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Introduction
In recent decades, devastating flood events have become a regular occurrence in Iowa. Increasing
frequency and intensity, as well as changes in seasonality, of heavy rainfall events have resulted
in more numerous severe floods throughout the state. Heavy agricultural development over the
last century has altered Iowa’s landscape and reduced its natural flood resilience.
Rivers and streams have a finite capacity to convey water within their banks. When the amount
of water surpasses that capacity, flooding occurs. Floods are typically related to large amounts of
precipitation or snow melt and saturated or frozen soil. In Iowa, historic records show that the
great majority (>90%) of floods occur in the spring and summer; the month of June shows the
highest number of flood events. Precipitation records show that heavy rains occurred in the fall
as well; however, Iowa soils have a larger capacity to infiltrate water late in the year, and therefore
fall floods are less common. In Iowa’s flood history, the events of 1993 and 2008 are on an entirely
different scale than the others. These two events stand out from the rest when looking at the extent
of the area impacted, recovery costs, precipitation amounts, and stream flows recorded (Bradley
2010; Smith et al., 2013). Figure 1 shows the extent of the flooding during the flood events of 1993
and 2008.

Figure 1. The extent of the flooding during the 1993 and 2008 floods (Bradley, 2010).

Federal disaster declarations give impacted regions access to federal recovery assistance. Current
regulation permits two kinds of disaster declarations: emergency declarations and major disaster
declarations (Stafford Act). Both are granted at the discretion of the president of the United States
after the governor of the impacted state makes the request. FEMA records on disaster declarations
are open to the public and were used to write the text and create the figures below.
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•

FEMA records show 952 flood-related disaster declarations (FRDD) in Iowa between 1988
and 2016. Of these, 951 were reported for Iowa counties (see Figure 2) and one for the Sac
and Fox Tribe of the Mississippi in Iowa. All the FRDD in Iowa have been major disaster
declarations except the 99 related to Hurricane Katrina evacuation (see Table 1), which
were classified as emergency disaster declarations.

Table 1. FEMA disaster
https://www.fema.gov/.

declarations

in

Iowa

Counties

(1988–2016).

Data

source:

COUNT
1988-2016
SEVERE STORMS, TORNADOES, AND FLOODING
223
SEVERE STORMS & FLOODING
195
SEVERE STORMS, TORNADOES AND FLOODING
106
HURRICANE KATRINA EVACUATION
99
SEVERE STORMS AND FLOODING
98
SEVERE STORMS, FLOODING , AND TORNADOES
97
SEVERE STORMS, TORNADOES, STRAIGHT-LINE WINDS, AND FLOODING
79
SEVERE WINTER STORM
62
SEVERE WINTER STORMS
48
ICE STORM
44
SEVERE STORMS, STRAIGHT-LINE WINDS, AND FLOODING
34
SNOW
30
SEVERE WINTER STORMS AND SNOWSTORM
27
SEVERE STORMS, AND FLOODING
15
SEVERE SNOWSTORMS
13
FLOODING
6
SEVERE STORMS, TORNADOES, AND STRAIGHT-LINE WINDS
6
RAIN, WINDS, & TORNADOES
1
SEVERE STORM
1
1184
DISASTER TITLE

•

In the last 30 years, every county in Iowa has experienced sufficiently large and severe
flood events to warrant a presidential disaster declaration. The number of FRDDs for each
Iowa county from 1988–2016 is shown in Figure 2.

•

The eastern half of the state has received more FRDDs than the western part. In addition,
most counties in Northeast Iowa have received at least 10 FRDDs in the last three decades.
The two counties with the lowest and highest number of FRDDs are O’Brien (4) and
Clayton (17), respectively.

•

Since 1988, the longest period with no FRDDs in Iowa was two years, which can be seen
in Figure 3. The years with the highest number of FRDDs were 1993, 2005, and 2008.
Remarkably, the number of FRDDs in 1993 is higher than the number of counties in Iowa.
In that year, 15 counties received two FRDDs, one in late April and the second in early July
(Buchanan, Butler, Des Moines, Linn, Black Hawk, Muscatine, Benton, Cedar, Louisa,
Tama, Webster, Floyd, Mitchell, Kossuth, and Scott counties).
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Figure 2. Number of flood-related federally declared disasters in Iowa counties (1988–2016). Data
source: https://www.fema.gov/.
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Figure 3. The number of flood-related federally declared disasters in Iowa (1988–2016). Data source:
https://www.fema.gov/.
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Because flood hazards are increasing, traditional flood risk management strategies are gradually
becoming less effective. For example, large main-stem flood control dams and flood barriers, such
as levees and floodwalls, are increasingly less effective. Furthermore, design standards in place at
their time of construction are no longer sufficient to provide their intended flood protection. In
addition, flood risk reduction provided by traditional strategies is generally localized to an
individual municipality or a portion of a watershed.
Traditional strategies need to be coupled with distributed management practices to restore flood
resilience in the landscape, increase effectiveness of existing structures, and reduce flood hazards
at larger scales. Such practices including grassed waterways, nutrient removal wetlands, water
and sediment control basins (WASCOBs), and cover crops, are part of the Iowa Nutrient
Reduction Strategy (IDALS 2017), a plan to reduce Iowa’s export of excess nutrients, but can also
have a significant impact on downstream flood peaks. The Iowa Watersheds Project (IFC 2016)
and the Iowa Watershed Approach (IWA) project (IFC 2019) have contributed to implementation
of some of these practices to address Iowa’s water quantity and quality challenges. IWP and IWA
provide frameworks for watershed coordination, science to support watershed planning efforts,
and construction of best management practices on the landscape.
This report documents the current hydrologic condition of the Des Moines River watershed
upstream of the City of Des Moines and explores watershed-scale structural and nature-based
strategies to decrease its flood hazards. Similar to IWP and IWA, this study is intended to help
facilitate watershed coordination and to guide long-term, watershed-scale management
strategies, with the ultimate goal of reducing flood risks for Iowans.
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1. Literature Review
The study of watershed-scale, sustainable water resources management is an area of ongoing
research with a high degree of interconnectivity with the systems surrounding it. The topics
discussed here include: the history of the study area, the impacts of climate change, the history of
conservation in Iowa, benefits of conservation practices, the history of hydrologic modeling, a
brief recap of modern applications of hydrologic modeling, the merits of the modeling approach
used (comparison of modeling approaches), hydrologic modeling of conservation practices, and
conservation siting tools. The text in the first chapter of this report was taken from one of the coauthors’ MS thesis:
Krasowski, Michael. "Continuous watershed-scale hydrologic modeling of conservation practices
for peak flow reduction." University of Iowa, 2019. https://doi.org/10.17077/etd.o6o3-2924

a. Hydrologic History of the Des Moines Lobe
The Midwestern landscape saw dramatic alterations with the passage of the Swamp Land Acts in
the late 1800s and the move to expand agricultural output in the early 1900s (McCorvie & Lant,
1993; Thompson, 2002; U.S. Geological Survey, 1996). Some of those changes came directly from
actions taken to make lands which were previously too wet arable; specifically, the installation of
tile drainage, drainage ditches, and the channelization of existing rivers. With these practices in
place to dry (and keep dry) some of the wettest parts of the natural landscape, water is artificially
swept off faster and more thoroughly than by natural processes (Hartmann, 2002; Kelly, Takbiri,
Belmont, & Foufoula-Georgiou, 2017; Thompson, 2002). Subsurface tile drainage, specifically,
has been found in a study done in a small, agricultural watershed with well-developed drainage
to induce baseflow increases anywhere from 0 to 54 percent (Schilling, Jindal, Basu, & Helmers,
2012). Through these built practices, the Lobe has been left with 3 to 4 percent of its original
wetland area (Miller et al., 2012), which was approximately 44 percent of the total land area of
the Des Moines Lobe and 54 percent of the Boone River watershed pre-development (Miller et al.,
2009).
Other changes—like the switch from the existing land covers of prairie, forest, and floodplain—
were incidental and implicit in the expansion of agricultural land. Work done on the Upper
Mississippi River Basin upstream of the USGS gaging station at Keokuk Iowa has demonstrated
about 30 percent of the increase in discharge observed at Keokuk can be attributed to land use
and land cover change (Schilling et al., 2010). A study done on four large river basins in the
Midwest that span seven states from 1915 to 2015 found watersheds which saw greater increases
in agricultural activity saw low flows increase 2 to 4 times and high and extreme flows increase
1.5 to 3 times (Kelly et al., 2017). Another study, done on the Raccoon River watershed, separately
attributed observed changes in hydrology to agricultural practices and climate change finding
rainfall variability responsible for the majority of changes in hydrology and land use changes
responsible for increasing severity of both flooding and droughts (Villarini & Strong, 2014).

b. Impact of climate change on hydrology
Knowledge about the historical behavior of a watershed plays an important role in our ability to
characterize the flood hydrology now and into the future. This extension of past behavior into the
Des Moines River Upstream Mitigation Study | 5

future rests upon an assumption of stationarity—that the system being studied is not changing
and is therefore stationary. Studies have shown this assumption to be flawed in the modern
context (Villarini et al., 2011) and it is certainly not suitable in the years to come due to
anthropogenic climate change (Hoegh-Guldberg et al., 2018; Milly et al., 2008). As a result, there
is uncertainty about what a changing climate means for the hydrology of a watershed; the future
can no longer be sufficiently informed by the past alone. In the modern setting, an assessment of
the functioning of a climate influenced system (of which a watershed qualifies) would not be
complete without a discussion on the impacts anthropogenic climate change will have in the
coming years.
Before focusing our attention ahead to the future, changes in the climatology of the Midwest and
the state of Iowa are becoming apparent in the present. Analyzing rain gages in the Midwestern
United States with daily rainfall data and a period of record of 75 years or greater, Villarini et al.
(2011) found a slight increase in annual maximum daily rainfall. These changes in precipitation
have been linked to changes in the current hydrology of the central United States and have also
been observed at the basin scale. Focusing on the central United States, Mallakpour and Villarini
(2015) found limited change in the magnitudes of flood peaks, but strong evidence of an increase
in the frequency of flooding. A study done at the basin scale in the state of Iowa analyzed an
agricultural watershed to elucidate the relative influences of climate and agricultural land use
found climate variability to be responsible for the majority of discharge behavior with agricultural
land use being positively correlated with decreased low flows and increased high flows (Villarini
and Strong 2014).
Going forward, the impacts of climate change will vary greatly depending on the region of the
globe being assessed. Chapter 3 of the Intergovernmental Panel on Climate Change’s Special
Report: Global Warming of 1.5 ºC titled Impacts of 1.5°C of Global Warming on Natural and
Human Systems reports on the most current consensus on the impacts of climate change (HoeghGuldberg et al., 2018). These impacts come in many forms, including changes in temperature,
precipitation, and basin scale runoff. The IPCC divides the world’s continents into 26 regions,
with Iowa in the Central North American region (CNA, also noted as region 4). The changes in
precipitation reported by the IPCC are quantified by region in a number of metrics. For the CNA
region, these metrics show significant increases in the proportion of rain falling as 95th percentile
or higher, the proportion of rain falling as 99th percentile or higher, intensity of maximum yearly
1-day precipitation and intensity of maximum yearly 5-day precipitation. Metrics showing
increases rather than significant increases are mean precipitation, the number of consecutive wet
days, the number of days with precipitation >10 mm, and the number of days with precipitation
>20 mm. The only metric showing a decrease for the CNA region is the number of days with
precipitation >1 mm (IPCC 2018). These metrics combine to form a narrative of a wetter CNA
region with much of the increased precipitation coming in extreme, prolonged events. A recent
study done in the Raccoon River watershed agrees with the findings of the IPCC and found
increases in precipitation drove discharge increases and did so most significantly for 60th
percentile flow and up (Villarini et al. 2015). While there is some agreement on the impacts
anthropogenic climate change is anticipated to have on the hydrology of the Midwest and Iowa in
particular, there is also ongoing discussion on the uncertainties associated with these impacts
(Giuntoli et al. 2018).
6 | Des Moines River Upstream Mitigation Study

Climate change must be a part of the discussion where the sustainable management of water
resources is concerned. There is strong evidence of the Midwest getting more frequent extreme
precipitation events and as a result more frequent flooding. The IPCC’s 2018 Special Report:
Global Warming of 1.5 ºC paints a grim picture for the future of flooding in the Midwest. Meeting
this challenge will require new approaches to the ways problems have traditionally been solved.
Already there are calls for the standards used in engineering design to be adjusted to take into
account the future realities of climate change (Villarini et al. 2015, Quintero et al. 2018).
Watershed management strategies which rely on practices both built and managed should reflect
the calls for design with climate change in mind.

c. History of conservation in Iowa
The history of conservation in Iowa started with the Swamp Land Acts of the mid to late 1800s
which, at the time, were billed as conservation efforts. In modern terms, conservation means
something different and is nearly antithetical in practice. The modern conservation movement
started in response to the Dust Bowl with the creation of the Soil Conservation Service (now the
NRCS) (Cain and Lovejoy 2004). The SCS kicked off demonstration projects like the Soil
Conservation Experiment Station in Clarinda, Iowa, programs with lasting impacts like fence row
tree lines and ambitious projects like the Great Plains Shelterbelt—the 100 mile wide forested
zone planned in response to the Dust Bowl (Cain & Lovejoy, 2004). In Iowa, conservation ethos
can be tracked back further to the turn of the twentieth century and individuals such as Ada
Hayden, John F. Lacey, Bohumil Shimek, Louis Pammel, Ding Darling, Aldo Leopold, and Henry
Wallace (Iowa Association of Naturalists, 1995).

d. Benefits of conservation practices
To restore some of the natural hydrologic character to heavily altered watersheds, it has been
proposed to construct and implement conservation best management practices (BMPs). These
conservation BMPs come in a variety of forms including contour buffer strips (CBS), riparian
practices (RP), grassed waterways (GWW), water and sediment control basins (WASCOB),
drainage water management (DWM), nutrient removal wetlands (NRW), cover crops (CC) and
no-till (NT). These BMPs can be sited by a geographic information system (GIS) tool known as
the Agricultural Conservation Planning Framework (ACPF)(Porter et al., 2016). The ACPF was
developed by the United States Department of Agriculture’s Agricultural Research Service
National Laboratory for Agriculture and the Environment with the intent of identifying locations
where practices would be most effective, based upon existing topography, soils, and land cover
properties (Tomer, Porter, et al., 2013). Using the ACPF, BMPs can be sited in a watershed
appropriately and subsequently in a hydrologic model to see what their effects may be on
streamflow down-watershed.
Alongside these hydrologic benefits, conservation practices can also be beneficial to water quality.
The main benefits to water quality for many of these BMPs are the increases in sediment trapping
and processing of agricultural pollutants through phytoremediation (Dietz & Schnoor, 2001;
Schnoor, Licht, McCutcheon, Wolfe, & Carreira, 1995; Tomer, Porter, et al., 2013).
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Contour Buffer Strips, Riparian Practices, and Grassed Waterways
One of the primary hydrologic benefits of a number of BMPs is the increase in the infiltration they
can provide (Chiang, Chaubey, Hong, Lin, & Huang, 2012). Infiltration has the potential to play a
key role in the benefits of GWWs, CBSs, and RPs, largely due to the changes from bare soil and
row crops to densely planted grasses (Deletic, 2001). The effectiveness of any particular grassed
area in promoting infiltration is a function of the land cover type (grassed vs bare), slope (flat vs
steep), and flow path length through the grassed area (long vs short). Grassed waterways are
targeted plantings of grasses along concentrated flow paths. In one study GWWs were found to
increase infiltration on the order of 0 to 5.82 percent over a stretch of just 39.4 feet (Mishra,
Neelkanth, Babu, & Kumathe, 2006). In another study, researchers tested two different
approaches to implementing GWWs, and found runoff volumes reduced by 90 and 49 percent
depending on the approach (Fiener & Auerswald, 2005). Another study found a relationship
between rainfall and infiltration showing infiltration can range between 100 and 22 percent
depending on the rainfall rate (Deletic, 2001).
Much attention has been paid to targeting management efforts on the riparian zone. Riparian
practices go by different names such as grass strips, prairie strips, vegetative buffers, or riparian
buffers, but all include some sort of permanent vegetation interceding between agricultural lands
and the river system. Many studies have evaluated the water quality and quantity benefits of
riparian and similar perennial vegetation based practices (Asbjornsen et al., 2014; Michael G.
Dosskey et al., 2010; Hladik et al., 2017; Schulte et al., 2017). Though the ability of these and
similar practices to reduce runoff is well characterized, little research has been done evaluating
the comparative effects of practices done upslope in a field versus in the riparian zone. Studies
such as one done by Hernandez-Santana et al. (2013) looked at the effectiveness of prairie strips
placed at different points on hillslopes and found a relationship between placement and runoff
reduction potential. This indicates a dependency on relative placement in the landscape of these
types of practices which needs to be further explored.

Water and Sediment Control Basins
Infiltration is also a key process for WASCOBs and their potential to help reduce runoff, but rather
than solely relying on grasses to aide in infiltration, WASCOBS detain waters and pool them
behind a low impoundment to spur infiltration (Her, Chaubey, Frankenberger, & Jeong, 2017).
WASCOBs have an outflow pipe to prevent extended inundation or overtopping of the
impoundment. Existing literature on the explicit benefits of WASCOBs to streamflow is lacking,
but one research report done for the Ausable Bayfield Conservation Authority Ontario Ministry of
Agriculture and Food found maximum flow volume reductions of approximately 10 percent with
the average flow reduction of 32 WASCOBs at approximately 4 percent (Yang, Liu, Simmons,
Oginskyy, & McKague, 2013).

Drainage Water Management
Drainage water management is the control of outflow from tile drainage lines to keep more water
in the subsurface. Several studies indicate DWM has the potential to reduce runoff, but one study
suggests a greater caution with the implementation and application of DWM. A collection of
studies conducted in different parts of Iowa have found DWM to produce anywhere from 21 to 60
percent flow reductions (Helmers, Christianson, Brenneman, Lockett, & Pederson, 2012; Jaynes,
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2012; Schott et al., 2017). A review paper examining 13 other studies found reported reductions
in flow from 16 to 89 percent (Skaggs 2012). Concern was raised by a study done in east-central
Illinois which focused on the fate of retained flows and cautioned implementation without
consideration of adjacent fields and the possibility of lateral subsurface flows (Lavaire, Gentry,
David, & Cooke, 2017). Tangentially, recent studies have found potential for crop yields to be
boosted by actively managing groundwater levels in cropped fields which highlight an opportunity
to see both flow and crop yield benefits from DWM (Archontoulis, Licht, Castellano, Ordonez, &
Iqbal, 2017; Jaynes, 2012).

Nutrient Removal Wetlands – Water Quantity
One conservation practice with high potential for runoff reduction is wetlands. Studies indicate
as the proportion of wetland area to total watershed area decreases, the likelihood of flooding
increases. An evaluation of the Midwest as a whole found watersheds containing 5 to 10 percent
wetlands by area (as compared to those containing none) saw peak flood reductions of 50 percent
(De Laney, 1995). Similar studies have found that when less than 10 to 20 percent of a watershed
area is wetlands, the risk of flooding increases disproportionately (Cedfeldt, Watzin, &
Richardson, 2000; Johnston, Detenbeck, & Niemi, 1990). Currently, the Des Moines Lobe only
has 3 to 4 percent of its original wetland area (Miller et al., 2012), which was approximately 44
percent of the total land area of the Des Moines Lobe pre-development (Miller et al., 2009).
Several studies have examined wetlands and their capacity to reduce and attenuate flows and
generally agree on the potential for reductions (Kadlec & Wallace, 2009; Zedler & Kercher, 2005).
One such study done in central Indiana found wetlands can reduce the peak flow produced from
a rainfall event from 20 to 41 percent, flood areas by up to 55 percent, and maximum stream
velocities by 15 percent (Javaheri & Babbar-Sebens, 2014). Another study carried out in in
Manitoba, Canada, in an area which is also dominated by the prairie pothole landscape, found
wetland restoration can reduce peak discharges by as much as 23.4 percent (Yang et al., 2009). A
similar study done in west-central Minnesota, an area which has retained its wetlands, found the
loss of the first 10 percent of the existing wetlands would result in a 40 percent increase in peak
streamflows (Wang et al., 2010).

Nutrient Removal Wetlands – Water Quality
Along with the potential for conservation practices to reduce flooding, they have also been shown
to have positive impacts on water quality. This is perhaps most apparent and most widely studied
in the case of wetlands. Wetlands are capable of removing a variety of pollutants associated with
agricultural runoff, including sediments, nutrients, organic chemicals, and pathogens (De Laney,
1995; Kadlec & Wallace, 2009; Zedler, 2003). One study showed intercepting just 30 percent of
the tile flow from a watershed could reduce nitrate loads by an average of 11-13 percent (Tomer,
Crumpton, Bingner, Kostel, & James, 2013). A study done in the Minnesota River Basin, an area
which has retained a high proportion of its original wetlands, found wetlands to be five times more
efficient per unit area at removing nitrate when compared to other land-based strategies including
cover crops and land retirement (Hansen, Dolph, Foufoula-Georgiou, & Finlay, 2018). A study
done near the confluence of the Minnesota and Mississippi rivers found wetlands could reduce
levels of sediment, specific conductivity, fecal coliform, phosphorous, nitrate, total suspended
inorganic solids, and ammonium (Johnston et al., 1990).
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Cover Crops
Cover crops are a widely studied management practice and have been shown to have benefits in
terms of both water quality and quantity. Some popular cover crops include cereal rye, oats,
common vetch, hairy vetch, turnip, radish, millet, and winter pea. Cover crops come with diverse
characteristics and may be selected for a multitude of reasons such as commercial value, cost to
plant, nitrate leaching reduction potential, inter-cropping ability, erosion control, pest
suppression, soil fertility and health and boosting cash crop yields (Snapp et al., 2005). Cover
crops have recently gained interest for another surprising ability: their potential to help with
flooding. In a report for the Union of Concerned Scientists Andre Basche identified 81 studies
indicating cover crops had a positive effect on infiltration rates with as high as 50 percent
increases (Basche, 2017). Cover crops also have the ability to regulate water fluxes in farm fields
at once reducing run off and boosting soil water availability (Basche, 2017). Cover crops have been
shown to be effective in the management of nutrient losses and pest weeds and insects, thereby
reducing the need for herbicides and insecticides (Sustainable Agriculture Research and
Education, 2012).

No-Till
In modern agriculture, the current practice is to till as much as the top 6 inches of row crop fields
to prepare them for seeding. A rising movement is the practice of no-till farming; in which seeds
are either planted directly into the ground, commonly by a drill planter, or broadcast seeded
(United States Department of Agriculture, 2015). The goal of no-tilling is to improve soil health
by not disrupting the soil, allowing soil macro- and micro-fauna to flourish and create macropores (Edwards et al., 1988). These changes in the soil structure help to increase the porosity and
infiltration rates of soils which help to reduce the generation of runoff (Basche, 2017; Edwards et
al., 1988; Lee, 1985). No-till practices also affect the soil surface by effectively increasing
roughness which can slow runoff and increase infiltration (Mohamoud, 1992).

Biodiversity
On the eve of what has been popularly termed the Sixth Extinction, (Kolbert, 2015) and with
recent headlines about the collapse of insect populations (Lister & Garcia, 2018; Sánchez-Bayo &
Wyckhuys, 2019) BMPs which encourage the flourishing of wildlife could be a crucial part of
maintaining biodiversity in agricultural landscapes. Wetlands and native prairie in particular
have the potential to support a wide variety of species (Kadlec & Wallace, 2009; Schulte et al.,
2017; Zedler & Kercher, 2005). In a report by the Iowa Cooperative Fish and Wildlife Research
Unit, 27 constructed wetlands occupying 930 acres could provide habitat for 192 wildlife species
(Otis et al., 2010). One study examined wastewater treatment wetlands for their impact on
biodiversity and found increases in numbers of species and a correlation between wetland size
and number of species (Hsu et al., 2011). In a review paper by Knight (1997) wetlands in the U.S.
were found to support over 600 species of plants which in turn support myriad animal species.

e. History of Hydrologic modeling
Hydrologic modeling can trace its roots back to the nineteenth century as cities continued to grow
and improved approaches to designing elements of urban infrastructure such as canals, sewers,
and water supply systems were needed (Singh and Woolhiser 2002). Early on, hydrologic
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modeling was largely limited to what are now called component models, which, rather than
capturing an entire watershed, focus on singular components and mechanisms of hydrologic
systems such as runoff generation (Sherman 1932), overland flow (Horton 1939), and evaporation
(Richardson 1931). Watershed modeling in the holistic sense would first be achieved with the
creation of the Stanford Water Model (SWM) in 1966 (Crawford and Linsley 1966). The field
would continue to grow with the digital revolution and the spread of computers (Singh and
Woolhiser 2002) with many watershed scale models being developed such as the Penn State
Integrative Hydrologic Model (PIHM), the Hydrological Simulation Program – FORTRAN
(HSPF), the Soil and Water Assessment Tool (SWAT), the Hydrologic Engineering Center’s
Hydrologic Modeling System (HEC-HMS), the National Weather Service model (NWS),
HydroGeoSphere (HGS), Systeme Hydrologique Europeen (SHE), and Vflo among many others.
Today, hydrologic modeling is a powerful tool in helping to understand processes operating at
watershed scales to better inform decision making for land use, conservation, and sustainability
efforts. Models like HSPF, SWAT, HEC-HMS, SHE, their variants, and many others are still in
use today and each have their specialties in application. For example, HSPF can specialize in
pollutant loadings, erosion, and fate and transport and operates on daily timescale; MIKE-SHE
specializes in subsurface flows and groundwater quality and operates on seconds to daily
timescales; and SWAT focuses on plant growth, and sediment, nutrient, and pesticide transport
and operates on a daily timescale (Moriasi, Wilson, Arnold, & Gowda, 2012). Each of these models
has different temporal and spatial resolutions, modeling approach, complexity, and ability which
can make them more or less advantageous for different applications.

f. Modern uses of hydrologic modeling to study flooding
The use of hydrologic models to study flooding is an active area of research. There are a few
regularly studied themes: floodplain connectivity restoration, land use change, climate change,
and flood-related contaminant fates. Floodplain connectivity studies typically center around the
built environment and the controls put in place to restrain natural, riverine systems. Three recent
studies from 2012, 2016, and 2018 each addressing a different study area and each bringing their
own approach have studied flood reductions through floodplain-river reconnection (Dierauer,
Pinter, & Remo, 2012; Guida et al., 2016; Jobe et al., 2018). As the built and human environments
have expanded, so too has the study of land use change impacts on flooding. The impacts of land
use change on watershed hydrology were investigated with hydrologic modeling in three papers
from 2014 and 2016 (Ahiablame & Shakya, 2016; El Alfy, 2016; Schilling et al., 2014). As
hydrologic modeling helps us to understand the flooding implications of changes in land use, so
too can it help us understand the implications of climate change. In 2012 and 2016 three papers
with work done in climatically diverse study areas investigated mitigation strategies and impacts
of climate change using hydrologic modeling (Dudula & Randhir, 2016; Karamouz, Fallahi, &
Nazif, 2012; Karim et al., 2016). The transport of chemicals is also a dynamic problem to which
hydrologic modeling can provide insight. Three recent papers from 2016, 2018, and 2019 have
looked at the spatial and temporal patterns of the transport of polychlorinated biphenyls, metals,
and nutrients during flooding (Alam & Dutta, 2016; Beck et al., 2019; Lu et al., 2016; Mansoor,
Louie, Lima, Van Cappellen, & MacVicar, 2018). The use of hydrologic modeling to understand
behavior and response to changes in hydrologic systems is an ongoing area of research with many
different approaches and questions being answered.
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g. Comparison of modeling approaches
The watershed scale hydrologic models developed since the late 1960s and those in use today vary
in their formulation. Many authors have proposed their preferred schemes for grouping
hydrologic models (Daniel et al., 2011; Devia, Ganasri, & Dwarakish, 2015; Jajarmizadeh, Harun,
& Salarpour, 2012; Xu, 2002). One of the most nuanced comes from Jarjamizaadeh et al. 2012 in
which the authors assert the main ways in which hydrological models differ are in the laws and
approximations used (empirical, conceptual, or physical), the types of equations used
(deterministic or statistical), the subunits parameterized (lumped, semi-distributed, or
distributed), the time frames they capture (event-based or continuous), and the computations
performed (analytical or numerical) (after Bradley 2018 adapted from Jarjarmizadeh 2012).
There are three possible categories for a model to be in when it comes to the laws and
approximations, an empirical model, a conceptual model, or a physical model. Often, models
employ a mix of these approaches to accomplish their means. Empirical models—also called
“black box” models—are mathematical equations which derive outputs from data-driven inputs.
Conceptual models—also called “grey box” models—rely on parameters derived from both field
data and calibration to describe the interactions between different reservoirs internal to the
model. Physically-based models—also called “white box” models—rely on measurable
parameterized equations based in physics and incorporate some level of the morphology of a
watershed (Devia et al., 2015). A model may be called either deterministic or statistical based
upon the equations used (Jajarmizadeh et al., 2012). If a model produces singular values as its
output for a simulation or forecast, that model is said to be deterministic, whereas if a model
produces a range of possibilities or likelihoods as an output, that model is statistical or stochastic
(Daniel et al., 2011). A model is lumped if its base unit is an entire watershed and uses parameters
representing the averages of the spatially heterogeneous watershed. Semi-distributed if it breaks
down a watershed into smaller sub-basins characterized by being spatially and parametrically
distinct from one another, or distributed if it uses subdivisions set at a high resolution determined
by the modeler to allow adequate levels of capturing spatial heterogeneity (Daniel et al., 2011).
Hydrological models can be grouped into two categories based upon the timeframes over which
they are meant to operate: event-based or continuous. Event based models capture singular
phenomena such as a storm or a one year drought and are aimed at understanding a system’s
response to a singular condition. Continuous models run for long periods of time and are often
aimed at understanding a systems behavior over a broad range of conditions. The computations
performed by a model can be grouped as either analytical or numerical—directly calculated or
solved via partial differential equations.
Literature shows there are clear advantages associated with some modeling methods for modeling
performance and accuracy and selecting a model for a specific application should reflect this (Xu,
2002). For instance, when comparing distributed vs lumped models, distributed models are able
to more accurately capture spatial heterogeneities which may be important for the hydrologic
processes operating within a watershed (Beven & O’Connell, 1982; Daniel et al., 2011). Distributed
hydrologic models can use different types of elements to compose their meshes; the most common
are orthogonal grids and triangular irregular networks (TINs). These different discretization
methods have advantages. Orthogonal grids are often employed for their ease of use and TINs are
used when capturing terrain or surface geometry is important (Bates, Marks, & Horritt, 2003;
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Casas, Benito, Thorndycraft, & Rico, 2006). Whereas conceptual models can have little relation
to the natural world, physically-based hydrologic models use a variety of different methods for
directly representing the physical processes and parameters they approximate. Five of the main
processes are interception; evapotranspiration; snowmelt; soil moisture, infiltration, and
subsurface flow; and surface flow and routing (Islam, 2011). In a physically-based model, these
processes are represented with equations derived from the principles of the conservation of mass,
momentum, and energy and therefore can be expected to adhere to behaviors consistent with
natural systems (Islam, 2011). One of the drawbacks to physically-based, fully distributed
watershed modeling is the large amounts of spatially expansive data it requires to be
advantageous; in the absence of data gaps, these models have been shown to outperform
conceptual and lumped models (Devia et al., 2015)

h. Conservation siting tools
To be judicious in the pursuit of conservation practices and implement them where the potential
impact is greatest, a number of conservation siting tools have been developed. Tools developed to
assist in this endeavor include the Conservation Reserve Program-Decision Support System
(CRP-DSS), which was developed to assist in the prioritization of CRP enrollments, a GIS based
tool to advantageously site wetlands (Babbar-Sebens, Barr, Tedesco, & Anderson, 2013), and the
GIS-based AgBufferBuilder which was designed to custom prescribe riparian buffer strip widths
based on terrain and conservation needs (M. G. Dosskey et al., 2015).
Of particular interest is a tool developed at the National Laboratory for Agriculture and the
Environment (NLAE), called the Agricultural Conservation Planning Framework (ACPF) (Porter
et al., 2016). The ACPF uses light detection and ranging (LiDAR) based 2-meter resolution digital
elevation models (DEMs), soils from National Resources Conservation Service’s (NRCS)
gSSURGO product, land use from the National Agricultural Statistics Service (NASS) crop data
layer (CDL), and farm field extents to identify optimal placement of a wide variety of conservation
practices (Tomer, Porter, et al., 2013). The ACPF is intended to operate at the hydrologic unit code
12 (HUC 12) scale and the NLAE makes available online all of the resources necessary to use it
(Porter et al., 2016).

i. Summary
Finding sustainable solutions to water resources challenges necessitates understanding systems
in context. Changes in land use and climate have impacted the hydrology of the Des Moines River
watershed, Iowa, and the greater Midwest and will continue to induce flooding going forward.
There is a large body of existing literature on the study of flooding, hydrologic modeling, the use
of BMPs to mitigate both flooding and agricultural pollutant runoff, and the impacts of climate
change. Together, they show the potential benefits of these BMPs for peak flow reduction and
water quality are provocative and merit further investigation with hydrologic modeling for specific
applications.
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2. Conditions in the Des Moines River Watershed
This chapter provides an overview of current Des Moines River Watershed conditions, including
hydrology, geology, topography, land use, and hydrologic/meteorological instrumentation, and
historic water cycle, as well as a summary of previous floods of record. A comparison between
existing and potential BMPs is also included.

a. Introduction
The Des Moines River Watershed upstream of Des Moines, located in north-central Iowa and
south-west Minnesota, is defined by the boundaries of five eight-digit Hydrologic Unit Codes
(HUC 8s). The watershed encompasses approximately 6,260 square miles (mi2), falling within 7
counties in Minnesota and 20 counties in Iowa, as shown in Figure 2.1.

Figure 2.1. The Des Moines River Watershed. The Des Moines River joins the South Raccoon River
near Van Meter, Iowa.

Average annual precipitation in the watershed ranges from 27–36 inches, with the lowest
precipitation in the northwest corner of the watershed and the highest in the southeast corner.
(PRISM, 1981–2010). About 75% of the annual precipitation falls as rain during the months of
April–September. During this period, thunderstorms capable of producing torrential rains are
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possible, with the peak frequency of such storms occurring in June. Central Iowa has experienced
increased variability in annual precipitation since 1975, along with a general increase in the
amount of spring rainfall (U.S. Department of Agriculture — Iowa State University, 2011).

b. Geology and Soils
A landscape is a collection of terrain features or landforms (Iowa Geological & Water Survey,
2013). These combinations of surface features and underlying soils influence how water moves
through the landscape. The general soil and geologic characteristics of the watershed were
summarized by IGS, and are shown in Figure 2.2. These general characteristics were developed
using Quaternary surficial maps and available soils information. The classifications are described
further in Table 2.1.

Figure 2.2. General soil and geologic characteristics within the Des Moines River Watershed.
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Table 2.1. General soil and geologic characteristics.

Classification
Alluvium
Bedrock
Dows (till)
Lake
Outwash

Description
fine grained (silt and sand)
areas were bedrock is within 510 feet
very fine grained and dense (clay
dominated matrix)
fine grained matrix, not as dense
as till
coarse grained (sand and gravel)

The Des Moines River Watershed is located within one landform region, typically referred to as
the Des Moines Lobe. Each landform region has a unique influence on the rainfall-runoff
characterization, the Des Moines River watershed is dominated by those that characterize the Des
Moines Lobe. The Des Moines Lobe was shaped by the last glacier to enter Iowa. The glacier
entered Iowa in a series of surges beginning 15,000 years ago. By 12,000 years ago, the slowly
decaying ice sheet was gone, leaving behind a poorly drained landscape underlain by pebbly clay
and areas of sands and gravels from swift meltwater streams. Today, broadly curved bands of
ridges and knobby hills called moraines, mark the position of stationary ice fronts (Iowa
Geological & Water Survey, 2017). Natural lakes have formed in large, scoured depressions.
Abundant smaller depressions dot the landscape and are characterized as wetlands known as
potholes. These depressions may hold water year-round, however many do not and only
intermittently fill during heavy rainfall events or with snowmelt in the spring of the year. Many
have been drained through the use of intakes and piping networks. Figure 2.3 shows a typical Des
Moines Lobe cross-section.

Figure 2.3. Typical Des Moines Lobe cross-section (Prior 1991).
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Depth to bedrock varies from 0–600 feet throughout the watershed, as shown in Figure 2.4.
Isolated areas of shallow depth to bedrock are found in several counties along the main stem of
the Des Moines River. Based on information developed by IGS, likely locations of bedrock exposed
or within 30 inches of the surface, occur through Humboldt and Webster counties (see Figure
2.4).

Figure 2.4. Depth to bedrock in the Des Moines River Watershed.

The Natural Resources Conservation Service (NRCS) classifies soils into four hydrologic soil
groups (HSG) based on the soil’s runoff potential. The four HSGs are A, B, C, and D, where A-type
soils have the lowest runoff potential and D-type have the highest. In addition, there are dual code
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soil classes A/D, B/D, and C/D that are assigned to certain wet soils. For these soil groups, even
though the soil properties may be favorable to allow infiltration (water passing from the surface
into the ground), a shallow groundwater table (within 24 inches of the surface) typically prevents
much from doing so. For example, a B/D soil will have the runoff potential of a B-type soil if the
shallow water table were to be drained away, but the higher runoff potential of a D-type soil if it
is not. Table 2.2 summarizes some of the properties generally true for each HSG (A-D). This table
is meant to provide a general description of each HSG and is not all-inclusive. Complete
descriptions of the HSGs can be found in USDA-NRCS National Engineering Handbook, Part 630
– Hydrology, Chapter 7.

Table 2.2. Soil properties and characteristics generally true for hydrologic soil groups A-D.

Hydrologic
Soil Group

Runoff Potential

Soil Texture

Composition

Minimum
Infiltration Rate1
(in/hr)

< 10% clay
>5.67
> 90% sand/gravel
Loamy sand,
10–20% clay
B
Moderately low
1.42-5.67
sandy loam
50–90% sand
Loam containing
20–40% clay
C
Moderately high
0.14–1.42
silt and/or clay
<50% sand
>40% clay
D
High
Clay
<0.14
<50% sand
1 For HSG A-C, infiltration rates based on a minimum depth to any water impermeable layer and
the ground water table of 20 and 24 inches, respectively.
A

Low

Sand, gravel

The Des Moines Lobe is dominated by a mix of HSG C and C/D type soils. The southern tip of the
watershed, closer to the Des Moines Metro area, has a higher concentration of B type soils, but
also more concentrated impervious surface than the rest of the watershed. Dual code HSGs, such
as C/D, indicate a shallow groundwater table would inhibit infiltration, creating type D soil
behavior; however, if drained, the soil would behave as type B. Much of this area has had tiling
placed to drain away this shallow groundwater. The soil distribution of the Des Moines River
Watershed per digital soils data (SSURGO) available from the USDA-NRCS Web Soil Survey
(WSS) is shown in Figure 2.5. Viewing the soil distribution at this map scale is difficult, but the
map does illustrate how much soils vary in space and the noticeable difference in soil types of the
main river channel area versus moving further inward toward the center of the Des Moines Lobe.
Table 2.3 shows the approximate percentages by area of each soil type for the Des Moines River
Watershed within the Des Moines Lobe.

18 | Des Moines River Upstream Mitigation Study

Table 2.3. Approximate Hydrologic Soil Group percentages by area of the Des Moines River
Watershed within the Des Moines Lobe.
Hydrologic Soil Group

Watershed Area
Approximate %

A

2.2

A/D

0.2

B

12.2

B/D

6.9

C

16.7

C/D

60.4

D

1.3

Figure 2.5. Distribution of Hydrologic Soil Groups in the Des Moines River Watershed. Hydrologic
Soil Groups reflect the degree of runoff potential a particular soil has, with Type A representing the
lowest runoff potential and Type D representing the highest runoff potential.
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c. Topography
The topography of the Des Moines River Watershed reflects its geologic past. As previously
mentioned, the watershed lies within the Des Moines Lobe, which is characterized as minimally
sloping ground, interrupted by many isolated potholes. To facilitate drainage of the region, much
of the drainage network is comprised of constructed channels or field tile. Figure 2.6 shows
topography provided by Iowa DNR and Minnesota DNR in the form of bare-earth light detection
and ranging (LiDAR) data. Elevations range from approximately 1900 feet above sea level in the
uppermost part of the watershed to 760 feet at the city of Des Moines. Typical land slopes are
between 2.0 and 4.0% (25th and 75th percentiles), with the steepest areas occurring along the
major stream valleys throughout watershed, as shown in Figure 2.7.

Figure 2.6. Topography of the Des Moines River Watershed.
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Figure 2.7. Terrain slopes derived from LiDAR data.

d. Land Use/Cover
Land use in the Des Moines River Watershed is predominantly agricultural, dominated by
cultivated crops (corn/soy beans) on approximately 78.2% of the acreage (approximately
3,263,000 acres), followed by grass/hay/pasture at approximately 6.2%. The remaining acreage
in the watershed is about 5.7% forest (primarily deciduous forest), 7.7% developed land, and 1.3%
open water and/or wetlands, per the 2018 Crop Data Layer provided by USDA’s National
Agricultural Statistics Service. Figure 2.8 shows the spatial distribution of land cover in the
watershed.
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Figure 2.8. Land use composition in the Des Moines River Watershed, according to the 2018 Crop
Data Layer provided by USDA’s National Agricultural Statistics Service.

This high proportion of land used for row crop agriculture in the Des Moines Lobe has been made
possible through construction of artificial drainage networks during the first half of the 20th
Century. Current locations of Iowa drainage districts are shown in Figure 2.9. While there is likely
a similar density of drainage districts present in Minnesota, GIS data is not available for these
counties.
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Figure 2.9. Iowa drainage district locations. Minnesota likely has a similar density, but GIS data are
not available.

e. Instrumentation/Data Records
The Des Moines River Watershed has instrumentation installed to collect and record stream stage,
discharge, and precipitation measurements. Nine USGS-operated stage and discharge gauges and
seven IFC stream-stage sensors are located within the watershed. There are 16 local stations
partnered with National Oceanic and Atmospheric Administration (NOAA) providing 15minute/hourly precipitation within or near the watershed. The operational period of record varies
for each of these gages. The following figure (Figure 2.10) and table detail the instrumentation
and its period of record. Only the NOAA-partnered daily-measuring precipitation gauges that fall
within the watershed boundary are listed in Table 2.4.
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Figure 2.10. Hydrologic and meteorologic instrumentation in the Des Moines River Watershed.
Stage/discharge gages (16) are shown in yellow or green while NOAA-partnered hourly or sub-hourly
measuring precipitation gages (16) are shown in red.
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Table 2.4. Stage/Discharge Gauges and Precipitation Gauges in the Des Moines River Watershed.
Gage Type
Location
Period of Record
USGS Stage/Discharge

USGS Stage/Discharge

USGS Stage/Discharge

Des Moines River at Jackson, MN
05476000
Des Moines River at Humboldt, IA
05476750
East Fork Des Moines River at Dakota City,
IA

1909 - present

1964 - present

1940 - present

05479000
USGS Stage/Discharge

USGS Stage/Discharge

USGS Stage/Discharge

USGS Stage/Discharge

USGS Stage/Discharge

USGS Stage/Discharge

Des Moines River at Fort Dodge, IA
05480500
Boone River near Webster City, IA
05481000
Des Moines River near Stratford, IA
05481300
Des Moines River near Saylorville, IA
05481650
Beaver Creek near Grimes, IA
05481950
Des Moines River at 2nd Avenue, Des
Moines, IA

1905 - present

1940 - present

1967 - present

1961 - present

1960 - present

1915 - present

05482000
IFC Stream Sensor (stage)

IFC Stream Sensor (stage)

IFC Stream Sensor (stage)

Beaver Creek, P54 (C Ave.), near Beaver
BEAVERCRK01
Boone River, near Goldfield
BOONERV01
Des Moines River, E41 (Old HWY 30,
Lincoln HWY), near Boone

2014– present

2017 – present

2014 – present

DSMNSRV01
IFC Stream Sensor (stage)

Des Moines River, Kale RD, near Fraser

2014 – present
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DSMNSRV02

IFC Stream Sensor (stage)

Des Moines River, 170th St. (Cty. D14), near
Fort Dodge

2014 – present

DSMNSRV03
IFC Stream Sensor (stage)

IFC Stream Sensor (stage)

Des Moines River, near Stratford
DSMNSRV04
East Fork Des Moines River, 130th
St/County RD B63, near Algona

2015 – present

2016 – present

EFDSMNS01
NOAA 15min/1hr Precip

ALGONA MUNICIPAL AIRPORT, IA US,
WBAN:04904

2004 - present

NOAA 15min/1hr Precip

AMES MUNICIPAL AIRPORT, IA US,
WBAN:94989

2004 - present

NOAA 15min/1hr Precip

ANKENY REGIONAL AIRPORT, IA US,
WBAN:04938

2004 - present

NOAA 15min/1hr Precip

BOONE MUNICIPAL AIRPORT, IA US,
WBAN:04906

2004 - present

NOAA 15min/1hr Precip

CARROLL ARTHUR N NEU AIRPORT, IA
US, WBAN:04910

2004 - present

NOAA 15min/1hr Precip

CLARION MUNICIPAL AIRPORT, IA US,
WBAN:04907

2004 - present

NOAA 15min/1hr Precip

DES MOINES INTERNATIONAL AIRPORT,
IA US, WBAN:14933

1944 - present

NOAA 15min/1hr Precip

ESTHERVILLE MUNICIPAL AIRPORT, IA
US, WBAN:94971

2004 - present

NOAA 15min/1hr Precip

FORT DODGE OZARK AIRLINES, IA US,
WBAN:94933

2004 - present

NOAA 15min/1hr Precip

JACKSON MUNICIPAL AIRPORT, MN US,
WBAN:04946

2004 - present

NOAA 15min/1hr Precip

PERRY MUNICIPAL AIRPORT, IA US,
WBAN:54943

2008 - present

NOAA 15min/1hr Precip

SPENCER MUNICIPAL AIRPORT, IA US,
WBAN:14972

2004 - present

NOAA 15min/1hr Precip

STORM LAKE MUNICIPAL AIRPORT, IA
US, WBAN:04976

2004 - present
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NOAA 15min/1hr Precip

WEBSTER CITY MUNICIPAL AIRPORT, IA
US, WBAN:04920

2004 - present

NOAA 15min/1hr Precip

WINDOM MUNICIPAL AIRPORT, MN US,
WBAN:04952

2004 - present

NOAA 15min/1hr Precip

WORTHINGTON
WBAN:94927

2004 - present

2

NNE,

MN

US,

f. Streamflow Historic Trends

Figure 2.11. Time series of mean daily discharge for the period of record. Changes in the statistical
characteristics of the series are shown as shaded steps indicating mean values for the given time
period.
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Time series of mean daily discharge were calculated at several USGS stream gage stations within
the watershed, shown in Figure 2.11. These time series are useful in detecting changes in the longterm flow at the stream gaging sites. The identification of statistically significant shifts in the flow
time series was made using the approach developed by Villarini et al. (2011), with the mean values
for each streamflow shift also shown. It is apparent from these data that a statistically significant
change in the mean daily discharge occurred between 1975 and 1990, and for some, between 2010
and 2018. The general tendencies observed for mean and low flows — increased flow amounts and
greater variability in the last 40 years — are also observed for high flows, even if the changes are
not statistically significant. Overall, the data indicates that these locations have experienced longterm changes in streamflow beginning around 1985, with another possible change occurring
recently. The reasons for these changes are still the subject of on-going research. Iowans have all
seen the impacts of increased and more highly variable flows.
Annual flow volumes were calculated at several USGS stream gage stations within the watershed
from 1998 to 2018. Similarly, annual precipitation volumes were also estimated for the watershed
areas upstream of the USGS stream gage stations using annual precipitation data provided by the
PRISM for 1998 to 2018. Using these data for each year, the runoff coefficient, indicating percent
of precipitation that results in stream flow, can be calculated by dividing each annual flow volume
by the corresponding annual precipitation volume at a point. These runoff coefficients are shown
in Figure 2.12 for East Fork Des Moines River at Dakota City, Beaver Creek at Grimes, Des Moines
River at Jackson, MN, Des Moines River at Humboldt, Des Moines River at Stratford, and Boone
River at Webster City. While this coefficient varies year to year depending on drought or flood
conditions, it is apparent that some locations produce more streamflow and some produce less
than other locations.

Figure 2.12. Annual runoff coefficient (total flow/ total precipitation) for several locations with USGS
stream gaging stations from 1998 to 2018.
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Traditional hydrograph separation methods were used to estimate the amount of baseflow and
direct runoff on an annual basis. Using the local minimum method, daily discharges were
separated into baseflow and runoff. The annual average volume of streamflow was divided into
base flow and direct runoff at the same locations shown in Figure 2.12 and is presented in Figure
2.13. Information presented in Figures 2.12 and 2.13 indicates that out of the analyzed USGS
stations Boone River at Webster City, Des Moines River at Stratford, and Beaver Creek at Grimes
have higher streamflow yields than other locations. This can be attributed to a combination of
several factors, not limited to a higher frequency and severity of heavy precipitation, more
impervious area, steeper terrain, more artificial drainage, or even more infiltration due to best
management practices.

Figure 2.13. Average annual observed direct/base flow.

g. Floods of Record
Six large flood events (discharge greater than 35,000 cfs) have been recorded at the USGS gaging
station at Stratford, Iowa since 1984. The four largest of these flood peaks have occurred since
2007. Large discharges at Stratford may develop in the Upper Des Moines River Watershed, East
Fork Des Moines River Watershed, or in the Boone River Watershed.
Table 2.5 shows the six largest discharges at seven USGS gaging stations in the Des Moines River
Watershed. While there are several instances of historic floods from 1950 - 1980, there is a marked
prevalence of events from the last decade. Similar to the trends in average stream flow yield, this
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is likely a result of the combination of several factors, with increased frequency and severity of
heavy precipitation events being the strongest influence.
Table 2.5. Discharges from the Six Largest Flooding Events at USGS Gaging Stations in the Des
Moines River Watershed.
Jackson, MN (1909 Present)

4/11/1969
15,700 cfs

7/8/2018
9,600 cfs

4/9/1965
9,530 cfs

9/25/2010
8,570 cfs

6/8/1953
8,360 cfs

7/7/1993
8,250 cfs

Dakota City (1938 Present)

Sept 1938
22,000 cfs

6/21/1954
18,800 cfs

4/1/1993
16,200 cfs

4/9/1965
15,700 cfs

3/17/2010
13,400 cfs

8/25/1979
13,300 cfs

Humboldt
Present)

-

7/13/1993
19,000 cfs

4/14/1969
18,000 cfs

6/20/2014
15,000 cfs

4/8/1965
14,400 cfs

6/29/2010
12,900 cfs

6/18/1984
11,400 cfs

Webster City (1941 Present)

6/10/1918
21,500 cfs

6/28/2010
20,700 cfs

6/10/2008
20,500 cfs

6/22/1954
20,300 cfs

4/6/1965
15,200 cfs

6/18/1932
15,000 cfs

Stratford
Present)

6/28/2010
58,300 cfs

6/9/2008
50,300 cfs

4/2/1993
42,300 cfs

6/20/2014
36,800 cfs

6/19/1984
36,300 cfs

8/23/2007
35,800 cfs

Below
Saylorville
Reservoir (1968 Present) (*Reservoir
built 1977)

6/24/1954
60,000 cfs

6/13/2008
50,500*
cfs

4/10/1965
47,400*
cfs

7/21/1993
45,700*
cfs

7/1/2010
37,900*
cfs

4/3/1962
31,000

Beaver Creek (1960 Present)

7/10/1993
14,300 cfs

6/30/1986
7,980 cfs

8/11/2010
7,960 cfs

6/1/2008
7,800 cfs

5/19/1974
7,340 cfs

5/24/2004
7,300 cfs

(1940

(1968

-

Figure 2.14 shows the number of flood occurrences greater than the 5-, 10-, 50-, and 100-year
flood quantile estimates at the USGS stream gage locations for the time period 1968-2018. All
locations have a similar number of total flood occurrences, but Stratford and Boone River at
Webster City appear to have slightly more occurrences of smaller magnitude events (5- and 10year), while only three locations, Beaver Creek at Grimes, Des Moines River at Humboldt, and
Des Moines River at Jackson, MN have experienced a 100-year or higher event since 1968.

30 | Des Moines River Upstream Mitigation Study

Figure 2.14. Flood occurrences greater than the 5-, 10-, 50-, and 100-year flood quantiles at USGS
stream gage locations for time period 1968 – 2018.

Further analyses of annual maximum peak discharges reveal the seasonal flood pattern for the
Des Moines Watershed. Figure 2.15 shows the number of flood occurrences for each calendar
month for each of the annual maximum peak discharges at the USGS stream gage stations in the
watershed. There is an abrupt drop in annual maximum around in the month of July for all
locations. Most flooding events occur during the months of May and June. A secondary peak
occurs in March and April, likely caused by snowmelt and spring rains.

Des Moines River Upstream Mitigation Study | 31

Figure 2.15. Monthly flood occurrences greater than the mean annual flood at USGS stream gage
locations for time period 1968 – 2018.

h. Agricultural Conservation Planning Framework (ACPF)
Development of an effective watershed planning document requires identification of potential
conservation practices and viable locations to implement them. One cutting-edge tool available
for practical conservation planning is the Agricultural Conservation Planning Framework (ACPF)
toolbox, developed by Mark Tomer and his research team at the USDA-ARS in Ames, Iowa (Tomer
et al., 2013). ACPF is a watershed approach to conservation planning facilitated with a set of semiautomated tools within ArcGIS software. Freely available and prepackaged GIS data can be used
for terrain analyses to determine which fields within the watershed are most prone to runoff into
streams. Users can apply the ACPF toolbox to identify locations where field-scale and edge-offield practices could be installed based on general design criteria. These practices include
controlled drainage, surface intake filters or restored wetlands, grassed waterways, contour buffer
strips, WASCOBs, nutrient removal wetlands (NRWs), and edge-of-field bioreactors (North
Central Region Water Network 2018).
The Iowa Best Management Practices Mapping Project (IBMP, ISU GIS Facility 2016) utilized
LiDAR topography, land cover data, and aerial photography using data from 2007 to 2010 to map
existing BMPs across the state of Iowa. Rundhaug et al. (2018) compared possible BMP sites from
ACPF with actual BMP sites identified in IBMP data. The comparison helped to evaluate and
identify opportunities to install new practices, and guide allocation of resources within
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watersheds. Practices in the IBMP project include terraces, WASCOBs, grassed waterways, pond
dams, contour strip cropping, and contour buffer strips.

i. Application of ACPF tools in representative HUC12 watersheds
Using the ACPF toolbox, IFC has generated potential BMPs for 68 of the 185 HUC 12s in the Des
Moines River watershed upstream of the City of Des Moines. Potential BMPs aggregations based
on HUC 12 area are presented in Figure 2.16. The figure shows potential acres of grassed
waterways per square mile (assuming a waterway top width of 50 feet), number of nutrient
removal wetlands per square mile, and number of WASCOBs per square mile in each HUC 12. On
average, there are a possible 5.1 acres of grassed waterways, 0.27 nutrient removal wetlands, and
0.94 WASCOBs per square mile within the 68 HUC 12s.
Data from the IBMP project showing actual constructed practices in 143 of the 185 HUC 12s
during 2007 to 2010 are depicted in Figure 2.17. The figure shows constructed acres of grassed
waterways per square mile, number of nutrient removal wetlands per square mile, and number of
WASCOBs per square mile in each HUC 12. On average, there are approximately 1.5 acres of
grassed waterways, 0.21 pond dams (an analogue for nutrient removal wetlands), and 0.63
WASCOBs in place per square mile within the 143 HUC 12s during 2007 to 2010.
Potential and existing BMP densities for each of the 68 ACPF HUC 12s are directly compared in
Figures 2.18 and 2.19. Figure 2.18 shows the ratio of actual to potential BMP density. Lower values
indicate greater unmet potential. The grey line in Figure 2.19 represents conditions where the
potential and existing BMP densities are the same. A point appearing below the dashed line
indicates unmet potential in BMP implementation for a given HUC 12, while a point above the
line indicates BMP implementation greater than the estimated potential. For grassed waterways,
there are a large number of points near and above the line reinforcing the idea that they are widely
implemented. Note the data are plotted on log scale axes. However some outliers indicate a great
deal of unrealized grassed waterway potential in specific HUC 12s. Potential for nutrient removal
wetlands and, to a lesser degree, WASCOBs, is unmet. This potential is indicated by the number
points and their distances below the grey lines.
Tables 2.6, 2.7, 2.8, and 2.9 show potential and actual HUC 12 BMP densities for the Upper Des
Moines River, East Fork Des Moines River, Middle Des Moines River, and Boone River HUC 8s.
Density values have been attributed to more directly identify HUC 12s that, based upon this
analysis, show the greatest unmet BMP potential. Grey numerals indicate the IBMP density is
greater than the ACPF density, suggesting limited opportunities for new installations. Lightlyshaded cells indicate differences between ACPF and IBMP are greater than the mean value for
that practice, suggesting higher potential for new practices. Darkly-shaded cells indicate
differences between ACPF and IBMP are greater than one standard deviation above the mean
value for that practice, suggesting the highest potential for new practices.
Overall, based on comparison of ACPF and IBMP data, nutrient removal wetlands, followed by
WASCOBs, have not been wholly developed in the Des Moines River watershed, and therefore
may have the greatest potential impact. Grassed waterways appear to be broadly implemented.
However, there may be a few select watersheds where they are underutilized.
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Figure 2.16. Potential BMPs mapped in 68 of the 185 HUC 12 watersheds in the Des Moines River
watershed upstream of the City of Des Moines.

Figure 2.17. Existing BMPs during 2007 to 2010 mapped in 143 of the 185 HUC 12 watersheds in the
Des Moines River watershed upstream of the City of Des Moines.
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Figure 2.18. Ratio of existing BMPs to potential BMPs identified using the ACPF tool in 68 of the 185
HUC 12 watersheds in the Des Moines River watershed upstream of the City of Des Moines. Lower
values indicate greater unmet potential.

Figure 2.19. Comparison of potential (ACPF) and actual (IBMP) BMPs in 68 of the 185 HUC 12
watersheds in the Des Moines River watershed upstream of the City of Des Moines. Points below the
grey line indicate possible unmet potential, while points above the line represent greater actual
practice density than was indicated by ACPF.
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Table 2.6. Potential (ACPF) and actual (IBMP) HUC 12 BMP densities in the Upper Des Moines River
HUC 8. Grey numerals indicate the IBMP density is greater than the ACPF density, suggesting
limited opportunities for new installations. Lightly-shaded cells indicate differences between ACPF
and IBMP are greater than the mean value for that practice, suggesting higher potential for new
practices. Darkly-shaded cells indicate differences between ACPF and IBMP are greater than one
standard deviation above the mean value for that practice, suggesting the highest potential for new
practices.

HUC 12
071000020102
071000020106
071000020301
071000020401
071000020402
071000020403
071000020501
071000020503
071000020601
071000020803
071000020901

grassed waterway density
(acres / sq. mi.)
ACPF
IBMP
14.0
1.4
39.4
1.2
10.3
1.4
85.1
1.8
14.2
2.8
8.7
1.0
8.5
0.7
5.0
0.6
10.3
1.1
7.5
1.8
7.5
0.8

wetland density
(# / sq. mi.)
ACPF
IBMP
0.67
0.04
0.44
0.37
0.54
0.07
0.76
0.37
0.69
0.60
0.44
0.44
0.82
0.05
0.22
0.03
0.59
0.00
0.27
0.03
0.28
0.03

WASCOB density
(# / sq. mi.)
ACPF
IBMP
4.67
0.21
2.78
0.18
2.18
0.65
3.05
0.45
3.40
0.28
2.71
0.35
0.15
0.12
0.24
0.03
0.82
0.00
1.04
1.85
0.52
0.83

Table 2.7. Potential (ACPF) and actual (IBMP) HUC 12 BMP densities in the East Fork Des Moines
River HUC 8. Grey numerals indicate the IBMP density is greater than the ACPF density, suggesting
limited opportunities for new installations. Lightly-shaded cells indicate differences between ACPF
and IBMP are greater than the mean value for that practice, suggesting higher potential for new
practices. Darkly-shaded cells indicate differences between ACPF and IBMP are greater than one
standard deviation above the mean value for that practice, suggesting the highest potential for new
practices.

HUC 12
071000030108
071000030402
071000030602
071000030603
071000030701
071000030803
071000030804
071000030802
071000030401
071000030502

grassed waterway density
(acres / sq. mi.)
ACPF
IBMP
3.0
0.8
7.8
2.8
4.6
0.8
11.2
1.4
10.3
1.2
8.7
1.9
17.6
2.0
4.7
1.1
0.0
1.5
0.0
0.2
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wetland density
(# / sq. mi.)
ACPF
IBMP
0.45
0.00
0.41
0.00
0.18
0.02
0.55
0.04
0.75
0.00
0.65
0.00
0.90
0.06
0.52
0.26
0.29
0.00
0.12
0.04

WASCOB density
(# / sq. mi.)
ACPF
IBMP
0.53
0.08
1.17
0.54
0.67
0.31
0.57
0.49
1.67
0.59
1.32
0.49
2.09
1.58
1.38
1.01
2.07
0.24
0.24
0.00

Table 2.8. Potential (ACPF) and actual (IBMP) HUC 12 BMP densities in the Middle Des Moines
River HUC 8. Grey numerals indicate the IBMP density is greater than the ACPF density, suggesting
limited opportunities for new installations. Lightly-shaded cells indicate differences between ACPF
and IBMP are greater than the mean value for that practice, suggesting higher potential for new
practices. Darkly-shaded cells indicate differences between ACPF and IBMP are greater than one
standard deviation above the mean value for that practice, suggesting the highest potential for new
practices.

HUC 12
071000040101
071000040104
071000040202
071000040402
071000040403
071000040404
071000040504
071000040604
071000040701
071000040702
071000040703
071000040704
071000040705
071000040706
071000040707
071000040803
071000040901
071000040902
071000040903
071000040904
071000040905
071000040906
071000040907
071000040908
071000040909
071000040910
071000040911
071000041001
071000041002
071000041003

grassed waterway density
(acres / sq. mi.)
ACPF
IBMP
2.4
1.4
5.6
1.3
1.2
1.7
0.4
0.9
0.7
0.6
1.2
2.4
0.0
0.6
0.0
0.2
0.2
0.7
0.1
0.3
0.4
0.8
0.5
1.0
0.4
0.5
0.1
0.5
2.2
1.6
6.8
3.6
5.0
3.5
2.4
1.4
1.0
1.3
0.1
1.9
0.7
1.5
0.7
2.1
8.9
3.6
0.5
3.9
1.5
2.7
0.3
4.2
4.8
2.6
2.6
1.0
0.3
0.4
0.0
0.2

wetland density
(# / sq. mi.)
ACPF
IBMP
0.41
0.12
0.13
0.10
0.19
0.04
0.07
0.14
0.10
0.14
0.36
0.41
0.00
0.14
0.02
0.02
0.00
0.09
0.09
0.56
0.14
0.22
0.02
0.49
0.00
0.47
0.04
0.70
0.18
0.67
0.12
0.83
0.00
0.05
0.03
0.03
0.24
0.07
0.24
0.06
0.13
0.02
0.48
0.09
0.35
0.05
0.62
0.16
0.00
0.45
0.32
0.44
0.27
1.02
0.24
1.48
0.18
0.67
0.06
0.38

WASCOB density
(# / sq. mi.)
ACPF
IBMP
1.10
0.58
1.10
2.30
0.72
1.98
0.34
0.71
0.05
1.21
1.03
2.53
0.07
0.42
0.38
0.65
0.09
0.24
0.44
0.82
0.46
0.48
1.01
0.89
0.30
0.77
0.21
0.99
0.34
0.85
1.19
2.06
1.21
0.53
0.30
0.90
1.28
0.93
0.61
0.73
1.10
0.79
0.37
0.07
0.68
0.10
0.73
1.11
1.29
0.53
2.54
0.71
1.54
0.41
0.46
0.35
0.31
0.00
0.00
0.00
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Table 2.9. Potential (ACPF) and actual (IBMP) HUC 12 BMP densities in the Boone River HUC 8.
Grey numerals indicate the IBMP density is greater than the ACPF density, suggesting limited
opportunities for new installations. Lightly-shaded cells indicate differences between ACPF and
IBMP are greater than the mean value for that practice, suggesting higher potential for new practices.
Darkly-shaded cells indicate differences between ACPF and IBMP are greater than one standard
deviation above the mean value for that practice, suggesting the highest potential for new practices.

HUC 12
071000050201
071000050203
071000050303
071000050401
071000050402
071000050403
071000050501
071000050502
071000050503
071000050601
071000050602
071000050604
071000050605
071000050606
071000050701
071000050703
071000050705

grassed waterway density
(acres / sq. mi.)
ACPF
IBMP
0.1
1.2
0.1
0.4
0.2
0.7
1.0
1.4
6.1
2.3
0.9
2.3
1.0
2.3
1.4
1.0
0.4
1.9
0.1
0.5
0.4
0.2
0.1
0.9
0.7
1.0
0.9
1.6
0.2
2.0
0.8
1.5
0.3
0.6
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wetland density
(# / sq. mi.)
ACPF
IBMP
0.29
0.00
0.22
0.00
0.11
0.04
0.07
0.04
0.15
0.33
0.00
0.04
0.21
0.00
0.29
0.07
0.18
0.00
0.04
0.04
0.00
0.00
0.04
0.18
0.16
0.04
0.11
0.22
0.74
0.12
0.21
0.13
0.06
0.39

WASCOB density
(# / sq. mi.)
ACPF
IBMP
0.54
0.54
0.04
0.09
0.30
0.00
0.28
0.00
1.47
0.21
0.64
0.55
0.64
0.35
0.65
0.25
0.49
0.49
0.20
0.89
0.10
0.42
0.43
0.50
0.86
1.01
0.98
0.27
0.49
0.56
0.88
0.21
0.19
1.83

3. Des Moines River Hydrologic Model Development
The modeling activities described in this report were performed using the integrated model
GHOST developed at IIHR—Hydroscience & Engineering at the University of Iowa (Politano,
2019). The Generic Hydrologic Overland-Subsurface flow Toolkit (GHOST) is a physically-based,
continuous, and integrated model able to represent the hydrologic responses at the watershed
scale over time periods on the order of decades. The main advantage of a physically-based model,
based on physical laws and empirical correlations, is that parameters describing the
characteristics of the catchment have physical interpretation. The model can thus be used for a
wide range of applications and beyond the range of calibration. The model was developed as part
of the Iowa Watershed Approach (IWA) to simulate watersheds with a large range of drainage
areas, explicitly resolving Iowa’s varied topography, soils, and land use. The model can evaluate
the effects of flood mitigation projects, including changes to infiltration in the watershed and
increased storage on the landscape. Best management practices can be resolved or modeled in
GHOST depending on the scale of the flood structure.
GHOST is based on the open-source hydrologic code MM-pihm (Qu and Duffy 2007, Yu et al.
2013). MM-pihm was developed to simulate fully coupled surface and subsurface water systems
to predict streamflow, and groundwater recharge for normal and extreme rainfall and snowmelt
events. The model incorporates spatial and temporal watershed heterogeneities. The watershed
is conceptualized in two distinct zones: the ground surface and a region beneath the surface
(subsurface) representing the soil (Kumar et al. 2009). The subsurface comprises two regions,
unsaturated and saturated flow zones, with a moving interface representing the water table. The
code uses a finite volume formulation using a Delaunay triangulation, and the subsurface is
represented by vertical projection of each triangular element. Overland flow is represented with
the diffusive wave approximation of the Saint Venant equations. Water depth at canals and
streams is computed using a one-dimensional (1D) approximation. The unsaturated region is
modeled considering that the dominant flow direction is vertical. The groundwater flow is solved
with the non-linear Boussinesq equation.
GHOST has a module to simulate the effects of tiles at watershed scale. Parameters of this module
include tile drainage depth and spacing as well as pipe’s diameter and roughness. For this project
we assumed that tile networks exist on all agricultural lands. Tile flow is calculated as a sink that
is activated once the predicted elevation of the water table exceeds certain threshold (3-4 ft.). After
subsurface water is captured by the tile drains (and removed from the subsurface) it is transported
to a computational cell (e.g. triangle) adjacent to a nearby stream segment using the HazenWilliams empirical equation for pipe flow. Figure 3.1 presents the major hydrologic processes and
fluxes modeled in GHOST. The model uses precipitation, air temperature, wind speed,
atmospheric pressure, and potential evapotranspiration as forcing data. The form of precipitation,
rain or snow, is determined by air temperature values. At temperature values above the freezing
point, accumulated snow melts contributing to net precipitation. The canopy can intercept rain,
which then evaporates from the canopy or can reach the ground surface by canopy drip. At the
ground surface, water can infiltrate to the unsaturated region, contribute to surface runoff or be
evaporated. Infiltrated water can evaporate from the soil, be transpired by plants, drain to the
saturated zone, or be captured and transported by the tile drains. Water stored in the saturated
zone can evaporate or discharge to a stream. GHOST also includes reduced infiltration under
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frozen ground conditions. Soil temperature is estimated using a simple heat transfer model
assuming that it depends primarily on the air temperature and accumulated snow depth.

Figure 3.1. Hydrologic processes, domains, and fluxes modeled in GHOST.

a. Attributing the Model
Publicly available data on land use, soil type, surface elevations were used to spatially describe
surface and subsurface classifications.

Surface
Each triangular surface element was assigned spatially variable land use and topographic
information, relating the location to overland roughness, evapotranspiration properties, and land
surface slopes.
The Crop Data Layer 2018 (see Figure 2.8) provided spatially variable land use. Land
classifications were simplified into four groups: rowcrop, grassland, forest, and developed; these
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were assigned to the appropriate elemental area. The four surface land use classifications relate
surface elements to overland flow resistance parameters and vegetation properties.
The landscape topography was described based on ten-meter Digital Elevation Models of bare
ground surface data obtained from the National Elevation Dataset (NED). A high spatial
resolution topography enabled accurate identification of streams and watershed boundaries for
mesh generation. Mesh element elevation data representing the land surface were extracted from
thirty-meter elevation models obtained from aggregating the ten-meter data.

Subsurface
Researchers used the Soil Survey Geographic (SSURGO) database and general soil and geologic
characteristics within the Des Moines River Watershed developed by the Iowa Geological Survey
to describe the properties of both the saturated and unsaturated regions (see Figures 2.2, 2.4, and
2.5).

Forcing Data and Computational Mesh
Meteorological data such as precipitation, surface temperature, wind speed, atmospheric
pressure, and potential evapotranspiration were obtained from North American Land Data
Assimilation System Phase 2 (NLDAS-2) products (https://ldas.gsfc.nasa.gov/nldas). The
temporal and spatial resolution of all the forcing data used was hourly and 1/8th degree,
respectively. Figure 3.2 shows the 205 pixels (see red points) where meteorological data were
extracted for the 17-year continuous simulations. A view of the computational mesh (21,453
computational elements) is presented in the same figure for the Boone River HUC8 watershed.

b. Model Performance Evaluation
Model calibration is a process of taking an initial set of parameters developed for the hydrologic
model and making adjustments to them so that simulated results match as close as possible
observed time series, typically stream discharge at a gaging station. For model validation, the
intent is to use the model parameters developed during calibration process to simulate other
events and evaluate how well the model is able to replicate observed watershed’s response to
precipitation. Model calibration was carried out for a nine-year period (2002-2010) and during
the validation process the model performance was evaluated using measurements taken between
2011 and 2018. Simulated flows were compared against observed flows at four USGS stream-gage
stations (see Figure 3.2): USGS 05476750 Des Moines River at Humboldt, USGS 05479000 East
Fork Des Moines River at Dakota City, USGS 05481000 Boone River near Webster City, and USGS
05481300 Des Moines River near Stratford.
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Figure 3.2. Computational mesh (21,453 computational elements) and NLDAS Grid.

Figures 3.3 and 3.4 show the instantaneous flow time series for two windows of two years each:
2007-2008 and 2017-2018. Overall, model predictions match well the measurements. These
figures display both periods where the simulated values follow closely measured values, and
others when they do not. Given that a hydrologic model is a simplified representation of the actual
watershed some level of mismatch is to be expected. It is worth noting that even after 15 years of
continuous simulations (using the same set of parameters) the model predictions still display very
good agreement with the observations in the 2017-2018 window (see Figure 3.4).
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Figure 3.3. Observed and simulated instantaneous flow time series. 2007-2008 a) USGS 05476750
Des Moines River at Humboldt. b) USGS 05479000 East Fork Des Moines River at Dakota City. c)
USGS 05481000 Boone River near Webster City. d) USGS 05481300 Des Moines River near
Stratford.
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Figure 3.4. Observed and simulated instantaneous flow time series. 2017-2018 a) USGS 05476750
Des Moines River at Humboldt. b) USGS 05479000 East Fork Des Moines River at Dakota City. c)
USGS 05481000 Boone River near Webster City. d) USGS 05481300 Des Moines River near
Stratford.

Monthly Water Cycle
In the Des Moines River Watershed, monthly runoff depths display a marked seasonal cycle with
the window between April and August showing the highest runoff depths (Figure 3.5). Model
results show a tendency to underestimate runoff for months of June, July, August, and September.
This trend is more apparent at the USGS station on the Des Moines River at Humboldt (see Figure
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3.5a). However, Figure 3.5 shows that simulated monthly runoff values match observations
closely.
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Figure 3.5. Observed and simulated average monthly runoff depth (in inches). 2002-2018. a) USGS
05476750 Des Moines River at Humboldt. b) USGS 05479000 East Fork Des Moines River at Dakota
City. c) USGS 05481000 Boone River near Webster City. d) USGS 05481300 Des Moines River near
Stratford.

Annual Maximum Peak Discharge
To assess the model ability to predict flood characteristics in the Des Moines River Watershed
simulated and observed annual peak flows were compared at four USGS station (see Figure 3.2
and 3.6). Model results show no bias and annual peaks are both under-predicted and overpredicted (data on both sides of the one-to-one line). However, the model captures the statistic
behavior of the historic annual peaks and therefore is an appropriate tool to make flood impact
reductions assessments.
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Figure 3.6. Simulated versus observed annual maximum peak daily discharges (cfs). 2002-2018. a)
USGS 05476750 Des Moines River at Humboldt. b) USGS 05479000 East Fork Des Moines River at
Dakota City. c) USGS 05481000 Boone River near Webster City. d) USGS 05481300 Des Moines
River near Stratford.

Tile Drainage
Simulated tile drainage flows typically begin in March after the spring thaw. However, the model
can predict tile drainage flows during “warm” winters as well. As it was mentioned before, the
location of the water table plays a major role in the values of predicted tile drainage flows with the
highest flows occurring in the periods when the water table is closest to the ground surface. Figure
3.7 shows total runoff, tile flows, and the evolution of the average water table for the study area in
2004. Tile flows begin in March after the spring thaw and continue increasing until July (along
with the predicted water table. See blue line in Figure 3.7). Once the crops’ transpiration capacity
increases both the predicted water table and the tile drainage flows begin to decrease. In 2004, a
fall rainfall event of medium intensity (in September) generated appreciable streamflows and
elevated the water table and tile drainage flows. In mid-December, frozen ground conditions
became wide-spread and the tile flows became virtually zero. Figures 3.8 and 3.9 show the percent
of the monthly and annual streamflow coming from the tile drainage network. July, August,
September, October, and November are the months for which streamflow is dominated by tile
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drainage flows. Furthermore, the model predictions show that for very dry years more than 80%
of the streamflow (see Figure 3.9, 2012) comes from tiles. Conversely, during wet years the
contribution of tile drainage to streamflow is lower than 30% (see Figure 3.9, 2008). On average,
model predictions (2002-2018) show that tile drainage contributions to annual streamflow are
slightly less than 40%. These results are consistent with the analyses presented in Schilling et al.
(2019).

Figure 3.7. Des Moines River Watershed. GHOST results in 2004. Runoff, tile flow, and average
depth to water table.
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Figure 3.8. Percent of the monthly streamflow associated with the tile drainage flows. 2002-2018.
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Figure 3.9. Percent of the annual streamflow associated with the tile drainage flows. 2002-2018.
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4. Analysis of Watershed Scenarios
The GHOST model of the Des Moines River Watershed was used to run simulations to help
understand the potential impact of alternative flood mitigation strategies as well as the
consequences of projected increases in heavy downpours in Iowa and the Midwest for the mid
and late 21st century described in the latest Climate Science Special report. Focus for the scenarios
was placed on understanding the impacts of (1) increasing infiltration in the watershed and (2)
implementing a system of distributed storage projects (ponds) across the landscape.

a. Increased Precipitation and Index Points
The U.S. goverment recently released The Climate Science Special Report (CSSR; Wuebbles et al.,
2017) summarizing the state-of-the-art science on climate change and its physical effects. The
CSSR writing team is comprised of three coordinating lead authors from the National Science
Foundation and U.S. Global Change Research Program, NOAA Earth System Research
Laboratory, and NASA Headquarters. In addition, more than 50 experts from federal agencies,
departments, and universities are listed as lead authors, review editors, and contributing authors.
CSSR is “designed to be an authoritative assessment of the science of climate change, with a focus
on the United States, to serve as the foundation for efforts to assess climate-related risks and
inform decision-making about responses.” The information below presents text and figures taken
from the CSSR that are relevant to the Des Moines River Watershed, Iowa, and the Midwest.
“Heavy rainfall is increasing in intensity and frequency across the United States (see Figure 4.1)
and globally and is expected to continue to increase over the next few decades (2021–2050, see
Figure 4.2), annual average temperatures are expected to rise by about 2.5°F for the United
States, relative to the recent past (average from 1976–2005), under all plausible future climate
scenarios.”

Figure 4.1. Observed change in heavy precipitation (the heaviest 1%) between 1958 and 2016. Figure
taken
from
The Climate
Science
Special
Report (Easterling
et
al.
2017)
(https://science2017.globalchange.gov/).
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Figure 4.2. Projected change in heavy precipitation. Twenty-year return period amount for daily
precipitation for mid- (left maps) and late-21st century (right maps). Results are shown for lower emissions
scenario (top maps; RCP4.5) and for higher emissions scenario (bottom maps, RCP8.5). Figure taken from
The Climate Science Special Report (Easterling et al. 2017) (https://science2017.globalchange.gov/).

To generate forcing data for the increased precipitation (IP) simulations a simple approach was
followed trying to incorporate the most severe projected increases in heavy precipitation (see
Figure 4.2 bottom-right map). For each one of the rainfall pixels (see red points in Figure 3.2)
with observed hourly data (2002-2018), daily accumulations were calculated. All the days were
ranked and for the wettest 5% of the non-zero-rain days hourly precipitation values were
increased by 20%. No other meteorological data were modified for the IP simulations. For the 17
years of available data, precipitation for approximately 175 days was altered at each pixel.
This simple approach maintained the same spatial and temporal patterns of the heavy storms
observed between 2002 and 2018 while increasing storm volumes. Therefore, it is not an attempt
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to be a comprehensive weather generation exercise but rather an easy way to quantify the impact
of projected changes in heavy precipitation on flooding in the Des Moines River Watershed. The
IP simulations have slightly higher (approximately 6%) average values of annual precipitation.
However, unsurprisingly, model predictions show significantly more severe flooding events when
using the altered precipitation time series.
The hydrologic model makes streamflow predictions at approximately 2,980 locations along the
stream network. Eight index points were selected to present the results for the different flood
mitigation scenarios. These points were chosen based on several criteria including: avoid
backwater effect from Saylorville, useful for watershed planning purposes, useful for large
communities in the study area, presence of a USGS station, cover different parts of the study
area, consultation with watershed stakeholders. Points are presented in Figure 4.3 and Table
4.1.

Figure 4.3. Index Points.
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Table 4.1. Index points.

Description
Index Point
1
Des Moines River at Estherville
2
Des Moines River at Humboldt
3
Des Moines River at Fort Dodge
4
Des Moines River near Stratford
5
Boone River near Webster City
6
East Fork Des Moines River at Algona
7
East Fork Des Moines River at Dakota City
8
Beaver Creek near Grimes

b. Simulations with observed precipitation. 2002-2018.
This section presents comparisons between predicted streamflow values obtained with the
calibrated model (or baseline model) and different modified models. The parameters of the
baseline model were modified to simulate a variety of nature-based and structural flood
mitigation strategies. We evaluated the flood reduction benefits of the different flood mitigation
strategies by tracking changes in the 17 annual peak flows. It is worth mentioning that the GHOST
model of the Des Moines River Watershed generates continuous simulated hydrologic data and
therefore it is a useful tool to evaluate not only changes in annual streamflow peaks but to perform
a wide variety of hydrologic analysis (e.g. changes in mean annual flows, resilience to droughts,
effects of controlled sub-surface drainage, etc.).

Mitigating the Effects of High Runoff with Increased Infiltration
Changes in a watershed that result in a particular area having greater infiltration will reduce the
volume of water that leaves that drainage area during storm events and for a few days thereafter.
The increased water that passes from the surface into the ground may later evaporate or it will
travel through the soil, either seeping deeper into the groundwater stores or travel beneath the
surface towards a stream. The rate of travel of the water in this path beneath the surface is much
slower than if it were running across the surface. While some portion of the infiltrated water may
eventually make it to a stream, it will be at a much later time than if it were surface runoff.
However, in heavily tiled regions like the Des Moines River Watershed tile drain pipes create a
pathway for a portion of the infiltrated water to relatively quickly become streamflow.
In this section, we examine different alternatives to reduce runoff through land use changes and
soil quality improvements. One hypothetical land use change would be the conversion of row crop
agriculture back to native tall-grass prairie. Another possible land use change would be
improvements to agricultural conditions that would result from planting cover crops during the
dormant season as well as the adoption of no-till practices. Some of the analyzed scenarios are
just hypothetical examples and are only meant to illustrate the potential effects on flood
reduction. Therefore, they are not project proposals and are either economically undesirable or
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not practically feasible. Nevertheless, the hypothetical examples provide valuable benchmarks on
the limits of flood reduction that are physically possible with broad-scale land cover changes.
Modifications to baseline model parameters to represent land use changes (e.g. native vegetation
and cover crops/no-till) were based on information reported by several studies: Baschle, (2017);
Mohamoud, (1991); VanLoocke et al., (2012); Kang et al. (2003); Baron et al. (1993), Bharati et

al. (2002); Yimam et al. (2015), and Cronshey, (1986).

Mitigating the Effects of High Runoff with Native Vegetation
Much has been documented about the historical hydrology of the native tall-grass prairie of the
Midwestern states, with evidence suggesting that tall-grass prairie could handle up to six inches
of rain without having significant runoff. This is a result of the deep, loosely-packed soils and the
deep root systems of the prairie plants that allowed a high volume of the rainfall to infiltrate into
the ground. The water was retained across the landscape in the soil pores or it slowly flowed
beneath the ground surface through the soil instead of finding a rapid course to a nearby stream
as surface flow. Much of the water once in the subsurface was actually taken up by the root
systems of the prairie grasses and returned to the atmosphere via transpiration.
Analyses were performed for two different scenarios:
1) 100% of all current rowcrop acres are converted back to native tall-grass prairie (NV100%)
2) 20% of all current rowcrop acres are converted back to native tall-grass prairie (NV20%).
The first scenario is not intended to be a recommended flood mitigation strategy; rather these
results are meant to provide a theoretical maximum of the flood reduction benefits that can be
expected from land use changes. The second scenario is based on the research developed in the
STRIPS project (https://www.nrem.iastate.edu/research/STRIPS/).
The hydrologic processes affected by the parameter modifications for the native vegetation
simulations were 1) high transpiration by modifying leaf area index (LAI), crop-coefficient, and
root depth 2) parameters controlling infiltration were increased by approximately 60% 3) the
amount of water stored in the unsaturated zone (e.g. available to plants) was increased on average
9% 4) surface roughness coefficient for the overland flow was multiplied by a factor of 4. It is
important to mention that the differences between baseline conditions and scenario results are
the reflection of the parameter modifications reported above and are not a confirmation that the
flood reduction benefits will come to pass if the scenario is implemented. In other words, the
validity of the results presented here are highly dependent on the accuracy of the information
reported in the studies we are basing our analyses on.
The plots in Figure 4.4 and 4.5 were built using the simulated 17 annual maximum peak
discharges and a sample estimate of the exceedance probability. These figures display the effects
of having deep-rooted vegetation in the landscape all year round. The high, medium, and low
annual peak flows were attenuated, to some extent, by replacing rowcrop acres with Switchgrass.
These results are consistent with high infiltration, high transpiration, and high surface roughness
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conditions. As expected, results for the NV100% scenario (Figure 4.4) show significantly higher
flood reduction benefits than those of the NV20% scenario (Figure 4.5).
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Figure 4.4. Sample probability distribution of the simulated 17 annual maximum peak discharges
(2002-2018) for the baseline and NV100% scenarios. Triangles: baseline, red circles: scenario.
Results are shown at the eight index points (see Figure 4.3 and Table 4.1). Baseline corresponds with
the calibrated model (see Chapter 3).
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Figure 4.5. Sample probability distribution of the simulated 17 annual maximum peak discharges
(2002-2018) for the baseline and NV20% scenarios. Triangles: baseline, red circles: scenario.
Results are shown at the eight index points (see Figure 4.3 and Table 4.1). Baseline corresponds with
the calibrated model (see Chapter 3).
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For the NV100% scenario, the average annual peak flow reduction varies between 48 and 57% and
the highest average peak flow reductions were found at the index point 4 (DMR near Stratford).
In Figure 4.5 (NV20%), the average peak flow reduction varies between 11 and 16%. All the
simulation results presented in this report were obtained by running the GHOST model with the
tile drainage component activated. We also ran the NV100% scenario with the tile drainage
module deactivated (results are not included in this report) and found minor changes in the
predicted annual peaks (using 2002-2018 forcing data). In other words, based on the model
results the presence or absence of susbsurface tile drainage appears to have little influence on the
magnitude of the predicted high streamflows when the predominant landuse is native vegetation.

Mitigating the Effects of High Runoff with Cover Crops/Soil Health/No-Till
Cover crops can be an effective farming conservation practice. In Iowa, cover crops are typically
planted following the harvest of either corn or soybeans and “cover” the ground through winter
until the next growing season begins. The cover crop can be killed off in the spring by rolling it or
grazing it with livestock or most often with Roundup (Glyphosate); afterwards, row crops can be
planted directly into the remaining cover crop residue. Cover crops provide a variety of benefits
including improved soil quality and fertility, increased organic matter content, increased
infiltration and percolation, reduced soil compaction, and reduced erosion and soil loss. They also
retain soil moisture and enhance biodiversity (Mutch, 2010). One source suggests that for every
one percent increase in soil organic matter (e.g. from 2% to 3%), the soil can retain an additional
17,000-25,000 gallons of water per acre (Archuleta, 2014). Examples of cover crops include
clovers, annual and cereal ryegrasses, winter wheat, and oilseed radish (Mutch, 2010).
The purpose of this hypothetical example is to investigate the impact of improved agricultural
management practices could have on reducing flood peak discharges throughout the watershed.
Planting cover crops across all agricultural areas in the watershed during the dormant (winter)
season is hypothesized to lower the runoff potential of these same areas during the growing season
(spring and summer) due to increased soil health and fertility. To be clear, this scenario does not
represent the conversion of the existing agricultural landscape to cover crops. Rather, the existing
agricultural landscape is kept intact, but its runoff potential has been reduced by planting cover
crops, in all rowcrop acres (CC100%), during the dormant season.
The hydrologic processes affected by the parameter modifications for the cover crop/soil
health/no-till simulations were 1) high transpiration by modifying leaf area index (LAI), cropcoefficient, and root depth for the dormant season 2) parameters controlling infiltration were
increased by approximately 40% 3) the amount of water stored in the unsaturated zone (e.g.
available to plants) was increased on average 4% 4) surface roughness coefficient for the overland
flow was multiplied by a factor of 3. It is important to mention that the differences between
baseline conditions and scenario results are the reflection of the parameter modifications
reported above and are not a confirmation that the flood reduction benefits will come to pass if
the scenario is implemented. In other words, the validity of the results presented here are highly
dependent on the accuracy of the information reported in the studies we are basing our analyses
on.
The model parameter modifications described above to simulate the widespread implementation
of cover crops and no-till practices in the Des Moines River Watershed are a “light version” of the
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changes implemented in the model for the native vegetation scenario. Both scenarios assume that
the soil is covered all year round, that infiltration is increased, transpiration increases, and
overland flow is less likely to occur with all those changes being more severe in the native
vegetation scenario than in the cover crops/no-till simulations. Based on the model results, cover
crops/no-till practices reduce peak discharges for all the years at all index points (see Figure 4.6).
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Figure 4.6. Sample probability distribution of the simulated 17 annual maximum peak discharges
(2002-2018) for the baseline and CC100% scenarios. Triangles: baseline, red circles: scenario.
Results are shown at the eight index points (see Figure 4.3 and Table 4.1). Baseline corresponds with
the calibrated model (see Chapter 3).
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The largest and the smallest average peak flow reductions were found at Beaver Creek near Grimes
(19.3%) and Des Moines River at Humboldt (11.3%), respectively. Model results indicate that
cover crops/no-till practices implemented in 100% of the rowcrop acres in the study area provide,
on average, slightly higher flood reduction benefits than the implementation of native vegetation
strips (NV20%) in the cultivated areas (see Figures 4.5 and 4.6).
Mitigating the Effects of High Runoff with both Cover Crops and Native Vegetation
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Figure 4.7. Sample probability distribution of the simulated 17 annual maximum peak discharges
(2002-2018) for the baseline and NV20%CC80% scenarios. Triangles: baseline, red circles:
scenario. Results are shown at the eight index points (see Figure 4.3 and Table 4.1). Baseline
corresponds with the calibrated model (see Chapter 3).
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This scenario assumes that soil health, infiltration, and transpiration were enhanced in all the
current rowcrop acres in the Des Moines River watershed through a combination of cover crops,
no-till practices, and planting of native vegetation. Specifically, the results presented in Figure 4.7
assume that 20% of the current row crop acres were replaced with native vegetation strips and in
addition, cover crop/no-till practices were adopted in all of the remaining 80% of the land
(NV20% CC80%).
The results of the NV20%CC80% show average peak flow reductions ranging from 19 to 27%.
Interestingly, comparisons between Figure 4.7 and Figure 4.4 show that the amount of peak flow
reduction for the NV20%CC80% scenario is approximately half of that estimated for the NV100%
simulation.

Mitigating the Effects of High Runoff with Distributed Storage
Storage ponds (Figure 4.8) hold floodwater temporarily, and then release it at a lower rate later.
Therefore, the peak flood discharge downstream of the storage pond is lowered. The effectiveness
of any one storage pond depends on its size (storage volume) and how quickly water is released.
By adjusting the size and the pond outlets, storage ponds can be engineered to efficiently utilize
their available storage for large floods. Generally, these ponds have a permanent pond storage
area, meaning the pond holds water all the time. This is done by constructing an earthen
embankment across a stream and setting an outlet (usually a pipe) called the principal spillway at
some elevation above the floor of the pond. When there is a storm event, runoff enters the pond.
Once the elevation of the water surface is greater than the pipe inlet, water will pass through the
pipe, and leave the pond, but at a controlled rate. Additionally, the earthen dam is built higher
than the pipe, allowing for more storage capacity within the pond. An emergency spillway that
can discharge water at a much faster rate than the pipe is set some elevation higher than the pipe.
This emergency spillway is constructed as a means to release rapidly rising waters in the pond so
they do not damage the earthen embankment. The volume of water stored between the principal
spillway and the emergency spillway is called the flood storage.
The hypothetical distributed storage analysis performed using the Des Moines River Watershed
GHOST model was informed by the potential project locations developed from the outputs of the
ACPF tool (see Figure 2.16).

Figure 4.8. Schematic of a pond constructed to provide flood storage.
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For the analysis, we assumed the implementation of 25,883 ac-ft. of flood storage distributed in
the headwater catchments of the study area (Figure 4.9). A “typical” pond/wetland was developed
for use for the Des Moines River Watershed using NRCS Technical References as guidance. The
geometry of this typical pond consists of a pipe outlet with diameters varying between 6 and 18”
as the principal spillway with a 10-foot wide emergency spillway set at an elevation above the pipe
to provide flood storage of approximately 20 acres-feet. Site topography will actually dictate the
placement of the emergency spillway and the potential earth embankment height. The stagestorage relationship of a pond also depends on local topography and is highly variable from site
to site. There certainly are opportunities to design and construct ponds at locations in subbasins
that have not been used in this analysis. Furthermore, some of the locations selected for ponds
may be far from ideal. However, we consider this pond scenario to be a good representation of the
flood reduction benefits that can be expected from distributed storage in the Des Moines River
Watershed. It is important to mention that in both the native vegetation and cover crops/no-till
simulations more water was removed from the watershed via transpiration than in the baseline
case. In contrast, the pond scenario does not have different transpiration parameters than the
baseline.
Table 4.2. Storage (ac-ft) simulated upstream from the index points.
Index Point
Name
Storage
1
Des Moines River at Estherville
6,151
2
Des Moines River at Humboldt
9,811
3
Des Moines River at Fort Dodge
18,615
4
Des Moines River at Stratford
24,050
5
Boone River near Webster City
3,954
East Fork Des Moines River at Algona
3,848
6
7
East Fork Des Moines River at Dakota City
5,896
8
Beaver Creek near Grimes
1,783

Figure 4.9. Distributed storage simulated in the Des Moines River Watershed.
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Figure 4.10. Sample probability distribution of the simulated 17 annual maximum peak discharges
(2002-2018) for the baseline and ponds scenarios. Triangles: baseline, red circles: scenario. Results
are shown at the eight index points (see Figure 4.3 and Table 4.1). Baseline corresponds with the
calibrated model (see Chapter 3).
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The simulated storage scenario predicts average peak flow reductions that vary between 3.6 and
9% with these reductions being smaller than those of the cover crops/no-till and native vegetation
scenarios (see Figure 4.10).

Mitigating the Effects of High Runoff with Distributed Storage and Increased
Infiltration
In this scenario, we combined structural and nature-based flood mitigation strategies. The system
of distributed storage ponds presented in Figure 4.9 was kept in place. Furthermore, we assumed
that native vegetation strips replaced 20% of the current agricultural acres and that all of the
remaining 80% of the land (kept with rowcrop agriculture) adopted cover crops and no-till
practices. Consistent with the nomenclature used above this scenario is labelled
NV20%CC80%Ponds.
Out of all the scenarios that maintain large portions of the Des Moines River watershed in rowcrop
agriculture, the NV20%CC80%Ponds scenario displays the most significant peak flow reductions
(see Figure 4.11). At four index points average peak flow reductions exceed 30% (Boone River near
Webster City, East Fork Des Moines River at Algona, East Fork Des Moines River at Dakota City,
and Beaver Creek near Grimes). In addition, results for this scenario show flood reduction benefits
slightly higher than half of those estimated with the NV100% scenario.
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Figure 4.11. Sample probability distribution of the simulated 17 annual maximum peak discharges
(2002-2018) for the baseline and NV20%CC80%Ponds scenarios. Triangles: baseline, red circles:
scenario. Results are shown at the eight index points (see Figure 4.3 and Table 4.1). Baseline
corresponds with the calibrated model (see Chapter 3).
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Saylorville Emergency Spillway
During the simulated window (2002 - 2018), records show that Saylorville’s emergency spillway
(ES) was activated in two different years: 2008 and 2010. We used the USACE regulation plan
and streamflow observations taken below Saylorville to estimate the volume of water that passed
over the ES for those two years. It was assumed that the primary spillway was operating at its
maximum capacity of 21,000 cfs. The volume of flows exceeding 21,000 cfs for these two events
(2008 and 2010) was used to estimate how much water flowed over the emergency spillway. Table
4.3 and Figure 4.12 present the estimated values.
To estimate if any of the scenarios would have been able to prevent the operation of the ES, we
used modeled streamflow values at Stratford (index point 4). Figure 4.12 shows model results for
2008. The ES flows are also displayed in the same figure. A window of 30 days prior to the
observed reservoir crest was considered appropriate to estimate hydrograph volume reductions
to be compared against water volumes that flowed over the ES. Results are presented in Table 4.3.

Figure 4.12. Streamflow predictions at Stratford and Saylorville Emergency Spillway operation.
2008.
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Table 4.3. Saylorville Emergency Spillway (ES) volumes and streamflow volume reductions at
Stratford (difference in modeled streamflow volumes between the baseline and the scenarios). Values
are expressed in ac-ft. The modeled time series were integrated over a window of 30 days prior to
the observed reservoir crest.

Runoff Volume Reduction
NV100% NV20% CC100% Ponds NV20%CC80% NV20%CC80%Ponds
2008 343,318 343,409 75,727 42,331 24,287
103,991
127,902
164,172
133,793
2010 105,443 444,149 93,149 55,428 30,040
Year

E.S.

Values in Table 4.3 show that only the NV100% scenario generated enough volume reduction in
2008 to avoid the activation of Saylorville ES. In contrast, model predictions show that in 2010
four different scenarios NV100%, NV20%, NV20%CC80%, and NV20%CC80%Ponds would have
generated streamflow volume reductions large enough to reduce significantly or prevent the
activation of the ES. Furthermore, model results show that the NV20% scenario consistently
generates more streamflow volume reductions than those estimated with the CC100% results.
This is true not only at the time windows presented in Table 4.3 but throughout the simulated 17
years.

c. Simulations with increased precipitation (IP)
The transformation of rainfall into runoff is a non-linear process and therefore increases in
precipitation volumes by a given percentage are not expected to result in similar increases in peak
flow magnitude. In other words, a 20% increase in heavy precipitation volume does not
necessarily create flood peaks that are 20% larger.
Figure 4.13 shows how the annual peak flows will change, in relation to the baseline model
with historic precipitation (2002-2018), if we consider baseline parameters, conservation
scenarios (NV100%, NV20%, CC100%, ponds, NV20%CC80, and NV20%CC80Ponds) and the
most extreme projected changes in heavy precipitation (see Chapter 4, section a: Increased
Precipitation and Index Points). In this figure, a zero percent reduction signifies that the flood
reduction levels are going to be, on average, counterbalanced by the projected increases in heavy
precipitation and therefore “future” flooding conditions will be about the same as those
experienced during the 2002-2018 period. Negative peak flow reductions indicate that assuming
both the implementation of the conservation scenario and projected changes in heavy
precipitation, flooding is going to be worse than in the 2002-2018 window. Out of all the
scenarios, NV100% and NV20%CC80%Ponds generate flood reduction benefits when climate
change is considered. It is important to clarify that all the scenarios provide flood reduction
benefits when comparisons are made against the baseline model with increased precipitation (see
blue bar in Figure 4.13).
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Figure 4.13. Average peak flow reduction at the index points for the baseline and scenario simulations
with increased precipitation. All the reductions are estimated in relation to the calibrated model
(with historic precipitation).
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5. Summary and Conclusions
The purpose of this report is to summarize information important to understand the hydrology in
the Des Moines River Watershed, present a comparison between existing and potential BMPs,
and use hydrologic modeling to evaluate potential structural and nature-based flood mitigation
strategies.

a. Des Moines River Watershed Water Cycle and Conditions
The Des Moines River Watershed has a drainage area of approximately 6,260 square miles. Many
of the watershed characteristics are the result of being located in the Des Moines Lobe. This area
was shaped by the last glacier to enter Iowa leaving behind a poorly drained, prairie pothole
landscape with a shallow groundwater table. Following extensive construction of artificial
drainage networks, land use of the watershed is predominately agricultural, dominated by
cultivated crops on approximately 78% of the acreage. Using streamflow observations, water
balances and flooding history of the watershed were discussed. While streamflow varies year to
year depending on drought or flood conditions, it is apparent that some sub watersheds, such as
Boone River and Beaver Creek, produce more streamflow than others.
Development of an effective watershed planning document requires identification of potential and
existing conservation practices. Overall, based on comparisons of ACPF and IBMP data, nutrient
removal wetlands, followed by WASCOBs, have not been wholly developed in the Des Moines
River watershed, and therefore may have the greatest potential impact.

b. Des Moines River Watershed Hydrologic Model
The modeling activities described in this report were performed using the physically-based
integrated model GHOST developed at IIHR to simulate hydrologic responses over time periods
on the order of decades. GHOST stands for Generic Hydrologic Overland-Subsurface Toolkit. The
model fully couples surface and subsurface domains to continuously predict streamflow as well
groundwater movement during normal and extreme rainfall and snowmelt events. All the model
simulations, baseline and scenarios, were forced using 17 years of hourly climatological data that
provided information not only for flood events but also on the watershed’s hydrology during
medium and low flows. Simulations were run using both measured precipitation (2002-2018) as
well as increased precipitation values obtained by applying the projected changes in heavy
precipitation reported in the Climate Science Special Report (Easterling et al. 2017).

c. Watershed Scenarios for the Des Moines River Watershed
We used the GHOST model to better understand the flood hydrology of the Des Moines River
Watershed and to evaluate potential flood mitigation strategies. All the model continuous
simulations were run for the window between 2002 and 2018. The GHOST model was used to
quantify the flood reduction benefits of the scenarios presented in Table 5.1.
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Table 5.1. Scenarios analyzed in this report.
Scenario
NV100%
NV20%
CC100%
Ponds
NV20%CC80%

NV20%CC80%Ponds

Description
Adoption of native vegetation in 100% of the
current rowcrop acres.
Adoption of native vegetation in 20% of the
current rowcrop acres.
Adoption of cover crops and no-till practices in
100% of the current rowcrop acres.
Construction of the system of storage ponds
presented in Figure 4.9.
Adoption of native vegetation in 20% of the
current rowcrop acres and cover crops and notill practices in all of the remaining 80% of the
land (kept with rowcrop agriculture).
Adoption of native vegetation in 20% of the
current rowcrop acres and cover crops and notill practices in all of the remaining 80% of the
land (kept with rowcrop agriculture). In
addition, the system of storage ponds
presented in Figure 4.9 is in place.

The results for these flood mitigation strategies were compared to modeled baseline conditions
using both historical (2002-2018) and increased precipitation values. Although each scenario
simulated is hypothetical and simplified, the results provide valuable insights on the relative
performance of each strategy for flood mitigation planning.
Table 5.2 and Figure 5.1 present a summary of the results of the simulations with observed
precipitation (2002-2018) at 8 index points (see Figure 4.3). These results highlight the
importance of different nature-based flood mitigations strategies. The native vegetation scenarios
results reveal the enormous flood reduction potential of this practice and highlights why this land
use change should be considered when evaluating flood reduction alternatives. When a landowner
decides to take some land out of production (e.g. CRP program or excessive wetness making the
land unprofitable) planting native vegetation in those acres has an enormous potential to generate
flood reduction benefits. Furthermore, our model results confirm that prairie strips are a
conservation practice that can generate significant flood reduction benefits. Cover Crops/No-Till
is a management practice that when implemented throughout agricultural watersheds has the
potential to attenuate flood peaks.
Our model results show that cover crops/no-till (CC100%) and conversion of 20% of the current
rowcrop acres back to native prairie (NV20%) generate similar peak flow reductions with the
CC100% scenario showing slightly better results than those of the NV20% scenario (see Table 5.2
and Figure 5.1). However, the NV20% results show higher streamflow volume reductions than
CC100% (see Table 4.3). Cover crops (CC100%) increased the infiltration capacity (e.g. healthier
soils) of all the rowcrop acres and therefore more water is infiltrated throughout the year.
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However, a portion of this water is captured by the tile drainage network and ultimately
transported to the stream network. The annual transpiration is moderately increased (when
compared to the baseline condition) with the adoption of cover crops (that are present during the
dormant season). In contrast, by implementing prairie strips (e.g. NV20%) we have a portion of
the study area with high transpiration capacity all year round.
The simulated system of distributed storage provides limited flood reduction benefits in the study
area with its peak flow reductions being, on average, smaller than those estimated with cover
crops and native vegetation scenarios. However, it is important to mention that this practice can
provide important benefits at smaller spatial scales and has the advantage of being in place
proving flood attenuation for decades with little maintenance in contrast to cover crops that
require planting and killing every year.
Table 5.2. Average peak flow reduction at the index points for the simulations with observed
precipitation. 2002-2018.

Average Peak Flow Reduction (%)

Index Point
Description
NV100% NV20% CC100% Ponds NV20%CC80% NV20%CC80%Ponds
23.3
27.1
Des Moines River at Estherville
48.4
13.4
14.5
5.7
1
50.2
10.8
11.3
3.6
19.2
21.9
2
Des Moines River at Humboldt
Des Moines River at Fort Dodge
56.2
13.6
14.0
6.0
23.3
27.7
3
4
Des Moines River near Stratford
57.1
14.6
15.5
5.7
25.2
29.5
26.5
32.1
Boone River near Webster City
55.6
14.6
18.0
7.6
5
51.9
15.8
16.6
6.8
26.3
31.2
6
East Fork Des Moines River at Algona
31.2
14.5
13.9
9.0
24.3
7
East Fork Des Moines River at Dakota City 55.3
27.0
31.5
8
Beaver Creek near Grimes
50.4
13.6
19.3
5.5

60

NV100%
Ponds

NV20%
NV20%CC80%

CC100%
NV20%CC80%Ponds

50
40
30
20
10
0

1

2

3

4
5
Index Point

6

7

8

Figure 5.1. Average peak flow reduction at the index points for the simulations with observed
precipitation. 2002-2018 (values presented in Table 5.2).
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If the City of Des Moines primary goal is to reduce streamflow volumes flowing into Saylorville,
model results suggest that the adoption of prairie strips (NV20%) is more advantageous than the
implementation of cover crops (CC100%). However, for smaller communities throughout the Des
Moines River Watershed slightly better annual peak flow reductions can be achieved by
widespread adoption of cover crops instead of prairie strips.
By including the NV100% simulation, our intent was to provide an upper limit to the achievable
flood reduction. In other words, we suggest that the NV100% results represent a reference
condition by which to measure the effectiveness of different, more realistic, flood mitigation
strategies. Figure 5.2 displays the percent of the peak flow reduction estimated with the NV100%
scenario that can be achieved by implementing the different conservation scenarios.
Unsurprisingly, the NV20%CC80% and NV20%CC80%Ponds display the highest two values.
Roughly speaking, these two conservation scenarios provide half of the flood reduction benefits
expected from converting back 100% of the current rowcrop acres to native vegetation.

Percent of the Peak Flow Reduction
Provided by the NV100% Scenario
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NV20%CC80%Ponds

60
50
40
30
20
10
0

Figure 5.2. Percent of the average peak flow reduction estimated with the NV100%. 2002-2018.

We used a simple approach to alter hourly precipitation records (2002-2018) to represent
projected changes in heavy precipitation (see Figure 4.2). Specifically, we increased by 20% hourly
precipitation values for the wettest 5% of the non-zero-rain days. Figure 4.13 shows that without
any flood mitigation strategy in place, the annual peak flow values will increase between 22 and
37% (with respect to the annual peak streamflow values observed between 2002 and 2018).
Furthermore, none of the scenarios that maintain large portions of the study area in rowcrop
agriculture and that rely on a single conservation practice (NV20%, CC100%, and Ponds) was able
to generate peak flow reductions under increased precipitation conditions (see Figure 4.13).
Model results show that the NV20%CC80% scenario will be able to counterbalance the simulated
increases in heavy precipitation and will be enough to keep “future” flood events similar to those
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observed in the 2002-2018 time window. Only the NV100% and NV20%CC80%Ponds scenarios
provided appreciable reductions (with respect to the 2002-2018 observed values) in annual peak
flow values under increased precipitation conditions.
As a final note, it is important to recognize that the modeling scenarios evaluate the hydrologic
effectiveness of the flood mitigation strategies, and not their effectiveness in other ways. For
instance, while certain strategies are more effective from a hydrologic point of view, they may not
be more effective economically. As part of the flood mitigation planning process, factors such as
the cost and benefits of alternatives, landowner willingness to participate, and more need to be
considered in addition to the hydrology.
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Appendix A – Policy and Legal Analysis
DUSTIN J. MILLER
Direct Number: (515) 283-3153 | Facsimile: (515) 283-3108 | E-Mail: dmiller@nyemaster.com

700 Walnut, Suite 1600 | Des Moines, IA 50309-3899 | (515) 283-3100
Attorneys at Law | Offices in Des Moines, Ames and Cedar Rapids
www.nyemaster.com

TO:

Des Moines Metropolitan Wastewater Reclamation Authority

FROM:

Dustin J. Miller

DATE:

December __, 2019

RE:

Project Registration in the Iowa Nutrient Reduction Exchange and
Public Policy & Legal Implications of Watershed Financing

EXECUTIVE SUMMARY
Municipal governments face intense pressure for resources so investment outside of the jurisdictional boundaries of
a community for flood mitigation will take significant education of citizens and policy makers along with certainty
in the data utilized to direct the investment. However, with increased frequency and intensity of flooding events,
leaders across the Des Moines Metro Area have a good understanding of the limitations of gray infrastructure only
approach for mitigating flood events.
Communities throughout the metro have been coordinating for a number of years through work within Watershed
Management Authorities, but this effort could be improved through changes to state public policy tools and broader
coordination by municipalities as they improve water and wastewater infrastructure. There are existing federal, state
and local programs that can be leveraged jointly but it will take first of its kind effort on the part of the WRA to
coordinate those programs with those stakeholders.
This project had three major components that called for a review of the public policy and legal implications of
extension of flood mitigation work into the watershed, analysis of current and future watershed projects to be
included in the Iowa Nutrient Reduction Exchange and cataloging of permits within the two large watersheds.
First, extension of a flood mitigation approach into the watershed has two challenges that need to be addressed
through policy changes to address financing jointly and outside of the jurisdictional boundaries along with a
secondary challenge of addressing ownership and liability of those projects.
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Next, the project looked to take existing work within local watersheds and place within the Iowa Nutrient Reduction
Exchange. This would then allow the WRA to work with Iowa Department of Natural Resources on potential
regulatory benefits for those investments.
Finally, the project catalogs stormwater and wastewater permtis within the Des Moines and Raccoon River
watersheds to offer the opportunity to contact these communities and industries about working on mutually
beneficial projects jointly.

1. PUBLIC POLICY AND LEGAL IMPLICATIONS OF EXTENSION OF FLOOD MITIGATIONWORK
INTO THE WATERSHED

LEGAL IMPLICATIONS OF EXTENSION OF FLOOD MITIGATION INTO WATERSHED
Traditional Versus Holistic Approach to Flood Mitigation
Traditional flood mitigation focused upon control and avoidance with draining flood water as quickly as possible
through structures like dams and levees. The goal being to move the flood waters through the population with
minimal impact. This traditional approach included raising emergency response methods and recovery in a reactive
manner. These activities generally occurred within the municipalities’ political boundaries. This type of flood
mitigation has major limitations and can look simply like managing the occasional crisis, rather approaching water
upstream before it creates the crisis. This approach is also challenging as the frequency and intensity of flood events
increases.
The Iowa Flood Center (IFC) has led the way in Iowa through their work which was greatly enhanced with an award
from the U.S. Department of Housing and Urban Development (HUD) to further expand the Iowa Watershed
Approach. 1 According to their website, this “is a collaborative program that brings together local, state, federal, and
private organizations to work together to address factors that contribute to floods and nutrient flows.” 2 This concept
of integrated flood management looks to merge multiple benefits of slowing down and treating water in the
watershed rather than trying to control water. It will accomplish six specific goals of reducing flood risk, improving
water quality, increasing resilience, engaging stakeholders through collaboration and outreach/education, improving
quality of life and health and develop a program that is transferable. 3 Rather than a crisis, this proactive approach
merges multiple stakeholder considerations into a holistic approach in the watershed.
Impacting water before it reaches urban communities is intuitive but this approach presents a variety of challenges
as it crosses multiple jurisdictional boundaries. Iowa’s constitutional and statutory structure was not developed with
this type of water infrastructure development in mind. Nationally, groups like National Association of Clean Water
Agencies and the US Water Alliance have considered the concept of a “watershed utility” but individual
municipalities in Iowa must weigh a multitude of issues in consideration of investment within the watershed. 4 As in
any cross-jurisdictional project, questions range from control, responsibility, cost sharing, revenue and financing.
Likely due to regulatory requirements and penalties, investment in water infrastructure has erred on the side of
control with gray infrastructure inside of a fence and in legally controlled easements within a municipality’s
jurisdictional boundaries. This allows a municipality to best address those questions of control, responsibility, cost
sharing, revenue and financing.

https://iowawatershedapproach.org/about/
Id.
3 Id.
4
http://www.nacwa.org/news-publications/news-detail/2017/10/10/new-document-explores-conceptof-watershed-utility
1

2

Des Moines River Upstream Mitigation Study

| 73

Home Rule and Chapter 28E
When Iowa’s constitutional amendment for Home Rule was enacted in 1966, the Iowa Legislature also put in place a
loose statutory structure for cross-jurisdictional work in Chapter 28E. 5 These agreements allow municipal entities to
bring the powers they possess in to a joint relationship to share in work that impacts the parties involved. Iowa Code
Chapter 28E is not only available to local and state governmental entities but may also include private and nonprofit
entities. Municipalities have utilized this authority for a broad array of relationships for sharing responsibility in
issues like economic development, utilities and public safety.
Five years after enactment of Home Rule and Chapter 28E, the Legislature passed Iowa Code Chapter 28F to
address the long term nature of financing cross-jurisdictional projects. Large scale infrastructure projects have
extremely reliable revenue streams that can be utilized to finance projects that have large upfront costs. This
includes the development of electric, telecommunications water and wastewater infrastructure. Without a way to
intersect the municipalities in shared decision making and overlay financing, would limit the usefulness of
intergovernmental agreements.
Des Moines’ Wastewater Reclamation Authority (WRA) is an example of a 28E developed to share costs and
responsibilities for the provision of waste water. Regionalization of infrastructure can be a challenging process but
the WRA stands as a positive example of the benefits of shared responsibilities and functions through a 28E. The
process for the WRA was accomplished over a number of years in the late 1990s and early 2000s through difficult
negotiations
28F to finance projects
Outsiders may look at the success of the WRA as a regional system and not fully understand why it took so long to
get there and why other systems do not move toward regional integration of infrastructure systems. Even in the Des
Moines Metro, water infrastructure is not fully regionalized and stormwater remains parochially operated by
individual cities. Stormwater in particular can have a major impact on surrounding municipalities depending upon
how the infrastructure is developed but regionalization of these storm water systems remains slow in Iowa.
There are a variety of factors that go into regionalization or sharing of infrastructure that must be overcome by
politicians on highly technical engineering and financial questions. Crossing jurisdictional boundaries between
municipalities includes answering questions about control and responsibility, liability, operation and maintenance
costs and state law needed to provide certainty for the power sharing within the structure that has the ability to then
finance future operations.
Municipalities understand that taking ownership of property within their jurisdictional boundaries can be fraught
with challenges. A pocket park owned by the city to a group of neighbors wanting to tear down a dilapidated home
represents employees maintaining the park and at its extreme someone being injured with the city being responsible
for providing services along with the potential for being liable for the injury. All of this represents costs that must be
weighed against the benefit to all city residents. For investments outside of jurisdictional limits this issue is even
further magnified as control become much less certain. Significant trust and certainty would need to be developed
amongst groups entering into an agreement for a wetland that may be 100 miles from the city.
Chapter 28E gives municipalities the authority and flexibility to address these concerns and create
intergovernmental entities that are mutually beneficial to jointly operate infrastructure, but developing these
structures can take significant time. The concept of a “watershed utility” to bring together multiple stakeholders
within a larger watershed has recently been supported and explored by the US Water Alliance, the National
Association of Clean Water Agencies (NACWA) and the Water Environment Federation (WEF). 6 These groups’
white paper on the issue focused the potential positive impact to nutrient reduction but was a high level overview of
the benefits of a coordinated effort. This broad concept fits within the framework of integrated flood management
where projects can meet multiple demands and markets can be developed to incentivize transactions. But, in order to
achieve the positive results included in a watershed utility, state and local laws must be reviewed and potentially
changed to leverage motivations and revenue sources into a single transaction.
5
6

Iowa Code Chapter 28E
Addressing Nutrient Pollution in Our Nation’s Waters: The Role of a Statewide Utility.
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Broadening of 28F for Watershed Scale Transactions
Providing the framework for a watershed transaction, like a watershed utility, to bring together multiple benefits
requires specific state law changes. While Iowa is a Home Rule state where municipalities get broad authority to
determine their affairs, sharing powers between municipalities is an area that requires specific state action. That is
both literal and practical as the Iowa Legislature has acted in this area through Iowa Code Chapter 28E but also
practically financers of joint ventures look for certainty in order to finance large scale infrastructure projects.
One way to provide certainty in watershed investment would be to amend Iowa Code Chapter 28F to specifically
include water infrastructure for both quantity and quality issues. This change could provide a financing vehicle for
large scale transactions focused on collaboration within a watershed. Similar to the success of 28F for jointly
financing other public works, watershed-based financing incentivizes collaboration amongst public and private
entities to combine existing revenue streams in order to develop projects jointly that impact the differing needs of
the participants perhaps at the watershed scale with sufficient resources.
Specifically broadening 28F for this purpose would allow local municipalities to delineate the costs and benefits
from watershed projects. This can currently be done through a Chapter 28E entity but specific inclusion within 28F
would then allow financing to overlay the relationship to build larger watershed projects at scale.
This broadening of the authority of 28F allows for more potential point source projects to be brought within
largescale projects through coordination within the watersheds. Stormwater and wastewater infrastructure
improvements offer the opportunity to leverage other funding sources identified in this report, but requires
coordination amongst the various municipalities within the Raccoon and Des Moines River watersheds. Part of this
overall project was to identify the various point sources within those watersheds which is an attached table with
contact information for these municipalities and private industries.
Create Assurances with 28J Port Authority Chapter
Financing leaves open some questions that still remain for municipalities related to control and liability. The State of
Ohio has addressed this issue with a broad statute for port authorities. 7 Their focus is not on port in the traditional
navigation but rather focused upon economic development and quality of life projects. The authority granted under
their statute is similar to Iowa’s Chapter 28E but more explicitly spells out the semi-autonomous nature of the next
port along with the ability to finance transactions. Ohio’s law allows ports to issue bonds, acquire property and levy
locally voted taxes. 8
Iowa has a statute for Port Authorities under Iowa Code Chapter 28J, but it does not have the specificity of Ohio’s
laws that better allows cross-jurisdictional operations. 9 Public finance professionals are reluctant to utilize this
chapter and recommend municipalities instead utilize the powers of 28E/28F. Investors in public bonds need
assurance of repayment and currently that certainty comes from
Chapter 28J should consider revisions like the Ohio statute to see if improved certainty and autonomy would spur
investment in the watershed.
FUTURE PROJECTS TO MEET MULTIPLE DEMANDS
Water Quality Trading and Iowa Nutrient Reduction Exchange
Water quality trading (WQT) is the concept of one source of pollutants trading with another source of pollutants to
achieve similar or increased nutrient reduction at a reduced cost to the source of pollutants. According to United
State Environmental Protection Agency (EPA) guidance put forward in 2003 these trading systems are based upon
levels of regulation that are not currently in place such as numeric nutrient criteria or large scale total maximum
Ohio Statute
https://www.ohioportauthorities.com/
9 Iowa Code Chapter 28J.
7
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daily loadings (TMDLs). These compliance based regulatory strategies to achieve nutrient reductions are costly,
time-consuming and burdensome. They may have a larger impact in densely populated urban states with significant
industrial loading, but utilization of similar strategies in Midwest states in the Mississippi River Basin are unlikely
to achieve results. Also, the process to develop some of these compliance based strategies may hinder progress
already beginning in Iowa by pitting interests against one another back into a bifurcated system of point and
nonpoint sources of nutrient loading.
Iowa has chosen to not employ these regulatory tools but instead has developed and prioritized the Iowa Nutrient
Reduction Strategy (Strategy). The Strategy has successfully brought urban and rural stakeholders into a mutual
discussion about addressing nutrient impacts to the Mississippi River Basin. The Strategy has helped to drive efforts
to further watershed projects that to this point have been somewhat segregated between rural and urban stakeholders.
Merging a nonpoint strategy and point source strategy into a single strategy has created an opportunity.
Despite an abundance of interest, the restrictive nature of the initial EPA policy saw limited activity and success.
Stakeholders in Iowa worked to utilize the opportunity of the Strategy to create an innovative approach to marketlike structures around nutrient reduction with the goal of incentivizing good behavior rather than regulating
behavior. Over a three year time period stakeholders representing agricultural, industrial, municipal, academic and
environmental sectors came together to develop a framework to incentivize transactions with multiple benefits.
The Iowa Nutrient Reduction Exchange (NRE) was developed specifically to include multiple benefits within
watershed transactions that had the potential for quantity and quality based improvements. These projects may be
developed for variety of other purposes such as flood mitigation, source water protect, habitat development or
economic development. However, these projects are interested in recording these benefits for potential regulation in
the future.
The NRE Development Team worked with the EPA, USDA’s Office of Environmental Markets and the Iowa
Department of Natural Resources (DNR) on a standardized registry through a system administered by the Army
Corps of Engineers (ACE) for wetland and stream mitigation. This process development ended in March of 2019
and the Regulatory In-Lieu Fee Banking Information Tracking System (RIBITS) is currently available for Iowa
watershed projects. DNR has provided a letter that allows communities to track back to the implementation of the
Strategy to provide potential incentives. The regulatory incentives for registering the practices is the next step for
development but the system is up and going.
Without the kinds of regulatory drivers seen in other trading systems, the NRE provides an opportunity to track
multiple benefits for current and future needs. This can provide certainty and incentive for investment in the
watershed that may be tied to multiple parties’ needs. Early adoption can allow for permit flexibility and other
regulatory incentives depending upon final recommendations with ultimately a WQT framework that was the
developed with stakeholders if further regulation were to be implemented.
This innovative approach received support from EPA headquarters in 2019 as they released their new WQT Policy
in February. 10 The new EPA guidance mainly reiterated EPA’s strong support for market-based programs and
encouraged states to be flexible in their development of these systems. 11 Rather than seeing the guidance as rigid, it
is intended to provide support for innovation. The Iowa NRE was utilized as an example of this thinking by being
the only example highlighted during their launch webinar. 12
INCENTIVIZED FINANCING TRANSACTIONS
One of the key elements in working in the watershed on projects that have multiple benefits, including flood
mitigation, is determining the motivations of various entities and allocating the cost accordingly. Some state and
federal programs have provided funding for a piece of this process or individual entity but not necessarily looked

https://www.epa.gov/nutrient-policy-data/collaborative-approaches-reducing-excess-nutrients
https://www.epa.gov/sites/production/files/2019-02/documents/trading-policy-memo-2019.pdf
12
https://www.epa.gov/nutrient-policy-data/epas-water-quality-trading-policy-promoting-marketbased-mechanisms-improving
10
11
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holistically about the shared nature of a watershed. Some programs could be reauthorized or tweaked within a
broader package to merge other cross jurisdictional elements.
Iowa Flood Mitigation Program
Iowa authorized the Iowa Flood Mitigation Program following the flooding in 2011. 13 The program allowed certain
governmental entities to submit flood mitigation projects to the Board for review and possible approval for funding.
The over half a billion in funding came from both sales tax increments and funds appropriated by the General
Assembly. Des Moines was authorized to utilize this program to shore up the levy system but needed legislation to
better reflect the boundaries of the community that would be impacted by flooding. Following the Mississippi and
Missouri River flooding this summer, it seems appropriate to reauthorize this program but with a new focus on
regionalization that allows work within the watershed to impact flooding and includes the regional provisions for
capturing the sales tax revenue regionally within a watershed. This could include prioritization for watershed based
work amongst various partners.
Iowa Reinvestment Act 2.0
Like the Iowa Flood Mitigation Program, the Iowa Reinvestment Act 14 utilized a similar sales tax increment as a
funding source to provide $100 million in funding. The program provided grants to community leaders to fund
large-scale projects including new retail establishments and new lessors. The reinvestment project needed to
improve quality of life for the communities’ citizens and substantially benefit the community, region and state. This
program would need to be reauthorized with new purposes that fit within this cross jurisdictional watershed work
within floodplains, which seems more fitting to work within the Flood Mitigation Program.
Iowa’s Water and Land Legacy (IWILL) – Formula
Iowans voted in 2010 to allocate the next increase in sales tax of 3/8s of cent to a constitutionally protected fund for
conservation. 15 That sales tax increase has yet to be authorized but pressure for its authorization continues to build
with 3/8s raising over $150 million annually for conservation. The current formula under the Iowa Code Chapter
461 outlines percentages for natural resources, soil conservation and water protection, lake restoration, trails, local
conservation partnerships, Iowa Resource Enhancement and Protection (REAP) and watershed protection. 16 There
will be significant discussion around this formula allocation and should include aspects of water quality that were
not included like municipal water infrastructure. The data from the Iowa Watershed Approach should be utilized to
prioritize the existing programs that will be funded and municipal water infrastructure should be included when
these watershed based decisions are being made across jurisdictional boundaries. The WRA may want to work with
their municipal association partners to follow and ensure that that state legislation should continue to fund projects
that would impact flood mitigation in the watersheds that impact the Des Moines Metro.
Polk County Water Quality Bond 2.0
The citizens of Polk County voted in 2012 to authorize $50 million in bond funding, paid through property taxes, for
water quality, wildlife, trails and recreation projects. 17 These projects are currently being implemented and have
been well received since authorization. The Polk County Conservation Board is considering asking the voters for the
next round of funding in future years. The Board has already considered options for wetland mitigation and retention
within existing sites and have taken part in a portion of the work with the Iowa Watershed Approach. 18 Coordination
with the Board is important to ensure that this funding works in conjunction with broader flood mitigation goals.
Iowa Finance Authority (IFA): Iowa State Revolving Fund (SRF)

https://www.homelandsecurity.iowa.gov/about_HSEMD/flood_mitigation_board.html
Iowa Code Chapter 15J
15 http://www.iowaswaterandlandlegacy.org/about-us/
16 Iowa Code Subsection 461.32
17 https://www.polkcountyiowa.gov/conservation/polk-county-water-and-land-legacy-bond/
18 https://iowawatershedapproach.org/resources/ghost/north-raccoon-river/
13

14
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IFA has been on the leading edge of innovation for public infrastructure financing, whether that is in sponsored
projects’ authorization outside of jurisdictional limits of cities or through their general non-point source loan
program. IFA’s operation of the State Revolving Fund (SRF) provides multiple options of funding sources for
watershed projects and their leadership is interested in innovation that drives investment.
The General Non-point Source Loan Program provides financing for projects that restore wildlife habitat, stabilizes
streambanks and mitigates flooding. 19 This general program is similar to other programs like the livestock loan
program which is not the standard water and sewer infrastructure loan programs seen in other states. This provides
low interest capital and can be paired with other projects that may have water quality components like
environmental remediation. This program is well capitalized with few applications annually. IFA’s 2018 Fiscal Year
Performance Report showed only $7.4 million in loans. 20
One of those programs for potential pairing is the Sponsored Projects Program, which the WRA has utilized
frequently since the creation of the program. 21 This financing structure allows the WRA an interest rate reduction to
accomplish additional water quality projects. 22 WRA efforts have utilized grey infrastructure projects at the plant but
this program can also utilize other loan programs from the SRF to trigger the Sponsor Projects Program. The City of
Dubuque employed this strategy by utilizing standard SRF funding for their Bee Branch Restoration and then took
their subsequent Sponsored Projects award upstream into the Cat Fish Creek to address multiple issues including
flood mitigation. 23 The WRA is keenly aware that the major limitation to the program is that it has become ever
increasingly competitive and the overall annual funding is restricted at just over $10 million with the potential for a
capped dollar amount for any single project. 24
Iowa Finance Authority (IFA): 2018 Water Quality Legislation SF512
The water quality legislation passed in 2018, SF512, provides additional loan and grant resources that prioritize
multi-function watershed investments with over $282 million in funding through 2029. 25 There is an opportunity to
shape the new revolving loan fund which focuses on watershed projects, but capitalization will be slow due to
certain limitations in the legislation. SF512 was passed with one eye on the potential future passage of IWILL. If an
additional sales tax increase were to pass, then the funding for SF512 would cease. For projects focused on flood
mitigation and urban infrastructure this is problematic for two reasons: first, the resources in SF512 cannot be
leveraged or financed due to the uncertainty of their continuation and second there are not similar grey infrastructure
resources in the current IWILL formula.
The IWILL trigger means that the funding will roll out slowly through 2029 with only a total of $7.8 million in
fiscal year 2020 across all programs. There are three current programs outlined available to the WRA that should be
prepared for due to the likely competitiveness. There will be $51,682,000 in total for the grant portion but capped at
$500,000 per awardee. However the definition for awardee could allow not only for an award for the WRA for itself
but pushing for each WRA member to apply as well. This funding will roll out slowly but it is extremely likely that
the program will be heavily oversubscribed so preparing the communities based upon the prioritization could
provide a significant amount of grant resources to the WRA.

http://www.iowasrf.com/program/other_water_quality_programs/general-non-point-source/
https://www.legis.iowa.gov/docs/publications/DF/1023025.pdf
21 http://www.iowasrf.com/about_srf/sponsored-project-applications/
22 http://www.iowasrf.com/media/cms/Sponsored_Projects_Handout_E1BF13A15D660.pdf
23 https://www.cityofdubuque.org/2769/Catfish-Creek-Watershed-Management-Autho
24 http://www.iowasrf.com/media/cms/Sponsored_Projects_Application_1020_4149973658DE0.pdf
25 http://www.iowafinanceauthority.gov/File/DownloadFile/7831
19

20
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SF512 also provides $58,142,250 over the 11 years of funding for the creation of a state money-only revolving loan
fund. Without the IWILL trigger this funding could be available immediately through financing and potentially
leverage up to an additional $100 million. The money will slowly be available and the initial rates will not be as
competitive as the current SRF because of the immaturity of the fund, but there are potential cost savings available
through federal compliance being limited. The focus of this loan fund fits squarely within the broader goals of the
WRA in working within the watershed for multi-purpose benefits that includes flood mitigation.
ADDITIONAL FUNDING SOURCES
State of Iowa
Iowa Department of Agriculture and Land Stewardship (IDALS): Water Quality Initiative (WQI) & SF512
In addition to the resources given to IFA through SF 512, there are further funding streams to the Iowa Department
of Agriculture and Land Stewardship (IDALS) that could be installed to impact flooding locally and within the
Raccoon and Des Moines River watersheds. These monies significantly boost the funding for the existing programs
that were being deployed through annual funding from the Legislature as Iowa’s Water Quality Initiative (WQI).
Since 2013 the Iowa Legislature has appropriated a little over $10 million to IDALS annually and this funding is
anticipated to continue. Fully implemented, SF 512 will add an additional $15 million annually with an overall
amount of $140,955,000 through 2029. 26 This funding is deployed primarily through cost-share with individual
agricultural producers but IDALS has creatively worked with various organizations on demonstration projects.
These tend to be in their priority HUC 8 watersheds which includes the North Raccoon. Deploying a concentrated
amount of cost share under the standard programs is unwieldly but a demonstration project with IDALS could
operate similar to a Regional Conservation Partnership Program (RCPP) award with USDA’s Natural Resources
Conservation Service (NRCS). IDALS has previously utilized a demonstration project in conjunction with a RCPP
award to the Iowa Agriculture Water Alliance.

26

http://www.iowafinanceauthority.gov/File/DownloadFile/7831
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In addition to the agricultural producer focused programs, the WQI and SF512 have specific funding for urban
conservation projects that totals over $19 million through 2029. Prior to SF512 the amount available annually
through WQI was relatively small and typically outlaid through a RFP process. The language for the urban
infrastructure authorization is broad and offers a unique opportunity for innovation in working with IDALS on the
deployment of those resources. For example, IDALS has discussed boosting sponsored project awards from
municipalities that work within the watershed with additional resources from their WQI or SF512.
Iowa Economic Development Authority (IEDA): Community Development Block Grant (CDBG)
For projects within the metro communities that makeup the WRA, there is a possibility for funds through the CDBG
program. 27 This federal program administered by IEDA is highly competitive but offers an additional potential
funding source especially for storm water improvements. Communities greater than 15,000 in population may
request up to $800,000 with a sliding scale downward with less population. Like many programs identified in this
report, overall coordination of the WRA member communities for the broader purpose of flood mitigation should be
attempted to provide increased impact.
IEDA: National Disaster Resilience Competition 2014
As discussed above, the flood related data for this overall project was in part funded by HUD’s National Disaster
Resilience Competition in 2014. 28 There are no current plans for this program to return but is something to watch for
in the future. The award to the State of Iowa was spread across the state so a future application coordinated from the
WRA could focus solely upon central Iowa.
Federal Government
USDA Natural Resources Conservation Service (NRCS): Regional Conservation Partnership Program (RCPP)
Authorized in the 2008 Farm Bill, the RCPP offered the opportunity to merge multiple NRCS programs into
regionally focused initiatives to deploy resources. The WRA is currently a part of an RCPP project with the Iowa
Agriculture Water Alliance primarily focused on water quality within the North Raccoon watershed. Early
implementation of the RCPP program provided frustration for recipients as USDA NRCS retained ultimate control
over the distribution of resources rather than being controlled by the awarded partners. The 2018 Farm Bill made
changes based upon that frustration and allows for new RCPP awards to be better controlled by the awardees. The
NRCS has the ability to award up to 15 awards a year in an “Enhanced Alternative Funding Arrangement” where the
partner implements the conservation activities. 29
The program already offered immense opportunity to fit within the structure of watershed based flood mitigation but
the new method of deployment is dramatically improved. Although there is a significant match requirement, this
program offers up to a $10 million grant with $300 million funding annually.
Army Corps of Engineers (ACE): Wetland and Stream Mitigation under the CWA
One potential opportunity for additional resources could be in coordination of environmental impacts with public
works projects for surrounding municipalities. Offsetting wetland and stream impacts can be a costly aspect of
public and private projects. Polk County Conservation has made an analysis of potential sites around the county
where this may be possible. Scoped properly to not upset the private market and paired with public projects could
both provide a revenue source from private development and reduce costs for public projects. The amount available
is significant but would require a separate feasibility analysis.
Army Corps of Engineers (ACE) – Flood Control

https://www.iowaeconomicdevelopment.com/CDBG
https://www.hudexchange.info/programs/cdbg-dr/resilient-recovery/
29 https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/financial/rcpp/
27
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The reservoir system operated by the Army Corps of Engineers offers opportunity for resources throughout the
watershed system but generally focuses on gray infrastructure. But, central Iowa has been successful in receiving
funds for the Des Moines Recreational River and Greenbelt funding item with the ACE. This authority requires
future appropriations to fit within the flood mitigation data but offers an opportunity as the partnership has funded
ecosystem improvements that were both recreational and flood focused. Through Fiscal Year 2019 there had been
over $50 million allocated from the federal government for work as far north as Fort Dodge and down to the Red
Rock Reservoir. 30 This authorization presents the opportunity to continue to request federal funding for projects that
are being identified within the other programs identified.
USDA Landowner Focused Programs
The traditional Farm bill programs through the NRCS and the Farm Service Agency (FSA) offer tremendous
resources annually for on farm practices that are identified through the flood data developed by the Iowa Flood
Center. However, these programs are challenging to find the farmers who are willing to do the practices and
potentially pay up to 50 percent of the project.
If the farmers and sites can be identified, the NRCS’ Agricultural Conservation Easement Program (ACEP) offers
long term easements for areas identified for flood control and the FSA’s Conservation Reserve Program (CRP) can
provide shorter term set asides with additional revenue for the producer. NRCS’ Environmental Quality Incentives
Program (EQIP) is available as cost share for more proactive projects and calls for potentially 50 percent coming
from the producer. These programs have a significant amount of resources annually but present a major challenge in
implementation without agricultural partners.
Environmental Protection Agency (EPA): 319 Nonpoint Source Management Program
The EPA’s Section 319 program offers grant money that is extremely flexible to impact localize nonpoint source
implementation projects. 31 These funds are not unlimited but the WRA should work with DNR and EPA to ensure
that future projects within the watershed consider the broader flood mitigation goals for the WRA. In 2019, the Iowa
DNR was awarded a little over $3.5 million from this program.
Local Funding Sources
Local Option Sales Tax (LOST)
The passage of LOST in the metro community offers tremendous resources moving forward to address
infrastructure. The current additional penny generates over $37 million for just the city of Des Moines with at least a
portion going toward storm sewer improvements. While there will be considerable competition for these dollars,
they may offer the chance to educate citizens on the value in working upstream to achieve future flood mitigation
through work within the larger watersheds.

30
https://www.mvr.usace.army.mil/About/Offices/Programs-and-Project-Management/DistrictProjects/Projects/Article/1165137/des-moines-recreational-river-and-greenbelt-iowa-recreation/
31 https://www.epa.gov/nps/319-grant-program-states-and-territories
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2. PROGRAM CHECKLIST

LEGAL IMPLICATIONS OF EXTENSION OF FLOOD MITIGATION INTO WATERSHED
•
•
•
•

Traditional Versus Holistic Approach to Flood Mitigation
Home Rule and Chapter 28E
Broadening of 28F for Watershed Scale Transactions
Create Assurances with 28J Port Authority Chapter
FUTURE PROJECTS TO MEET MULTIPLE DEMANDS

•

Water Quality Trading and Iowa Nutrient Reduction Exchange
INCENTIVIZED FINANCING TRANSACTIONS

•
•
•
•
•
•

Iowa Flood Mitigation Program
Iowa Reinvestment Act 2.0
Iowa’s Water and Land Legacy (IWILL) – Formula
Polk County Water Quality Bond 2.0
Iowa Finance Authority (IFA): Iowa State Revolving Fund (SRF)
Iowa Finance Authority (IFA): 2018 Water Quality Legislation SF512
ADDITIONAL FUNDING SOURCES
State of Iowa

•
•
•

Iowa Department of Agriculture and Land Stewardship (IDALS): Water Quality Initiative (WQI) & SF512
Iowa Economic Development Authority (IEDA): Community Development Block Grant (CDBG)
IEDA: National Disaster Resilience Competition 2014
Federal Government

•
•
•
•
•

USDA Natural Resources Conservation Service (NRCS): Regional Conservation Partnership Program
(RCPP)
Army Corps of Engineers (ACE): Wetland and Stream Mitigation under the CWA
Army Corps of Engineers (ACE) – Flood Control
USDA Landowner Focused Programs
Environmental Protection Agency (EPA): 319 Nonpoint Source Management Program
Local Funding Sources

•

Local Option Sales Tax (LOST)
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3. PROJECT REGISTRATION IN THE IOWA NUTRIENT REDUCTION EXCHANGE

d. The Consultant will analyze current and future watershed projects for additional benefits of registration within
the Iowa Nutrient Reduction Exchange. For watershed projects that are completed during the agreement period the
consultant will model reductions, using a spreadsheet model, and input into the Iowa Nutrient Reduction Exchange
with the Iowa Department of Natural Resources to receive future regulatory flexibility for early adoption of nutrient
offsets.
Project reductions can be estimated based on information available in the Iowa Nutrient Reduction Strategy (INRE).
See table below. For streambank restoration projects the benefits can be using the ratio between the length of
restored streambank and the stream network length upstream from the project.
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Contributions of stream bank erosion to phosphorous loads in Iowa streams
Stream bank erosion is a significant contributor to stream sediment and phosphorous loads. According to Odgaard
1984, 45% of Iowa’s suspended sediment load can be attributed to stream bank erosion. Schilling et al. 2011 estimated
that 38-64% of sediment exported from the Walnut Creek watershed in central Iowa resulted from stream bank erosion.
Sekely et al. 2002 estimated stream bank slumping contributed 31-44% of the suspended sediment load and 7-10% of
the total phosphorous load in the Blue Earth River of northern Iowa and southern Minnesota.
Stream bank stabilization can locally protect property and critical infrastructure, as well as reduce local inputs of
sediment and phosphorus. Unfortunately, local bank stabilization can destabilize other stream banks, as the channel
seeks a dynamically stable condition. Therefore, when seeking to reduce sediment and phosphorous inputs, stream
bank stabilization should be part of a larger planning effort that integrates multiple management strategies and
considers reach- and watershed-scale geomorphology.
Mass of phosphorous input due to local bank erosion can be estimated using the following relationship:

P = TP ∙ ρ ∙ R ∙ L ∙ H
where

P = mass of phosphorous input from bank erosion (kg)
TP = the average total phosphorous concentration in the bank soil (mg/kg),
ρ = bank soil average bulk density (kg/m3),
R = average bank recession (m),
L = streamwise length of the eroded bank (m), and
H = average bank height (m).
Streamwise lengths of eroded banks and bank heights are site specific and dependent upon a number of factors,
including channel slope, stream size (drainage area), bed and bank material properties, stream hydrology, vegetation,
and stream and watershed disturbances (e.g. channel straightening, land use change), and the nature of the erosion
(scour or mass wasting). Total phosphorous concentrations, soil bulk densities, and bank recession rates are also
variable. However, several studies in Iowa streams have documented these variables and provide insight about
expected ranges.
Total phosphorous concentrations
Total phosphorous concentrations observed in Iowa stream banks range from 170 to 555 mg/kg (Beck et al. 2018,
Hongthanat et al. 2016, Preacher et al. 2018, Tufekcioglu et al. 2012, Zaimes et al. 2008). While a mean value across
studies cannot be calculated, approximately 300 mg/kg appears typical.
Soil bulk density
Soil bulk density observed in Iowa and northeast Missouri stream banks range from 1.1 to 1.6 (Beck et al. 2018,
Preacher et al. 2018, Schilling et al. 2011, Tufekcioglu et al. 2012, Zaimes and Schultz 2015, Zaimes et al. 2004,
Zaimes et al. 2006, Zaimes et al. 2008). While a mean value across studies cannot be calculated, approximately 1.3
g/cm3 appears typical.
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Bank recession
Bank recession rates are highly variable in space and time, as they depend upon channel geometry, stream hydrology,
bank material and vegetation, natural and anthropogenic disturbances, and mitigative practices. The following
summarize observed bank recession rates in Iowa and northeast Missouri.
Palmer et al. 2014 observed an average annual recession over the period from 2005 to 2011 at 8 locations in the Walnut
Creek watershed, Jasper County, Iowa of 18.84 cm, with a maximum observed annual recession of 49.63 cm. Beck
et al. 2018 observed a mean annual recession rate over the period from 2015 to 2017 at 10 sites in the Walnut Creek
watershed of 9.3 cm.
Preacher et al. 2018 observed a mean annual recession rate of 7.1 cm across 37 sites in the Crooked Creek and Otter
Creek watersheds located in northeast Missouri over the period from 2008 to 2011.
Tufekcioglu et al. 2012 estimated mean annual recession of 22 cm across 13 sites in the Rathburn Lake watershed
located in southeast Iowa over the period from 2002 to 2006.
Zaimes et al. 2004 observed mean annual recession of 30.3 cm across 33 locations in the Bear Creek watershed in
north central Iowa from 1998 to 1999. Zaimes and Schultz 2015 observed a mean annual recession rate across eight
Bear Creek monitoring locations in 2003 and 2004 of 12.5 cm, with up to approximately 50 cm recessions for
individual high flow events at locations within continuously grazed pasture.
Zaimes et al. 2006 reviewed several papers documenting bank recession and noted annual recession rates in several
Iowa streams: greater than 19 m on the Des Moines River, up to 8 m on the East Nisnabotna River, and 39 cm on
Fourmile Creek (highlighting increased recession rates with increased stream size). Zaimes et al. 2008 observed a
mean annual bank recession rate of 26.4 cm across numerous Iowa locations.
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4. NPDES PERMITS IN RACCOON AND DES MOINES WATERSHEDS

e. The Consultant will examine public policy and legal implications of extension of flood mitigation work into a
larger watershed upstream. Current regulatory oversight of stormwater contemplates jurisdictional boundaries of the
corporate boundaries of the City. The consultant will examine existing federal and state laws along with potential
future requirements in order to prudently move forward with future projects that meet multiple demands. Develop
incentivized financing transactions for flood control that have a positive impact to future growth and expansion of
the storm water utility, including utilization of additional resources for project development. The Consultant will
identify and catalog stormwater and wastewater infrastructure improvements planned by other jurisdictions within
the Des Moines and Raccoon River Watersheds. Recommendations will be provided of the City’s best opportunities
to work jointly on projects with other jurisdictions, with consideration given to location, project goals, size and
scalability of projects, and other benefits as agreed by the City.
Information is provided in an electronic attachment to this report.
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