
CEDAR RAPIDS AND SURROUNDING AREA 
MULTI-HAZARD TOURNAMENT AGENDA 

September 1, 2016 

Cedar Rapids Police Department Community Room - 505 1st St. SW, Cedar Rapids, IA 

MORNING OF TOURNAMENT 

7:30 – 8:20 Registration and Coffee/Tea 

Welcome and Introductions 

Selection of Team Names 

Review of Agenda and Multi-Hazard Tournament Process 

Initial Set-Up: Scenario Introduction, Decisions, Press Release Justification [65 minutes] 

Initial Set-Up: Presentation & Scoring [50 minutes] 

11:25 LUNCH –  PROVIDED FOR PARTICIPANTS.  

Snacks and coffee/tea breaks will be provided throughout the morning and afternoon sessions. 

Lunch will be ordered from a local restaurant in Cedar Rapids. 

AFTERNOON OF TOURNAMENT 

Announcement of Scores 

Turn 2 & 3: Scenario Introduction(s), Decisions, & Press Release Justifications [70 minutes] 

Turn 2 & 3: Presentation & Scoring [50 minutes] 

Health Break [15 minutes] 

Announcement of Scores 

Final Turn: Scenario Introduction, Decisions, Press Release Justification [50 minutes] 

Final Turn: Presentation & Scoring [50 minutes] 

Reflection & Evaluation 

Announcement of Scores & Award Presentation 

Closing Comments and Next Steps 

5:00 Adjourn 



PARKING INSTRUCTIONS 

CRPD have requested you do not use the small visitors parking lot to the south of the 

main building, to ensure that the public has somewhere to park throughout the day for 

police business. 

If you are attending the event, please should use local side streets for parking, 

highlighted in the photo below.  

 

Thanks for your understanding. 
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INTRODUCTION: MULTI-HAZARD TOURNAMENT 

Welcome to the Cedar Rapids and Surrounding Area Multi-Hazard Tournament!  

This “playbook” will provide you with the information you will need to prepare for the Cedar Rapids and 
Surrounding Area Multi-Hazard Tournament (MHT). 
 

Please Note: Efforts have been made to provide credible information to inform participant decisions 
during this MHT. The information and materials for the MHT are based on data from the watershed that 
was then modeled and calibrated by teams of scientists and watershed professionals familiar with the 
region and its economy1.  Where certain elements of the scenario material could not be calculated based 
on data, expert opinion based on local knowledge was utilized. This was only done when absolutely 
necessary2.   
 

Your knowledge of the watershed combined with your fellow teammates’ knowledge will be an 
important contributing factor in the decisions you make to address the challenges in each turn.  

WHAT IS A MULTI-HAZARD TOURNAMENT? 

The MHT can be described as a competitive tabletop exercise that provides hazard scenarios that teams 
aim to address. Unlike a tabletop exercise where everyone works on the solution together, the MHT adds 
a competitive element where teams compete to decide between tradeoffs and create the best solution 
for a particular climatic scenario and the basin. Teams are challenged to decide how to deal with each 
hazard-based scenario within the budgetary, time, technical, and regulatory constraints set before them. 
Teams’ decisions are then presented and assigned “scores” by the other teams and a group of technical 
specialists (the referees) based on the appropriateness of their proposed solution. 

The purpose of the MHT is to promote multidisciplinary preparedness and strategies to address hazards 
in a game-like environment. The MHT will also help participants better understand their risk in the 
watershed and their risk reduction options. Even more importantly, it promotes the building of 
relationships and understanding of interests between basin participants. This tournament is intended to 
bring together a diverse group of multi-sector participants. Tournament participants often include 
representatives of local/regional government offices; resource management agencies; the private sector; 
interest groups; and universities. The Multi-Hazard Tournament (MHT) framework, conceived in October 
2014 at the US Army Corps of Engineers’ Institute for Water Resources, is an extension of the single  
hazard Invitational Drought Tournament (IDT) Framework (Figure 1), a competitive simulation developed 

                                                                 

1 See Appendix C for more information on model limitations and assumptions. 

2 The scenario materials were developed based on the best information available from previous studies, the 
disciplinary knowledge of the expert committee, and their knowledge of local conditions. Therefore, not all 
tradeoffs between the competing objectives of economic, environmental and social sustainability have been 
captured as they relate to flood, drought and water quality risk reduction.   
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by the Science and Technology Branch of Agriculture and Agri-Food Canada between 2010 and 20133. 
The Invitational Drought Tournament was developed in part to address the complacency panic cycle 
normally associated with droughts (Figure 2) and the competition for water observed during droughts.   

                                                                 

3 Hill, H., Hadarits, M., Rieger, R., Strickert, G., Davies, E. G., & Strobbe, K. M. (2014). The Invitational Drought 
Tournament: What is it and why is it a useful tool for drought preparedness and adaptation? Weather and 
Climate Extremes, 3, 107-116. 

Figure 1 A sequence of tasks and iterations of the development, playing and documentation of a drought tournament (Hill et al., 2014) 
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Figure 2 The Hydro-Illogical Cycle. This cycle highlights why proactive drought preparedness has proven to be challenging (Lankford et 
al., 2004) 

 

YOUR CHALLENGE

In this tournament, you are a part of a team leading the integrated management of the Cedar River 
Watershed to identify socially, economically, and environmentally acceptable solutions for reducing 
flood, drought, and water quality impacts for current and potential future climate conditions. As a team, 
you will develop a watershed management strategy consisting of “adaptation options” for four different 
climatic scenarios that address individual and combined hazard(s) presented in the tournament. Your 
team will be competing against other participating teams to select the best solution to reduce the basin’s 
risk and vulnerability to the climatic scenarios. For the purposes of this Multi-Hazard Tournament, you 
will be creating solutions that will be implemented between the beginning of the Cedar River near Austin, 
Minnesota downstream and the City of Cedar Rapids, IA. 
 
Each team at the tournament will be provided the same budget and list of adaptation options to address 
the same drought, flood, and water quality issues in the Cedar River Watershed. With your fellow 
teammates, you will select the adaptation options, from the list provided (see Adaptation Option 
Description Section) or innovatively developed by your team that you deem most appropriate to reduce 
the impacts of the hazard scenario presented in a round. Your team’s goal is to minimize a hazard’s 
impact while not increasing the risk of other hazards included in the tournament.  

 

 
 

  

What is an adaptation option? 
An “adaptation option” in this Multi-Hazard Tournament is a risk reduction measures consisting 
of non-structural approaches (such as altering land-use practices or policies) and structural 
projects (such as treatment plants and wells) that can be implemented in the basin. Risk 
reduction measures are intended to reduce a population’s and ecosystem’s exposure or 
vulnerability to a hazard. In this Multi-Hazard Tournament, many of the pre-defined adaptation 
options are meant to be implementable at the local and watershed levels. 

See Adaption Options Description Section for more information. 
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TOURNAMENT “POSITIONS” 

The tournament not only has team players but it also has other roles that support the conduct of the 
tournament. Below are the positions and responsibilities of different participants: 

 

  

Players 

• Use their knowledge and expertise to help their team select adaptation options 
and press release responses that are most appropriate for the basin 

• Present their Press Release responses 
• Score other teams’ watershed management strategies each round 

Referees 

• Act as “content” experts that can be consulted by teams  
• Evaluate the feasibility of innovative adaptation options 
• Engage in the scoring process along with the players 

Team Facilitators 

• Submit the Decisions, Press Release responses, and Scores  
• Monitor time  
• Track team’s budget 
• Ensure all team members are respected and heard  
• Help teams come to their decisions  
• Participate as a team member  

Fans 

• Engage in a separate scoring process from the referees and players resulting in a 
‘Fan Favorite’ at the end of the tournament 

• Evaluate the tournament, provide feedback, and consider how to enhance such 
events in future to make them more relevant for decision makers   

Announcers/Host 

• Facilitate the event 
• Present the scenarios for each turn 
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GAME PLAY DESCRIPTION 

Figure 3 The process followed for each round of the Multi-Hazard Tournament. 

PRESENTATION OF TURN SCENARIO – HAZARD AND BUDGET 

Four scenarios will be presented in this MHT. Every team will receive the same information for each turn 
including: a) the budget available to invest, b) the climate conditions forecasted, c) the list of pre-defined 
adaptation options, and d) time limitations for the turn (Table 1). 

Turn one is the initial set-up period of the team’s watershed management strategy. In this round your 
team will have a budget of $1.6 billion to pay for a 20-yr investment horizon. Your team will need to 
choose to invest in policy, structural, and/or non-structural adaptation options that will condition the 
decisions and options the team has in the following two turns (2 and 3). As your team selects its 
adaptation options, your budget will be reduced accordingly. Upon completion of turn 3, each team will 
have the opportunity to reset their watershed management strategy with the full 20-yr investment 
budget. In the final turn, turn 4, your team will have the opportunity to adjust its watershed management 
selections to reduce the impact of the same hazards but in a possible climate change scenario that will 
include more frequent and extreme hydrologic hazards (please note this scenario is not assumed to be 
the future conditions; rather it is an example of a potential scenario based on the best information 
available at this time). 

Table 1 Budget and Hazard to be addressed per Turn 

Turn Budget amount Hazard Emphasis Hydrologic Focus 

1 $1.6 billion None - Set-up Period of Record 

2 $62 million Flood Period of Record with Synthetic Flood adjustment 

3 $62 million Drought Period of Record with Synthetic Drought adjustment 

4 $1.6 billion Climate Change More frequent and extreme flood and drought periods 

 

1. 
Presentation 

of  Turn 
Scenario

2. Selection 
of 

Adaptation 
Options

3. 
Justification 
of Choices & 

Press 
Release 

Presentation

4. Scoring
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BUDGET 

The budget values used in the tournament were based on the realistic estimates of the amount of 
funding that is anticipated to be invested in the Cedar River at and upstream of the City of Cedar Rapids 
over the next 20 years (Appendix A). Funding may be recurring annually or used for special one-time 
investments. It may take several years for the investments using one-time funding to be realized and for 
the project to be constructed.  

How funding can be spent is constrained by the taxing authority or the mission area of the funding 
sources. Therefore, the 20-yr and annual budget values are divided into two categories: 1) Capital 
improvement items in or around the City of Cedar Rapids (aka Localized Alternatives), and 2) Upstream 
watershed improvement items (aka Watershed Alternatives). The capital improvements category of the 
budget is approximately $750 million ($22 million Annual). The watershed improvements category of the 
budget is approximately $825 million ($40 million annual). For this reason, the 20-yr investment budget is 
approximately $1.6 billion while the annual investment is approximately $62 million.   

These two different types of funding available in the basin will constrain your team in what it can invest 
in with your allotted budget for a turn. 

TIME FOR TURNS 

The time allocated for your team’s decision-making process, Press Release presentations, and scoring for 
each turn is fixed. If your team exceeds your allotted time, you may receive a penalty in the form of a 
point reduction. Your Announcer will tell you how much time your team will have for each step in the 
turn.  

SELECTION OF ADAPTATION OPTIONS  

CHOOSE YOUR STRATEGY 

Your team’s watershed management strategy will guide your investment decisions. A system wide 
management strategy may have the best outcome on the watershed resources. A strategy that invests 
too heavily on localized actions and does not look upstream may be subject to unfavorable flow or water 
quality conditions. A strategy that invests too heavily in watershed improvement actions may reduce 
flowrates and improve water quality but may not be enough to offset significant hydrologic hazards 
(flood and drought), resulting in major economic, social and environmental impacts.  

Your team will be asked to justify its choice of the adaptation options and how they fit into your team’s 
watershed management strategy. Consider how you will articulate the elements below along with the 
Press Release Questions in the Justification of Choices and Press Release Presentation Section as you are 
making your decisions. Thinking through your team’s strategy will help your team articulate to the other 
participants and observers your rationale. 

 
• Given the constraints you are facing due to budget, are you making tradeoffs your team can live 

with?  
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• Are you overinvesting in investments to protect against one hazard that may reduce your ability to 
reduce your risk to another?  

• How do the options you are selecting reduce the impacts of the hazards of concern in terms of the 
metrics you are using as a reference? 

• Are your choices cost effective compared to other options? 

ADAPTATION OPTIONS 

Based off your team’s selected watershed management strategy, your team will select a certain set of 
adaptation options.  

To manage the large number of watershed management strategies that are possible within the basin 
currently, a list of pre-defined adaptation options have been chosen based off of the options currently 
being used or considered in the Cedar River Basin4.  

Adaptation options, which can be combined to form a watershed management strategy, are organized by 
the type of alternative. The alternatives are broken down by their area of impact, local versus watershed.  

Localized Alternatives 

• Protect Municipal Water Supply 
• Structural Actions  
• Non-Structural Actions 

Watershed Alternatives 

• Land Cover Change – Grassland based 
• Land Cover Change - Wetland based 
• Land Cover Change – Grassland and Wetland Based 
• Land Cover and Land Management Change  

 
See the Adaptation Option Description Section for a full listing and description of individual adaptation 
options within each alternative. 

  

                                                                 

4The options provided in the tournament ultimately were a function of a review of the options being considered, 
the funding sources available and the ability to credibly model the options within the given budget and time 
of the project.  Despite these constraints the range of options available to you in this turn are a good cross-
section of the options available at this time.  
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INNOVATIONS 

In addition to choosing from the list of pre-defined adaptation options, your team can also propose 
innovative risk reduction solutions that can range from “hard” engineered solutions to “soft” policy, 
biological, or other technical solutions.  

An “innovation” can be any of the following: 1) a proposed unique combination or extension of the pre-
defined adaptation options 2) a different adaptation option not currently on the pre-defined list of 
adaptation options but perhaps may already be implemented in the basin or 3) a new adaptation option 
not currently on the pre-defined list of adaptation options or implemented in the basin. An innovation 
could be an economic, policy, outreach or educational, or technical solution.  

If your team decides that your team has another adaptation option or “Innovation” that would help your 
team address the scenario presented during the turn: 

1. Present your idea to the referees.   

2. The referees will then deliberate to decide whether they consider your team’s innovation is: 1) 
well thought out, 2) consistent with or enhancing your team’s watershed strategy, 3) reflective of 
systems thinking, and 4) considerate of the innovation’s economic, social, and environmental 
impacts. 

3. If considered feasible by the referees, your team should present its innovation during their press 
release.  

When presenting your team’s innovation in your Press Release, your team should articulate what the 
potential impacts would be to any or all of the metrics described in the Alternative Evaluation section. 

ALC
Do we want all 4 or should we take out the systems thinking component?

Deborah Bathke
3 and 4 essentially say the same thing
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DECISION SUPPORT TOOL 

Your team will use the same Decision Support Tool5 to submit its watershed management strategy. This 
tool will allow your team to decide which combinations of adaptations options and to which level of 
investment each options you would like to make in each turn (Figure 4).  

The Decision Support Tool will provide the following information to your team: 

• Adaptation Options 
• Budget 
• O&M cost of selected actions 

In order to enable your team to make the following decisions: 

• The adaptation options you will invest in each turn 
• The size of investment your team chooses to spend on each adaptation option and in total 
• Evaluation of how well adaptation options performed versus other options based on the 

tradeoffs chosen by your team (Figure 5) 
 

                                                                 

5 The DSS was created By Dr. Marian Muste and his team at the University of Iowa (.http://iowadis.org/idwdev). 

Figure 4 Example of Elements of the Decision Support Tool Interface.  Note: Minor modifications may be made to this 
interface prior to the tournament. 
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Figure 5 Example of Elements of the Decision Support Tool Interface.  Note: Minor modifications may be made to this interface prior to 
the tournament. 

Once these decisions have been made, your team will then present your justification for your adaptation 
option choices and score the other teams based off of their Press Release responses. The questions to 
guide your team’s justification of choices and the scoring criteria are covered in the next two sections.  

JUSTIFICATION OF CHOICES & PRESS RELEASE PRESENTATION 

After your team has submitted its Watershed Management Strategy, your team will fill out a Press 
Release which will be used to justify your choices. In the Press Release, your team will be allowed to add 
any anticipated ancillary benefits that the benchmarks built into the decision support tool may not 
capture, as well as other justifications for why the adaptation options chosen were the most appropriate 
for this basin and hazard. Your team is encouraged to use the background of the playbook as much as 
possible when developing the content for the Press Release. 

The Press Release Questions for this tournament can be found on the next page. You will also receive a 
Press Release Question Handout during the MHT.  
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Your team will then present a short summary of its watershed management strategy and justification, 
which can reference the Decision Support Tool outcomes and your team’s use of local knowledge. Each 
team will score the other teams, as will the referees using the criteria on the Score Card Handout.  

  

PRESS RELEASE QUESTIONS 

1) Briefly describe which adaptation options (including innovations) your team decided to invest in in order to 
address and prepare for the forecasted climate conditions.  
 

2) Why did your team feel this approach to addressing the forecasted climatic conditions was the most 
appropriate for the basin as opposed to other approaches? (rationale behind decision) 

 
3) What are the implications for your team’s approach in terms of tradeoffs between impacts to the physical 

landscape as well as tradeoffs between impacts on different economic, social, and environmental sectors? 
How did these tradeoffs and impacts influence your choice of approach? 

 
4) TURN SPECIFIC QUESTION:  

Initial Set Up: In this turn you were asked to decide on which major expenditures your team wanted to 
invest. Why was your approach for the initial set-up the best way to set your team up for success in the 
upcoming Turns 2 (Flood) & 3 (Drought)? 
 
Turn 2 & 3: How did your approach take advantage of and build on the decisions you made in the initial set-
up? 
 
Final Turn: What lessons learned did you take from the previous 3 turns and incorporate into your approach 
for the climate change scenario? 
 

5) Do the adaptation options provide for a long-term solution to the problem of concern or is it primarily a 
short-term measure? How did this consideration influence your choice? 
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SCORING 

Scoring will be based on 2 different categories: Decision Support Tool Score and Participant Score (Figure 
6). The Decision Support Tool Score can be broken into three components directly connected to how well 
your team’s investment decisions performed in the economic, social and environmental evaluation 
metrics within the DSS. The Participant Score category is also based on three components. The 
Participant Score will consider how well a team’s proposed innovation advances a team’s watershed 
management strategy, the appropriateness of the adaptation option selections for the Cedar River 
Watershed, and the consideration of impacts and tradeoffs by the teams.  

 
Figure 6 Scoring Breakdown, Decision Support Tool (Blue) and Participant (Orange), for Cedar Rapids and Surrounding Area Multi-
Hazard Tournament.  

 

 

Participant Score:
Appropriateness of 
Adaptation Options, 

17.5%
Participant Score:
Consideration of 

Impacts and Tradeoffs, 
17.5%

Participant Score: 
Innovation, 5.0%Decision Support Tool 

Score: Social, 20.0%

Decision Support Tool 
Score:

Environmental, 20.0%

Decision Support Tool 
Score:

Economic, 20.0%

Participant Score:
Appropriateness of Adaptation Options

Participant Score:
Consideration of Impacts and Tradeoffs

Participant Score:
Innovation

Decision Support Tool Score: Social

Decision Support Tool Score:
Environmental

Decision Support Tool Score:
Economic
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DECISION SUPPORT TOOL SCORE 

For every turn, your team will choose which adaptation options it will present as its watershed 
management strategy. Using the Decision Support Tool (DST), the impacts of your team’s adaptation 
options investments will be measured against a set of metrics outlined in the Alternative Evaluation 
portion of the Playbook.  
 
Total improvement from the Decision Support Tool baseline generated by DST will produce a Decision 
Support Tool score. The score from the DST will account for 60% of the total score. 
 
Calculation of Decision Support Tool Score:  
For each metric, the models will have calculated the best outcome or optimal score that can be achieved 
through the selection of the best watershed management strategy. This score will then be normalized. 
The metrics resulting from each team’s watershed management strategy will be compared to these 
optimal normalized scores calculated for each metric. A composite score will then be calculated for each 
of the three metric categories: Environmental, Economic, and Social, and these composite scores will 
represent 60% of the Decision Support Tool Score.  
 
For instance:  

Economic Metrics =  
• Metric 1: $240,000 (your team’s score)/$320,000 (optimal score) = 75% 
• Metric 2: $20,000/$40,000 = 50% 
• Metric 3: $3,000/$5,000 = 60% 
• Metric 4: $25,000/$25,000 = 100% 

 
Sum of Economic Metrics = (.75)+(.5)+(.6)+(1.0) / 4 = 71/100   
Sum of Environmental Metrics = 50/100 
Sum of Social Metrics = 70/100   
                             Total = 191/300  
 
 

TEAMS AND REFEREE SCORE 

Every team and referee will vote on the Press Release justification presented by each team. The teams 
will then be scored on a scale of 1 to 5 (1 being “Not Well At All” to 5 being “Very Well”) by the players 
and referees on how well the other teams considered and justified: 
 

Appropriateness of Adaptation Options (Weight 17.5% of the Total Score) 

Given the wide range of adaptation options, how well did the team’s choice of 
adaptations options and justification in the press release show why this team’s choice of 
adaptation options might be more appropriate for this particular watershed over another 
approach?  
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Consideration of Impacts and Tradeoffs (Weight 22.5% of the Score) 

How well did the team articulate their understanding of the impacts from their 
adaptation options choices (i.e. the resulting economic, social, and environmental 
metrics) as well as any additional benefits and impacts (to specific population and 
sectors) from their adaption option choices?  

Innovation (Weight 5% of the Score): 

How well did the team innovation advance their watershed management strategy?   

The more holistic and basin-appropriate the proposed watershed management strategy is, the higher the 
score will likely be. For example, a team might try to address and improve upon as many “community 
capitals” as possible (Figure 7). By developing a strategy that considers all aspects of impacts on a 
community, your team’s watershed management strategy may increase the community’s resilience to all 
natural hazards, potentially improving planning and mitigation efforts. 
  

CUMULATIVE SCORE 

Your team’s final score will be comprised of the cumulative averages from each round. The tournament 
"winner" will be the team with the highest overall score at the end of the MHT. 

  

Figure 7 The Community Capitals Framework. Source: Cornelia Butler Flora, Rural Studies Research Seminar, July 4, 2006, University 
of Guelph. 
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CEDAR RIVER WATERSHED BACKGROUND INFORMATION 

The following portion of the playbook should be used to help you familiarize yourself with the Cedar River Watershed 
and should also be used during the Multi-Hazard Tournament for justification during the Press Release 
Presentations.  

 

Figure 8 Cedar River Basin upstream of the City of Cedar Rapids. 
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CEDAR RIVER WATERSHED OVERVIEW 
A watershed is all of the land area that drains water to a common point, usually a river, stream or lake. In 
order to respect the differences in land characteristics, while achieving similar goals, focusing on 
individualized watersheds (i.e. sub-watersheds within the whole of the Cedar River Watershed) can help 
to carry out a more holistic approach to creating a plan for a watershed. This tournament focuses on the 
‘Middle Cedar’, a watershed starting at the beginning of the Cedar River near Austin, Minnesota 
downstream and extending to the City of Cedar Rapids, IA. 

The City of Cedar Rapids, located in Linn County, is the second largest city in Iowa.  The estimated 
population in 2008 was 125,850.  The Cedar Rapids/Iowa City corridor has an estimated population of 
423,353.  Linn County is one of the few Iowa 
counties that has been increasing in 
population over the past 10 years.  

The climate of Cedar Rapids, IA, is 
characterized by marked seasonal variations 
due to its latitude and interior continental 
location.  In the summer months, average 
monthly high temperatures are near 85 OF 
while in winter, average monthly low 
temperatures are in the teens.  Extreme 
temperatures have varied from a record high 
of 110 in July 1911 to a record low of -33 was 
reached in January 2009. Precipitation 
averages around 37.5 inches, but has varied 
from as little as 22.85 inches during the drought of 1988 to as much as 60.27 inches during 1993 (Table 
2). 

 

GOVERNANCE STRUCTURE OVERVIEW 

The following is a simple summary of the highlights of Water Planning: Law and Government section of 
the 2008 Iowa Water Plan6 published by the Iowa Department of Natural Resources (DNR). These 
highlights will provide a broad overview for consideration as your team makes choices related to which 
adaptation options are most appropriate and which stakeholders may be affected or carrying out your 
adaptation options choices. Keep in mind, this abbreviated bullet list does not include many important 
nuances to the water law that may be important. 
 
Ownership and Permitting 
• Surface and groundwater are public goods belonging to the people of the State. 
• The bed and banks of all but about 1000 miles of Iowa’s largest rivers and streams are privately 

owned but the public is permitted to use even streams on public land for navigation. 

                                                                 

6 . For more detailed information, refer to Chapter V (pages 30-57) of the 2008 Iowa Water Plan.  

Driest Wettest

Rank Date Total (in.) Rank Date Total (in.)

1 1988 22.85 1 1993 60.27
2 1989 24.27 2 1965 50.32
3 1976 25.12 3 2008 50.11
4 2012 25.62 4 1959 48.28
5 1958 25.87 5 1961 47.96
6 1964 25.94 6 1977 47.65
7 1980 27.6 7 2009 47.38
8 2005 27.6 8 1998 46.19
9 1975 27.91 9 1982 45.33

10 1963 28.85 10 1969 44.91

Table 2 Top ten driest and wettest years for Cedar Rapids over the period 1958-
2012.  Source: NDMC (droughtatlas.unl.edu). 
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• The formation of drainage districts for the purpose of constructing private infrastructure to drain 
lands for agriculture is permitted by Iowa law. 

• Withdrawals of 25,000 or more gallons of water per day (surface or groundwater) require a permit 
from the Department of Natural Resources. 

• Withdrawals of less than 25,000 gallons per day do not require permits, but must be for a beneficial 
use and not wasted. 

• Permits are for a maximum of 10 years and remain with the land (cannot be traded). 
• Permits are also required for storage of more than 18 acre-feet behind a dam, diversion, and aquifer 

storage and recovery of treated water. 
• A permit is required for the discharge of anything into an underground water body. 
 
Water Quality 
• Agricultural producers are expressly exempted from liability resulting from nitrate or pesticide 

contamination of groundwater if fertilizers and pesticides are applied in accordance with soil test 
results and applicable pesticide regulations. 

• IDNR regulates surface water pollution by issuing permits for disposal systems and other point source 
discharges. 

• Local zoning laws may be used to regulate some activities on the land which could have implications 
for water quality. 
 

Water Flow 
• The “established average minimum flow” must be preserved in watercourses (users cannot withdraw 

so much that it reduces the flow below a minimum level). 
• “A landowner that interferes with the natural course of drainage or substantially increases the water 

flow to the extent it creates damages on others’ properties is liable for any such damages.” (p. 38) 
 

Active River Authority Responsibilities 
• County Soil and Water Conservation Districts are responsible for setting soil loss limits for land within 

their districts. Landowners found in violation can be ordered to remedy the situation if public money 
is available for such remedies. 

• Animal feeding operations are regulated by the IDNR and the Environmental Protection Commission 
in part for the protection of water quality. 

• Natural Resource Commission (NRC) is charged with the management of aquatic invasive species. 
• The Governor has the power to declare a state of public disorder and thus prohibit various activities 

to protect life, health, property, or public peace for ten days. 
• Floodplain management is conducted by the Department of Natural Resources and the 

Environmental Protection Commission which has authority over construction and excavation in 
floodplains. 

• IDNR also has authority to regulate drinking water facilities in accordance with federal drinking water 
standards. 

• Iowa Department of Agriculture and Land Stewardship regulates the application of pesticides but has 
no authority over the application of fertilizers. 

• Water uses are subject to the control of the State and must be for a recognized “beneficial use.” 
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EXISTING INFRASTRUCTURE 

Flood Risk Management Infrastructure 

Six distinct flood risk management systems currently exist along the Cedar River through the central core 
of Cedar Rapids (Figure 9).  These systems were all locally built by the City or private entities.  Past 
inspections of the existing systems by the Corps of Engineers revealed many items that do not meet 
Federal design standards. Significant flood fighting efforts take place by the City of Cedar Rapids during 
floods such as the building of sand bag tie-offs at elevations that are below the 1 percent chance event.  
Storm intake grates throughout the interior are capped with precast manhole structures and sandbags in 
order to prevent flood water from flooding from within through the storm drain systems that have no 

permanent closure gates.   

Figure 9 Existing flood risk management system composed of levees and floodwalls. 
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Existing levee/floodwall systems in Cedar Rapids are lacking permanent pump stations and closure 
structures on storm sewers.  Storm sewers pipes flow freely underneath existing levee/floodwall systems 
and require major flood fighting efforts in an attempt to prevent flood waters from backing up through 
existing storm intake grates and manholes located at ground level throughout areas within the 
floodplain.  These existing systems lack basic features necessary for a comprehensive line of protection. 

Energy Infrastructure 

The Cedar River Basin is home to and dependent on a range of energy infrastructure. Over 3800 MW of 
electric power generation is sited within the basin including 830 MW of renewables, 2960 MW of fossil-
fired generation and 679 MW of nuclear (Figure 10). Of this capacity, 2360 MW of generation is 
thermoelectric, primarily coal and nuclear, withdrawing 64.8 MGD and consuming 14.4 MGD of the 
basin’s surface and groundwater resources. This area is also home to approximately 2.3 MGD of ethanol 
refining capacity which consumes approximately 6.2 MGD of water. Approximately 300 million bushels of 
corn (and too much lesser extent other feedstock crops) are cultivated in the basin. Beyond this energy 
production numerous electric power lines along with natural gas and oil pipelines cross the watershed. 
 

Figure 10 Electric power generation capacity in the Cedar River basin. 

Water Pollution Control Facilities (WPFC) 

The Cedar Rapids Water Pollution Control Facilities (WPCF) is located southeast of Cedar Rapids. The 
WPCF serves the populations of the cities Cedar Rapids, Marion, Hiawatha and Robins.  While the total 
population of these communities is approximately 160,000, it treats wastewater of significant strength 
due to the industrial customer base of the region.  The population equivalent served by the WPCF is on 
the order of 1,600,000.   
 
The scale of flow and organic loading multipliers handled by the WPCF is unique in the municipal 
wastewater treatment industry and further illustrates the commitment the City has made to serve an 
extensive network of food processing, biotech, and related industries.  Some of the products produced by 
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these are facilities are: ready-to-eat cereals; corrugated medium; ethanol; high-fructose corn syrup; 
industrial enzymes; bakers yeast; starches; oat or soy fiber; ready-to-spread frostings; and pancake syrup.  
The WPCF provides an advanced level of treatment through a variety of processes that are necessary for 
responding to the constantly changing and expanding needs of our industrial and commercial customers.  
Control and removal of biological solids created during treatment is a key factor for success at this scale 
of wastewater treatment operations. 

RECENT HAZARD EVENTS IN THE BASIN 

FLOOD 7 

All locations within a given watershed have a level of flood risk associated with them. Flood risks can 
increase or diminish based on topography, proximity to creeks and rivers, changes in development, 
implementation of capital improvement projects, weather patterns and other factors. Minimizing loss of 
life, assisting emergency responders during flooding events and reducing property damages will always 
be the priorities of Flood Risk Management. 
 
The drainage area of the Cedar River at the City of Cedar Rapids is 6,510 square miles. Historically, major 
floods have been caused by a combination of rainfall and snowmelt or by heavy rainfall alone.  On the 
Cedar River, the flood of record for Cedar Rapids is the June 2008 event. 
 
This flood was the result of severe rainfall events on already wet soils. In Cedar Rapids, the River crested 
on June 13, 2008 at an elevation of 731.58 feet NGVD, roughly 4 to 5 feet above the 500-year flood 
insurance study (FIS) flood stage at the gage, and a discharge of 140,000 cfs, nearly double any previous 
flood event recorded during the period of record (approximately 100 years) (Table 3).  

Table 3 Floods of Record in decreasing order of magnitude of their discharge, Cedar River, Cedar Rapids, Iowa 

Year 
Discharge 
(cfs) 

Gage 
Height 

 2008 140,000 31.12 
1961 73,000 19.66 
1993 71,000 19.27 
1965 66,800 18.51 
1929 64,000 20.00 
2004 62,500 18.30 
1999 62,300 18.31 
1933 58,400 18.60 
1947 56,200 18.23 
1906 55,700 17.60 

1 Estimated from high water marks.  USGS, 2001, National Water Information System (NWISWeb)  [http://waterdata.usgs.gov/nwisl] 

                                                                 

7 Note: Majority of text for this section is taken directly from the 2010 Cedar Rapids Flood Risk Management 
Feasibility Report with Integrated Environmental Assessment developed by the U.S. Army Corps of Engineers, Rock 
Island District or information posted on the City of Cedar Rapids flood recovery websites.  
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Several factors contributed to the hydrologic conditions leading up to the flood of 2008.  The previous 
year was the fourth wettest year on record for the State of Iowa, resulting in saturated soil conditions 
and higher-than-normal flows. In addition, portions of Iowa received above normal snowfall during the 
winter of 2008, resulting in significant snow-water equivalents.  Much of northern Iowa had snow- water 
equivalents of 2 to 4 inches, with areas in Northeastern Iowa having snow-water equivalents in excess of 
4 inches. 
 
Heavy rains beginning in April over Iowa caused area tributaries, as well as the Mississippi River to rise 
above flood stage.  Widespread areas of Eastern Iowa recorded 6-plus inches of rainfall with 10-plus 
inches reported locally.  This was the second wettest April on record for the State of Iowa.  The resulting 
runoff caused the Coralville flood control reservoir located on the lower Iowa River to rise significantly 
into early May.   
 
Although river and reservoir levels had begun to recede during the second part of May, river levels 
remained higher than normal.  Beginning in late May and into early June, the jet stream shifted resulting 
in a continuous moisture feed as storms tracked repeatedly over the same areas, much like what 
happened in 1993 which resulted in major flooding.  The average precipitation for the State of Iowa over 
the 15-day period of May 29 through June 12, 2008 was 9-inches. Observed precipitation totals for the 
Cedar River basin in June 2008 are displayed in Figure 11. Figure 12 displays the hydrograph for the 
period of time from April to September, 2008.   

Figure 11  June 2008 Precipitation Totals 
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Figure 12 2008 Flood Hydrograph 

The floodplain in Cedar Rapids is densely developed and the City of Cedar Rapids has extensive plans for 
substantial growth and redevelopment.  The record flooding in June 2008 inundated the entire 
downtown river corridor. The flood devastated the City with extensive damage to approximately 4,200 
structures both public and private.  Hospitals, schools, public transit, and businesses were all negatively 
impacted by the flooding event.  Nearly 10 square miles and 1,300 city blocks were impacted, displacing 
approximately 25,000 people, and causing over $5 billion in damage in Cedar Rapids and Linn County 
(Figure 13). This disaster ranks as the fifth worst natural disaster in the nation for public facility losses. 

Figure 13 June 13, 2008 - Cedar River at Downtown Cedar Rapids During Flood Crest 
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Displacements.  

Following the worst natural disaster in Iowa’s history, everyone in Cedar Rapids was impacted by the 
flood in some way.  Those who lost their homes faced months of finding temporary housing and waiting 
for notification of whether they could return to their damaged property.  Thousands of downtown 
workers lost their jobs, some temporarily and many permanently, due to the flood damages that forced 
many businesses to close.  Arts and cultural institutions that attracted residents from across the region 
were forced to close their doors for months, years, or even permanently.   
 
The 2008 flood destroyed a vast majority of the affordable housing stock that was within some of the 
most core neighborhoods within the City of Cedar Rapids.  The neighborhoods hit hardest by the flood 
were Time Check, Downtown, Oakhill Jackson, Taylor Area, and Czech Village.  An estimated 10,000 
residents were displaced by the flood and the majority of housing that was affected was in low- to 
moderate-income neighborhoods.   
 
All of the City’s primary municipal buildings were evacuated and eventually flooded.  Both the Central 
Fire Station and the Police Department were evacuated and moved to temporary locations.  City Hall, 
located on a small island in the middle of the Cedar River, houses the City administrative departments.  
City Hall was evacuated 2 days before the river’s crest and was reopened at a new site within 2 days of 
the flood’s crest.  District students displaced by the flood totaled 1,280 or approximately 8 percent of 
the enrollment, disrupting the learning environment.  Mercy Medical Center was evacuated and patients 
were transported to other medical facilities. 
 

Public Facility Damages 

The 2008 flood event was a rare and locally disastrous occurrence.  Many public facilities were severely 
damaged.  Linn County was included in a Federal disaster declaration, allowing for FEMA financial 
assistance in the cleanup, repair and reimbursement of flood-related public damages and costs.  The 
FEMA Project Worksheets were used to identify direct flood-related costs incurred by public entities 
located in Cedar Rapids. Table 4 reports the June 2008 event public damages by category.  This table is 
based upon the City’s accounting for damage categories and repair costs under the FEMA post-disaster 
declaration public assistance program.   

Table 4 2008 Flood Event – Public Damage Costs by Category 

  
2008 Event 

  Debris Removal $7,654,100 
Emergency FRM Measures $85,761,100 
Roads and Bridges $5,497,100 
Water Control Facilities (sewers) $44,516,100 
Buildings, Equipment and 

 
$121,439,600 

Utilities $63,058,200 
Parks and Recreation $1,774,700 
 Total $329,700,900 
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Public Facilities and Services 

Major City services including City Hall, the County Courthouse, the Central Fire Station, the Police 
Department, the animal control building, the public works building, the ground transportation center, 
and the main public library sustained billions of dollars in damages.  Cedar Rapids Community School 
District central offices and Taylor Elementary School were flooded and displaced.  Cultural icons, 
including museums, theaters and cultural centers, were destroyed.   
 
All of the City’s primary municipal buildings were evacuated and eventually flooded.  In all, 310 
municipal facilities were damaged.  The wastewater treatment facility was submerged and lost power, 
and all but one raw potable water supply well were taken out of service, dropping water production to 
25 percent of what was necessary to supply uninterrupted residential and industrial service to the 
community.  However, by the heroic and tireless efforts of many, services that the citizens of Cedar 
Rapids rely upon continued. 
 
Major east-west connectors across the river were closed, severely compromising traffic flow for citizens, 
emergency and City vehicles, and school buses.  Freight connections were disrupted by damaged 
railroad connections, heavily impacting two major industries.   
 

Energy Infrastructure  

The Prairie Creek power plant incurred flood damage in the June 2008 event. The 238MW coal-fired 
plant took over 6 months to bring back on line at a cost of $152 million. The same flood also caused 
closure of the 72 MW Sixth Street coal-fired plant (now decommissioned) and the 143 MW Sutherland 
coal-fired plant (closed two weeks from inundation of coal yard) leaving 23,000 residents without 
electricity. In contrast the Duane Arnold Energy Station, a 679 MW nuclear-power plant easily withstood 
the June 2008 flood due to flood protection measures and by virtue of its location on high ground.  
 

Water Pollution Control Facilities (WPFC) 

 The WPCF was inundated to a water elevation of 720 feet (Figure 14) in the June 2008 flood event.  The 
main lift facility for the WPFC was lost for about 10 days due to flooding.  The “wet side” and solids 
handling aspects of the plant facilities were lost for weeks.  During this time, the City’s wastewater was 
discharged directly to the Cedar River.  The primary settlers (first physical treatment process) and the 
roughing filters (the first biological treatment) were out of service for about 1 month.  The first stage of 
activated sludge treatment was out of service about 2 months.  The second stage of activated sludge 
treatment was out of service about 3 months.  The incineration facility for destroying primary and 
biological treatment solids was out of service for multiple months.  While the incineration facility was 
out of service, solids were trucked to landfills or for field application at a cost to the city of $5,000 to 
$10,000 per day. 
 
The emergency repairs to the facility cost about $8.5 million.  Permanent repairs to the wet side 
processes cost about $10 million.  Permanent repairs to the solids processing facilities, principally the 
incinerator, cost about $20 million. 
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Prior to the June 2008 flood, the WPCF treated an average of 34.5 million gallons per day (mgd) and 
plant design treatment capacity is 56 mgd. Post-flood comparable average flow per day with minimal 
changes in population is 52.7 mgd.  This significant increase in average daily flow represents modest 
industrial growth and significant inflow and infiltration due to sanitary sewer damage suffered in the 
flood. 
 
Industrial flows to WPCF have increased from a pre-flood average per day of 16.3 mgd to a post flood 
average of 17.5 mgd.  Current organic loading levels to the WPCF are 10 times the rate expected from 
the City.  

 

Fresh Water Intake Wells. 

The fresh water well field includes 46 vertical and 4 horizontal collector wells (Figure 15).  The well field 
provides potable water to the City of Cedar Rapids. The freshwater intake wells supply raw water to the 
two potable water treatment plants. 

 In June 2008, all of the 46 Vertical Collection Wells (VCW) lost service when the flood waters inundated 
the motors, and 3 of the 4 horizontal collector wells lost service when the flood waters inundated the 

Figure 14 Extent of flooding of the WPFC that treats wastewater from Cedar Rapids and neighboring communities. 
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transformers—at Horizontal Collection Well (HCW) 1 and 2—and/or suffered flood water intrusion of 
the motor control gear inside the collector well buildings (HCW 1, 2 and 4).  Despite National Guard 
helicopter support to restore a couple of VCWs and shore up water supply, supply from the intake field 
was limited to about 12 million gallons per day to only the J Avenue treatment plant during the flood.  
As average water demand in the City is around 38 million gallons per day, all of the wet industry 
customers of the water system had to be shut down, and water usage restrictions imposed on the City’s 
civilian population to forestall draining the system’s storage and de-pressurizing most of the water 
system.  The return to service of HCW 4, 2 days after the flood crest, prevented having to shut off water 
to large segments of the residential service areas of the City.  It took about 2 months to address repairs 
to all of the vertical well motors.  Approximately $2 million was expended on well field emergency 
repairs and the City received additional funding from FEMA to elevate 10 VCWs. The elevation work 
consisted of extending the casings of each VCW along with the pump columns and shafts, and platform 
and ladder modifications and electrical work.  The other 36 VCWs require an additional funding source 
to be elevated.  
 

 

Figure 15 Fresh Water Intake Wells that supply potable water to the City of Cedar Rapids. 
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WATER QUALITY 

Water Quality contributes to hazardous ecosystem and human health conditions within the Cedar River 
Basin.  Large scale conversion of the landscape to row crop and livestock agricultural production has 
resulted in increased sediment and nutrient transport. Urban development within the watershed has 
also resulted in increased nutrient discharges to the river from storm water outlets as well as Water 
Pollution Control Facility outlets. During storm events, rainwater runoff from urban areas picks up 
bacteria, oils, hydrocarbons, sediment, fertilizers and other contaminants from yards, fields, sidewalks, 
parking lots and streets. Rainwater runoff is usually directed toward storm drains that carry stormwater 
directly to local creeks and ultimately to the Cedar River. In urban areas, the high concentration of “first 
flush” pollutants can reduce the stream’s dissolved oxygen, resulting in fish kills and building 
concentrations of other containments in sediment. The conversion of natural habitats in the rural areas 
as well as the reduction of open space in urban areas has removed the potential for natural water 
filtration benefits provided through vegetation. Runoff from fields cultivated with biofuel feedstock 
often contains elevated levels of sediment and nutrients which pose a threat to the basin’s waterways. 
The threat is significantly increased under heavy to extreme rainfall events. 
 
The primary water quality concern for the City of Cedar Rapids as well as many other communities 
throughout the mid-west are excess nutrients. Excess nutrients can result in adverse human health 
effects such as infant mortality associated with high nitrate loads in drinking water. Excess nitrogen and 
phosphorus loading to wetlands and other water bodies can result in excessive growth of algae. This 
excess growth of algae strips oxygen from the water which often results in death of fish and other 
aquatic species. Some algae may be toxic to human contact and may result in illness or death from skin 
contact or inhalation of algae off-gassing.  
 
In addition to the concern of the water quality coming into the city there is concern about the water 
discharged by the city in the form of surface runoff from the storm sewer system and the water 
discharged by the water pollution collection facilities. 
 
Energy infrastructure also poses a threat to water quality of the Iowa-Cedar watershed. Almost 11,000 
MW of electrical generation capacity discharge varying amounts of cooling water to the basin’s 
waterways. These regulated discharges are at temperatures above that of the ambient river conditions. 
Thermal pollution is of particular concern to both the power plant and ecosystem in times of drought 
(i.e., high ambient temperatures and low stream flows).  In times of drought, such as in 2012, the 
significant drop in water levels increased the temperature of surrounding streams and river, affecting 
water quality. 
 
The US Environmental Protection Agency has passed drinking water standards to assure that public 
facilities are providing drinking water that is safe for human consumption. The current standard for 
nitrogen-nitrates in drinking water is 10 mg/L. In order to meet the federal requirement and assure safe 
drinking water to the population of Cedar Rapids the city must deliver potable water at a level less than 
10 mg/L at all times. In recent years, the concentration of nitrogen-nitrates received at the fresh water 
intake wells has been increasing. Table 5 displays the maximum daily mean value for nitrogen-nitrate 
concentration at Palo, IA, immediately upstream of the Cedar Rapids fresh water intake wells, as 
measured by the USGS IA Water Center.  
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To date the city has been able to continue to meet the drinking water standards but the concentration 
of streams and shallow groundwater has been increasing in recent years as well. This trend raises a 
question of how the city will meet the drinking water standard in the future. The city is faced with a 
decision of whether to invest in expensive nitrogen removal water treatment equipment which will 
increase water rates to residential and industrial water users or to invest in upstream water treatment 
practices on the landscape such as treatment wetlands. 

Table 5 Maximum of daily mean value for Nitrogen-nitrate concentration at Palo, IA nutrient monitoring station immediately upstream 
of Cedar Rapids, IA. Data Source: USGS IA Center. http://ia.water.usgs.gov/ 

99133, Nitrate plus nitrite, water, in situ, milligrams per liter as nitrogen, 

Day of 
month 

Maximum of daily mean values for each day for 1 - 3 years of record in, mg/l as N (Calculation Period 2012-10-01 -> 
2015-09-30)  

 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec  

1    4.78 12.7 13.3 12.8 8.59 2.35 1.77 7.06   

2    4.54 12.0 13.1 12.7 7.99 2.38 2.98 7.02   

3    4.27 8.30 12.9 12.4 7.89 1.63 3.44 6.92   

4    3.97 7.81 14.3 12.0 8.09 2.10 3.48 6.81   

5    3.84 7.48 13.7 11.6 7.95 3.17 3.49 6.85   

6    3.68 13.3 13.2 11.5 7.51 4.18 3.15 6.76   

7    3.92 15.7 13.8 12.0 6.95 4.77 2.24 6.67   

8    4.21 11.8 14.0 11.8 6.59 5.12 0.98 6.65   

9    4.58 11.2 14.4 11.5 6.14 4.99 2.97 6.61   

10    4.96 18.3 14.5 11.1 6.20 4.61 2.40 6.48   

11    5.44 18.5 14.3 10.8 6.57 4.75 2.50 6.29   

12    6.42 18.3 13.7 10.4 6.54 4.89 3.04 6.20   

13    9.09 17.9 13.0 10.1 3.45 5.01 3.17 6.21   

14    11.0 17.3 13.3 9.74 3.31 5.12 3.41    

15    11.9 16.5 11.5 9.48 6.15 4.95 3.60    

16    11.9 15.7 12.3 9.42 6.37 4.78 3.74    

17    11.5 14.9 13.6 9.41 6.56 4.92 4.00    

18    10.9 14.1 13.7 9.31 6.43 5.02 4.27    

19   4.76 10.5 13.2 13.7 8.99 6.02 4.92 4.42    

20   4.89 9.43 12.2 12.9 8.62 5.56 4.94 6.56    

21   5.00 9.49 12.6 12.1 8.19 5.17 5.02 8.19    

22   5.00 10.2 13.6 12.5 7.82 5.06 4.98 8.27    

23   4.94 11.0 11.9 11.1 7.38 4.88 4.83 7.99    

24   4.89 11.8 10.2 12.3 6.69 4.63 4.84 7.87    

25   4.82 11.8 11.2 11.0 6.17 4.35 4.92 7.77    

26   4.98 11.4 13.5 11.6 5.90 3.22 5.02 7.62    

27   5.18 15.5 13.7 11.9 5.97 3.20 4.99 7.50    

28   5.22 15.4 12.9 11.7 6.10 3.38 5.01 7.39    

29   5.13 14.4 13.7 12.2 7.09 3.84 2.73 4.33    

30   5.07 13.9 14.6 12.6 7.63 3.93 2.43 3.99    

31   4.98  13.8  8.57 5.02  7.05    
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In addition to drinking water concerns the City is mindful of their contribution to excess nutrients 
flowing downstream and contributing to hypoxic conditions in the Gulf of Mexico. The USGS reports that 
nine states in the Mississippi River Basin with the largest nutrient deliveries to the Northern Gulf of 
Mexico contribute more than 75 percent of the nitrogen and phosphorus to the Gulf, but make up only 
one-third of the 31-state Mississippi River drainage area. One of these states is Iowa8.  
 
The USGS also reports that “agricultural sources contribute more than 70 percent of the nitrogen and 
phosphorus delivered to the Gulf, versus only 9 to 12% from urban sources. Such findings show the 
dominance of agricultural nonpoint sources outside urban areas in the Mississippi River Basin”. Despite 
the relatively low contribution of nutrients by urban areas, the City of Cedar Rapids is committed to 
working to contribute to nutrient reduction as part of the State of Iowa Nutrient Reduction Strategy. 
Figure 16 shows that Iowa is one of the top contributors of nutrients to the northern Gulf of Mexico 
which is adversely impacting ecosystem health due to hypoxic conditions.   
 

 

Figure 16 Nutrient contributions to Gulf of Mexico, by state. Data source: USGS 
http://water.usgs.gov/nawqa/sparrow/gulf_findings/by_state.html 

 
 

 

 
  

                                                                 

8 http://water.usgs.gov/nawqa/sparrow/gulf_findings/by_state.html 

http://water.usgs.gov/nawqa/sparrow/gulf_findings/by_state.html
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DROUGHT 

Drought is generally defined as a deficiency in precipitation over an extended period of time that is 
insufficient to meet the demands of human activities and/or the environment.  While drought is often 
viewed as a rare, random phenomena, it is actually a normal, recurrent feature of climate that occurs in 
virtually all climatic zones.  Drought is “relative” and is defined in terms of what is “normal” or expected 
for a particular region or time of year.  Thus, drought means different things to different people. For 
example, a drought year in eastern Iowa may still be wetter than the wettest year on record in the 
western half of the United States.  An important factor of drought is the interplay between the drought 
event and human activities, such as water management and demand, which can exacerbate the impact 
of drought on the region.  Droughts often coincide with extreme heat, further straining water availability 
and leading to significant impacts on society and the environment. 

Drought risk management aims to avoid or lessen the adverse impacts of drought through actions taken 
before the drought occurs.  This begins with identifying and understanding the relevant drought impacts 
followed by analyzing strategies that can be taken to manage or reduce those impacts.  Drought events 
challenge traditional risk management approaches because it differs from other natural hazards. Unlike 
other disasters, the onset and end of drought is difficult to determine and scientists and policy makers 
often disagree on the criteria for declaring when a drought begins or ends.  Second, the lack of a 
universally accepted definition of drought adds to the confusion as to a drought’s existence and, if it 
does, its severity.  Third, drought impacts are spread over a larger geographical area and are oftentimes 
less obvious than for other natural hazards as drought infrequently causes structural damage.  Finally, 
policy makers often view drought as a rare, random phenomena rather than a normal part of climate 
(Wilhite et al., 2005).   

Drought is monitored using a variety of climate and drought indices including the Standardized 
Precipitation Index (SPI) and the U.S. Drought Monitor (USDM).  The SPI is available for Cedar Rapids 
from January 1958 to December 2012 while the U.S. Drought Monitor is available from January 2000 to 
December 2012. The SPI is a probability index that uses precipitation as the only input to characterize 
the rarity of drought (or extreme wetness) across a range of time scales.  A unique feature of the SPI is 
that it can be used to monitor conditions on a variety of timescales making it useful for short-term 
agricultural and long-term hydrological applications. A 12-month SPI is a comparison of the precipitation 
for 12 consecutive months with the same 12 consecutive months during all the previous years of 
available data. SPIs of these time scales are probably tied to stream flows, reservoir levels, and even 
groundwater levels at the longer time scales. 

For Cedar Rapids, this 
drought index shows that 
extreme drought has 
occurred in Cedar Rapids 
in every decade.  Historical 
records indicate that once 
a drought reaches an SPI 
of -2, it has about a year 
for the drought to end (SPI 
to return to zero).  The duration of extreme droughts has ranged from 15 weeks in 1967 to 108 weeks in 

Table 6 Drought Periods using the SPI for Cedar Rapids (January 1958-December 2012).  Source: 
National Drought Mitigation Center (droughtatlas.unl.edu). 
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1965 (Table 6). As expected, the SPI, based on precipitation alone, indicates similar drought periods 
(Figure 17). 

Figure 17 12-month SPI for Cedar Rapids. Source: National Drought Mitigation Center (droughtatlas.unl.edu). 

The SPI can also be used to identify short- and medium-term drought, which may be more applicable in 
agriculturally producing regions to capture precipitation trends at critical points in the growing season.  

While the dry periods shown in the longer term indices are present, the 3-month SPI (Figure 18) shows 
that near normal rainfall can occur within a longer-term drought.

Figure 18 3-month SPI. for Cedar Rapids. Source: National Drought Mitigation Center (droughtatlas.unl.edu). 



   

33 

 

Droughts that have occurred since 2000 are captured on the U.S. Drought Monitor.  The U.S. Drought 
Monitor is useful for identifying the spatial extent of drought.  Figure 19 shows the percent area of Linn 
County affected by drought. Extreme drought was present in virtually the entire county from mid-July to 
November of 2012.  For the basin, extreme drought was present twice during the last 15 years, from 
August 2005 to February 2006. 

 

Figure 19 Drought Monitor categorical statistics for Linn County.  Source:  droughtatlas.unl.edu. 

Drought is devastating to the U.S. economy costing the nation in excess of 84 billion dollars since 2005 
(https://www.ncdc.noaa.gov/billions/events).  The recent 2012 drought made headlines as one of the 
largest droughts in the last century, impacting more than two-thirds of the continental United States 
and carrying an estimated cost of $31 billion dollars (NCEI, 2016) and 123 deaths directly attributed to 
the associated heat wave. Iowa felt its share of the drought’s impact.  At the peak of the drought, 100 
percent of the state of Iowa was in severe drought or worse (Figure 20).  Statewide precipitation for 
June to August 2012 ranked as the second driest in 118 years. July 2012 in Cedar Rapids saw just 4 days 
with measurable rainfall totaling 1.1 inches compared to the normal of 4.46 inches (Figure 21).  

https://www.ncdc.noaa.gov/billions/events
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Figure 20 U.S. Drought Monitor and statistics for Iowa near the peak spatial extent of the 2012 drought. Source: droughtmonitor.unl.edu 

 

Figure 21 Daily maximum temperatures and precipitation amounts during summer 2012.  Source:  Midwest Regional Climate Center 
(http://mrcc.isws.illinois.edu). 
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Economy 

Economic impacts from drought are 
most commonly associated with 
declines in agricultural productivity. In 
2012, Iowa saw declines estimated at 
22 percent lower than average for corn 
and 15 percent for soybeans (ISU 
Department of Economics, 2012).  
Yield reductions were also seen in 
orchard, berry, melon, and vegetable 
production. Decreased corn and 
soybean yields combined with 
shortages of hay and poor pasture 
quality, meant increased costs of feed, 
declining profits, and herd reductions 
for livestock producers. Producers also 
saw stock weights decline.  Of note, is 
the fact that insurance programs do not exist to protect the revenue of livestock producers. Agricultural 
producers also experienced increased costs for irrigation and the development of new or supplemental 
water supplies (wells, pipelines, etc.).   

Ethanol production also declined dramatically during 2012 in response to the drought-induced high corn 
prices (NDMC, 2016). Recreation and tourism industries also suffered losses due to decreases in 
recreational boating and fishing opportunities and related sales and rentals.  Landscape and gardening 
services also suffered losses from decreased demand. 

Higher household water, energy, and food costs diverted spending from other goods and services 
and/or constrained discretionary funds (ISU Department of Economics, 2012). 

 Water plants had increased costs to treat high nitrate levels for municipal water use (Pitt, 2013). 

Water Supply 

Cedar Rapids draws its drinking water from a shallow aquifer located next to the Cedar River (Smith, 
2014). Approximately 50 wells draw shallow groundwater into the city’s water treatment facilities.  
Decreased river flows during drought conditions reduce the amount of available water in the shallow 
aquifer. During the 2012 drought, flows in the Cedar River were much below normal and shallow 
groundwater was at or near historic lows (Figure 23). While Cedar Rapids was able to meet water 
demands, other communities in Iowa were not.  Officials encouraged residents to conserve and noted 
that a continuation of drought into 2013 or even a break in the system may have required mandatory 
restrictions (Iowa Environmental Focus, n.d.).  The Cedar Rapids Water Division implemented several 
measures to help stabilize well production in 2012. These measures included: 

• Digging a channel to create a new surface for water to enter the recharge zone near Horizontal 
Collector Well (HCW) 1 

Figure 2:  Figure 22 Drought impact on an Iowa corn crop.  Source:  The Gazette. 

Deborah Bathke
If it doesn’t screw up the formatting we might want to add:During the 2012 drought, the peak demand on the system reached 53.7 million gallons per day. The city’s well system and two water treatment plants have the capacity to produce 60 gallons of treated water per day if everything is working correctly.
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• Installing a culvert near HCW 4 to allow water to flow from the river to a low-lying area that 
normally holds water but that dried as the drought worsened 

• Visually inspecting the well intake areas to ensure there are no obstructions 
• Construction of a new Horizontal Collector Well, HCW 6 

The Cedar River also saw increased nitrate levels in response to the 2012 drought. By spring 2013, levels 
measured 18.5 milligrams per liter surpassing the 10 milligrams per liter allowed by the Environmental 
Protection Agency and prompting the city to blend river water with water from other sources to meet 
EPA standards (Pitt, 2013). 

Private wells in eastern Iowa were affected with wells running low or even dry (Hennigan, 2012).  

 

Figure 23 Iowa water summary during the 2012 drought.  Source:  Iowa Department of Natural Resources 
(http://publications.iowa.gov/18296/1/WaterSumUpdate%2008-23-12.pdf). 

Infrastructure 

Dry and/or subsiding land and high temperatures caused damage to private and public infrastructure. In 
2012, drought caused the ground surrounding homes to pull away from their foundations and lead to 
cracks (AP, 2012) and water line breaks in Iowa communities (Diepenbrock, 2012).  
 

Health 

Drought conditions in 2012 created favorable conditions for an increase in mold and dust in grain and 
raised the risk for respiratory illnesses or increased symptoms in those with chronic breathing problems. 
Increased pollutants, such as high nitrogen levels, also pose health risks. Less water usage also increased 
the amount of stagnant water sources resulting in a widespread increase in the number of West Nile 
cases. Iowa reported 31 cases of West Nile virus in 2012, three times higher than in an average year 
(NDMC, 2016). Finally, the prolonged drought escalated mental health and substance abuse issues due 
to increased financial burden and economic distress (ISU Department of Economics, 2012). 
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Ecosystems 

Drought related impacts to the environment threatened the viability of ecosystems due to decreased 
water quality and species die-off.  In 2012, weakened trees were more susceptible to pests and Iowa 
saw increased tree damage and mortality due to bur oak blight and emerald ash borer. Decreased river 
levels resulted in fish kills in the thousands.   Favorable conditions led to the spread of Epizootic 
Hemorrhagic Disease in deer leading to high deer mortality in many areas of the state.  Pollutants 
decreased water quality and wind increased soil erosion (Boshart, 2012). 

Energy Infrastructure 

Drought poses several threats to the regions’ energy infrastructure. Drought related heat increases 
electricity demand for cooling while at the same time decreases power plant efficiencies and 
transmission capacity. Coincident with increasing demand and decreasing system efficiencies, drought 
threatens power plant operations in two ways. First, cooling water supplies are threatened when stream 
flows and reservoir levels drop below intake structures. The Duane Arnold Energy Station had to dredge 
a portion of the Cedar River to assure water supply during the 2012 drought, while in the 1988 drought 
the plant had to draw on its contingency water supply from Pleasant Creek Reservoir (no longer an 
optional water supply for the plant). Secondly, elevated water temperatures could force a plant to 
reduce operations because intake water is too hot for efficient power plant operations or cooling water 
discharge exceeds permitted NPDES levels. The 2012 drought caused the Duane Arnold plant to limit 
production for a short period of time because cooling water discharge exceeded permitted levels. 
Drought also threatens feedstock production for ethanol. Finally, drought puts stress on water supply 
placing biofuel refining and electric power generation in competition with other water uses, industrial, 
municipal, recreation and the environment. 
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ADAPTATION OPTION DESCRIPTIONS 

LOCALIZED ALTERNATIVES 

Municipal Water Supply  

This strategy is focused on assuring that the municipal water supply is able to operate continuously 
before, during and after a major hazard event. This strategy protects the water supply of the residents 
of the City of Cedar Rapids as well as the water provided to commercial and industrial users. Commercial 
and industrial users within the City of Cedar Rapids service area include companies such as Quaker Oats, 
ADM and others which provide grain and corn-syrup products for a variety of consumer products. Loss 
of water supply to residents would have a major impact on well-being of residents as well as minor 
economic damages. Loss of water supply to commercial/industrial enterprises would have a major 
impact on supply chains resulting in major economic damages.  

Municipal Water Supply - Adaptation Actions 

Raise Well Platforms – This adaptation action raises the height of the riser pipes and platform which are 
part of the vertical collection wells located within the Cedar River. The municipal water comes from the 
portion of these pipes within the shallow aquifer but during major flood events debris and high water 
have overtopped the pipes and resulted in damage to this collection well system and a period of time 
where the municipal water system is inoperable. This practice invests in increasing the height of the 
vertical pipes (pump columns and shafts), platform and ladder, and electrical work to reduce the risk of 
flood waters damaging the collection system motors, motor gears, and transformers which are 
necessary to provide municipal drinking water to the City of Cedar Rapids.   

Install New Deep Water Well – This adaptation action drills a new well in a deep aquifer layer which is 
not subject to short term changes in the amount of flow in the Cedar River. This deep aquifer is still 
connected to the other aquifers in the vicinity so this well may generate a maximum of 1 million gallons 
per day (MGD). The municipal demand is 40-50 MGD so this well would be for minor augmentation and 
does not meet the municipal demand on its own. This deep well is assumed to be clean (no nitrogen). 

Install Nitrate Removal Equipment – This adaptation action installs an additional water treatment 
element to the City’s drinking water treatment processing system. This treatment equipment removes 
nitrogen-nitrate from the source water. This results in a stream of clean water and a concentrated waste 
stream which must be returned to the river or disposed of in other ways. The stream of clean water is 
mixed with un-treated water in order to dilute source water to a level that is below the EPA legal limit of 
10 mg/L for nitrogen-nitrate.  

Structural Actions  

This strategy is focused on implementing a structural barrier between the potential hazard and the 
economic assets that are threatened. This strategy seeks to reduce the probability or likelihood of 
damages occurring but does not alter the infrastructure being threatened. This strategy protects the 
infrastructure of the City of Cedar Rapids from economic damages associated with flooding up to a 
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certain point. However, if the flooding is higher than this barrier the City will experience major economic 
consequences.  

Structural Actions – Adaptation Options 

Levees – This adaptation action constructs a large earthen levee and concrete floodwall along the 
downtown area of the City of Cedar Rapids. This combined earthen and concrete system provides a 
physical barrier between the river and the residences and commercial/industrial buildings and facilities. 
This barrier may also protect critical infrastructure such as power plants, water treatment facilities and 
waste treatment facilities. This barrier is designed to the height of the 2008 flood event on the Cedar 
River.  

Non-Structural Actions  

This strategy is focused on reducing the amount of infrastructure that may be exposed to a hazard event 
by relocating or elevating structures. This strategy does not change the frequency that the City of Cedar 
Rapids may experience flooding but alters the location of the infrastructure in the floodplain area in 
order to reduce the potential economic damages.  However, relocation of structures results in an 
economic loss to the City in the form of property tax they would collect from the homeowners.  

Non-Structural Actions – Adaptation Options 

Elevation – This adaptation action elevates residences to a height where the flood floor elevation is 
above the 0.1% annual chance exceedance probability (100-yr). This adaptation action preserves the 
structure footprint and landowner responsibilities for maintaining the property and assessment of taxes. 
Elevating these structures will reduce the damages they may experience during large flood events  

Relocation – This adaptation action relocates residences that have a high risk of significant damages 
occurring from a large flood event. This adaptation action relocates this residence to a location outside 
of the 0.2% annual chance exceedance probability event (500-yr) floodplain. This adaptation action 
completely removes this structure, including the foundation, and preserves this space as green space or 
a flood resilience structure such as a park or sporting fields. The property owner no longer maintains this 
property so this is now a City cost and there is a loss in property tax revenue to the City for this 
property.  

WATERSHED ALTERNATIVES 

Land Cover Change – Grassland Based  

This strategy is focused on conservation practices which convert current row crop land cover to 
grasslands of varying type. This strategy is focused on slowing rainfall runoff before it enters the stream 
network. Slowing the water results in greater infiltration of water into the soil until the soil profile is 
filled at which time all rainfall runs off the landscape. Greater infiltration of rainfall may reduce 
downstream flowrates during rainfall events. The reduction in flowrates may have a minor effect on 
flood stage during these large events. Conversion to grassland may result in fewer fertilized acres and 
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greater time for nitrogen processing which may result in less runoff of nitrate to downstream 
waterways.   

Land Cover Change9 - Grassland Based – Adaptation Options 

Riparian Buffers – This adaptation action converts the current land cover (primarily row crop 
agriculture) adjacent to rivers and streams to tall and dense grassy vegetation. This adaptation action 
slows down water entering the waterway from overland flow and traps a portion of the sediment being 
carried in the water. This adaptation action also slows down water running in the channel due to the 
rough nature of the vegetation along the banks. The slowing of water by the grassy vegetation allows 
time for increased infiltration of water into the soil and groundwater. This practice is consistent with 
USDA-NRCS practice 39010. 

Grassed Waterways – This adaptation action converts the current row crop agriculture land cover to a 
grassed swale or waterway along the natural drainage way or topographic valley. This adaptation action 
slows down water traveling across the slope and controls the delivery of rainfall runoff to the stream 
channel through a stable grassed swale or waterway. This slowing of water allows for increased 
infiltration of water into the soil and groundwater. This practice also reduces gully erosion and traps 
overland sediment from entering the stream channel. This practice is consistent with USDA-NRCS 
practice 412. 

Contour Buffer Strips – This adaptation action converts current row crop agriculture land cover to a 
grassed swale along the contour of a field slope. This action runs perpendicular to the topographic slope 
serving as a “speed bump” for the water flowing down the field slope before it enters into a gully or 
waterway. This action slows water at regular intervals which allows for increased infiltration of water 
into the soil and groundwater. This practice also reduces surface erosion and traps overland sediment 
carried from the upper slope. This practice is consistent with USDA-NRCS practice 332.  

Land Cover Change – Wetland Based  

This strategy is focused on conservation practices which convert current land cover to wetlands. This 
strategy is focused on upland and instream wetlands which slow and detain normal flows for a period of 
time. This increased detention time during normal flows allows for nitrogen processing. These wetlands 
have a minor effect on flood reduction due to their small detention volumes.  

 

                                                                 

9 All “Watershed Alternatives – Land Cover Change (grassland and wetland based)” adaptation actions were 
identified using the Alternative Conservation Planning Framework (ACPF) GIS toolbox to site the spatial location 
and size. The ACPF toolbox was run on the entire Cedar River watershed above Cedar Rapids on a 10m Digital 
Elevation Model. For an explanation of this tools methodology and directions for how to obtain this toolbox visit 
https://data.nal.usda.gov/dataset/agricultural-conservation-planning-framework-acpf-database.  

10 USDA-NRCS practice Standards are provided on each teams table. 

https://data.nal.usda.gov/dataset/agricultural-conservation-planning-framework-acpf-database
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Land Cover Change – Wetland Based – Adaptation Options 

Constructed Wetlands – This adaptation action constructs a new shallow wetland in an area that was 
not historically a wetland. This action excavates soil from the upstream side of the structure and uses 
the excavated soil to construct a low-head barrier (dam) across the waterway. This structure often 
includes an auxiliary spillway to manage high flowrates during high magnitude flood events without 
causing damage to the structure. This adaptation action will store very little water during storm events 
but may provide adequate residence time for processing nutrients in the water. This practice is 
consistent with USDA-NRCS practice 656. 

Restored Wetlands – This adaptation action restores the hydrology and vegetation to a historic 
depressional wetland.  This action breaks tile lines, redirects overland flow and/or plants native 
vegetation in order to restore the natural form and function of a depressional wetland area. This 
adaptation action will store very little water during storm events but may provide adequate residence 
time for processing nutrients in the water. This practice is consistent with USDA-NRCS practice 657. 

Land Cover Change – Grassland and Wetland Based  

This strategy is focused on a combination of grassland and wetland conservation practices. The impacts 
of each of these practices are described in the grassland and wetland strategy sections previously 
described. This strategy is not maximizing the effect of either grassland or wetland benefits but may 
experience some synergy in how the practices work together.  

Land Cover and Land Management Change  

This strategy is focused on combining land cover changes (grassland, wetland, or both) with land 
management actions that could be taken on agricultural lands to change how water and nitrogen are 
retained, processed and runoff the land. These practices may alter fundamental farm techniques, 
quantity, timing or other attributes. Benefits from land management changes may be seasonal and have 
little change on hazards and farm production potential, or may provide benefits to a hazard with an 
adverse impact to farm production potential.    

Land Cover and Land Management Change – Adaptation Options 

Cover Crops – This adaptation action combines winter cover crop land management activities with any 
of the previously described land cover change actions. This action follows row crop harvest with a crop 
which will provide vegetative cover during the late fall, winter and early spring months. This cover crop 
will be mechanically or chemically killed in the spring prior to planting preparation for seeding a row 
crop. Cover crops are planted in rotation with specific row crops. In this case, Winter Rye is planted 
following both corn and soybean harvest. This action provides erosion control as well as improving soil 
health, and processing excess nutrients in the soil. This practice is consistent with USDA-NRCS practice 
340.    

Nutrient Management – This adaptation action combines precision fertilizer application land 
management activities with any of the previously described land cover change actions. This action uses 
technology and a nutrient management plan to reduce the incidence of excess fertilizer being applied 
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during Spring planting preparation for row crops. This action may reduce the nutrients that are present 
in the soil, which means less nutrients are available to runoff in subsurface drains but less nutrients are 
available for row crop uptake during periods where nutrients are necessary for plant development and 
growth. This practice is consistent with USDA-NRCS practice 590.  

Denitrifying Bioreactor – This adaptation action combines the installation of end of field woodchip 
bioreactors with any of the previously described land cover change actions. This action excavates a large 
trench, connects the trench to the subsurface drainage system with pipes into and out of the trench, fills 
the trench with wood chips, and caps the wood chips with soil. This action results in anaerobic digestion 
by microbes to remove nutrients from the tile drain water. This action is installed below the soil surface 
and thus is unlikely to have an impact on storm runoff. This practice is consistent with USDA-NRCS 
practice 605. 
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ALTERNATIVE EVALUATION: METRIC DEFINITIONS 

Metric (Benchmark) Description 

Economic Component  

Private Infrastructure Damages 

This metric is a measure of damages to residential structures 
and contents due to flood events. This metric accounts for the 
likelihood of experiencing a damaging event as well as the 
number of residential structures within the potential area of 
impact. The greater the number of structures and greater depth 
on structures the higher the damages. 

Critical Infrastructure Damages  

This metric is a measure of damages to critical infrastructure 
which the community relies on for sanitation, water, and power 
services. These critical facilities include waste water treatment, 
power plants, and water treatment. Minor flooding of these 
structures can result in major damages due to their significance 
in providing services to residents and businesses.  

Public Infrastructure Damages  

This metric is a measure of damages to public infrastructure 
which the community relies on for storm water management 
and transportation. This includes major roads, bridges and 
culverts. Flooding of roads and bridges can result in expensive 
repairs, operation and maintenance.  

Energy Production Damages 

This metric is a measure of the landscapes ability to produce 
energy. This includes corn fuel for ethanol production as well as 
river temperature relationship with power plant discharge 
temperatures. Lack of corn fuel could increase ethanol 
production costs and gas prices for consumers. Throttling back 
power plants during peak summer months to meet NPDES 
temperature conditions could result in rolling brown outs and 
major economic impacts to the energy sector.   

Municipal Water Supply Damages 

This metric is a measure of the City’s ability to provide water to 
residents and business of adequate quantity and quality to meet 
demand and regulatory standards for human health. Inability to 
meet demand for businesses may translate into major economic 
damages.  

Farm Income 

This metric is a measure of the market and conservation 
easement income that farmers may experience. Actions that 
significantly reduce the income of landowners are likely not to 
be implementable.  

Social Component  

Private Infrastructure Impacts 

This metric is a measure of the number of households and 
individuals that are impacted by a hazard. This metric also 
considers how many of these households and individuals are 
defined as a vulnerable population. Hazards that displace 
numerous homes and individuals creates problems with housing 
supply and in many cases increases poverty for vulnerable 
populations.  

Critical infrastructure Impacts 
This metric is a measure of critical community facilities impacts 
by a hazard. These critical facilities include schools, hospitals, 

ALC
Is this the correct definition based off of what Dennis said?

ALC
Are these final (based off the information we were or were not able to collect?)
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nursing homes, and police/fire stations. Impacts to these 
facilities impact public safety, and social well-being.  

Public Infrastructure Impacts 

This metric is a measure of the number of bridges, culverts and 
miles of major roads that are impacted.  Impacts to road-ways 
can create increased stress and frustration due to detours, road 
closures and increased traffic density.  

Municipal Water Supply Impacts 

This metric is a measure of how often the residential and 
business water demand is unable to be met due to inadequate 
water quantity or water quality that is below the 10 mg/L 
drinking water standard. Inability for the City to provide a 
reliable water source results in deteriorated trust with residents 
and businesses.  

Environmental Component  

Habitat Quality  

This metric is a measure of the relative health of the landscape 
for birds and other wildlife to meet their lifecycle needs (food, 
forage, and breeding). Decreased habitat quality impacts the 
landscapes ability to treat water, pollinate food, and many other 
services the ecosystem provides.  

Clean Water Act Compliance  

This metric is a measure of the number of days the stream is 
considered impaired and how many days the city and businesses 
are unable to operate within NPDES permits due to temperature 
or nutrient outflow. Inability to achieve NPDES permit 
requirements may result in environmental impacts such as 
major fish kills, and unsafe conditions for human contact with 
the river due to fecal coliforms and/or toxic algal blooms.   
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APPENDIX A: BUDGET 

  

Budget Support

Agency/Entity Program Interval State investment
Gov investment in 
Project Area

Local investment (Govt, 
NGO, landowner cost share) Annual Investment 20 Year investment

Capitol Improvements Budget

City of Cedar Rapids
Flood Mitigation Program / Growth 
ReInvestment Initiative Multi-year (20 years) $264,000,000.00 $264,000,000.00

Corps of Engineers Flood Risk Management Multi-year (20 years) $64,000,000.00 $64,000,000.00

City of Cedar Rapids Water Utility Annual $12,430,000.00 $12,430,000.00 $248,600,000.00

City of Cedar Rapids Sewer Utility Annual $9,047,000.00 $9,047,000.00 $180,940,000.00

Total $21,477,000.00 $757,540,000.00

Watershed Improvement  Budget
USDA-NRCS EQIP Annual $31,120,000.00 $2,467,074.00 $2,467,074.00 $4,934,148.00 $98,682,960.00
RCPP Partner Contributions RCCP - 50% minimum match Multi-year (5 year) $3,600,000.00 $3,600,000.00 $0.00 $7,200,000.00
USDA - FSA CRP Annual $294,018,000.00 $23,521,440.00 $23,521,440.00 $470,428,800.00
USDA - FSA CREP Multi-year (15 years) $31,000,000.00 $2,480,000.00 $0.00 $2,480,000.00

IDALS CREP Multi-year (15 years) $7,000,000.00 $560,000.00 $0.00 $560,000.00
IDALS Water Quality Initiative Annual $4,400,000.00 $352,000.00 $352,000.00 $7,040,000.00
IDALS WQ Protection Program Annual $500,000.00 $40,000.00 $40,000.00 $800,000.00
HUD Resiliency Competition Multi-year (5 year) $94,000,000.00 $10,955,450.00 $0.00 $10,955,450.00
IDNR Land and Water Conservation Fund Annual $260,000.00 $20,800.00 $20,800.00 $416,000.00

IDNR
Resource Enhancement and Protection 
Program (REAP) Annual $16,000,000.00 $1,280,000.00 $1,280,000.00 $25,600,000.00

IDOT Living Roadway Trust Fund Annual $300,000.00 $24,000.00 $24,000.00 $480,000.00
IDOT Mitigation Banking Annual $125,000.00 $125,000.00 $2,500,000.00

MN Portion EQIP and CRP Annual $5,000,000.00 $5,000,000.00 $10,000,000.00 $200,000,000.00
The Nature Conservancy Conservation Construction Annual $20,000.00 $20,000.00 $400,000.00
Soybean Growers Assn $0.00 $0.00
Corn Growers Assn $0.00 $0.00

Total $40,317,388.00 $827,543,210.00

Tournament set-up $1,585,083,210.00
Each turn $61,794,388.00

Red = assumed proportion of 8% of state level funding was applied to counties without available data. 
Actual Calculations for those that did have data were as follows: EQIP = 8%, FSA = 19%, HUD = 12%, 
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APPENDIX B: ADAPTATION OPTION COSTS 

  

Localized Practices Type of Change Capitol Cost
Annual Cost (Land Rental, 

O&M, etc.) Notes
Municipal Water Supply Options

Nitrate Removal Equipment Water Quality resilience $20,000,000 $7000/DAY
Based on info obtained from Peggy Freese, DMWW. ~$1,000/vessel/day. 7 vessels to treat 
10MGD which mixes with untreated water to serve 40-50 MGD

Raise Well Intakes Flood resilience $2,155,000 $0.00 Assume no additional O&M exists for raised wells that did not already exist for collection wells. 

Install New Deep Water Well Drought resilience $5,000,000 $55,000.00
Assume 1 million gallons per day max; Will require 1 well for 1 million gal/day supply. Demand is 
~45 million/gal/day. O&M $150/day 6(ref Bruce Jacobs quick calc, 400 ft head, 100HP pump)

Flood Risk Reduction Measures 

Levees Probability $350,000,000 $36,000.00
Doubled CR Feas O&M costs since levee on two sides of river instead of one side recommended 
in report. 

Non-structural Measures - Elevation Consequence $30k/structure $0.00

Elevation info adapted from Corps CR feasibility report: Elevation cost is derived as avg from 4 
listed heights. Elevation O&M assumed to be $0, landowner will continue O&M responsibility of 
their property

Non-structural Measures - Relocation Consequence $60k/structure $5,500.00

Relocation info adapted from Corps CR feasibility report: Relocation estimates $40k from report 
along with an assumed extra $20k in site prep and foundation construction for each structure. 
Relocation O&M assumed to be minimum costs (5% capitol cost/year) to represent costs 
associated with open space area management (mowing, trash cleanup, etc) + average of 
$2500/per structure in lost tax revenue

Upstream Practices Type of Practice Capitol Cost
Annual Cost (Land Rental, 

O&M, etc.) Notes
Land Cover Conservation Practices
Restored Wetlands Landcover $471 per acre $24.00 O&M: See note 1) below
Constructed Wetlands Landcover $9,983 per acre $499.00 O&M: See note 1) below
Riparian Buffers Landcover $732 per acre $37.00 O&M: See note 1) below
Contour Buffer Strips Landcover $533 per acre $27.00 O&M: See note 1) below
Grassed Waterways Landcover $4093 per acre $205.00 O&M: See note 1) below

Land Management Conservation Practices
Cover Crops Management $60 per acre $0.00 No O&M because this is an annual practice so full cost per year. Livestock can graze.
Nutrient Management Management $9 per acre $0.00 No O&M because this is an annual practice so full cost per year.
Denitrifying Bioreactors Management $8000 per bioreactor $400.00 O&M: See note 1) below; Capitol Costs:  avg pit 333 CY @ $24/CY

Cedar Rapids Feasibility Report or Personelle
IA EQIP 2016 Practice list
City of Cedar Rapids Personelle

Notes: 
1) O&M costs for agricultural BMP's ~ 5% of Construction costs per year : Personal communication with Marty Adkins (IA NRCS) on March 16th 2016, confirmed by Mark McCurdy  (IA NRCS) on March 17 2016  
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APPENDIX C: HYDROLOGIC AND HYDRAULIC MODELING ASSUMPTIONS 

SWAT 

Impacts of land use and climate on discharge and nitrate concentrations in the Cedar River at the USGS 
gage location in Cedar Rapids, IA (site #05464500) were simulated using the semi-distributed, lumped 
parameter hydrologic model SWAT.  Because SWAT is a semi-distributed model, the model does not 
consider the exact location of practices within each of the 69 specified sub basins.    The intent of this 
model is to help decision makers understand how field scale practices translate to watershed scale 
impacts and clarify the relative impacts of different BMPs that could be implemented in the future; it is 
not intended to predict specific events that will or will not occur in the future. 

The following assumptions were made in development, calibration, and use of the SWAT model: 

• Land use from 1980 to 2015 was considered constant and represented by the 2015 Cropland 
Data Layer, corn-soy rotation was assumed on all corn and soy fields, and fertilizer application 
was assumed to occur in the spring moving south to north. 

• Point sources and sinks of flow and nitrogen were estimated from local water and wastewater 
treatment plant reports and population data.   

• The cumulative impacts of all constructed and restored wetlands were represented by one set 
of parameters per sub basin.  The hydraulic conductivity of each wetland bottom was assumed 
to be that of the soil on which it was cited and the nitrogen removal rate for all wetlands was 
100 m/yr. 

• BMP grass practices including contour buffer strips, grassed waterways, and riparian zones were 
all modeled as a single grass land use class.  

• The cumulative effect of bioreactors was modeled with SWAT’s Generic Conservation Practice 
operation.  Tiled land that could be routed to bioreactors was identified and 40% of nitrogen on 
this land was removed. 

• The SWAT model was developed using the auto-fertilizer function which fertilizes crops 
according to nitrogen stress. To model the impact of nutrient management, the maximum 
elemental nitrogen application rate for corn was reduced from 250 kg/ha to 140 kg/ha.  Only 
elemental phosphorous was applied to soy. 

• The impact of cover crops was not successfully simulated in SWAT.  Basin wide, a 20% nitrate 
reduction was assumed based on the range of values cited in the Iowa Nutrient Reduction 
Strategy. 

HEC-SSP 

The statistical package HEC-SSP was used to translate 36 years of daily discharge generated by the SWAT 
model to a flow frequency analysis.  By comparing this analysis to the USACE Cedar Rapids Feasibility 
Study, we see that using only 36 years of data significantly increases low frequency flows when 
compared to the full 90 year period of record. 
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HEC-RAS 

The hydraulic model HEC-RAS was used to generate inundation maps for low frequency flows.  Nine 
without levee and nine with levee grids were produced, each corresponding to a stage at the Cedar 
Rapids gage.  We assume river stage and economic impact can be interpolated between these runs.  

DELIVERED RIVER TEMPERATURE MODEL 

This delivered river temperature model was used to calculate the average yearly lost revenue by power 
generation due to ? and the average number of days per year where river temperature exceeds 100 
degrees farenheit. This model was built and run using the following assumptions: 

• No changes to current fleet of power plants utilizing Cedar 
• No changes are made to permitted thermal discharge limits 
• No new thermal loads are added to the Cedar River 
• Lost utility revenue is due to plant unable to operate because intake or discharge water 

temperature exceeding limits 
• It is assumed that the utility cannot makeup lost power generation (Duane Arnold and Prairie 

Creek) with other generation capacity within their system 
• Assume no loss of power delivery (e.g., lost power generation locally is made up by spare 

capacity on the regional electric grid) and thus no direct losses are assumed. We do not attempt 
to estimate changes in electricity rates caused by using regional power genration vs. local 
generation 

• Limited gauged temerature data with which to calibrate model (2 guages with about 3yrs of 
data) 

• Only one instance of current fleet being derated (Duane Arnold in 2012 for very short period) 
• Annual max temperature of power plant effluent available from EIA form 767 

 

APPENDIX D: ADDITIONAL SOURCES 

All impacts not specifically cited in this document are from NDMC’s collected research from the Drought 
Impact Reporter (http://droughtreporter.unl.edu/map/) and the social science and planning team. 
 

Associated Press (AP). (2012, August 7). Drought Causing Foundation Problems in Iowa Homes. Retrieved 
June 14, 2016, from Claims Journal: 
http://www.claimsjournal.com/news/midwest/2012/08/07/211380.htm 

Boshart, R. (2014, August 1). Drought in Iowa called 'super slow-motion disaster'. Retrieved June 14, 
2016, from The Gazette: http://www.thegazette.com/2012/10/19/drought-in-iowa-called-
super-slow-motion-disaster 

Diepenbrock, G. (2012, August 1). Drought is likely culprit in pipe breaks. Retrieved June 14, 2016, from 
Lawrence Journal-World: http://www2.ljworld.com/news/2012/aug/01/drought-likely-culprit-
pipe-breaks/ 

Emery, M. (2006). Using Community Capitals to Develop. (J. Gruidl, Ed.) CD Practice(13), 1-19. Retrieved 
from CD Practice: 

http://www2.ljworld.com/news/2012/aug/01/drought-likely-culprit-pipe-breaks/
http://www2.ljworld.com/news/2012/aug/01/drought-likely-culprit-pipe-breaks/
ALC
Do we have a name for this model?

ALC
Due to what?
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http://srdc.msstate.edu/fop/levelthree/trainarc/socialcapital/communitycapitalstodevelopasset
s-emeryfeyflora2006.pdf 

Hennigan, G. (2014, 31 March). Some Eastern Iowa wells are comin' up dry. Retrieved June 14, 2016, 
from The Gazette: http://www.thegazette.com/2012/08/07/some-eastern-iowa-wells-are-
comin-up-dry 

Iowa Environmental Focus. (n.d.). Continued drought could mean restricted water usage in Cedar Rapids. 
Retrieved June 14, 2016, from Iowa Environmental Focus: 
https://iowaenvironmentalfocus.wordpress.com/2012/11/21/continued-drought-could-mean-
restricted-water-usage-in-cedar-rapids/ 

ISU Department of Economics. (2012). Anticipating Impacts of the 2012 Drought in Iowa. Retrieved from 
http://www.extension.iastate.edu/Documents/Drought/2012AnticipatingEconomicImpacts.pdf 

National Drought Mitigation Center (NDMC). (2016). Drought Impact Reporter. Retrieved from 
http://droughtreporter.unl.edu 

NOAA National Centers for Environmental Information (NCEI). (2016). U.S. Billion-Dollar Weather and 
Climate Disasters . Retrieved July 27, 2016, from https://www.ncdc.noaa.gov/billions/ 

Pitt, D. (2013, June 5). Iowa copes with nitrate surge in drinking water. Retrieved June 2014, 2016, from 
East Bay Times: http://www.eastbaytimes.com/ci_23391536/iowa-copes-nitrate-surge-drinking-
water 

Smith, R. (2014, December 3). Cedar Rapids embarks on 3-year study of water supply. Retrieved August 
26, 2016, from The Gazette: http://www.thegazette.com/cedar-rapids-embarks-on-3-year-
study-of-water-supply-20141128 

Wilhite, D. a. (2005). Drought and water crises: lessons learned and the road ahead. In e. D. Wilhite, 
Drought and Water Crises: Science, Technology, and Management Issues (pp. 389-398). CRC 
Press. 

 
 

Wang, K., & Davies, E. G. R. (2015). A water resources simulation gaming model for the Invitational 
Drought Tournament. Journal of environmental management, 160, 167-183. 

Wang, K. (2013), E. Davies, and T.Y. Gan. “The Invitational Drought Tournament and Its Dynamic Water 
Balance.” Canadian Water Resources Association (CWRA) Alberta Branch and Alberta WPACS 
Joint Conference, March 2013 https://www.youtube.com/watch?v=JJUvkFGzRc4  

 

http://www.eastbaytimes.com/ci_23391536/iowa-copes-nitrate-surge-drinking-water
http://www.eastbaytimes.com/ci_23391536/iowa-copes-nitrate-surge-drinking-water
https://www.youtube.com/watch?v=JJUvkFGzRc4
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