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1 Introduction 
The City of Boulder is situated at the base of the Rocky Mountain Foothills where large drainage areas associated 
with the city’s major floodways are predominantly located.  These drainage areas can generate considerable 
storm water runoff that is conveyed through steep canyons prior to entering the city limits. As a result, Boulder is 
highly susceptible to flash floods that carry large volumes of sediment and debris, resulting in hard to predict 
flooding conditions.   

Boulder’s current floodplain mapping studies are conducted according to the Federal Emergency Management 
Agency (FEMA) Guidelines and Standards in compliance with the National Flood Insurance Program (NFIP) and 
are based on inundation potential as is typical for standard flood hazard maps. This floodplain mapping forms the 
basis for the city’s floodplain management and mitigation, floodplain regulations, and the NFIP. Therefore, it is 
important that current floodplain maps accurately reflect existing conditions. The community has expressed a 
desire for access to a higher level of hazard mapping that more accurately represents the flooding conditions and 
hazards faced within the city for flood-preparation and decision-making purposes. 

 

Programs and Initiatives Supported by Floodplain and Hazard Maps 

 National Flood Insurance Program (NFIP) 

 NFIP Community Rating System (Flood 
Insurance Premium Reductions) 

 Federal, State, and Regional Funding 

 Future Land Use Planning 

 Flood Hazard Risk Assessment 

 Floodplain Regulations 

 Floodplain Mitigation Efforts 

 Outreach and Education 

 Flood Preparedness, Response, and Recovery 

 

https://www.fema.gov/flood-maps/guidance-reports/guidelines-standards
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The Fluvial Hazard Zone 
(FHZ) is the area a stream 
has occupied in recent 
history, may occupy, or may 
physically influence as it 
stores and transports water, 
sediment, and debris. 

Source:  
www.coloradofhz.com 
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2 Policy Analysis 
Although the city's floodplain mapping must meet FEMA standards, the city has discretion about which methods 
to use to develop these maps. For example, the city may choose whether to follow either Colorado Water 
Conservation Board or Mile High Flood District (MHFD) procedures and parameters when performing the 
hydraulic and hydrologic modeling that informs floodplain map development. Although both approaches are valid 
and meet all federal regulations, the resulting variability can present challenges when comparing and prioritizing 
flood mitigation needs across Boulder’s drainages. Improvements in the accuracy of available data and modeling 
software will continue to add further options for mapping procedures and parameters. Therefore, policies and 
practices that promote consistent methodologies and uniform mapping are recommended to better support 
comparison of flood risk across drainages. Improvement actions related to the mapping of floodplain and flood 
hazards were identified during the earlier policy and program evaluation. The following section discusses issues 
and approaches to address the identified improvement actions from a policy perspective. 

Identified Improvement Actions 

 Monitor the effects of climate change on floodplain delineation and management 

 Review floodplain mapping standards to include increased risk and evaluate mapping approaches 

Policy and Program Goals 

Technical Memorandum #2 identified a set of goals and objectives that could be used to evaluate the existing 
policies and programs related to floodplain and hazard mapping within the Utility.  As part of the analysis, these 
goals and objectives were reviewed and refined to meet the current and future needs.  The following policy 
analysis and recommendations support the goals and objectives listed below. 

GOAL: Provide floodplain mapping throughout the city in order to inform land use decisions 

Objective: Comply with current FEMA and city standards for updating and adopting regulatory 
floodplain maps 

Objective: Identify areas subject to the greatest risk of flooding within the city 

GOAL: Inform the community of floodplain risks and areas prone to hazards 

Objective: Identify areas subject to flood-related hazards to reflect flood risks in Boulder 

Hydraulic Modeling 

Hydraulic modeling incorporates simulation and analysis to identify how likely it is for an area to flood.  For 
example, areas within the delineated 100-year floodplain have 1 percent chance or higher of experiencing a flood 
each year, whereas the delineated 500-year floodplain represents a 0.5 percent chance or higher of experiencing 
a flood each year. This information is then used to design mitigation approaches to reduce the negative impacts 
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of flooding. Hydraulic models can be either one-dimensional (1-D) or two-dimensional (2-D) for flood hazard 
studies, and the decision of which to use depends on a variety of factors including technical and regulatory 
considerations. In general, 1-D models are most appropriate where flood flows are oriented along streamlines that 
run approximately parallel to the primary stream channel. Two-dimensional models are most appropriate where 
there is significant flow in both the streamwise and cross-stream directions, there are multiple flow splits1, and/or 
overbank flows are disconnected from the main channel.  The vast majority of existing Special Flood Hazard Areas 
(SFHAs)2, which define areas where floodplain management regulations must be enforced, were developed based 
on 1-D modeling. Two-dimensional models have, however, become more prevalent over the past few decades with 
continued refinement of modeling techniques and increases in computational and data management capability. 
Whereas 2-D models can more accurately reflect the flooding hazard in reaches with the conditions mentioned 
previously, the structure to support their regulatory use is relatively new and is still being refined. Therefore, 
Boulder primarily uses a 1-D modeling approach when identifying Special Flood Hazard Areas. Modifying this 
approach by using new mapping technologies and methodologies that are not currently included in FEMA’s 
Guidelines and Standards has historically delayed construction of flood and storm projects on the order of years. 
It is therefore recommended that the city actively adopt 2-D modeling procedures in situations where a 1-D model 
is not appropriate for a specific reach and when appropriate consideration has been given to the implications for 
mitigation and regulation.  This includes following FEMA’s most recent guidance for 2-D modeling at the time of 
the project.  

Climate Change 

As global temperatures continue to rise, the resulting effects of a changing climate should be incorporated into 
mapping practices based on the best available science. Most global and regional climate models project 
increased warming, droughts, and wildfires in this region (Lukas, et al, 2014). However, climate model projections 
along the Front Range show less agreement regarding future precipitation changes, especially as they relate to 
extreme precipitation events that can cause flooding (Wobus and Bash, 2020).  Currently, insufficient conclusive 
data do not support a recommendation to deviate from existing rainfall estimates3 used as part of the hydrologic 
analyses due to climate change alone. Due to the devastating effects that can be caused by climate-related 
disasters, it is expected that state, regional, and local organizations will continue to monitor the impacts climate 
change may have on floodplain mapping. These recommendations should be evaluated by the Utility and 
incorporated into policies and procedures as necessary. 

Mapping Update Frequency 

The frequency of mapping updates should be driven by the need to have accurate flood hazard data for the 
community and the public. Information concerning the flood hazard on riverine systems within the city influences 
multiple aspects of the city’s long-range planning. Flood risk is constantly changing due to physical and climatic 
changes. As data collection and methods of assessment change, the understanding and accuracy of flood risk 
also changes. However, there is not a timeline on which hydrologic and hydraulic analyses become inaccurate, 
and as such, a frequency for mapping updates is not recommended.  Instead, the Utility should consider 

 
1  A flow splits exists when flood water junctions with one upstream reach and multiple downstream reaches. “Junctions and Flow 

Splits”. USACE. https://www.hec.usace.army.mil. Accessed 14 Feb 2022. 
2  The SFHA is the area where the National Flood Insurance Program's (NFIP's) floodplain management regulations must be 

enforced and the area where the mandatory purchase of flood insurance applies. “Special Flood Hazard Area”. FEMA, 
https://www.fema.gov/glossary/special-flood-hazard-area-sfha. Accessed 14 Feb 2022.  

3  Boulder currently uses NOAA Atlas 14 or site specific hydrologic studies to generate runoff from precipitation events. 

https://www.fema.gov/sites/default/files/documents/fema_hydraulics-two-dimensional-analyses.pdf
https://www.hec.usace.army.mil/
https://www.fema.gov/glossary/special-flood-hazard-area-sfha
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implementing a map review schedule to confirm whether existing maps still best represent current conditions. 
FEMA’s Coordinated Needs Management Strategy (CNMS) provides an approach to evaluate physical and 
method changes that should inform the determination of when to update existing maps. The CNMS Map Viewer 
provides information on assessments already being completed at the national level for streams within Boulder. 

Regulatory Mapping 

FEMA publishes standards and guidelines that apply to floodplain mapping used for the NFIP. Although floodplain 
maps produced by the city must ultimately be accepted by FEMA, there are varying ways to accomplish this. The 
Utility should clearly outline the process for developing, reviewing, and adopting regulatory data and products to 
limit unintended variations between studies and to support prioritization of projects based on common 
parameters. Documentation of methodologies and assumptions for floodplain mapping products would build 
consistency for comparison across the city’s watersheds. Additionally, referring to guidelines that are 
recommended or required by MHFD and FEMA would minimize the need for a lengthy document while still 
identifying the Utility’s preferences for data sources and methods. To simplify the review process and use of 
resulting floodplain analyses, the following guidelines should be considered for identification: 

 Products to be developed for each project type 

 Requirements for evaluating or updating hydrologic studies 

 Preferred used of 1-D or 2-D hydraulic models, including preferred or approved software for hydraulic 
modeling 

 Hydraulic modeling assumptions, including culvert blockages and breakaway bridge structures 

 Requirements for high hazard zone calculations 

 Return periods of flood events to be mapped 

Adoption of floodplain mapping by the city for floodplain regulation or submittal to FEMA to update the FIRMs 
should be an identified decision point for each floodplain assessment after preliminary results are available. As 
the process can delay timelines and require additional internal resources, the regulatory adoption process should 
be completed when it supports flood risk reduction and should not be completed without evaluation. The decision 
should be informed by how the results of the new floodplain mapping product support the city’s goal of flood risk 
reduction. For example, when the results do not indicate a significant increase or decrease in risk has occurred, 
it may better serve the city to complete the FEMA regulatory floodplain mapping process after a mitigation 
project has been completed. On the other hand, if base flood elevations have significantly increased but 
mitigation projects are anticipated to have a long duration, adoption of the mapping by the city for regulatory 
purposes would support the Utility’s hazard reduction objective.  

On average, it takes the city about a decade of mapping activity in a watershed to provide a full update to the 
floodplain maps using the current process. However, without significant changes in land use and development, 
topography, channel modification or hydrology, updates to the regulatory floodplain maps may not be necessary. 
Due to the existing developed conditions within the city, it is not likely that updates in mapping will have a 
significant effect on future development.   

https://www.arcgis.com/apps/webappviewer/index.html?id=34a65cf7044441c081b557e2877585a1
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The City of Boulder’s Floodplains 
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Hazard Mapping 

Property damage and other flood-related public safety issues can result from a variety of factors, including 
inundation, deposition of sediment and other debris, and erosion.  Although mudslide and erosion hazards were 
added to the NFIP by Public Law 91-152 in 1969 and Public Law 93-234 in 1973 respectively, standard flood hazard 
(SFHA) maps are typically based only on inundation potential; erosion and deposition are rarely included.  The 
extraordinary flooding that occurred along the Colorado Front Range in September 2013 exposed a key limitation 
of over-reliance on inundation-based SFHA mapping to identify community risk. While the resulting peak 
discharge frequencies at many locations within the City of Boulder were generally below the adopted 100-year 
peak flow rates (WWE, 2014), 63 percent of insurance claims paid by FEMA’s National Flood Insurance Program 
were outside of the delineated 100-year floodplain. Much of the damage in the areas outside this floodplain not 
related to groundwater or sewer backups resulted from flood-related debris deposits and inundation due to flow 
diversions by the debris deposits.   

Although they may by laterally stable, channels that transition from a confined valley to an alluvial fan surface 
near the western city limits (e.g., Bear Canyon Creek, Twomile Canyon Creek, and Fourmile Canyon Creek), are 
subject to debris flows that can cause blockage that limit capacity and send floodwaters and debris into 
unexpected paths away from the primary channel.  While FEMA provides guidance and technical procedures for 
mapping areas subject to uncertain flow paths (i.e., alluvial fan flooding) (44 CFR 65.13; FEMA, 2016), the 
procedures do not generally apply to urbanized areas where development has altered the pre-development 
flooding characteristics (Fuller, 2013, p30).  FEMA (2016, Sect 2.3.4) recognizes this limitation by noting that two-
dimensional models may be appropriate for determining flood hazards on alluvial fans, particularly those involving 
complex urban flooding. Because of the uncertainty in where debris deposits and debris blockages will occur 
during any particular flood, worst-case analyses that sequentially block different, possible blockage locations 
should be considered in identifying the limits of the fluvial hazard zone in these areas. 

The Colorado Water Conservation Board (CWCB) Fluvial Hazard Zone Delineation Protocol (Blazewicz, et al., 2020) 
defines the fluvial erosion hazard zone (FHZ) as the area a stream has occupied in recent history, may occupy, or 
may physically influence as it stores and transports water, sediment and debris. The FHZ, thus, includes not only 
the areas subject to inundation, but also those outside the inundation zone subject to erosion or deposition of 
sediment and other debris.  
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3 Recommendations 
Mitigation projects often drive the priority of when floodplain analyses occur. Consistent procedures and 
timelines for assessing the basis of selection of hazard mitigation are beneficial in understanding existing 
hazards. Confirming that current flood hazard assessments accurately represent existing conditions ensures 
mitigation efforts address the most significant risks. In addition to identifying the need to update existing studies, 
a policy to assess and update flood hazards should include a review of new community issues and priorities. A 
review of non-mapped urban and riverine flood hazard areas and the future climate impact on flood hazards are 
examples of flood hazards that could be included in the process.   

It is recommended that the Utility evaluate the parameters and methods used for current hydrologic and 
hydraulic analyses and floodplain mapping the city uses for planning and flood risk mitigation on a 5-year interval, 
so a decision to update the mapping can be made whenever significant changes are encountered. This will ensure 
that decisions are based on an updated flood hazard assessment and that consistent practices are being 
followed. 

The following mapping policies are recommended for incorporation into the Master Plan: 

 Adoption of new floodplain mapping for regulatory purposes will be evaluated and completed when 
new flood hazard information supports flood risk reduction and mitigation. Unless physical changes 
within the watershed (i.e., land use, topography) or channel (i.e., flood mitigation improvements, 
changes to hydraulic structures) result in a change that modifies the extent of the floodplain by more 
than 10 percent or the depth of the base flood elevation by more than 0.5 feet, regulatory floodplain 
maps will not be updated. 

 Provide a uniform method of mapping that identifies the greatest risks to people and property to 
support mitigation planning, floodplain management, public awareness, and flood preparedness, 
response, and recovery efforts. 

 Consider identifying site-specific hazards that may require additional mapping (i.e., fluvial 
erosion, avulsion, sedimentation, channel blockages, modifications to hydrologic analyses to 
include future conditions scenarios like effects from wildfires). 

 Review existing maps to evaluate when hydrologic and hydraulic analyses or physical changes to a 
watershed may result in a substantive difference in the current flood hazard of a major drainageway.   

 Develop an evaluation cycle and framework to evaluate potential changes in flood hazard that 
indicates what warrants the need to update flood hazard analysis and map updates. 

 Standardize floodplain analysis and mapping procedures to uniformly incorporate local 
guidance with regional, state, and federal requirements.  

 Incorporate information on data and assumptions used as part of current floodplain mapping 
studies into the city’s online Map of the Floodplains. 

 Continue to monitor the effects of climate change on floodplain delineation in coordination with 
federal, state, and regional agencies based on the best available scientific data.  
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 Continue to use one-dimensional (1-D) models for floodplain hazard mapping to regulate floodplain 
development where a reach assessment indicates a 1-D model is appropriate.  

 Prepare for adoption of 2-D modeling for regulatory mapping when reach based evaluation indicates 
a 2-D analysis is appropriate and when following FEMA Guidelines and Standards can be efficiently 
incorporated into the project. Preparation could include: 

 Adopting FEMA guidance on defining the regulatory floodway using 2-D models as it continues 
to evolve 

 Identifying how to evaluate floodway development with 2-D models 

 Developing a list of city-approved hydrologic and hydraulic models 

 Aligning any approach with MHFD and FEMA requirements 

 Stay abreast of developments in this area and provide input, as appropriate, to ensure that 
challenges specific to conditions in the city are reflected in forthcoming standards and 
guidance. 
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5 Appendix 
Further discussion of 1-D versus 2-D modeling approaches 

Most existing SFHAs that are based on 1-D models typically provide results only on a cross-sectionally averaged 
basis for a series of cross sections (that are defined by the modeler). The 2-D computations are performed at 
numerous discrete computational points spread over the model domain; thus, 2-D models provide information on 
a spatially-distributed basis, typically at a much higher resolution than 1-D models. Additionally, flows splits must 
be defined in 1-D models based on the modeler’s professional expertise and related assumptions about their 
specific locations and characteristics versus actual observation or experience. These same splits are typically 
explicitly quantified by the 2-D model algorithms without these assumptions. On the other hand, many of the 2-D 
models on FEMA’s approved hydraulic model list lack the capability to directly simulate the effects of bridges, 
culverts and other structures, while most 1-D models have robust algorithms for simulation of these features. 
Additional considerations are noted in FEMA’s December 2020 Hydraulics Two-Dimensional Analysis Guidance4, 
which includes a section on the decision factors for appropriate use of two-dimensional modeling. Agreement for 
the use of 2-D models with other stakeholders may also need to be considered. The MHFD Hazard Area 
Guidelines5 indicate approval is required for hydraulic analysis that is not based on the standard step-backwater 
method with the most recent HEC-RAS version. 

Current FEMA guidelines for establishing the regulatory floodway (referred to as the “conveyance zone” in 
Boulder’s floodplain regulations) were developed based on 1-D modeling. While the higher resolution from 2-D 
model output can improve quantification of flood hazards in specific areas, it presents significant challenges in 
establishing the floodway within the current regulatory framework. The Dec 2020 FEMA guidelines address some 
of the challenges concerning 2-D floodways by allowing equitable consideration of overbanks and incorporating 
the use of evaluation lines that provide a method for comparing 2-D floodway results to the 1-D floodway results. 
The recommended method for determining equitable floodways was initially based on maximum velocity times 
the maximum depth, a method currently used by the city to determine the high hazard zone. However, the 2-D 
floodway models are generally more time-intensive as the automated methods for 1-D floodways are not available 
in HEC-RAS. The document also outlines methods for considering flood elevation increases across the floodplain, 
but these may need to be adjusted to apply with Colorado’s 0.5’ rise floodway. 

The higher-resolution results provided by 2-D hydraulic models provide valuable information, but also often 
require additional review and consideration by the Utility for the purpose of regulatory mapping when compared 
to 1-D. Small islands and isolated inundation areas often occur in flood-inundation maps developed from 2-D 
model results in urban areas, which may complicate regulation. Each 2-D scenario may present different mapping 
issues and solutions, such as identification of shallow floodplain areas. FEMA guidelines provide for smoothing 
some of these floodplain areas, but also require compliance with floodplain boundary standards. As 2-D 
regulatory floodplains and floodways become more standard, additional solutions will be explored. None-the-less, 

 
4 Hydraulics Two-Dimensional Analysis Guidance (fema.gov) 
5 NONSTRUCTURAL BEST MANAGEMENT PRACTICES (mhfd.org) 

https://www.fema.gov/flood-maps/products-tools/numerical-models/hydraulic
https://www.fema.gov/sites/default/files/documents/fema_hydraulics-two-dimensional-analyses.pdf
https://mhfd.org/wp-content/uploads/2019/12/FHAD-GUIDELINES.pdf
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current standards of practice and forthcoming solutions are complicated by numerous factors, and can further 
complicate review and regulation.  

2-D models require significant additional effort and potential complications for regulatory maps, they provide 
benefits for analysis, as a design tool, and for hazard communication. 2-D models add value in terms of non-
regulatory products when the method is appropriately based on the stream flow. 

FEMA has indicated the growing use of 2-D analyses may warrant additional changes in the regulatory floodway 
approach (FEMA, 2019). It is anticipated that additional 2-D analyses guidelines will be developed and there is 
potential for a shift in the floodway concept over time. FEMA currently provides announcements for flood risk 
analysis and mapping activities and a master index of standards and guidelines on their website.  It is 
recommended that the city stay abreast of developments in this area and provide input, as appropriate, to ensure 
that challenges specific to conditions in the city are reflected in forthcoming standards and guidance. 

Per the NFIP and the city’s floodplain regulations, development within the regulatory floodway (conveyance zone) 
is prohibited unless it can be confirmed that flood depths will not increase. This regulation may require additional 
capability and effort if 2-D hydraulic models become the basis for portions of the regulatory floodways. The city 
should ensure there is a plan to address the evaluation of floodway development with 2-D models. Incorporation 
of a list of city approved hydraulic models, also meeting appropriate MHFD and FEMA requirements, would 
facilitate the city’s use and review of 2-D models. 

 

https://www.fema.gov/flood-maps/guidance-reports/guidelines-standards/announcements
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