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EXECUTIVE SUMMARY

The Upper Mississippi River Basin (UMRB) suffers from poor water quality due
to high nutrient runoff from the over-application of fertilizers in industrial agriculture
and the increasing frequency of flooding (America’s Watershed Initiative, 2020). A
promising solution to address these issues is construction of natural infrastructure,
such as restored wetlands, that reduce both flood risk and nutrient pollution. The state
of lowa in particular has struggled with increasing flooding and nitrogen pollution, and
shows great potential for the benefits of natural infrastructure. However, implementing
natural infrastructure in lowa - and the region more broadly - has been slow due to
knowledge gaps, policy conflicts, and institutional barriers. In order to fill knowledge
gaps and explore barriers, the central questions of this project are: how can natural
infrastructure implementation be improved and how can natural infrastructure benefit
socially vulnerable communities? To answer these questions, the project has five
specific objectives: (1) evaluate the potential for hydric soil proxies to help identify
key locations for natural infrastructure interventions, (2) evaluate the flooding and
nitrogen pollution exposure of socially vulnerable communities in lowa, (3) understand
the social and political conditions for successful natural infrastructure implementation
in lowa, (4) identify policy opportunities for expanding natural infrastructure in lowa,
and (5) propose priorities for future natural infrastructure research and advocacy.

Objective 1: Identify Key Locations for Natural Infrastructure Interventions

Wetland restoration is an approach to improve the ability of historic wetlands
to regulate water quality and quantity. However, the location of historical wetlands
does not necessarily indicate the location of restorable wetlands. We found that the
90-100 hydric soil categories are suitable proxies at both the watershed and state
levels, but do not perform well in urban areas.

Currently, the identification of wetland requests the cost of S300 per acre and
60 days reporting time on the official price in Wisconsin DNR (Wetland Identification
Program, 2021). By using the HS proxy, the estimated region can be narrowed
which saves the corresponding cost and process time. Therefore, this successful
evaluations of hydric soil proxy can assist in identifying suitable regions, reducing
data processing steps, and analysis costs.

Objective 2: Evaluate the Flooding and Nitrogen Pollution Exposure of Socially
Vulnerable Communities in lowa
Thisobjective examinedtwo aspects: (1) correlation between social vulnerability,
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flood risk, and nitrogen pollution by applying a multiple linear regression, and (2)
comparisons between current (2020) flood risk to projected (2050) flood risk in lowa
and social vulnerability. Positively correlated and statistically significant relationships
were found between multiple social vulnerability factors, flood risk, and nitrogen
pollution. The seven statistically significant social vulnerability factors are: poverty
rates per census tract, lack of high school diploma per census tract, persons over 65
per census tract, single parent households per census tract, household crowding
per census tract, persons in a minority group (non-white population) per census
tract, and number of households without a vehicle per census tract. Forty-nine
state-level maps were created to visualize these statistically significant relationships.
These maps can be found in Chapter Il and in Appendix A.

Thisanalysis has changedthe general understanding of risk distributionsin lowa
by examining the impacts of agricultural practices on downstream communities and
the differences in exposure across communities. The results of this analysis can better
inform communities and decision-makers about exposure and social vulnerability in
lowa. Furthermore, the results can be used to rectify past injustices and prevent future
injustices by implementing natural infrastructure in socially vulnerable communities.

Objective 3: Understand the Social and Political Conditions for Successful Natural
Infrastructure Implementation in lowa

This objective of the project worked to investigate (1) the similarity and
difference of Des Moines Water Works lawsuit and Middle Cedar Partnership Project,
and (2) the key conditions for successful collaborative conservation, especially the
promotion of future natural infrastructure practice and implementation based on two
case studies. We used semi-structured interviews with key stakeholders to identify
(1) the water issues such as the mitigation of flooding and nutrient loading in lowa;
(2) the existing barriers and opportunities of natural infrastructure implementation in
lowa; (3) the collaborative conservation relationships among stakeholders.

We found the conditions for success were: (1) firm trust in collaborative
networks, (2) political support, (3) stable and consistent funding, and (4)
involvement of experienced coordinators. Future collaboration can take advantage
of this study to precisely position the project efforts.
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Objective 4: Identify Policy Opportunities for Expanding Natural Infrastructure in
lowa

This objective of the project sought to identify policy opportunities and barriers
fornaturalinfrastructure throughinterviews with lowan stakeholders. Theinterviewees
were asked about water issues in the state, natural infrastructure opportunities and
barriers, and specific policy questions during semi-structured interviews. Based on
our interviews, key policy opportunities are: (1) reduce administrative barriers,
(2) incentivize long-term planning and funding, (3) enable coalition building and
trust building, (4) prioritize environmental justice, and (5) capitalize on Farm Bill
opportunities coming with the change in administration and Democratic control
of Congress. In Chapter |V of this report, each policy recommendation’s barriers,
opportunities, and levers are explored in greater detail. Implementation of these
recommendations would lead to an increase in natural infrastructure implementation
with a focus on equity, justice, and accessibility.

Objective 5: Propose Priorities for Future Natural Infrastructure Research and
Advocacy

This analysis links the identified issues with the policy levers and opportunities
in order to improve the chances of success for natural infrastructure research and
advocacy. The utilization of hydric soil proxy can shorten the process for identifying
locations for wetland restoration and reduce the associated cost. Thus, it may
lead to increased retention of stakeholders who are interested in adopting natural
infrastructure practices by reducing the processing time if implemented. Then, the
social vulnerability study has provided a new version that corresponds to the
environmental justice incentivization in policy recommendation. This analysis
uncovered the major points when considering nitrogen pollution in lowa, and it also
provided suggestions for how to incorporate various voices from POC and socially
vulnerable groups. Finally, the identified success conditions are mostly in line with
long-term planning and funding, coalition and trust building, and the opportunities
with the change in administration and congressional turnover. With the Biden
administration’s concentration on the environment and congressional turnover that
has resulted in a Democratic majority in the House and the tie-breaking vote in
the Senate, it is good timing for obtaining stable and long-term support from the
government. This cross-analysis among different chapters has connected the four
chapters tightly, and has offered a novel interdisciplinary model for similar research
in the future.
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Introduction
The Upper Mississippi River Basin, or

UMRB, extends almost 700 miles, from near the Sh
Canadian border to the mouth of the Ohio River. It ,»_:;"_'-'--
reaches around 500 miles across the Midwest, from - y
Indiana to South Dakota, resulting in a drainage
area that spans approximately 189,000 square
miles in lllinois, lowa, Indiana, Minnesota, Missouri,
and Wisconsin (America’s Watershed Initiative,
2020). Its geographical location is illustrated in
Figure 1. The UMRB is home to approximately

F |

30 million people, several large urban areas, and
Map courtesy of U. 5. Geological Survey

with extensive agricultural and recreational land Figare 1. Mip offth Uppet
(America’s Watershed Initiative, 2020). Mississippi River Basin ((2020).

In 2020, the America’'s Watershed Initiative Upper Mississippt Raver Basin
assessedthehealth ofthe UMRB across sixgoal areas -- Water Quality and Ecosystems,
Flood Control and Risk Management, Recreation, Transportation, Economy, and Water
Supply. When graded against these areas, the UMRB was graded at a ‘C’ quality,
due to the UMRB'’s high nutrient runoff from regional agriculture and its increasing
flood frequency (America’s Watershed Initiative, 2020). Agriculture and urban runoff
nonpoint source pollution, exacerbated by the loss of wetlands, are causing water
quality issues. This demonstrates that the communities that live in the UMRB are at
risk of facing challenges surrounding water quality contamination, nutrient pollution,
and flooding.

Natural infrastructure (NI) is a tool that can be used to address these issues.
NI uses landscape management strategies (e.g., restoration, conservation, and
sustainable management) to provide essential ecosystem services (i.e., clean water).
For example, NI methods such as wetland restoration and cover crops were both ideal
techniques in terms of reducing flood risk in agricultural fields (Antolini et al., 2019).

This project focused specifically on lowa due to the potential that can be found
in the state for improvements to flood risk and nitrogen pollution. Beyond its borders,
lowa contributes approximately 618 million pounds of nitrogen pollution from
agricultural runoff to the Gulf of Mexico Hypoxic zone each year (Eller, 2018). Along
with this, the state contains cases such as the Des Moines River Works Lawsuit and
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the Middle Cedar Partnership, which are events that this project analyses as case
studies in order to determine aspects of successful collaborative conservation. The
state of lowa as a whole has a population of 3.18 million, 50% of which depend on
the Des Moines River Watershed. 90% of these residents are White, 3.51% are Black,
2.4% are of Asian descent (Census, 2018). The total state GDP is approximately
$194 billion, of which $72 billion is directly from the agricultural sector. Production
agriculture and ag-related industries employ one out of every six lowans, so it
is a primary economic driver in the state (USDA, 2019). A result of this is that the
agricultural sector has been allowed to continue degrading the water quality at the
extent that it has. Nitrogen pollution flowing out of lowa to the Gulf of Mexico has
grown by close to 50% over the last 20 years (Eller, 2018). Floods are growing more
frequent and extreme as well, as a result of erosion and runoff.

lowa’s has particular nitrogen pollution and flood risk issues that could be
addressed with NI implementation (Eller, 2018), but uptake and implementation have
been slow. This project has sought to analyze opportunities for more effectively and
equitably using NI to reduce flood risk and nitrogen pollution. This is done through:
utilizing a hydric soil proxy to determine locations for restored wetlands, identifying
socially vulnerable communities that would benefit from NI implementation, analyzing
two case study areas - the Des Moines Water Works lawsuit and the Middle Cedar
Partnership Program - to determine what allows successful collaborative conservation
efforts, and identifying ways in which policy changes would be effective in assisting
the implementation of natural infrastructure solutions.

Background

The Challenges Facing the Upper Mississippi River Basin

Flood damage risk has been increasing steadily in the UMRB. In 1995, it was
estimated that the mean annual flood damage in the region had increased by 140%
throughout the 20th century (Hey, 1995). This was illustrated by The Great Flood
of 1993, which caused $15 billion ($27 billion in 2020 cost year) in damages and
was the largest flood ever recorded on the Mississippi (Larson, 1996). In addition to
this, a study conducted by America’s Watershed Initiative revealed that the condition
and maintenance of the transportation infrastructure within the basin are poor, its
water quality is low, and there is a high rate of wetlands loss (America’s Watershed
Initiative, 2020). Additionally, communities that live in the UMRB are at risk for facing
adverse effects surrounding water quality contamination, nutrient pollution, and
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flooding. The poor water quality indicates that agriculture and urban runoff nonpoint
source pollution is present and is likely exacerbated by crumbling infrastructure and
the loss of wetlands. Flood risk has been increasing primarily through the increase of
urban areas and industrial agriculture in the region. This is illustrated by the fact that
the amount of excess water that passed St. Louis during the 1993 flood would have
covered a little more than 13 million acres, or half of the wetland acreage drained
since 1780 in the UMRB (Hey, 1995).

Starting from January 2020, the Mississippi River encountered heavy storms
and river levels began to rise. Eventually, the City of New Orleans announced the start
of the flooding stage on March 5th, 2020. As the constant precipitation entered the
Mississippi River, the states of Arkansas, Mississippi, and Louisiana received a flood
warning from the National Weather Service (NASA, 2020). It is reasonable to believe
flooding would be less severe in the Lower Mississippi River Basin if effective flood
control actions were taken in the UMRB. Additionally, nutrient pollution conditions
are also not optimistic. Studies showed the concentrated precipitation increased the
nitrogen load (Wolf et al.,, 2020) and accounted for nearly one third of the yearly
nitrogen runoff in Mississippi River Basin (Lu et al., 2020).

Flooding and nitrogen pollution in the UMRB are also frequent challenges in
two cities that were selected for this analysis: Cedar Rapids, |IA and Des Moines, |IA.
In Cedar River Watershed, the active USGS stream monitoring station’s data shows
the average annual streamflow at the station is 3,759 cubic feet per second in 2009.
However, streamflow in the Cedar River is highly seasonal, with higher flows in the
spring and early summer (lowa DNR, 2006). Agricultural land is the predominant
land use in the Cedar River Watershed. In addition to row-crop agriculture, livestock
operations are scattered throughout the watershed, such as beef, sheep, and poultry
operations (lowa DNR, 2006). Because of this seasonality, the nitrate concentration in
the city of Cedar Rapids is highly seasonal, with intensive frequency in May and June.

The application of fertilizer on agricultural land in the fall and the release of
ammonia from decaying organic matter on streambed causes the steep increase of
nitrate concentrations (Seelig & Nowatzki, 2001). As agriculture requires nitrogen
and phosphorus fertilizers, the accumulation of those nutrients over time reduces
soil health and water quality. Additionally, nitrate exposure from agricultural runoff
in water systems is a major issue in lowa. This exposure has been connected to an
elevated risk of ovarian, thyroid, kidney, and bladder cancer, ‘blue baby syndrome’ (a
condition in which an infant is deprived of oxygen, sometimes fatally), and other major
health issues (Temkin et al., 2019). In lowa specifically, nitrate-attributable cancer
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ranges from 2.3 to 10.43 cases per 100,000 people (Eller, 2019a). Conservation
practices work to hold nitrates and phosphorus in place on the field, reducing
unwanted contributions to the water supply and decreasing the need for additional
nutrient application.

In 2019, Des Moines witnessed its second 100-year flood in 20 years, and
at least 200 miles of levees were breached in the watershed (Norvell, 2019). The
dominant nonpoint source pollution in the Des Moines River Watershed is sediment
from agricultural practices, such as cropland tillage and livestock in pastures,
woodlands, and feedlots (Environmental Protection, 2020). More than half of lowa’s
assessed water bodies are impaired by pollution that limits recreation, kills fish, and
impairs potable water sources (Jordan, 2017). This is only an estimate, as the lowa
Department of Natural Resources (DNR) was only able to assess 52% of rivers, 61%
of lakes, and 83% of wetlands due to budget constraints, so this statistic could be
higher (Jordan, 2017). Des Moines water is obligated to meet the Environmental
Protection Agency’s Standards under the Safe Drinking Water Act. However, the
maximum contaminant level for nitrate, 10 mg/L, is high enough to cause health risks,
such as blue baby syndrome and endocrine disruption (Des Moines Water Works,
2015).

Natural Infrastructure as the Solution

Natural infrastructure that uses landscape management strategies (e.g.
restoration, conservation, and sustainable management) to provide essential
ecosystem services (i.e. nutrient and flood management) can address these human
and environmental issues. Figure 2 illustrates which natural infrastructure solutions
can be implemented to solve various water management issues as well as which
grey infrastructure solutions are typically implemented instead (Ozment et al., 2015).
Natural infrastructure practices on agricultural land caninclude cover crops, saturated
buffers, wetland restoration, grass waterways, and riparian buffers (full list found in
Figure 1). Natural infrastructure implementation refers to the process of putting
policies into practice. This includes identifying the various policy levers, external
factors, and political will that impact the ability for natural infrastructure practices to
be put into place. Antolini et al. (2019) demonstrated that wetland restoration and
cover crops were both ideal natural infrastructure techniques in terms of reducing
flood risk in agricultural fields. Thus, natural infrastructure measures are considered
to be Best Management Practices (BMPs) for agricultural land managers as these
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measures can greatly decrease both flood risk and agricultural pollution (Antolini et
al., 2019).

Natural infrastructure practices could be used as a method to reduce water
quality issues and flooding in the UMRB. Cunniff’'s 2019 report states that well-
managed natural areas can absorb more precipitation and slow surface flow to reduce
flood height and speed, reducing both runoff and flood risk (Cunniff, 2019). Moreover,
agricultural and forest land have shown to significantly reduce nitrate pollution in their
nearby area if they properly leverage plant assimilation or denitrification mechanisms
(Schoonover & Williard, 2007). Habitat deterioration and loss mean the loss of
ecosystem services, and this loss causes an increase in extreme weather events
that can cause flooding and nutrient runoff. Through the implementation of natural
infrastructure, one can reduce the effects of flood-intensifying conditions associated
with climate change and restore crucial habitats (Cunniff, 2019).

However, the relatively difficult implementation demands of the terrain, longer
restoration times, and higher installation costs restrict the wide adoption of natural
infrastructure (Antolini et al., 2019). Additionally, the implementation of these natural
infrastructure strategies across the basin can not be divided by state boundaries,
as an affected watershed may not follow legal borders. This is due to the nature
of downstream runoff, while a pollution source may start in one state, it may have
adverse impacts in another downstream. As a result, individuals, non-government
organizations, state agencies, and even federal agencies have initiated multiple
projects and planning initiatives, such as natural infrastructure adoption plans that
span across the UMRB in order to adequately mitigate the flood and nutrient pollution
problems. Because a small action in one part of the UMRB may affect the entire basin
as a whole, natural infrastructure adoption will need to be increased and facilitated
through watershed partnerships in order to mitigate the flood and water quality
issues.
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Incorporating Environmental Justice and Racial Equity

Institutional barriers and justice issues must be addressed in order for everyone
to benefit from natural infrastructure. Acts of conservation do not necessarily have
a positive impact on all communities. It is essential to acknowledge who is most
negatively affected by pollution and natural disasters, in order to ensure that scenarios
of inequity are not reinforced by the implementation of conservation solutions. In order
to identify those most negatively impacted, this project utilizes a social vulnerability
framework.

Social vulnerability consists of three aspects: exposure, sensitivity, and
adaptive capacity. Exposure assesses physical conditions for environmental hazards
while sensitivity measures the degree of hazard impact on communities. The adaptive
capacity element examines the response of communities to environmental changes.
Socially vulnerable communities are more vulnerable before, during, and after a
disaster (also referenced in literature as “Frontline Communities” (Wilensky, 2019)),
because they experience some combination of high exposure, high sensitivity, and/
or low adaptive capacity. This project defines socially vulnerable communities as
communities that are exposed and exhibit one or more factors selected from the
CDC’s Social Vulnerability Index, which primarily describes the sensitivity aspect
(see Chapter Il for more detail). Generally, this project does not examine the adaptive
capacity component of social vulnerability.

Communities of Color (COC) are often described as socially vulnerable
due to the systemic racism, oppression, and the cycle of poverty that persists in
the United States. When this project uses the term ‘People of Color’ or ‘POC,
it is referring to all people who are not white. It is generally an umbrella term that
dates back centuries, but became popular in social justice circles in the late 1970s
to counter the condenscension implied by terms such as ‘non-white’ and ‘minority’
(Clark & Arborleda, 1999). This was also seen as necessary by anti-racist activists
and academics who sought to move the understanding of race in the United States
beyond the ‘black-white’ dichotomy that was prevelant at the time (Martinez, 1994).
The term ‘BIPOC’, or ‘Black, Indigenous, (and) People of Color’, first appeared in
social justice circles online in 2013 (Garcia, 2020). This project utilizes the term POC
rather than BIPOC, as the term BIPOC can blur the differences between the two
groups that it is meant to represent. According to Dr. Jonathan Rosa of Stanford,
the term BIPOC is valuable as a way of thinking about how violence against Black
and Indigenous people is foundational to the United States, as a country founded
on the enslavement of Black people and the genocide of Indigenous people (Grady,
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2020). However, when a term like BIPOC is adopted indiscriminately, differences
between these groups can be erased, which is the very nature of the colonialist
mindset (Garcia, 2020). Thus, this project utilized POC rather than BIPOC due to the
erasure and terminology issues associated with the term BIPOC and the historical
basis behind the term POC. Additionally, this project works to only use acronyms that
describe People of Color as an amalgamation of groups when absolutely necessary
for overarching analysis. In the same way, the term ‘Communities of Color’ is only
used when an amalgamation of communities is necessary in order to describe the
ways in which environmental degradation differently affects Communities of Color
compared to ‘White’ communities.

Communities of Color and low-income communities are more vulnerable to
detrimental environmental events for several reasons. These socially vulnerable
communities often live in flood plains, are more likely to live below the poverty line,
are more likely to speak English as a second language, and often lack vehicle access
(Wilensky, 2019). Dwelling units in these areas are often of lower build quality, making
them more susceptible to damage (Wilensky, 2019). Recovery processes are also
unequally distributed in flooding disasters. For example, after catastrophic floods in
lowa in 2008, payments were not distributed until months after the flooding occurred
(Ambrose, 2019). Low income communities cannot wait this long for relief and
struggled disproportionally compared to residents who were able to utilize savings
until relief funding was distributed (Ambrose, 2019).

This compounded with the fact that FEMA-provided temporary housing is
only available for six months, the sudden disaster of a flood coupled with the lack of
rebuilt homes leaves socially vulnerable communities in worse situations than before
(Wilensky, 2019). Additionally, lowa was only able to spend 3% of $798 million
in federal block grants due to federal distribution rules. Further, this funding was
distributed primarily to higher-income communities because the cost of the protection
envisioned “must not exceed the value of the property being protected” (Wilensky,
2019). This rule allows for the justification of mitigation projects to protect higher-
valued homes or land compared to the homes of socially vulnerable communities,
even if these wealthier locations are better positioned to recover due to inherent
community wealth (Wilensky, 2019).

Low-income communities and COC often face disproportionately high pollutant
exposures as a result of agricultural runoff and nutrient pollution. Epidemiological
evidence for health effects associated with drinking water about 5 mg/L NO3-N raises
concerns about the increased risk for the 5.6 million Americans served by public
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water supplies with average nitrate concentrations above this level (Schaider et al,,
2019). Water systems that serve communities with lower median incomes, lower
rates of home ownership, and higher proportions of non-white residents have been
associated with higher levels of nitrate and arsenic (Schaider et al., 2019). A study
conducted by the University of North Carolina found that there is a lack of policies
and regulations put in place that address chronic water issues faced by low income
communities and COC (Vanderwarker, 2012). Because of these facts, it is important
to incorporate environmental justice into all considerations regarding natural
infrastructure implementation. Who is going to benefit from this implementation?
Will it be positively affecting those who are more at-risk of environmental disaster?

Natural infrastructure benefits socially vulnerable communities by helping to
solve issues they face before they occur. Through implementing natural infrastructure
in agricultural areas, both flood and nutrient pollution risks can be reduced. Natural
infrastructure lowers the amount of financial investment needed to defend against
damagingfloods, as many naturalinfrastructure methods are cheaperinvestmentsthan
flood dams and barriers (Adriaenssens, 2019). Along with that, natural infrastructure
in agricultural fields can mitigate water quality degradation. For example, buffers in
agricultural fields improve the infiltration of water through propagation matter, and
can retain or remove nitrate by 60-90% (Canning & Stillwell, 2018). By reducing the
amount of pollution created by agricultural lands, the risk of nutrient pollution in water
systems in socially vulnerable communities is reduced.

Collaborative Conservation as a Tool

Collaborative conservation is a promising method to implement natural
infrastructure practices. The wide-spread scale of flooding and nutrient pollution in
lowa motivates a variety of stakeholders with potentially conflict-ridden histories or
competing interests. Collaborative conservation could be utilized as a tool to address
the environmental issues in the UMRB while allowing for stakeholders to achieve
mutually beneficial outcomes.

History of Collaborative Conservation

Collaborative conservation allows for communities to address contentious
conservation issues by respecting diverse voices, needs, and challenges. Started in
the early 1950s, collaborative conservation action was encouraged to involve multiple
stakeholders to manage watershed resources (Ohio Forestry Association, 1955). In
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the ‘watershed collaboration era’ (the 1980s) the quality, and intentionality of these
interactions were focused to include diverse stakeholders in deliberative forums.
Further attention wasinvestedinthelastfew decades along with the reduction of public
resources and growing government distrust, especially in the western U.S. (Sabatier et
al., 2005). The U.S. government then began to fund collaborative conservation action
in multiple fields, such as water. All 50 states have funded watershed collaborative
conservation. Technical assistance and training also came with the funding (Hardy
& Koontz, 2008). After the 2000s, government-led, collaborative conservation was
further explored as the approach to address public lands and endangered species
concerns.

In 2008, the U.S. Government Accountability Office (GAO) reported on how
federal agencies could support collaborative conservation efforts (GAO, 2008). GAO
identified collaborative conservation as a promising tool for resource management
and made the following recommendations for increasing federal agencies’ support
of collaborative conservation efforts: (1) disseminate tools to agencies to use on how
to participate in collaborative efforts and how to sustain participation, (2) identify
positive examples of collaborative conservation and share them as guidance for
other groups, (3) hold national or regional conferences to bring collaborative groups
together to share lessons learned, (4) evaluate legal and policy changes related to
federal financial assistance to enhance collaborative efforts, and (5) provide structure
and support for collaborative conservation groups by identifying goals, actions, and
time frames needed to implement the Cooperative Conservation Initiative (GAO,
2008).

Many works of literature claim the benefits of collaborative conservation
action. Additionally, collaborative handbooks have been developed and present useful
information and key variables affecting collaborative efforts (Koontz, 2016). Multiple
interacting variables were identified, such as trust, economic development, networking,
and social leading. However, the growing research attention and literature highlights
an implementation gap of collaborative conservation principles and practices. Nearly
2 out of 3 publications do not deliver effective actions (Knight et al., 2008). The overall
research and description of collaborative conservation points out the necessity of
including collaborative conservation in regional community projects.

Collaborative Conservation in the UMRB
Partnerships are growing as a medium to explore collaborative opportunities
across the UMRB. For example, Fishers & Farmers Partnership is one of a groups
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formed by members of non-governmental organizations, tribal organizations, and
state and federal agencies to empower landowners to achieve their goals and interests
(Fishers & Farmers, 2020). Joining or establishing a cross-border collaborative is not
unusual when seeking effective conservation in a large-scale region. The continuous
flooding and water pollution problems in the UMRB may motivate community
members to establish collaborative partnerships to address these issues across
multiple watersheds.

The unique policy, environmental, and social structure differences across the
U.S. create difficulties in comparing successful cases to one another. Additionally, the
various motivations and interaction strategies of farmers, organizations, and federal
agencies heighten the difficulty of creating successful collaborative partnerships. In
order to replicate the success of existing collaborative partnerships, these projects
should be studied. Examining a successful collaborative conservation project offers
a way to observe and understand the key elements for successful collaborative
conservation. For a robust understanding of the conditions for collaboration, a
contrasting case should be examined for comparison.

Objectives
1. Identify Key Locations for Natural Infrastructure Interventions

Natural infrastructure can be a sustainable solution to mitigate flooding and
nutrient pollution (The Nature Conservancy, 2020). A wetland is one of the effective
types of natural infrastructure, providing freshwater regulation and management
services. Wetland restoration is a common way to improve the water regulation
function of historical wetlands. Due to the correlation of wetlands hydrology and
hydric soil, this project evaluates the utility of hydric soil as a wetland restoration proxy
in order to identify key locations for natural infrastructure practices. The objective of
this analysis is to evaluate the accuracy of the proposed hydric soil proxy of restorable
wetland identification by using the spatial analysis tool. Additionally, the report
will address the promising proxy categories, potential application constraints, and
implications for future wetland identification processes. Uncovering the restorable
wetland proxy will eventually help in prioritizing the implementation of future natural
infrastructure practices.
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2. Evaluate the Flooding and Nitrogen Pollution Exposure of Socially Vulnerable
Communities in lowa

According to Cutter et. al., the resilience of a community is inextricably linked
to the condition of the environment and the treatment of its resources (Cutter et al.,
2008). So, building a community which is able to overcome environmental crises
is essential to building a community that can succeed. Ensuring that this project is
working to address inequality in the communities that it is studying is absolutely
essential to creating sustainable communities through the implementation of natural
infrastructure. Environmental justice should be considered a key issue, embedded
in the entire project. To extend the benefit of natural infrastructure implementation
to Communities of Color (COC), one must work on establishing shared interest and
goals, and action guides with associated communities as a whole to face these
shared environmental issues. This project examines the relationship between social
vulnerability, nitrogen pollution, and flood risk in a spatial and statistical analysis.

3. Understand the Social and Political Conditions for Successful Natural
Infrastructure in lowa

There is often a disconnect between knowledge and action with regards to
implementing natural infrastructure. By reducing this disconnect, sustainable actions
such as implementing natural infrastructure are more likely. To understand the
conditions that led to collaborative conservation in lowa, this project will examine
two case studies with different ecological and social outcomes. The first case study
is the Middle Cedar Partnership Project (MCPP), a well-known collaborative in the
Middle Cedar Watershed. The second case study is the Des Moines Water Works
(DMWW) lawsuit, a notorious lawsuit that questions who bears the burden of nutrient
pollution. The case study analysis utilized semi-structured interviews to examine the
relationships between the stakeholders in each case. By examining two contrasting
cases, a robust understanding of the conditions for successful collaboration can be
developed.

4. Identify Policy Opportunities for Expanding Natural Infrastructure in lowa
Since natural infrastructure has been identified as a beneficial solution to
mitigate flood risk to local communities and mitigate nutrient loading into the rivers and
stream systems of the Upper Mississippi River Basin (UMRB), the policy agenda for
local, state, and federal governing bodies needs to incorporate natural infrastructure
moving forward. To identify and consolidate this policy agenda, this research focuses
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on policy opportunities for implementing NI in the state of lowa. The analysis uses
semi-structured interviews with natural infrastructure professionals and previous
research to identify the main barriers, current levers, and future opportunities to
implement and adopt natural infrastructure policies in lowa.

5. Propose Priorities for Future Natural Infrastructure Research and Advocacy

The key takeaways from Chapters |, I, and Il are summarized and connected
with policy recommendations from Chapter IV. The results are priorities for varied
stakeholders and different levels of governments in future natural infrastructure
implementation efforts. Additionally, examining the connection of three chapters
assisted in checking the repeated gaps of natural infrastructure in different academic
study fields. The analysis aimed to (1) identify the priorities of natural infrastructure
implementation in each chapter, (2) acknowledge the connection between each
chapter and with the policy recommendations, and (3) summary key takeaways for
future natural infrastructure research and advocacy based on proposed policy levers
and opportunities. In all, this chapter identified a list of priorities for future natural
infrastructure implementation. For instance, reducing the administrative barriers,
and creating a collaboration directory. Meanwhile, future decision-making and
implementation of natural infrastructure should prioritize the assistance for POC
and incorporate diverse voices, which will eventually benefit the social vulnerability
communities.
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EXECUTIVE SUMMARY

Wetland restoration is an approach to improve the ability of historic wetlands to
regulate water quality and quantity. However, the location of historical wetlands does
not necessarily indicate the location of restorable wetlands. This creates a challenge
for decision-makers and managers in identifying areas with high potential for wetland
restoration and their subsequent ecosystem service. Hydric soils have been shown to
have a close hydrologic correlation with wetlands and often used as a potential proxy
for wetland restoration. However, not all areas that have hydric soil qualify as wetland
areas. Therefore, this report investigates the feasibility of using hydric soil as a proxy
in wetland restoration estimation through spatial analysis techniques utilizing a case
study of Minnesota.

Methods

A state-level histogram comparison and HUC watershed-level zonal distribution
statistics were employed to investigate the association of each category of hydric soil
(HS), digital elevation model (DEM), restorable wetland inventory (RWI). Then, the
suitability of the statistical results were re-evaluated at the state-level using the same
zonal statistics. Spatial location characteristics of the residential address, waterbody,
and suitable HS proxy were then utilized to compute the acreage proportion of
potential restorable wetland in two selected watersheds.

Result

The results of the various analyses either differed drastically or sequentially
supported each other to decide if the initial evaluationis proper. The suitability analysis
proved that the 90-100 HS categories can be a proxy of the 2-5 RWI categories,
while elevation has no visible association with the RWI categories. Results from the
watershed-scale analysis showed the HS proxy is suitable for both Des Moines and
Cedar Rapids. The suitability of the 90-100 HS proxy increased with distance to
aggregated residential regions. Therefore, the 90-100 HS proxy is predicted to be
more useful in rural areas than in aggregated residential regions. Agricultural land,
natural land, and waterbodies in lowa have a greater chance of being identified as
restorable wetlands than residential regions and barren lands.

Implications

A suitable proxy can reduce the time and effort needed to evaluate the
restorable possibility of a certain location. Since the 90-100 HS proxy occupies a
greater proportion of high RWI category than the 1-89 HS proxy, it indicates the
measurement of 90-100 HS would most likely have a positive estimation result of
restorable wetland location. Thus, it can assist in identifying suitable regions, reducing
data processing steps, and analysis costs. The current Wisconsin DNR’s wetland
identification program requires $300/acre and 60 days reporting time. With the HS
proxy, the identification fee and time should be reduced based on the amount of effort
that has been saved.
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Acronyms

Digital Elevation model (DEM)
Hydric Soil (HS)

Hydrologic Unit Code (HUC)
Percentage (PCT)

Restorable Wetland Inventory (RWI)
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Purpose

The UMRB has several water quality issues. Two large issues are flooding and
nitrogen pollution. Flooding is when water submerges land that is normally dry. Flash
floods can cause damage to household and community property (Flood basics, 2021).
In the City of Cedar Rapids, a 2008 flood largely impacted 7,198 parcels, including
5,390 houses. It dislocated more than 18,000 residents and damaged 310 city-owned
facilities (City of Cedar Rapids, 2021a). Nitrogen pollution occurs when there is an
excess of nitrogen in an environment, causing nitrogen run-off. It harms the somatic
function of humans even at a low level. Excess nitrogen can damage one’s ability to
breathe, can cause certain cancers and ‘Blue Baby Syndrome’ (methemoglobinemia),
and can harm soil health (Nutrient Pollution issue, 2019).

However, the natural infrastructure technique of constructing a restored
wetland could be a good method to reduce flooding and mitigate nitrogen pollution.
Restored wetlands provide multiple ecosystem services and functions, such as climate
regulation, water regulation, nutrient cycling, water treatment, and water supply.
Thus, it can be an effective option for regulating hydrological flows, water storage
and retention, mobile nutrient recovery, and excess nutrient breakdown (Costanza et
al.,, 1997). Wetland restoration entails altering a historical or a degraded wetland’s
physical, chemical, or biological characteristics to return to its natural conditions
(Tang et al., 2012). However, the process of determining the potential location for
a restorable wetland can not be based fully on historical wetland locations. That is
because land use and land cover changes can obstruct the wetland restoration. For
instance, using only the historical wetland locations can indicate restoring wetlands in
residential, commercial, or transportation land use types, which increases the marginal
costs and decreases the possibility of restoration. Besides, it can also be impeded by
various factors, such as flooding and land filling (U.S. Fish and Wildlife Service, 2020).
Hydric soils (HS) have been found to be closely correlated with wetlands, though
not all areas that have hydric soil qualify as a wetland (USDA Natural Resources
Conservation Service, 2017).

In this report, we examine the potential of hydric soil to serve as a proxy for
wetland restoration mapping. Geospatial data in Minnesota and lowa were utilized to
determine and evaluate the accuracy of selected wetland proxies. lowa was selected
to correspond to the scope of Case Comparison and Policy Analysis in Chapters lll and
IV. Additionally, a set of geospatial data from Minnesota was selected for evaluation
assistance because (a) the Restorable Wetland Inventory (RWI) data of lowa was
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unavailable; (b) Minnesota’s RWI and HS spatial data would most likely be similar to
lowa based on spatial autocorrelation theory! since it borders lowa to the north and
contains one of the main tributaries of the Mississippi River. In all, this report details
the spatial analysis methodology and tools utilized to investigate the feasibility of
using hydric soil as a proxy in wetland restoration estimation.

Geospatial Database Sources
The spatial scale of the databases varied from county to nation. In total, ten
databases were utilized and are displayed as follows.

1. The restorable wetland inventory (RWI) data was developed by the Natural
Resources Research Institute and collected from the Minnesota Natural
Resource Atlas (Minnesota Natural Resource Atlas, 2021);

2. Wetland and watershed boundaries data was collected from the U.S. Fish and
Wildlife Service (U.S. Fish and Wildlife Service, 2021);

3. Digital elevation model data (DEM) was collected from the Minnesota
Geospatial Commons (Minnesota Geospatial Commons, 2021a);

4. Minnesota state and county boundaries data was collected from the Minnesota
Geospatial Commons (Minnesota Geospatial Commons, 2021b and 2021c);

5. Hydric soil data was collected from the Esri Hydric Soil Class (Esri, 2017);

6. Residential address and street data of Cedar Rapids was collected from the
Linn County, lowa GIS database (Linn County lowa GIS, 2020);

7. Land use and land cover database of Des Moines was collected from the City
of Des Moines GIS database (City of Des Moines, 2021);

8. lowa state address data was collected from the U.S. Department of
Transportation (U.S. Department of Transportation, 2021);

9. State boundary of lowa data was collected from the IOWA Geodata (lowa
Geospatial Data, 2021);

10.National land cover data was collected from the U.S. Geological Survey (U.S.
Geological Survey, 2021).

1 The theory of spatial autocorrelation is referring to “spatial data from distance from near locations are
more likely to be similar than data from distance locations” (O’Sullivan and Unwin, 2010).
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Analysis Mechanism & Discussion
The Association of Hydric Soil, Elevation, and Restorable

Wetland Inventory

Methodology

The three databases frequently used in this section are the restorable wetland
inventory data (RWI), Esri Hydric Soil data (HS), and Digital elevation model (DEM).
Table 1 displayed the category scope of HS, RWI and DEM database.

Table 1. The category scope of RWI, HS, and DEM database.

Name of Data Category Scope | Unit | The Number of Category
Restorable wetland inventory |1-5 N/A |5

Esri hydric Soil 0-100 % 100

Digital elevation model (DEM) (590 - 2300 feet |1710

According to the metadata of Minnesota RW!I category, RWI was ordered in
1-5 categories based on the probability of being a restorable wetland. RWI 1 has
the lowest probability for being a restorable wetland while RWI 5 has the highest
probability (Minnesota restorable wetland index, 2019). Esri HS category ranged
from O to 100%, representing the percentage of a map unit that was occupied by
hydric soil (Esri, 2017; USDA Natural Resources Conservation Service, 2018). Thus,
the higher the HS category, the larger HS amount in this map unit. The map unit of
measurement for Esri hydric soil data is 30 meters (Esri, 2017). Finally, the DEM data
for Minnesota state is in the range of 590 to 2,300 feet, representing the elevation of
Minnesota.

To examine the relationship of RWI and HS, each RWI category was applied
to extract the HS category by mask (ArcMap, 2016a), then the corresponding
HS category in each RWI category can be analyzed respectively via a histogram
comparison with HS category as the x-axis and the number of RWI category as the
y-axis. “Extract by Mask” is a tool from ArcGIS to extract a target raster layer data by
the input raster layer. As both HS and RW!I layers are raster, the tool was selected.
Herein, RWI was utilized as an input raster, and HS was the target raster. Additionally,
the spatial coordination and projection of two raster layers should be the same before
conducting mask extract.

Additionally, zonal statistics were employed to gainasummary of the distribution
trend of RWI, HS, and DEM, respectively. Zonal statistics is a tool in ArcGIS software
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to calculate the value for each zone based on values from another data set (ArcMap,
2016b). The distribution of HS or DEM in the category of RWI were summed and
displayed in a percentage table to reflect HS or DEM’s value on the range of minimum,
quartiles, and maximum points in each RWI category. That is, the distribution value
of HS or DEM in 0% (minimum), 25% (first quartile), 50% (median/second quartile),
75% (third quartile), and 100% (maximum) points will be shown. Quartile is a type of
statistical concept that divides the number of data into four parts (BMJ, 1994).
Through zonal statistics, it can identify the restorable wetland proxy by
comparing the distribution of HS or DEM in each RWI category. The HS or DEM
category that clusters most on the high RWI would be considered as the proxy for

wetland restoration.

Results
The histogram comparison of hydric soil and the restorable wetland inventory
were used to observe the relationship between HS and RWI. The result is shown in

Fig. 1.
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Fig. 1. The Distribution of RWI Categories to HS Categories in Minnesota.

RWI categories 1-5 have an irregular distribution to each category of HS
(Figure 1) indicating there is no obvious clustered distribution that can be observed in
histogram comparison. Due to the irregular distribution, the association in this analysis
is unclear. Thus, zonal statistics between RWI and HS categories was employed. The
statistics result of HS to RWI are shown in Table 2.
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Category 1 of RWI indicates a low potential restorable level, has HS category
95 in its 3rd quartile. Therefore, HS categories that greater than 95 occupy 25% of
RWI category 1 from its 3rd quartile to maximum. This shows that only 25% of the
RWI category 1 includes the 95-100 HS categories. Then, 75% of RWI categories
2-5 have been occupied by the 90-100 or 95-100 HS categories. This occupation
percentage displayed 90-100 HS has a very clear clustered distribution to the higher
RWI categories 2-5 than that of RWI category 1. Therefore, 90-100 of HS categories
could be a proxy for mapping the 2-5 of RWI categories.

Similar statistics were conducted to summarize the relationship of RWI and
DEM (Table 3). The 990-1558 and 1000-1558 of DEM indiscriminately took up nearly
75% of each RWI category number. Its distribution trend has no distinguishable
difference between hi