 1992 and has
requested a national discussion to define an appropriate rate. ASFPM believes:
1. FEMA should approach OMB to seek a reassessment of the regulations
governing benefit-cost analyses, and;
2. FEMA should, in conjunction with OMB, convene a task force of national
economic experts to discuss national benefit-cost analysis policies.
Based upon input from the Focus Group, a discount rate of 4.375% commiserate with
the USACE, was selected for use as the discount rate to be utilized in the CWCB rules
Cost-Benefit and Regulation analysis.
2.4 Colorado At A Glance
The enormity of the effort required to conduct a detailed cost – benefit and regulatory
analysis on each of the riverine basins within Colorado is demonstrated on the following
exhibit. We have estimated that Colorado has approximately 2,300 miles of waterways
that have detailed floodplain studies conducted for communities that have not already
adopted stricter standards than the proposed rule changes. It became quickly apparent
that a means of streamlining the analysis would be required. This is relatively easy due
to the fact that if it can be shown that if a favorable cost benefit relationship exists for
one building of a certain classification, then the same relative relationship should exist
for all such building classifications. Furthermore, it is not necessary to define all of the
benefits that would result from the rule changes, but rather it is only necessary to show
that adequate benefits likely exist that outweigh the expected costs.
Table 2.4.1 which follows presents a summary of data presented in the draft report
“Flood Hazard Mitigation Plan For Colorado” dated September, 2010. The source of
local risk assessment information was from available local hazard mitigation plans. State
level risk assessment was based on available HAZUS flood analyses and supplemented
with an analysis of flood insurance claims data. Counties most at risk were determined
following an evaluation of: displaced population, building loss, per capita loss, repetitive
loss, NFIP claims and claims monies paid out. Note that the HAZUS-MH data was not
used directly for the BCA analysis.
Table 2.4.1 Colorado’s Flood Risk
2000 Population
100-Year Building Count
Value of Buildings Exposed
Structures
Contents
Total
Estimated 100-Year Damage
Structures
Contents
Total

4,389,123
65,000
$326,119,302,000
$212,202,645,000
$538,321,947,000
$2,015,753,000
$2,930,051,000
$4,945,804,000
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Colorado Proposed Floodplain Rule Changes:

What Waterways Are Most Impacted?
The Big Picture: The intent is that all the rule changes would apply
statewide, but not all of the rules directly impact all areas of the state.

Subset Area 1: Colorado has approximately 50,000 miles +/- of rivers,
creeks, gulches and other waterways

Subset Area 2: Approximately 37,243 miles of these waterways have FEMA
designated floodplains

Subset Area 3: Of the FEMA designated floodplains, approximately 2,575
miles have detailed studies with designated BFE’s and defined floodways
(detailed studies)

Colorado has about 103,730
square miles of land and about
371 square miles of water area
(0.36%)
_______________________
As of 2008-02-01, the U.S.
Board on Geographic Names
had identified 5,564 natural
streams in Colorado
________________________
There are estimated to be
250,000 people living in 65,000
homes along with 15,000
commercial, industrial, and
business structures in identified
floodplains.
________________________
Detailed studies include an
analysis that depicts the 1%
annual chance floodplain, Base
Flood Elevations, cross-section
locations, stream stations, and
non-encroachment widths.
________________________

Subset Area 4: Of those floodplains with detailed studies, some already
meet or exceed the proposed new rule standards leaving approximately
2300 miles of waterways that meet only the FEMA minimum standards.
However, keep in mind that in general, the rules will not be retroactively
applied to existing structures, only to proposed new or substantially
damaged existing structures and new substantial improvements or
additions to existing structures that are in Subset Area 4.
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Sample communities that
have already adopted some
stricter standards than the
FEMA minimum standards
include:

Fort Collins
Boulder
Cherry Hills Village
Arapahoe County
Eagle County
Grand Junction

3. Methodology
3.1 Introduction
This benefit cost analysis considers both qualitative and quantitative approaches. The
qualitative analysis is useful to identify the key issues of the analysis. These key issues
are then evaluated within the quantitative process. The result is a methodology that
provides a benefit cost analysis for the three primary rule changes: Rule 6, Rule 8, and
Rule 11.
3.2. Qualitative Analysis
3.2.1 Background: The qualitative analysis began with the first published version of
the proposed rules in approximately April 2010. The statewide scope of the proposed
rules was determined to be too large and variable for a full scale analysis within the
timeframe and budget for this study. Also, a fundamental principal of the entire analysis
was linked to the fact that the rules are not retroactively enforced on existing structures.
(New construction of substantial improvements to existing structures is affected by the
proposed rules.) That reduces the amount of existing structure or floodplain data that
can be reliably aggregated, analyzed, and extrapolated statewide.
Ultimately, the analysis settled towards a generic methodology that could be used for a
given unit on a given floodplain. Another fundamental concept of the analysis was the
difference between proposed rule and existing rule. The analysis needed to consider
the existing rules as the baseline. The impacts of the new rule were measured off that
baseline. Therefore, consideration of a schematic floodplain and the impacts of the
proposed rules over the existing rules provided a foundation for this portion of the
analysis.
3.2.2 Schematics:. Figures 3.2.2.1 and 3.2.2.2 provide a schematic floodplain with
unique locations identified across the exhibits. The schematic floodplain is intended to
represent the different areas within a typical floodplain in terms of regulation. The
schematic drawings assume that a floodway meeting minimum FEMA standards has
been defined, however please note that as discussed in Section 2.4, the majority of
Colorado’s waterways do not have designated BFE’s and floodways. The size, shape,
and orientation are not specifically representative of actual floodplain delineations.
Figure 3.2.2.1 identifies three classifications of structure/property. Property A is outside
of the 100-year floodplain; Property B is within the floodplain but outside of a defined
floodway, while Property D is within a defined floodway. Table 3.2.2.1 defines the
impact of the existing rules for each property classification and for three categories of
structures: Critical Facility; Commercial and Residential.
Figure 3.2.2.2 demonstrates that under the proposed rules, it is possible that once a ½foot rise floodway is determined, that the width of the floodway will likely expand, and a
fourth classification of structure/property will occur. Property Classification “C” are
properties that under the existing rules would be considered Property B’s but are now
within the expanded definition of the floodway using the ½-foot determination, hence the
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new classification. Table 3.2.2.2 defines the impact of the proposed rules for each
property classification and for the same three structure category.
Please note that the property classifications (“a” through “d”) are defined only for
discussion purposes with this study and are not official classifications under the existing
or proposed rules.
Upon examining an aerial photograph of a segment of an actual floodplain (see the
following Figure 3.2.2.3) it becomes obvious that there can be a confusing array of
improvements that are impacted by floods. This impact occurs whether the floodplains
are administered under the existing floodplain rules or those being proposed. This
impact occurs to those buildings nearest the actual channel, particularly those in the
floodway, and extends out to include all of the buildings in the floodplain but also
indirectly impacts structures and those that inhabit them well beyond the defined limits
of a flood. To order to categorize the potential levels of impact, this analysis utilized the
schematic representations of differing building classifications as shown on Figures
3.2.2.1 and 3.2.2.2.
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Flood Hazard Areas – Existing Rules

Figure 3.2.2.1 Schematic Floodplain Under Existing Rules
Structure locations A, B and D are all possible under this scenario.
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Table 3.2.2.1
Schematic Building Classifications Under Existing Rules

Impact of Existing Rules

If the proposed ** structure is a:

That is built at location:

Critical Facility

Commercial

Residential

A

no regulation

no regulation

no regulation

B

0' freeboard
(must build at
or above the BFE)

0' freeboard
(must build at
or above the BFE)

0' freeboard
(must build at
or above the BFE)

D

0' freeboard
0.00' rise

0' freeboard
0.00' rise

0' freeboard
0.00' rise

** there is no impact on existing structures at any location, until they are substantially improved
at which time they must meet the current regulations
Definitions:
" 0.00 ' rise "Development in a floodway must prove that the structure does not cause any rise in
flood elevations. If construction is proposed in the floodway and the hydraulic model shows that the
flood elevation increases even 0.01-foot because of the proposed construction then the construction is
no allowed.

35

Flood Hazard Areas – Proposed Rules

a

b

c

d

1 foot rise floodway
1/2 foot rise floodway
100 year floodplain

Figure 3.2.2.2 Schematic Floodplain Under Proposed Rules
Structure locations a, b, c and d are all possible under this scenario.
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Table 3.2.2.2
Schematic Building Classifications Under Proposed Rules

Impact of Proposed Flood Rules*

If the proposed** structure is a:

That is built at location:

Critical Facility

Commercial

Residential

a

no change from existing
rules

no change from existing
rules

no change from existing
rules

b

2' freeboard

1' freeboard

1' freeboard

c

0.00' rise
and 2' freeboard ***

0.00' rise
and 1' freeboard***

0.00' rise
and 1' freeboard***

d

2' freeboard
(in addition to
existing 0.00' rise)

1' freeboard
(in addition to
existing 0.00' rise)

1' freeboard
(in addition to
existing 0.00' rise)

.
* for communities with FEMA or CWCB designated Base Flood Elevations
** there is no impact on existing structures at any location, until they are substantially improved
at which time they must meet the regulations
*** The proposed floodway rule (Rule 8) only applies when a floodway has been adopted; if there
is no adopted floodway, locations c and d have the same requirements at location b.
Definitions:
" 0.00 ' rise " Development in a floodway must prove that the structure does not cause any rise in
flood elevations. If construction is proposed in the floodway and the hydraulic model shows that the
flood elevation increases even 0.01-foot because of the construction, then the construction is not
allowed.
.
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Figure 3.2.2.3
CWCB Proposed
Flood Rules
Sample Reach

Legend
Flood Hazard Area
1 foot rise floodway
1/2 foot rise floodway
100 year floodplain
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3.2.3 Proposed Rules vs. Existing Rules: This delta-based analysis focused on the
difference in cost for implementing the new rules versus the existing rules. Many of the
costs of implementation and management of the new rules are already costs within the
existing rules. The proposed rules are enhancing the existing floodplain management
concepts that are already well established across the state. The qualitative analysis
determined several of the similarities between the existing and proposed rules. The
differences were also identified and ultimately became part of the quantitative benefit
cost analysis.
For Rule 6, Critical Facilities, the existing requirement is to build at or above BFE. This
requires an engineering analysis and typical floodplain management efforts to confirm
the proposed improvements and their compliance with the base flood elevation. The
proposed rule requires the same engineering analysis, but raises the regulatory
elevation two feet above the base flood elevation. There are incrementally increased
design and construction costs and averted damage benefits associated with the
elevation (or flood proofing) of the structure to be included in the quantitative analysis.
However, certain aspects, such as the design costs are only marginally affected, that is,
the engineering effort for a 1-foot freeboard is not significantly greater than for a 2 foot
freeboard.
For Rule 8, ½-foot regulatory floodway, the regulatory floodway criteria (0.00-foot rise)
are expanded laterally beyond the existing 1-foot regulatory floodway limits. (A ½-ft
floodway is typically, but not always wider than a 1’ floodway.) The qualitative analysis
considers the cost of compliance and the impact to the affected properties. There is no
change in the required engineering analysis for a proposed development. Under the
existing rules, any proposed development site within any regulatory floodplain is
required to complete an analysis to verify that the project impact is equal or less than 1
foot. Under the proposed rules, any proposed development site within any regulatory
floodplain is required to complete an analysis to verify that the project impact is equal or
less than ½-foot. Therefore, the new cost of compliance for a proposed structure with
the new rule is effectively zero since the same hydraulic modeling must be completed in
either case. This results in an undefined benefit cost ratio for the proposed structure.
This is explained in greater detail within the quantitative analysis.
For an existing structure anywhere in the floodplain (location a, b, c, or d), there is a
specific benefit to the ½-foot floodway rule: decreased flood depths from allowed
encroachments. The existing 1’ floodway regulation allows a property adjacent to a
given existing structure to encroach (build, fill, change, etc.) upon the floodplain
provided the impact (increase in flood depth) on adjacent properties is less than 1 foot.
A project that raises the floodplain 11.9 inches would be acceptable. By enforcing a ½foot floodway, the allowable rise in the flood elevations is less than ½ foot (6 inches).
Therefore, the ½-foot floodway serves to protect all existing structures within the
floodplain to a greater degree.
The Focus Group discussed the possibility of devaluation of lands within the new ½-foot
floodway – the area shown on the previous schematics for Location c. The concern
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over decreased property values relates to the requirement of a 0.00-foot rise for any
improvements built within the floodway. In order to meet this 0.00-foot rise, or No-Rise
criteria, it is difficult, but not impossible, to design a structure that can be modeled
without an impact of even a hundredth of a foot. However, qualitatively there are two
main conciliatory benefits for the potential devaluation of the ½-foot floodway: improved
adjacent land values and alternative profitable land uses.
Improved Adjacent Land Values. The ½-foot floodway specifically reduces flood risk
and damages to all structures in and immediately adjacent to a floodplain. This reduced
risk has stated soft and hard benefits as previously discussed, not the least of which is
increased land value. Property abutting open space and natural areas is a frequently
advertised amenity and benefit that not all development sites can offer.
Alternative Profitable Land Uses. The No-Rise criterion does not at all prohibit any
development or land use change. For example, golf courses, conservation easements,
parks, trails, natural areas, lakes, ponds, utility easements, and many other uses are
allowed.
Other Considerations. In rural communities there is the potential that a decreased
valuation of land resulting from the ½-foot floodway rule could be a benefit due to the
attendant decrease in taxes to be paid, and the off-setting increase in available funds
for alternate use. Previous sections of this report have identified many other soft and
hard benefits that are considered in qualitative evaluation of these proposed rules.
Significant additional benefits of natural floodplain functions and riparian habitat have
been identified by a variety of groups interested in natural resource conservation.
For Rule 11, 1-foot freeboard, the existing requirement is to build at or above BFE. The
analysis between existing and proposed rules is nearly identical to the discussion
previously for Rule 6 – the only difference between the height of freeboard.
3.3 Quantitative Analysis
The quantitative analysis focused on the three primary rule changes, the benefit of
averted damages, and the costs of compliance with the new rules.
3.3.1 FEMA BCA Tool: The Federal Emergency Management Agency’s software
program “FEMA BCA 4.5.5” was utilized to compute the averted damages. The
program is built to compute benefits and costs for flood hazard mitigation projects.
Values for flood hazards, discount rate, structure, mitigation costs, and project expected
life parameters are input. The output is averted damages as benefits divided by the
mitigation costs to get a benefit-cost ratio.
For this application, the program was utilized to compute various scenarios of the
proposed rules compared to the existing rules. In terms of the software functions, the
pre-project condition was built to a “before proposed rule” parameters and the postproject condition was built to a “with proposed rule” parameters. For example, for Rule
6, Critical Facilities, this was input as an Industrial building built at the BFE as the preproject condition and then an Industrial building built at BFE + 2 as the post-project
condition.
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became evident that a total of four structures could be more representative of the
variety of building types encountered in a typical floodplain. The four structures that
were selected for this analysis are:
•

•

•

•

Standard Residential. 1000 square feet. Single story. This structure was
selected as a simple and scalable example that can represent the baseline
concepts of the analysis.
Luxury Residential. 4000 SF. Multi-story. This structure was selected as
exemplary of a high end residential structure that can provide the analysis a near
bounding limit of residential impacts.
Commercial Hospital. A hospital was selected as one of the commercial
properties to expose the specific benefits of flood protection for critical facilities.
The FEMA BCA tool considers factors such as the number of beds and distance
between example site and hospital to compute the averted damages of having
the structure flood proofed or elevated.
Commercial Industrial. An industrial building was selected as the other
commercial property to show the benefits of flood protection for a non-critical
commercial building. This structure becomes a useful reference comparison to
the critical facility when considering the additional emergency services of a
structure directly serving the community in and following a flood event.

The representative structures are certainly not inclusive of the varieties of residential
and non-residential buildings possible within Colorado. The residential structures cover
both small and large square footage, single and multi-story, and as noted likely bound
the limits of residential impacts. The non-residential structures cover critical and noncritical, but obviously don’t cover the wide range of possible industry architectures.
Given the limitations of a statewide analysis, the selected structures are considered
appropriate and representative.
3.3.7 Building Replacement Values:
The building replacement value is input to the FEMA BCA tool to determine
reconstruction and recovery costs for each building type. These values are subject to
economic variability over time and community. However, when utilized for the relative
difference between pre-rule and post-rule scenarios it is a consistent value for each
building type. These costs were estimated from a variety of construction cost estimating
tools such as RS Means construction cost index and Building Value websites. These
costs can be adjusted for various zip codes if necessary to expand the benefit cost
analysis comparison between specific communities.
3.3.8 Costs: Within the context of this analysis, these costs are considered to be the
costs to design and physically construct improvements to comply with the proposed
rules. As stated previously, there are no new administrative fees or costs compared to
the existing rules. These are one-time costs to comply with the requirements of the
proposed rules. Given the multiplicative variability of the methods of compliance (earth
fill, structural foundation, flood-proofing, etc), site specific conditions (slope, soils,
zoning, etc), and building type (architecture, materials, accessibility, etc) this analysis
attempted to select a common approach that trends towards the minimum cost of
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compliance. As an example, elaborate or ornate floodwalls were not utilized in favor of
a uniform earthen fill to create needed freeboard. The benefit cost analysis then
compares a one-time initial cost annualized over a 30 or 100 year useful life compared
to averted damages from recurrent flood damages over that same time period.
This analysis can also be interpreted from a maximum bounding condition perspective.
Any specific scenario can compute all reasonable costs of compliance for the selected
recurrence interval. Provided those costs of compliance are below the total benefits,
the benefit cost ratio is still equal to or greater than 1.0.
3.3.8.1 Rule 6 Costs: For Rule 6, Critical Facilities, the two foot freeboard requirement
was considered to increase construction cost of the foundation elements of a common
commercial building. Given that a foundation for a structure at the BFE is substantially
similar to a foundation for a building 2 feet higher, this analysis assumed an extension
of existing foundation materials. Additional fill and building orientation was assumed to
achieve access to the elevated first floor. These costs would apply to either a new
proposed critical facility or a proposed substantial improvement to an existing critical
facility.
Flood-proofing is a FEMA allowed equivalent to elevating for non-residential structures
and could be utilized to comply with proposed Rule 6. Flood-proofing costs are
available for a variety of flood-proofing methods. The proposed freeboard rules provide
an interesting offset to the flood-proofing costs in terms of an insurance rating. When a
flood-proofed structure is rated for insurance it is rated 1 foot below the flood-proofed
elevation. By adding 2 feet of freeboard for critical facilities (and 1 foot for all other
structures) the flood-proofed elevation is above (or at) the BFE. The result is a
reduction in flood insurance premium. Additional information on flood-proofing is
available in the appendix.
3.3.8.2 Rule 8 Costs: For Rule 8, the ½’ floodway, the costs are more difficult to
quantify. This analysis evaluated costs for the ½’ floodway rule in three ways: first,
quantitatively as a cost of compliance for the new rule and second, qualitatively in terms
of land valuation; and thirdly, tax revenue loss to community. And, as explained above,
this analysis also considered the benefits and costs to both existing and proposed
structures for this rule. The ½’ floodway provides benefits to ALL structures within a
floodplain.
For cost of compliance of the new ½’ floodway rule, there is no physical change,
alteration, or revision required for existing structures to comply. As noted above, the
existing structure, no matter the location a, b, c, or d in the schematic floodplain, incurs
no cost to benefit from the regulation reducing the allowable increase in flood depths.
Furthermore, the benefits (avoided damages) are HIGHER for existing structures
compared to proposed structures for this rule. (The proposed structures are already
subject to the 1’ freeboard rule and therefore remain ½’ above the BFE and already
avoid damages.)
This rule only affects a sub-set of proposed structures in the floodplain: a proposed
structure in a Zone AE floodplain with a defined ½’ floodway. A proposed structure in a
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Zone A floodplain or a Zone AE floodplain with an existing 1’ floodway is not affected by
this rule. A proposed structure in the Zone A or AE floodplain has to prove no rise
greater than 1 foot, regardless of location a, b,or c in the schematic floodplain. If a
structure is proposed in the existing Zone AE 1’ floodway, then it must comply with the
existing no-rise criteria.
Quantifying costs for design and construction of a sub-set of proposed structures that
meet the No-Rise criteria when neither the structure nor the floodway yet exist is
extraordinarily abstract. On the other hand, it is reasonable to assume that those costs
will far exceed the benefits for a single structure as considered in this building unit
analysis. Unfortunately, it is equally abstract to compute the net benefits of a ½’
floodway for a given stream reach analysis. The potential totals of existing and
proposed structures for any given stream reach could vary from zero to hundreds. The
permutations of the combination of existing and proposed structures would inevitability
lead to divergent conclusions. However, for the purposes of establishing a boundary
condition on that scenario, a conceptual estimate of the benefit cost for a stream reach
is provided in the appendix.
3.2.8.3 Rule 11 Costs: For Rule 11, 1 foot freeboard for construction within a defined
floodplain, the cost assumptions were similar to that of Rule 6 for critical facilities.
Empirical information on historical compliance with the existing rule of building at the
BFE indicates that structural fill is a common method. So, for the proposed rules,
elevating the first floor of the structure was assumed based on structural fill. Other
methods are available, but given the relatively low impact to access and functionality of
a 1 foot elevation rise, structural fill seems most logical for most residential scenarios.
Interestingly, there is an established minimum-cost compliance technique for this rule
that can be utilized in nearly any residential situation and many commercial scenarios.
Excavated material from the foundation is often exported from the site at a cost to the
owner. With very little design change, the first floor elevation is raised to comply with
the proposed rule and the excavated foundation material is utilized as on-site backfill at
the perimeter of the structure. The backfill provides frost-protection, positive drainage,
and other common requirements of the building code as well as compliance with the
new rule – with the additional benefit of a construction cost savings.
Similarly, for a non-critical commercial building affected by Rule 11, structural fill is
assumed to be a common method of compliance. However, flood-proofing is another
acceptable method for commercial structures to comply with this rule. Additional floodproofing information is discussed under Rule 6 above and within the appendix.
A subsequent iteration of the analysis for this rule could compute benefits for a
commercial structure against the costs to flood-proof the building in compliance with the
freeboard requirements.
3.3.9 Concurrent Implementation: It is important to note that the quantitative analysis
would be different if either of the freeboard rules were excluded. The benefits of the ½
foot floodway rule include the freeboard requirements for proposed structures. This
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analysis is partially invalidated without the concurrent implementation of the proposed
rules.
3.4 Sample Reach Analysis
3.4.1 Introduction: Through the course of the unit analysis there was feedback from
the Focus Group to that it would be advisable to test the unit analysis concept by
actually conducting a BCA on a sample stream reach in a community. Early iterations
of the analysis identified community based and sample geography based approaches.
Then further investigation of the variables related to the application of freeboard to the
locations of existing, but especially future, structures concluded that a schematic unit
analysis was more appropriate. However, the ½-foot floodway regulation (Rule 8) is not
as dependent on specific locations particularly of existing structures. Therefore, it was
determined that a sample reach could evaluate the benefits and costs of Rule 8.
The purpose of the sample reach analysis is to evaluate the benefits and costs of
implementing a ½-foot floodway standard. The analysis considers existing structures
and currently vacant land within a modeled ½-foot floodway for a sample stream reach.
3.4.2 Data Collection: Weld County officials provided GIS spatial datasets for use in
the sample stream reach analysis. This included a full detail flood hazard delineation
for the Cache La Poudre River, a point file of buildings in the floodplain, and County
Assessor information on a parcel basis trimmed to the flood hazard area. The Colorado
Water Conservation Board (CWCB) provided access to the 2007 HEC-2 hydraulic
model completed by the US Army Corps of Engineers for the Cache La Poudre River.
From that data, it was determined that the sample reach would be approximately 2.5
miles of the Cache La Poudre River on the west (upstream) side of Greeley. The reach
is generally bound on the upstream, west by North 25th Avenue downstream to East 8th
Street. This is also roughly FEMA cross section AC to FEMA cross section N. The
reach is approximately 1-mile of unincorporated County jurisdiction and 1.5-miles of City
jurisdiction.
3.4.3 Method: The sample reach analysis started with review and formatting of the
collected data. The hydraulic modeling and parcel data initial work were completed
concurrently. The FEMA BCA analysis followed compilation of both hydraulic model
and parcel data.
Hydraulic Model: The HEC-2 hydraulic model was imported into HEC-RAS. This
provides improved processing time and floodway modeling routines. However, there is
a known difference in the bridge processing routines. Due to time constraints, the
bridge parameters were not re-modeled. The ½’ floodway encroachments were
computed, tabulated, and plotted on a workmap. A modified output table was produced
to show cross sections; 10, 50, 100, and 500 year discharges; and minimum channel
elevation.
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Parcel Data: The assessor data was filtered to include the area of interest. Parcel data
was spatially joined to cross sections for the purposes of assigning water surface
elevations from the model’s output table. The output table data was assigned to parcels
on a nearest proximity basis. The parcel data was then organized to match the import
template for the FEMA BCA software. This required a unique identifier, building type,
total square footage, building replacement value as improvements assessed value, and
basic address information (zip code, state, etc.).
The parcel data was also organized to identify vacant parcels as those without a point
from the supplied building shapefile. The vacant parcels were summarized to identify
three locations (similar to the schematic floodplain example): existing 1’ floodway,
proposed ½’ floodway, and 100 year floodplain. If a parcel was more than 50% within a
certain zone (1’, ½’ or 100 year) it is assumed that will be the dominating land use
restriction. Therefore, several parcels cross a portion of either or both the 1’ or ½’
floodway, but are assigned to only one of the categories. Similarly, there are parcels
that extended into the floodways but are estimated to have more than half of the land
area in the 100 year floodplain and are attributed accordingly for the purposes of this
analysis.
The building data was then joined with the parcel data to link the water surface
elevations, channel elevation, and structure value information to each structure.
There were some changes made to the parcel and building information based on
preliminary review of the data set. These included revisions to total square footage of
buildings that were listed as 1 square foot. The small area led to extraordinarily high
costs per square foot that would incorrectly skew the results. These 1 square foot
buildings were adjusted to 499 square foot buildings as a minimum floor area based
very roughly on aerial photo investigation. The addresses were simplified to all
Colorado addresses in an attempt to resolve import errors. Tax exempt parcels were
highlighted for easy identification later in the process. Finally, the structure name was
modified to remove special characters that conflicted with the automated import.
FEMA BCA: The combined parcel, building, and water surface elevation data was
imported into the FEMA BCA software. The building information is an automated import
routine and populated the structures in the FEMA BCA tool. The flood hazard
information must be manually entered for each structure.
BCA Procedure: As noted, the procedure is partially automated through the FEMA
BCA tool. The building information was auto-populated and resulted in approximately
239 structures in the model. Then each individual structure was input with flood hazard
information.
The first few pages of the structure information were setup with typical information on
type of project, source of data, and answers to basic setup questions.
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The project life was set to 100 years. This is assumed to fairly represent the service life
of a typical structure in the floodplain. A 30-year analysis was also conducted for
comparison purposes.
The FEMA BCA tool automatically defaults to a 7% discount rate. Therefore, damages
averted and costs related to land use were computed and tabulated at the 4.375%
discount rate in a separate spreadsheet similarly to the process followed for the Unit
Analysis discussed previously.
The first floor elevation was set to the Base Flood Elevation (BFE). This was done for
two reasons. First, it follows the assumption that existing structures are built compliant
with existing rules – built at or above the BFE. Second, time and scope prohibited
collection or compilation of survey grade finished floor elevations.
The minimum channel elevation was set per the output table from the HEC-RAS
duplicate model.
The discharges and water surface elevations for the 10, 50, and 500 year storm events
were entered exactly as shown on the output table from the HEC-RAS model. The
water surfaces and discharges were set equal for both before and after mitigation.
The 100 year water surface was set at BFE + 1’ for the before mitigation scenario and
BFE + ½’ for the post mitigation scenario. This provides the model with a flood depth of
1’ to replicate a 1’ floodway encroachment over the structure and a 1/2’ flood depth to
replicate a 1/2’ floodway encroachment.
NOTE: It is important to note that this method does not attribute damages from the
smaller flood events to the individual structures. Although it is likely that smaller events
can have an impact on flood fringe structures in an encroached scenario, this analysis
does not include those events in the computation of averted damages.
The elevation of the structure is set to 0.
The depth damage curves are set to the default curve selected by the FEMA BCA
software. For example, single family residential structures are run on the USACE
generic DDF, while mobile homes are run on the Flood Insurance Administration DDF.
Note that for computation of the structure and contents damage, no basements were
assumed.
The FEMA BCA tool determines the damages to structures before mitigation and the
damages to the structures after mitigation. Although the term mitigation implies some
action, in fact, there is no action required by the existing building owners assumed in
this analysis. The terminology is an artifact of the process to compute damages averted
between two floodway scenarios. The difference of the damages averted is the benefit
of implementing the ½’ floodway, Rule 8.
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The FEMA BCA version 4.5.5. utilizes a discount rate of 7%. In order to compute the
present worth of the damages averted, the annual benefit dollars are multiplied by the
present worth factor for 4.375%, which is previously noted as 22.5414. This is the sum
of the benefits as damages averted for the implementation of a ½-foot floodway across
the sample reach.
The costs of the implementation are computed in a relative manner based on existing
parcel data. The vacant parcels within the existing 1’ floodway were used as a basis for
value of land within a floodway. Based on the provided assessed land values and area
of the vacant parcels in the 1’ floodway, an average value per acre was computed. This
value is assigned as the reduced value for the parcels placed in the ½-foot floodway.
Computing the difference between the ½-foot floodway parcels existing value in the 100
year floodplain and the reduced value provides a cost for the implementation of Rule 8
for vacant parcels in the ½-foot floodway.
There are no costs for non-vacant parcels. The cost of substantial improvement or
reconstruction following a disaster for an existing structure is as variable as new
construction and therefore beyond the scope of this analysis. Furthermore, since a
substantial improvement or repair must comply with all flood rules, the focused
conclusions of this sample reach analysis for Rule 8 are not sufficient. A unit analysis
for the individual structure would be more appropriate.
The change in tax revenue to the County as a result of a potential change in the
assessed values of properties was included as an additional item of cost in the stream
reach analysis. Since assessed valuation for the properties was by Weld County for the
study reach, it was fairly straight forward to determine the average assessed value of
vacant lands that are located first within the 100-year floodplain and then also those
lands within the current floodway as determined under the current 1-foot rise rule. A
third tabulation was then made of property that would be in the newly created ½-foot
footway under the proposed rules. These structure locations correspond to the
previously discussed schematic structures b, d, and c, respectively (reference is made
to Figure 3.2.2.2). For the study reach, the total assessed land value for each category
was determined on a per-acre basis. The difference in tax revenue was determined by
multiplying the difference in assessed value under the existing and the proposed rule
using an estimated average mil levy of 75.0 (again taken from assessor’s office data).
A present worth for this difference was then determined for the assumed project life(s),
using the same discount rate as was used to determine the present worth of the
benefits.
Note that the tax revenue may go down as a result of assessing property within the
floodway at a lower rate, however, there is an argument that this lowering of taxes
would result in additional money being made available to the impacted property owners.
Although this is a secondary benefit of the rule change, the monetary value of the
benefit was not taken into consideration in the analysis.
3.4.4 Limitations: There are no computations for benefits or costs for proposed or
future structures in this sample reach analysis. Since a future structure would be
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governed by the freeboard rules, the reduction in encroached flood depth from 1-foot to
½-foot is already accounted for in the unit analysis. This sample reach analysis can be
considered an existing conditions run – any future development would increase the
benefits incrementally for each structure built.
The assignment of water surface elevations across the buildings and parcels is limited
by the time, scope, and availability of detailed survey data. The averaging of elevations
across parcels based on the nearest cross section is the best available method of
analysis at this time. Until a grid-based analysis can be completed, any solution to
assigning water surface elevations will incur some level of interpolation to the individual
structures. The individual parcels cover large enough areas that future refinements to
this analysis would consider variation across the parcel topography.
An alternative to monetizing the impact to the vacant (developable) parcels within the
½-foot floodway might have been to consider engineering and design fees instead of
comparing land values. However, given the wide range of modeling and design
assumptions that can be made, estimating a cost of compliance based on fees was
considered too variable, and also this would be duplicative of the land value
comparison. The affected parcels can either be devalued and not developed or
engineered for development, but not both. For this analysis, the devaluation of
floodway parcels were calculated for the cost in the sample reach.
Finally, it must be noted that the sample reach analysis assumes that at some point in
time there will be a need to conduct the ½-foot floodway determination. There are no
immediate plans to conduct such a study on the subject reach, but rather this reach was
simply chosen due to the data that was made available to the study team.
The sample reach only considered the Cache La Poudre flood hazards and structures
therein. Tributary flood hazards were not included.
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4 Summary Cost – Benefit and Regulatory Analysis
4.1 Synopsis Of Unit Analysis
As discussed in Section 2.4, the magnitude of the number of drainage systems within
the State of Colorado presents an immense challenge in order to conduct a traditional
benefit-cost analysis. Accordingly, this study used several simplifying assumptions in
order to conduct the analysis in as timely and economical manner as possible. A
number of potential methods were examined that could have been utilized as the basis
of the analysis. A hybrid analysis format was determined to be the best system. This
hybrid procedure follows the general methods of the FEMA benefit-cost procedure.
In theory, the overall benefit cost ratio of the proposed rule changes for the entire state
of Colorado is the summation of all the benefits for each county divided by the total
overall costs (B/C) for implementing the improvements for each county. The individual
County B/C ratio is the summation of total benefits and costs for each drainage system
within the County. The drainage system B/C ratio is the summation of the benefits for
each stream reach divided by the costs for each stream reach. The stream reach B/C
ratio is the sum of all benefits for individual building or lots (unit) divided by the total of
the costs to implement for each building or lot. The B/C ratio for an individual unit is the
sum total of all identified benefits for the unit divided by the cost to that unit.
Mathematically, if the benefit-cost ratio for an individual unit is greater than 1.0, then the
rule is beneficial in that the benefits exceed the costs. Also mathematically, if the B/C
ratio for an individual unit is greater than 1.0, then it follows that the benefit-cost ratio of
the sum total of all units within a particular stream reach will be greater than 1 and that
as a consequence, the B/C ratio for the entire drainageway, for each county and for the
state will be greater than one.
As a second simplification, it is reasoned that it is not necessary to define and monetize
the value of all benefits to show that the benefit ratio is greater than one. If certain
benefits are not included but the ratio is still greater than one, the conclusion is that if all
the benefits had been included, then the B/C ratio would only have been greater than
the ratio derived by including only a portion of the benefits. For this reason, benefits
that are known to exist, but difficult or impossible to precisely quantify, such as deaths
and injuries avoided, are intentionally left out of the computations.
Similarly, it is recognized that there is a wide range of alternative mitigation measures
that could be taken such as building structures using raised earthen fill; floodproofing of
non-residential buildings; and combinations of these measures. For the analysis, only
the raised earthen fill was studied. It should be noted that since both floodproofing and
elevation are acceptable methods of protecting all non-residential structures, it can be
assumed that property owners will generally elect the method resulting in the lowest
cost. Therefore, if it can be demonstrated that earthen fill elevation produces a benefitcost ratio greater than 1, it can be assumed that when floodproofing methods are also
considered, the ratio would be at least that same value, and possibly higher.

50

Estimates of costs required to elevate the land surrounding the structures were made
based upon an assumed import of earthen material to raise a structure pad having a
usable flat surface with 10:1 side slopes. Volume of fill required was then calculated for
two different assumed size residential structures and for an assumed commercial
structure (hospital). The cost for the fill is considered to be inclusive of: clearing and
grubbing; stripping and removal/replacement of topsoil; obtaining, and hauling and
placement of compacted fill.
Additional simplifying assumptions are as follows:
• The BCA computes only the net benefit cost ratio between the scenario using the
existing rules and regulations in comparison with the scenario of the same flood
event under the proposed rules.
• It is assumed that existing buildings meet current rule requirements.
• A discount rate of 4.375% is utilized.
• The analysis was completed for 30-year and 100-year periods.
• To test the economy of Rule 6 (new Critical Facilities requiring 2-feet of freeboard
above the 100-year floodplain) the BCA Benefits are limited to averted physical
damages to non-residential buildings and contents and also a FEMA BCA default
allowance for loss of service.
• To test the economy of Rule 8 (Floodway allowable rise of ½-foot rather than the
existing 1-foot) a comparison was made between the physical damage to the
structure and contents for two structure options:
o A first floor elevation at the BFE with a flood elevation of one-foot above
BFE to simulate a fully encroached floodway condition under the existing
rule;
o A first floor elevation at the BFE with a flood elevation of ½-foot above the
BFE to simulate a fully encroached floodway condition under the proposed
rule.
• To test the economy of Rule 11 (1-foot of freeboard above the 100-year flood
elevation for all new construction, repair/expansion to substantially damaged
structures, or new substantial additions) a comparison was made between the
physical damage to the structure and contents for two structure options:
o A first floor elevation at the BFE with a flood elevation of one-foot higher to
simulate the damage resulting from a flood event without the freeboard
compared to:
o A first floor elevation at the BFE with a flood elevation at the BFE to
simulate the damage resulting from a flood event with the freeboard.
Table 4.1 Summary BCA which follows presents the results of the various scenarios.
4.2 Synopsis of Test Reach
In order to provide a “real life” example of the BCA application to an actual stream
system, a river reach where data was available was studied in greater detail. The
selected reach is located on the Cache le Poudre River located within and upstream of
the City of Greeley. This reach was selected based on several criteria including:
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available assessor information, flood hazard data, hydraulic models, mix of county and
city land areas, and mix of residential and non-residential structures.
The sample reach is used to study only Rule 8 for several reasons. The sample reach
is used to evaluate the impact of the rule spatially across the flood hazard area. Rule 6
and 11 affect new construction in the form of future buildings, re-construction of
substantially damaged buildings, and substantial improvements to existing structures.
Given the information available, it is impossible to predict where that future construction
or re-construction would occur. Therefore, the Rule 8 sample reach analysis did not
compute benefits or costs for future buildings. Furthermore, for purposes of the
analysis, all new construction is assumed to be compliant with all three new rules (6, 8,
and 11). Once a building meets the freeboard requirement, the benefits of Rule 8 are
limited to damages avoided for a finished floor elevation at BFE or at + ½-foot above
BFE. Although these compound benefits from Rule 6 and 8 (or Rule 8 and 11 in the
case of critical facilities) are still quantifiable, the uncertainty related to how many future
structures would be affected was reason enough to simplify the analysis to benefits from
existing structures.
The Rule 8 sample reach analysis considered the land value impacts from the new rule.
Assessed land values were taken from the Weld County assessor data and averaged to
dollars per acre. Referring to the schematic floodplain locations, under the new rules, a
vacant parcel with greater than 50% of its land area within the new ½-foot floodway
(Schematic Location “c”) was considered to have the same value as a vacant parcel
within the existing 1-foot floodway.
When the unit approach (individual buildings) and sample reach approach are
considered in combination, the benefit-cost analysis is complete in full. The unit
approach can be used to evaluate any future structures or construction for Rules 6 and
11. The sample reach approach can be used to evaluate existing structures and land
within the ½-foot floodway for Rule 8.
The comparison of the benefits for all the existing structures in the sample reach
floodplain against the cost to the vacant parcels provides the benefit-cost ratio for Rule
8. Due to time constraints and magnitude of the analysis, approximately 25% (that is 90
structures out of 352) of the structures within the study reach were input into the FEMA
BCA model. The percentage breakdown of types of structures (residential, commercial,
light industrial, etc.) matched the overall reach composition. It should be noted that the
study reach has several high value light industrial structures that were excluded from
analysis as these structures biased the analysis due to high flood damage and
consequently resulted in a high benefit-cost ratio. Excluding these structures from the
analysis allows the sample reach analysis to be more applicable to a greater range of
reaches in rural and/or emerging development areas. It should be noted, however, that
inclusion of these structures would have resulted in a higher benefit-cost ratio for the
studied reach. Although not all the benefits (damages to structures avoided) were
incorporated into the study reach, the cost impact of all the parcels within the ½-foot
floodway was included. For this reason, it is felt that the overall benefit-cost ratio for the
subject reach would have been much higher had all the benefits been incorporated.
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4.3 Conclusions
As shown on Table 4.1.1, the benefit cost analysis of the three studied rules indicates
that adoption of the rules will result in a benefit/cost ratio of greater than one for the
assumed 100-year project life. It can be pointed out that for the Rule 6 freeboard
associated with the Commercial Industrial category the computed value resulted in a
value slightly less than 1.0 for the 30-year project life. However, as stated earlier,
although all anticipated costs are included in the analysis, not all benefits were
considered in the computations; if all of the benefits as discussed herein were included,
it is certain that all of the benefit cost ratios for any assumed project life would exceed
1.0, in some cases substantially so.

Table 4.1.1
BCA Summary

Rule 6:
Critical
Facilities
2’ freeboard

Rule 8:
½’ floodway

Rule 11:
1’ freeboard

30-year Project Life
Residential Standard

n/a

n/a

1.4

Residential Luxury

n/a

n/a

2.6

Commercial Hospital

2.1

n/a

n/a

Commercial Industrial

0.9

n/a

n/a

Sample Reach

n/a

1.2

n/a

100-year Project Life
Residential Standard

n/a

n/a

1.9

Residential Luxury

n/a

n/a

3.6

Commercial Hospital

2.9

n/a

n/a

Commercial Industrial

1.3

n/a

n/a

Sample Reach

n/a

1.6

n/a
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APPENDIX A
DORA CRITERIA:
RULE COST, BENEFIT AND
REGULATORY ANAYSIS
A.1 Rule 6
A.2 Rule 8
A.3 Rule 11

A.1 RULE 6 COST BENEFIT AND REGULATORY ANALYSIS
In performing a cost-benefit analysis, each rulemaking entity must provide the information requested for the costbenefit analysis to be considered a good faith effort. The cost-benefit analysis must be submitted to the Office of
Policy, Research and Regulatory Reform at least five (5) days before the administrative hearing on the proposed
rule. For all questions, please attach all underlying data that supports the statements or figures stated in this costbenefit analysis.
DEPARTMENT:
CCR:

Natural Resources

AGENCY:

Colorado Water Conservation Board

DATE:
RULE TITLE OR SUBJECT:
RULE 6: CRITICAL FACILITIES

Benefits of the Proposed Rule(s)/Amendment(s)
1.

Please provide the statutory authority, and detailed statements indicating the need for the proposed
changes. (This statement should include specific issues such as specific changes in statutes or the subject
matter area, market failure, a compelling public need, risks to the health, safety or welfare of Coloradans,
lack of efficient and effective performance of an important government function, or other specific problem(s)
that are being addressed by the proposed rule(s).) Please include the number of complaints you received
(if any) that spurred you to take regulatory action.
These Rules are promulgated pursuant to the authority granted the Colorado Water Conservation Board (Board or
CWCB) in sections 37-60-106(1)(c), 37-60-106(1)(e), 37-60-106(1)(f), 37-60-106(1)(g), 37-60-106(1)(h), 37-60106(1)(k), 37-60-108, 30-28-111(1) & (2), 31-23-301(1) & (3), 24-65.1-202(2)(a)(I) and 24-65.1-302(1)(b)&(2)(a) and
24-65.1-403(3) and 24-4-103, C.R.S. (2009).

The Colorado statute requires State designation and approval of floodplain information prior to local regulation. This
proposed change is needed to further minimize damages to public and private assets from flooding. Specifically, this
rule increases protection of critical facilities from flood hazards and related damages.
Critical facilities are defined by Rule 4 of this set of proposed rules. The definition is: a facility structure,
infrastructure, property, equipment, or service, that if flooded may result in severe consequences to public health
and safety or interrupt essential services and operations for the community at any time before, during, or after a
flood.
Protection of these critical facilities from flood hazard damages has a dual benefit: preserving the facility and its
service to the community. This dual benefit is reflected in the 2 foot above base flood elevation freeboard
requirement, whereas other structure freeboard requirements are only 1 foot above base flood elevation. Critical
facilities will serve the general public at large and the ability to continue that level of service before, during, and after
a flood event is essential to reduce flood liabilities, rescue, response, and recovery.
An essential point to recognize in consideration of this rule is the extent of the impact of damage to critical facilities:
geographic, temporal, and financial. Where damage to an individual structure is limited to the structure’s immediate
location within the floodplain, damage to critical facilities can extend well beyond the floodplain limits. Consider an
emergency response facility without the proposed rule that is impacted by a flood event. The impact of any delay or
damage to this structure results in an immediate delay and damage to all citizens within the potential service area of
that facility, even those citizens well outside of a defined floodplain. Furthermore, it is entirely likely that flood
damage to a critical facility can reduce important service to the community for a period much longer than the actual
flood event. Finally, the cost of repairs and reconstruction for the critical facility are extended across the entire
community.

There is no record of specific complaints that spurred this proposed rule. However, there is well documented
records of annual flood damages that can be reduced in future years with the implementation of these rules. Public
comments, while not quantified have been received for years regarding the public’s concern about the allowance to
build important facilities in known hazardous areas. These comments typically increase in the days and weeks
following a flood disaster anywhere in the Country.

2.

Please list the top three benefits of the proposed regulation; explain how the proposed regulation results in
the expected benefits; and if the proposed regulation reduces or eliminates the problem(s) listed above.
1. Limiting damage to a critical facility protects the overall community population, not just the citizens within a
defined floodplain.
2. Limiting damage to a critical facility ensures uninterrupted response and service to the overall community
population during a flood event.
3. Limiting damage to a critical facility helps control costly repairs to large public or private infrastructure and
facilities.

3.

What, in your estimation, would be the consequence of taking no action, thereby maintaining the status
quo?
Without this rule, future critical facilities and substantial improvements to existing critical facilities could be
constructed within a known high hazard area without any additional protection. A two- foot freeboard requirement
offers a statistically relevant level of protection above the status quo. Without that freeboard, the probability of
damage to a critical facility remains at the same level as all other structures within a floodplain. This effectively
places the same level of protection on any structure within a floodplain. The very definition of critical facilities
indicates that additional protection is of great benefit to the greater public good.

4.

Please describe market-based alternatives or voluntary standards that you considered in place of the
proposed regulation and state the reason(s) for not selecting those alternatives. How many small
businesses did you talk to about the proposed regulation?
Voluntary land use restrictions for critical facilities enforced by local governments may not be as effective as a
proposed floodplain rule. A land use restriction (zoning restriction) may not be sufficient to support all varieties of
critical facilities. For instance, a hospital and emergency response facility may be sufficiently planned on land
compatible with a 2 foot freeboard requirement. However, other industrial land uses may allow critical facilities
within a defined floodplain. Therefore, the most universal approach to protecting all critical facilities specifically
addresses the hazard with a freeboard requirement for any facility.
Public open houses to discuss the rules addressed the questions and concerns of many stakeholders affected by this
rule. Although there was no specific accounting of small businesses, it is known that several small businesses from a
large variety of affected industries were present at the open houses.
Impact of Proposed Rule(s)/Amendment(s)

5.

Please describe the government costs to be incurred because of the proposed regulation (Examples
include collection; paperwork; filing; recordkeeping; audit, inspection and training costs, etc.), and state
your estimates (in dollars) of the costs that will be incurred.

There are no additional government costs to be incurred because of this proposed regulation. This proposed
regulation simply changes the existing enforcement of construction at or above the base flood elevation to
construction at or above 2 feet above the base flood elevation. The existing state floodplain rules already require
communities to manage their floodplains and floodways. Therefore, adjusting the freeboard requirement does not
incur additional cost.
6.

Please provide the number and types of entities or small businesses that will be required to comply with the
proposed rule(s). Please provide the source of data used (i.e., program data, NAICS code statistics, etc.).
Existing facilities that are substantially improved and future development of new critical facilities within the
floodplain will be required to comply with this proposed rule. It is not possible to estimate what the types of
development will be and therefore not possible to determine the number or types of entities required to comply
with this proposed rule.
However, it is reasonable to assume that a significant number of businesses directly related to critical facility
operation and maintenance will be positively affected by this proposed regulation. The preservation of service of a
critical facility before, during, and after a flood event has a net positive effect on the economic viability of the facility
and the businesses built to serve that facility with operations and maintenance. In addition, these facilities often
have critical impacts to public health, safety, and welfare, so these will be positively impacted by this proposed rule.

7.

Does the proposed regulation create barriers to entry (i.e., licensing, permit or educational requirements)?
If so, please describe those barriers and why those barriers are necessary.
The proposed rule does not create barriers to entry. The proposed rule only increases the existing regulation on
floodplain development. There are no new permits or license requirements.

8.

Explain the additional requirements with which small business owners will have to comply (i.e., will they
need to purchase new equipment or software to meet the requirement(s); are there training costs; are there
new disclosure/filing requirements they will have to provide to the state; are there transactional costs,
paperwork costs, recordkeeping, etc.). Please state your estimates (in dollars) of the compliance costs by
types listed.
There are no additional requirements with which small business owners will have to comply. This proposed rule will
not require any new equipment, training, filing requirements, paperwork costs, etc for small businesses.

9.

Please state whether the proposed regulation contains different requirements for different sized entities or
different geographic regions, and explain why this is, or is not, necessary. (For example, an audit fee (as a
percentage of assets) for a bank examination is lower based upon a higher level of assets due to marginal
cost savings and water usage is more restricted in geographic regions with less water storage or supplies
because demand far outpaces supply.)
This proposed rule does not discriminate based on size of entity or geographic region. This rule applies to any
regulated floodplain and defined critical facility – regardless of size of the regulating community, size of the
floodplain, or geographic location of the community or floodplain. Base flood elevations, and thus the freeboard
above that elevation, are computed based upon hydraulic characteristics of each flood source (stream). The base
flood elevations are not computed based on population or geographic location. Therefore, it is not necessary to
implement this rule with any size or geographic discrimination.

10. Please describe your understanding of the ability of small business owners to implement changes required
by the proposed regulation, and state the average estimated cost of implementation. (For example, if a
proposed rule required all business in a particular sector to utilize a specific software application, a small
business owner may have a difficult time implementing the software if the software is expensive to
purchase or if their existing computers are not able to run the software.)

The ability and cost for small businesses to implement this proposed rule is outlined in greater detail within the
benefit cost analysis appendix. A benefit cost analysis was completed for a proposed critical facility constructed
under the new regulation. Based on that analysis, it is evident that the additional cost of compliance is outweighed
by the benefits of damages avoided. Therefore, the cost of implementation when considered with the cost of noncompliance (flood damage and recovery) over an extended service life of a critical facility, is a net savings.
11. Please state if the proposed regulation will force the cessation of business by any existing businesses, and
the impact the cessation will have on the economy including but not limited to the number of employees
losing their jobs, the economic losses by the businesses and the estimated economic ripple the cessation
will have on suppliers, consumers or buyers.
This proposed rule does not force cessation of business by any existing businesses. Therefore, there is no cessation
impact analyzed for this proposed rule. In fact, this rule is more likely to ensure preservation of existing businesses
and an overall benefit to the economy based on the ripple effect of reduced flood damages, more rapid response,
and more rapid recovery based on safer Critical Facilities built in the future.
12. Does the proposed regulation restrict consumer choice (i.e., availability of goods or services; price
increases; etc.)? If so, please describe those restrictions.
This proposed rule does not restrict consumer choice. In the case where a critical facility is considering two
locations, one within a floodplain and one outside of the floodplain, neither location is excluded by this rule. The
site within the floodplain area requires additional freeboard above the base flood elevation, but that does not
restrict development of that particular location.
13. Please state the estimated impact (in dollars) the proposed regulation will have on sales, employment or
tax revenue.
This proposed rule is not expected to have measurable impacts on sales, employment, or tax revenue on a statewide
basis. The impact of this proposed rule on sales is undetermined. Property sales are not expected to have any net
impacts from this proposed rule since it creates value by reducing flood risk.
14. Please identify all other small business sector(s) that the proposed regulation(s) may impact, and state the
estimated financial impact the proposed regulation will have on each small business sector.
This proposed rule is likely to impact the consulting civil engineering community, insurance industry, flood proofing
industry, and real estate industry in a positive manner. However, the financial impact will not change from the
existing rule since these small businesses would have been involved in the floodplain analysis, regulation, operation,
and re-sale of the property even without the freeboard requirement.

A.2 RULE 8 COST BENEFIT AND REGULATORY ANALYSIS
In performing a cost-benefit analysis, each rulemaking entity must provide the information requested for the costbenefit analysis to be considered a good faith effort. The cost-benefit analysis must be submitted to the Office of
Policy, Research and Regulatory Reform at least five (5) days before the administrative hearing on the proposed
rule. For all questions, please attach all underlying data that supports the statements or figures stated in this costbenefit analysis.
DEPARTMENT:
CCR:

Natural Resources

AGENCY:

Colorado Water Conservation Board

DATE:
RULE TITLE OR SUBJECT:
RULE 8 – STANDARDS FOR REGULATORY FLOODWAYS

Benefits of the Proposed Rule(s)/Amendment(s)
1.

Please provide the statutory authority, and detailed statements indicating the need for the proposed
changes. (This statement should include specific issues such as specific changes in statutes or the subject
matter area, market failure, a compelling public need, risks to the health, safety or welfare of Coloradans,
lack of efficient and effective performance of an important government function, or other specific problem(s)
that are being addressed by the proposed rule(s).) Please include the number of complaints you received
(if any) that spurred you to take regulatory action.
These Rules are promulgated pursuant to the authority granted the Colorado Water Conservation Board (Board or
CWCB) in sections 37-60-106(1)(c), 37-60-106(1)(e), 37-60-106(1)(f), 37-60-106(1)(g), 37-60-106(1)(h), 37-60106(1)(k), 37-60-108, 30-28-111(1) & (2), 31-23-301(1) & (3), 24-65.1-202(2)(a)(I) and 24-65.1-302(1)(b)&(2)(a) and
24-65.1-403(3) and 24-4-103, C.R.S. (2009).
The Colorado statute requires State designation and approval of floodplain information prior to local regulation. This
proposed change is needed to further protect public and private assets from damage due to flooding. Specifically,
this rule protects existing and proposed structures from adverse impacts caused by floodplain development. This
rule is unique from the other proposed rules because it benefits both existing and proposed structures.
This rule is specifically needed to reduce the damages caused by ALLOWABLE encroachment into the existing
regulatory floodplain. Under the current rules, a property owner on the left bank of a stream can build within the
floodplain and cause up to 1 foot of increased depth on his neighbor’s property on the opposite bank. By adopting
this proposed rule, that damage that occurs will be reduced by 6 inches of allowable surcharge instead of 12 inches.
There is no record of specific complaints that spurred this proposed rule. However, there is well documented
records of annual flood damages that can be reduced in future years with the implementation of these rules.
General complaints from communities regarding the lack of a uniform standard and the resulting difficulties in
portraying floodways on multi-community floodplain maps have been received.

2.

Please list the top three benefits of the proposed regulation; explain how the proposed regulation results in
the expected benefits; and if the proposed regulation reduces or eliminates the problem(s) listed above.

1. Protection against increased flood damages from encroachments due to floodplain development.
2. Protection of existing as well as proposed structures.
3. Increased public safety by decreasing flood depths for private, public, residential, and commercial structures.
This proposed rule creates these benefits by expanding the regulatory floodway to a boundary that reflects a ½ foot
surcharge for the 1% annual chance flood event. By reducing the allowed surcharge depth to 6 inches, the problems
identified above are reduced. Elimination of damages from flood hazards is not anticipated; however there will be a
reduction of damages.
3.

What, in your estimation, would be the consequence of taking no action, thereby maintaining the status
quo?
Maintaining the 1 foot floodway instead of implementing this proposed ½ foot floodway rule will continue to permit
excessive damage to existing structures from future development without recourse and through no fault of the
existing property owners. As future development occurs, the proposed rule aims to limit the impact of that future
development on adjacent properties. Without the proposed rule, the adverse impact that increases flood risk will
not be reduced.

4.

Please describe market-based alternatives or voluntary standards that you considered in place of the
proposed regulation and state the reason(s) for not selecting those alternatives. How many small
businesses did you talk to about the proposed regulation?
Market based alternatives and voluntary standards were considered as alternatives to this proposed rule, but were
not selected for a variety of reasons. An example of a market based alternative is the National Flood Insurance
Program (NFIP). Structures within a FEMA designated special flood hazard area are subject to flood insurance
premiums for any federally backed mortgage. The rates are based upon the depth of flooding at the structure. The
NFIP has been in effect in Colorado for over four decades with frequent rate increases and map changes. However,
despite the increased cost of compliance with the insurance requirement, development within the floodplain has
continued to rise. Therefore, the NFIP and other market based alternatives are not considered viable alternatives to
this proposed rule.
An example voluntary standard for residential structures is flood proofing. Structures can be designed and built or in
some cases modified to include elements that reduce the damages caused by flood waters. These elements include
elevated structures, flood vents, seepage control, check valves on wet utilities, etc. Flood proofing is a reasonable
means of protecting a structure, but it does not reduce encroachment or other adverse impacts within the floodplain.
Therefore, a voluntary measure that benefits only the flood proofed structure without any benefit to the adjacent
properties was not considered a viable alternative to this proposed rule.
Impact of Proposed Rule(s)/Amendment(s)

5.

Please describe the government costs to be incurred because of the proposed regulation (Examples
include collection; paperwork; filing; recordkeeping; audit, inspection and training costs, etc.), and state
your estimates (in dollars) of the costs that will be incurred.
There are no additional government costs to be incurred because of this proposed regulation. This proposed
regulation simply changes the existing enforcement of a 1’ floodway to a ½’ floodway. The existing state floodplain
rules already require communities to manage their floodplains and floodways. Therefore, adjusting the depth of
encroachment does not incur additional cost. In addition, this proposed regulation only deals with future studies
that would incorporate a floodway anyway. And the CWCB staff will assist community officials with ordinance
updates, administration, and compliance.

6.

Please provide the number and types of entities or small businesses that will be required to comply with the
proposed rule(s). Please provide the source of data used (i.e., program data, NAICS code statistics, etc.).
All existing structures that are substantially improved and future development within the floodplain will be required
to comply with this proposed rule when new floodway information is adopted. It is not possible to estimate what
the types of development will be and therefore not possible to determine the number or types of entities required
to comply with this proposed rule.
Furthermore, this proposed rule defines a regulatory mechanism (a ½’ floodway) that does not currently exist in
many cases. The ½’ floodway will be defined in the future only if there is a new hydraulic analysis that includes a
floodway determination. In the meantime, estimates of the area affected by a future ½’ floodway range from
approximately 50 to 67% of an existing 1% annual chance (100yr) floodplain.
It is certain that this rule will not affect all existing and future structures within the 1% annual chance floodplain. On
a statewide basis, the area regulated by the ½’ floodway will be by definition less than the area of the 1% annual
chance floodplain.
The source data used for this analysis is the effective FIRM data for the State of Colorado, conventional estimates of
floodway widths for flood sources in the Rocky Mountain region, and HAZUS Level I analysis data published in the
Draft State of Colorado Floodplain Mitigation Plan.
It is important to note that the goal of this proposed regulation is uniform public safety standards which are not
targeted to small businesses.

7.

Does the proposed regulation create barriers to entry (i.e., licensing, permit or educational requirements)?
If so, please describe those barriers and why those barriers are necessary.
The proposed rule does not create barriers to entry. The proposed rule only increases the existing regulation on
floodplain development. There are no new permits or license requirements.

8.

Explain the additional requirements with which small business owners will have to comply (i.e., will they
need to purchase new equipment or software to meet the requirement(s); are there training costs; are there
new disclosure/filing requirements they will have to provide to the state; are there transactional costs,
paperwork costs, recordkeeping, etc.). Please state your estimates (in dollars) of the compliance costs by
types listed.
There are no additional requirements with which small business owners will have to comply. This proposed rule will
not require any new equipment, training, filing requirements, paperwork costs, etc for small businesses.
Compliance with State and local floodplain regulations will be required or exists today with higher standards. The
benefit cost analysis was completed to describe those benefits.

9.

Please state whether the proposed regulation contains different requirements for different sized entities or
different geographic regions, and explain why this is, or is not, necessary. (For example, an audit fee (as a
percentage of assets) for a bank examination is lower based upon a higher level of assets due to marginal
cost savings and water usage is more restricted in geographic regions with less water storage or supplies
because demand far outpaces supply.)
This proposed rule does not discriminate based on size of entity or geographic region. This rule applies to any
regulated floodplain that is re-studied to include a floodway analysis – regardless of size of the regulating
community, size of the floodplain, or geographic location of the community or floodplain. Floodways are computed
based upon hydraulic characteristics of each flood source (stream). The floodways are not computed based on
population or geographic location. Therefore, it is not necessary to implement this rule with any size or geographic
discrimination.

10. Please describe your understanding of the ability of small business owners to implement changes required
by the proposed regulation, and state the average estimated cost of implementation. (For example, if a
proposed rule required all business in a particular sector to utilize a specific software application, a small
business owner may have a difficult time implementing the software if the software is expensive to
purchase or if their existing computers are not able to run the software.)
The ability and cost for small businesses to implement this proposed rule is identical to the ability and cost to
implement the existing rule. This rule replaces a 1’ floodway with a ½’ floodway. Both analyses require the same
technical processes, source data, and output products.
11. Please state if the proposed regulation will force the cessation of business by any existing businesses, and
the impact the cessation will have on the economy including but not limited to the number of employees
losing their jobs, the economic losses by the businesses and the estimated economic ripple the cessation
will have on suppliers, consumers or buyers.
This proposed rule does not force cessation of business by any existing businesses. Therefore, there is no cessation
impact analyzed for this proposed rule.
12. Does the proposed regulation restrict consumer choice (i.e., availability of goods or services; price
increases; etc.)? If so, please describe those restrictions.
This proposed rule does not restrict consumer choice. In the case where a prospective home or property buyer is
choosing between locations, one in and one out of the ½’ floodway, both choices are still available to the
prospective buyer.
13. Please state the estimated impact (in dollars) the proposed regulation will have on sales, employment or
tax revenue.
This proposed rule is not expected to have significant impacts on sales, employment, or tax revenue. The impact of
this proposed rule on sales is undetermined. Sales, of homes or property, are not expected to have any net impacts
from this proposed rule since it creates value by reducing flood risk in some homes while other homes mitigate
construction methods to avoid non-compliance with the ½ floodway rule.
14. Please identify all other small business sector(s) that the proposed regulation(s) may impact, and state the
estimated financial impact the proposed regulation will have on each small business sector.
This proposed rule is likely to impact the consulting civil engineering community, insurance industry, flood proofing
industry, and real estate industry. However, the financial impact will not change from the existing rule since these
small businesses would have seen the same results from a 1’ floodway as the ½’ floodway.

A.3 RULE 11 COST BENEFIT AND REGULATORY ANALYSIS
In performing a cost-benefit analysis, each rulemaking entity must provide the information requested for the costbenefit analysis to be considered a good faith effort. The cost-benefit analysis must be submitted to the Office of
Policy, Research and Regulatory Reform at least five (5) days before the administrative hearing on the proposed
rule. For all questions, please attach all underlying data that supports the statements or figures stated in this costbenefit analysis.
DEPARTMENT:
CCR:

Natural Resources

AGENCY:

Colorado Water Conservation Board

DATE:
RULE TITLE OR SUBJECT:
RULE 11: FLOODPLAIN MANAGEMENT REGULATIONS

Benefits of the Proposed Rule(s)/Amendment(s)
1.

Please provide the statutory authority, and detailed statements indicating the need for the proposed
changes. (This statement should include specific issues such as specific changes in statutes or the subject
matter area, market failure, a compelling public need, risks to the health, safety or welfare of Coloradans,
lack of efficient and effective performance of an important government function, or other specific problem(s)
that are being addressed by the proposed rule(s).) Please include the number of complaints you received
(if any) that spurred you to take regulatory action.
These Rules are promulgated pursuant to the authority granted the Colorado Water Conservation Board (Board or
CWCB) in sections 37-60-106(1)(c), 37-60-106(1)(e), 37-60-106(1)(f), 37-60-106(1)(g), 37-60-106(1)(h), 37-60106(1)(k), 37-60-108, 30-28-111(1) & (2), 31-23-301(1) & (3), 24-65.1-202(2)(a)(I) and 24-65.1-302(1)(b)&(2)(a) and
24-65.1-403(3) and 24-4-103, C.R.S. (2009).
The Colorado statute requires State designation and approval of floodplain information prior to local regulation. This
proposed change is needed to further protect public and private assets from damage due to flooding. Specifically,
this rule protects proposed structures within a floodplain from flood hazard damages.
Flooding is America’s #1 natural disaster. Flood damages to structures and impacts on citizens have measureable
impact on the overall community – the effects are not limited to the area within a floodplain. This proposed rule
aims to elevate structures 1 foot above a flood elevation caused by a statistically relevant storm event (1% annual
chance storm event or base flood). The additional elevation of a structure above the base flood elevation is known
as freeboard.
The freeboard requirement for structures within a floodplain provides several benefits to the individual property
owner. First, the structural damage is reduced because the base flood water level does not reach the habitable
space of the structure. Water damage to interior habitable spaces is eliminated during standard regulatory flood
events. Damage to utility and other below grade utilities is also reduced since the water depths and duration are
reduced. Second, the inhabitants of that structure are less susceptible to harm during and after a flood event.
Although some services may be limited or temporarily shut off (gas, electric, transportation, etc.), the home remains
a dry shelter with full access to its contents. Lastly, the individual property receives the benefit of reduced flood
insurance premiums based upon the freeboard above the base flood elevation. A freeboard requirement provides
property owners with reduced damages, reduced risk to health and safety, and reduced insurance costs.
There is no record of specific complaints that spurred this proposed rule. However, there is well documented
records of annual flood damages that can be reduced in future years with the implementation of these rules.

2.

Please list the top three benefits of the proposed regulation; explain how the proposed regulation results in
the expected benefits; and if the proposed regulation reduces or eliminates the problem(s) listed above.
1. Limiting damage to individual structures protects the overall community population, not just the citizens
within a defined floodplain.
2. Limiting damage to individual structures protects the human health and safety of the occupants during and
after a flood event.
3. Limiting damage to individual structures provides a financial benefit to the property owners in terms of
reduce flood insurance premiums.

3.

What, in your estimation, would be the consequence of taking no action, thereby maintaining the status
quo?
Without this rule, future structures and substantial improvements to existing structures would be constructed within
a known high hazard area. A 1 foot freeboard requirement offers a statistically relevant level of protection above the
status quo. Without that freeboard, the probability of damage impacts a larger population of residents in a
floodplain. This impact is magnified by the additional burden on emergency response, utility restoration, and other
public services. Elevating a structure provides the inhabitants an opportunity to weather the storm without outside
assistance. Similarly, after the flood event, the recovery and restoration of a structure with freeboard is measurably
more manageable and likely does not require the assistance of outside agencies.

4.

Please describe market-based alternatives or voluntary standards that you considered in place of the
proposed regulation and state the reason(s) for not selecting those alternatives. How many small
businesses did you talk to about the proposed regulation?
A market based alternative to a freeboard requirement could be a mandatory emergency service fee requirement for
residential structures built in a floodplain. The additional fee for construction within the floodplain could increase
the desirability of property outside of the floodplain area. Other voluntary, incentive based fee reductions or permit
exceptions could be enacted for properties outside the floodplain and have a similar effect. However, these
alternatives would have significant disadvantages over the proposed rule. For the market based alternatives, the
property owners that still build within the floodplain area at the base flood elevation have fewer damages averted
compared to the freeboard requirement. These damages would require additional rescue and restoration resources
compared to an elevated structure. The emergency service fee requirement would only assist in the financial
recovery aspect of the flood event. The voluntary measures would not provide any assistance or additional resources
to the structures within a floodplain area. A freeboard requirement provides a physical barrier between the structure
and the flood damages. Market based or voluntary alternatives can change over time and their effectiveness is likely
to erode.
Public open houses to discuss the rules addressed the questions and concerns of many stakeholders affected by this
rule. Although there was no specific accounting of small businesses, it is known that several small businesses from a
large variety of affected industries were present at the open houses.
Impact of Proposed Rule(s)/Amendment(s)

5.

Please describe the government costs to be incurred because of the proposed regulation (Examples
include collection; paperwork; filing; recordkeeping; audit, inspection and training costs, etc.), and state
your estimates (in dollars) of the costs that will be incurred.

There are no additional government costs to be incurred because of this proposed regulation. This proposed
regulation simply changes the existing enforcement of construction at or above the base flood elevation to
construction at or above 1 foot above the base flood elevation. The existing state floodplain rules already require
communities to manage their floodplains and floodways. Therefore, adjusting the freeboard requirement does not
incur additional cost.
6.

Please provide the number and types of entities or small businesses that will be required to comply with the
proposed rule(s). Please provide the source of data used (i.e., program data, NAICS code statistics, etc.).
All existing structures that are substantially improved and future new development within the floodplain will be
required to comply with this proposed rule. It is not possible to estimate what the types of development will be and
therefore not possible to determine the number or types of entities that will be required to comply with this
proposed rule.
However, based on land use plans, masterplans, and past development history within the State the property in the
vicinity of water courses tends to be desirable. Furthermore, the FEMA models for statewide flood damages
(HAZUS-MH Level 1) use census block data to generate potential damages to existing structures. A fraction of those
existing structures could be assumed to be substantially improved over time in order to estimate that portion of the
structures that would be impacted by this rule. From that estimated number of structures, rough assumptions on
the entities and small businesses that would support the design, construction, and compliance for the substantial
improvements could be made. But regardless, the guess of number of existing structures that will substantially
improve is just that and moreover, remains a fraction of the total structures that may be developed as new
construction.
It may be more reasonable to assume that there are no additional entities or businesses affected by the proposed
rule (build at or 1 foot above the BFE) compared to the existing rule (build at or above BFE).

7.

Does the proposed regulation create barriers to entry (i.e., licensing, permit or educational requirements)?
If so, please describe those barriers and why those barriers are necessary.
The proposed rule does not create barriers to entry. The proposed rule only increases the existing regulation on
floodplain development. There are no new permits or license requirements.

8.

Explain the additional requirements with which small business owners will have to comply (i.e., will they
need to purchase new equipment or software to meet the requirement(s); are there training costs; are there
new disclosure/filing requirements they will have to provide to the state; are there transactional costs,
paperwork costs, recordkeeping, etc.). Please state your estimates (in dollars) of the compliance costs by
types listed.
There are no additional requirements with which small business owners will have to comply. This proposed rule will
not require any new equipment, training, filing requirements, paperwork costs, etc for small businesses.

9.

Please state whether the proposed regulation contains different requirements for different sized entities or
different geographic regions, and explain why this is, or is not, necessary. (For example, an audit fee (as a
percentage of assets) for a bank examination is lower based upon a higher level of assets due to marginal
cost savings and water usage is more restricted in geographic regions with less water storage or supplies
because demand far outpaces supply.)

This proposed rule does not discriminate based on size of entity or geographic region. This rule applies to any
structure in a regulated floodplain – regardless of size of the regulating community, size of the floodplain, or
geographic location of the community or floodplain. Base flood elevations, and thus the freeboard above that
elevation, are computed based upon hydraulic characteristics of each flood source (stream). The base flood
elevations are not computed based on population or geographic location. Therefore, it is not necessary to
implement this rule with any size or geographic discrimination.
10. Please describe your understanding of the ability of small business owners to implement changes required
by the proposed regulation, and state the average estimated cost of implementation. (For example, if a
proposed rule required all business in a particular sector to utilize a specific software application, a small
business owner may have a difficult time implementing the software if the software is expensive to
purchase or if their existing computers are not able to run the software.)
The ability and cost for small businesses to implement this proposed rule is outlined in greater detail within the
benefit cost analysis appendix. A benefit cost analysis was completed for two proposed residential structures
constructed under the new regulation. Based on that analysis, it is evident that the additional cost of compliance is
outweighed by the benefits of damages avoided. Therefore, the one-time cost of implementation when considered
with the cost of non-compliance (flood damage and recovery) over an extended service life of a residential structure
is a net savings.
11. Please state if the proposed regulation will force the cessation of business by any existing businesses, and
the impact the cessation will have on the economy including but not limited to the number of employees
losing their jobs, the economic losses by the businesses and the estimated economic ripple the cessation
will have on suppliers, consumers or buyers.
This proposed rule does not force cessation of business by any existing businesses. Therefore, there is no cessation
impact analyzed for this proposed rule. In fact, this rule is more likely to ensure preservation of existing businesses
and an overall benefit to the economy based on the ripple effect of limited flood damages, rapid response, and rapid
recovery.
12. Does the proposed regulation restrict consumer choice (i.e., availability of goods or services; price
increases; etc.)? If so, please describe those restrictions.
This proposed rule does not restrict consumer choice. In the case where a prospective property owner is
considering two locations, one within a floodplain and one outside of the floodplain, neither location is excluded by
this rule. The site within the floodplain area requires additional freeboard above the base flood elevation, but that
does not prohibit development of that particular location.
13. Please state the estimated impact (in dollars) the proposed regulation will have on sales, employment or
tax revenue.
This proposed rule is not expected to have significant impacts on sales, employment, or tax revenue. The impact of
this proposed rule on sales is undetermined. Property sales are not expected to have any net impacts from this
proposed rule since it creates value by reducing flood risk.
14. Please identify all other small business sector(s) that the proposed regulation(s) may impact, and state the
estimated financial impact the proposed regulation will have on each small business sector.
This proposed rule is likely to impact the consulting civil engineering community, insurance industry, flood proofing
industry, and real estate industry. However, the financial impact will not change from the existing rule since these
small businesses would have been involved in the floodplain analysis, regulation, operation, and re-sale of the
property even without the freeboard requirement.

APPENDIX B
COST BENEFIT COMPUTATIONS

30 Year Project Useful Life

Finished Floor Raise Above BFE (ft)
Size of Structure (sf)
Building Replacement Value (BRV, $/sf)
Total Annual Benefits of Finished Floor Raise
Present Value (4.375% Discount, 30yr)
Costs (Estimated Present Value, One Time Cost)
Benefit-Cost Ratio

100 Year Project Useful Life

Finished Floor Raise Above BFE (ft)
Size of Structure (sf)
Building Replacement Value (BRV, $/sf)
Total Annual Benefits of Finished Floor Raise
Present Value (4.375% Discount, 100yr)
Costs (Estimated Present Value, One Time Cost)
Benefit-Cost Ratio

BFE +1, Rule 11
Residential
Standard
+1
1,000
$105
$287

Residential
Luxury
+1
4,000
$145
$1,091

$4,744
$3,400
1.40

$18,035
$6,900
2.61

BFE +1, Rule 11
Residential
Standard
+1
1,000
$105
$287

Residential
Luxury
+1
4,000
$145
$1,091

$6,469
$3,400
1.90

$24,593
$6,900
3.56

BFE +2, Rule 6
Commercial Commercial
Hospital
Industrial
+2
+2
15,000
20,000
$145
$145
$7,910
$4,419
$130,761
$61,400
2.13

$73,051
$78,400
0.93

BFE +2, Rule 6
Commercial Commercial
Hospital
Industrial
+2
+2
15,000
20,000
$145
$145
$7,910
$4,419
$178,302
$61,400
2.90

NOTE: The Benefit-Cost Ratio considers only benefits from avoided physical damages to buildings and contents.
Additional benefits are listed within the report text, but not included in the computation.

$99,610
$78,400
1.27

1/2 Foot Floodway, Rule 8
30 Year Project Useful Life

Finished Floor Raise Above BFE (ft)
Size of Structure (sf)
Building Replacement Value (BRV, $/sf)
Total Annual Benefits of 1/2 Foot Floodway Rule
Present Value (4.375% Discount, 30yr)
Costs (Estimated Present Value, One Time Cost)
Benefit-Cost Ratio

(for an existing structure built at BFE)

Existing
Residential
Standard
+0.0
1,000
$105
$117
$1,934
*
n/a

Existing
Existing
Existing
Commercial Commercial
Residential
Industrial
Hospital
Luxury
+0.0
+0.0
+0.0
4,000
15,000
20,000
$145
$145
$145
$437
$3,091
$1,540
$7,224
*
n/a

$51,098
*
n/a

$25,458
*
n/a

1/2 Foot Floodway, Rule 8
100 Year Project Useful Life

Finished Floor Raise Above BFE (ft)
Size of Structure (sf)
Building Replacement Value (BRV, $/sf)
Total Annual Benefits of 1/2 Foot Floodway Rule
Present Value (4.375% Discount, 100yr)
Costs (Estimated Present Value, One Time Cost)
Benefit-Cost Ratio

* Discussion of costs for this rule are provided in report text.
For additional information, see also the Sample Reach analysis.

(for an existing structure built at BFE)

Existing
Residential
Standard
+0.0
1,000
$105
$117
$2,637
*
n/a

Existing
Existing
Existing
Commercial Commercial
Residential
Industrial
Hospital
Luxury
+0.0
+0.0
+0.0
4,000
15,000
20,000
$145
$145
$145
$437
$3,091
$1,540
$9,851
*
n/a

$69,675
*
n/a

$34,714
*
n/a

1/2 Foot Floodway, Rule 8
30 Year Project Useful Life

Finished Floor Raise Above new BFE (ft)
Size of Structure (sf)
Building Replacement Value (BRV, $/sf)
Total Annual Benefits of 1/2 Foot Floodway Rule
Present Value (4.375% Discount, 30yr)
Costs (Estimated Present Value, One Time Cost)
Benefit-Cost Ratio

(for a proposed structure built at BFE +1)

Proposed
Residential
Standard
+0.5
1,000
$105
$69
$1,141
*
n/a

Proposed
Proposed
Proposed
Commercial Commercial
Residential
Industrial
Hospital
Luxury
+0.5
+0.5
+0.5
4,000
15,000
20,000
$145
$145
$145
$281
$1,338
$723
$4,645
*
n/a

$22,119
*
n/a

$11,952
*
n/a

1/2 Foot Floodway, Rule 8
100 Year Project Useful Life

Finished Floor Raise Above new BFE (ft)
Size of Structure (sf)
Building Replacement Value (BRV, $/sf)
Total Annual Benefits of 1/2 Foot Floodway Rule
Present Value (4.375% Discount, 100yr)
Costs (Estimated Present Value, One Time Cost)
Benefit-Cost Ratio

* Discussion of costs for this rule are provided in report text.

(for a proposed structure built at BFE +1)

Proposed
Residential
Standard
+0.5
1,000
$105
$69
$1,555
*
n/a

Proposed
Proposed
Proposed
Commercial Commercial
Residential
Industrial
Hospital
Luxury
+0.5
+0.5
+0.5
4,000
15,000
20,000
$145
$145
$145
$281
$1,338
$723
$6,334
*
n/a

$30,160
*
n/a

$16,297
*
n/a

30 Year Project Useful Life

1/2 Foot Floodway, Rule 8
Sample Reach

Benefits
Annual Benefits from BCA per structure
Annual Benefits for Sample Reach (352 structures)
Total Benefits Present Value (4.375% Discount, 30yr)

$151
$53,018.24
$876,450

Costs
Land Value Impact to Property Owner (One Time Cost)
Reduced Tax Revenue to County
Total Costs Present Value (4.375% Discount, 30yr)

$652,078
$80,847
$732,924

Benefit-Cost Ratio

100 Year Project Useful Life
Benefits
Annual Benefits from BCA per structure
Annual Benefits for Sample Reach (352 structures)
Total Benefits Present Value (4.375% Discount, 100yr)
Costs
Land Value Impact to Property Owner (One Time Cost)
Reduced Tax Revenue to County
Total Costs Present Value (4.375% Discount, 100yr)
Benefit-Cost Ratio
Note: Discussion of sample reach analysis provided in report.

1.20

1/2 Foot Floodway, Rule 8
Sample Reach

$151
$53,018.24
$1,195,105

$652,078
$110,241
$762,318
1.57
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