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Introduction 

The University of Minnesota Water Resources Center (WRC) led and hosted a Watershed Research 
Symposium on February 21, 2013 to suggest a water resources research agenda in Minnesota for the 
next five years, 2013 through 2018.  The WRC and Department of Bioproducts and Biosystems 
Engineering hosted a similar event, the Impaired Waters Research Symposium, in February 2008, which 
resulted in a five-year research agenda. The purpose of both symposia was to bring together 
researchers, state decision makers, practitioners and citizen representatives to understand the current 
state of research in managing Minnesota’s water resources and to identify gaps in information and 
knowledge that could be bridged through additional research.  The final report from the first symposium 
can be found at:  http://z.umn.edu/researchsymp1. 
 
The issues facing Minnesota have not changed significantly but the need for research continues to grow.  
Groundwater is being recognized as a major issue by more water professionals and academics than it 
was five years ago.  While mining has always been important to Northern Minnesota, the changes in 
mining operations and new opportunities for mining may impact water resources in new ways. Also in 
the past five years there is a greater acknowledgement among the general population of the role of 
climate change on precipitation and temperature. Finally, Minnesota has shifted focus to more 
holistically managing water resources using a watershed approach rather than the regulatory framework 
of impaired waters.  

The format of this second symposium was changed slightly to respond to lessons learned from the 2008 
Symposium.  We shortened the program to one day, included a panel of four speakers from diverse 
backgrounds to “seed” the conversation at the beginning of the day, and used the remaining time to 
gather information from participants, many of whom had attended the first symposium.   We also 
refined the process for gathering and synthesizing information and expanded the scope of topics to 
reflect some of the shifts identified above. We also have included a description of lessons learned, to 
help leaders organize the next research symposium in 2018.   

 

 

http://z.umn.edu/researchsymp1
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Process  
The steering team decided early in the process that with the shift from managing water based on a 
regulatory structure to one based on watersheds and an increasing emphasis on groundwater, the 
symposium should be renamed the Watershed Research Symposium. To align with this shift, we 
selected a panel that would speak more broadly about water issues than those tied to the impaired 
waters process. Finally, we determined that we should retain similar topic areas from the first 
symposium to gather input via breakout sessions and include additional topics, in order to be more 
inclusive of all water resources research needs. The first two breakout sessions for 2013 were similar to 
those in 2008. The areas of ecosystems and engagement included throughout the 2008 sessions were 
separate break-out sessions in 2013. All participants in 2008 went to breakout sessions on each of four 
topics, whereas in 2013 participants chose to attend two of the four topics for the first two breakout 
sessions. 
 
2008 Breakout Sessions     2013 Breakout Sessions 

• Standards and Monitoring Assessment 
• Total Maximum Daily Load Studies 
• Implementation, Point Source and Nonpoint 

Source 
• Effectiveness Measures 

 
 

• Standards and Assessment Monitoring 
• Implementation 
• Watershed planning/processes/TMDL 
• Effectiveness Measurement 
• Engagement/stakeholder processes 
• Ecosystems 

The steering team discussed several topics for a third breakout session, to include; receiving water body 
type, type of pollutant, or sector.  We decided to collect research needs by sector with the addition of 
groundwater, as this was more familiar to participants as a lens for looking at water resources.  
Participants attended one of the following breakout sessions: 

• Agriculture/forestry 
• Storm water  
• Mining 
• Wastewater 
• Biology 
• Groundwater 

 
These changes facilitated a broader and more inclusive set of research needs.    

Research needs identified by the panelists 
Five panelists led off the symposium with overviews of research completed and research still needed, 
from five different perspectives.  Panelists were Adam Birr of the Minnesota Department of Agriculture, 
Shannon Lotthamer of the Minnesota Pollution Control agency, Don Peireira of the Minnesota 
Department of Natural Resources, Douglas Snyder of the Mississippi Watershed Management 
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Organization and Deborah Swackhamer of the WRC.  Panelists covered very broad as well as specific 
research needs.  The research themes and needs identified by the panel were: 

• Climate change and its impact on water resources and aquatic life 
o Quantity 
o Quality 

• Understanding water quantity issues, both surface water and groundwater and the connections 
between the two 

o Continuing to develop county geologic atlases 
o Understanding springsheds, particularly in Southeastern Minnesota 

• Contaminants of emerging concern  
o impacts on human health  
o impacts aquatic life 
o effective source reduction approaches 
o treatment technologies 

• Water and agriculture, including, but not limited to 
o New conservation tools 
o Soil health 
o Empirical data for agricultural conservations practices in Minnesota 
o Continuing on-farm research 
o Effects of conservation practices at watershed scales 
o Explore use of agronomic and engineered practices for mitigating nitrate losses  

• Mining impacts on water quality 
• Water and energy 
• Non-agricultural nutrient reduction 
• Urban storm water systems 

o Better characterize urban storm water runoff and associated pollutants 
o Understanding effects of urban best management practices in reducing flows and 

pollutants 
• Hydrology 

o Impacts of hydrologic alterations  
o Groundwater and surface water 

• Water and Ecosystems 
o Continued improvement in assessing the status of waters  
o Understanding lakes and lakesheds through long term monitoring 
o Biological monitoring – understanding status and changes in aquatic life 
o Habitat 
o Identifying priority management zones for Best Management Practices (BMP) 

implementation and targeting BMPS  
o New practices for drainage 

• Behavior change 
o What are the most effective education strategies 
o What are the most effective strategies to facilitate individual change in practices 
o More effective engagement strategies 

 
 The presentations of these five panelists can be found at:  
http://wrc.umn.edu/news/WatershedResearchSymposium/index.htm 

http://wrc.umn.edu/news/WatershedResearchSymposium/index.htm
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Prioritizing Research Needs 
 
One of the lessons learned from the 2008 symposium was the importance of thinking ahead to the final 
product. While the process of information gathering was productive and inclusive, the 2008 final report 
was difficult to write, as we had no sense of prioritization from participants. In short, we had many good 
ideas but no way to rank them. The planning team for the 2008 symposium gave significant time to 
synthesizing the information and in the end developed key strategies and research needs based on 
elements of the impaired waters framework:  Assess the Status of Waters; Compare Status of Waters to 
Standards; Restore and Protect; Evaluate Programs; and Engage and Communicate to Stakeholders.   
 
The 2013 steering team wanted to engage participants in not only brainstorming research needs, but 
also in identifying the most important concepts. We instructed facilitators to take the last 15 minutes of 
each breakout session to identify the top five to ten research needs.  This was done for most sessions, 
but not all. In some sessions, more than ten needs were recognized. Based on the session’s discussion, 
facilitators were asked to note top needs for groups that were unable to narrow down their choices by 
the end of the time period.  
 
From this ranking, a web-based questionnaire was designed and implemented through Survey Monkey. 
The survey was divided by breakout session into twelve topic areas, consisting of no greater than ten 
subject-specific research needs. Respondents were asked to rank the importance of each statement on a 
five-point Likert Scale: (1) Not Important; (2) Somewhat Unimportant; (3) Neither Important nor 
Unimportant; (4) Important; (5) Very Important. Considering the expanse of content addressed, 
respondents were allowed to respond “I don’t know” or skip questions that were not relevant to their 
expertise.  

The survey was sent to all symposium participants. Five additional individuals who were not able to 
attend requested to be respondents. In total, 202 individuals received the survey and 54 responded. The 
corresponding response rate of 26.7% is on the low end of expected return for an email-based collection 
tool. Given the small number of participants and the modest response rate, formal statistical analysis is 
not appropriate for this data. That being said, the information obtained is valuable for beginning to 
identify what gaps exist in water research and how these deficiencies should be addressed. 

2013 Watershed Research Symposium Survey Summary  

Surveys Sent 202 

Respondents 54 

Response Rate 26.7% 
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Survey Analysis  
Again, the low response rate limited our assessment of the data. Several rudimentary approaches, such 
as choosing a subjective threshold of average ranking, were considered. Ultimately, we decided to 
conduct a qualitative synthesis of notable themes within and across topic areas. Though this method 
cannot produce any firm conclusions, it provides insights for both policy makers and researchers. Each 
of the twelve sessions is individually considered in detail below. Comparisons and general thoughts are 
included at the end of this section.  

Results: Research themes and needs 
Synthesized results – Categorical 
(See Appendix B for survey results by category) 
Standards and Assessment 
Similar to 2008, evaluating, improving and developing existing and new methodologies and tools; using 
existing data and developing data and analyzing data for additional pollutants; evaluating current 
standards and establishing standardized watershed and water quality monitoring protocols were 
identified as high priority research needs. In 2013, biological monitoring, assessing climate change 
impacts and determining impacts of contaminants of emerging concern on aquatic life rose into the top 
tier of research needs. 
 
Watershed Planning/Processes/Total Maximum Daily Load (TMDL) 
 Participants identified both conventional and newer methods as important to for better understanding 
watershed processes. Research needs include microbial DNA tracking, sediment fingerprinting, ground 
water and surface water interactions. Research methods need to be expanded to include methods in 
agriculture such as crop evapotranspiration, rates of fertilizer and pesticide applications, the extent and 
type of tile drainage rate of installation and incorporation of climate change into modeling.   
 
Implementation 
There is still a strong need to develop, improve and evaluate best management practices (BMPs), in 
agricultural, rural and urban landscapes.  While some of this work has started, there is much left to do in 
this arena. The top issue according to the survey is the development of tools to predict cumulative 
effects of multiple BMP implementations in a watershed in addition to assessing the effectiveness of 
individual BMPs. BMP effectiveness is the theme throughout this category. 
 
Effectiveness 
Participants identified program evaluation and evaluating the costs and benefits of the impaired waters 
program as important. State agencies have wrestled with these issues over the past five years in 
response to the Clean Water Funds. In addition to programmatic evaluation, the 2013 symposium 
highlighted the need to analyze the effectiveness of practices at various scales.  Maintaining effective 
measurement with an ever changing baseline is a challenge that should be addressed and measuring 
social and economic effectiveness were new needs identified in 2013. 
 
Stakeholder Engagement  
There has been increased focus both nationally and in Minnesota on engaging stakeholders more 
effectively in watershed projects, and how to integrate human dimensions and natural sciences. 
Participants at both  symposia asked for better methods and tools for engaging citizens in surface water 
management, assessing the educational needs, developing better communication tools and a 
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communication strategy that ensures that research, new practices and successes are shared between 
agencies, watersheds and citizens. In addition, in 2013 participants added the stakeholder’s need to 
understand barriers and motivation, what water resource information is most valuable, understanding 
land use/management decisions and the power hierarchies behind decisions. 
 
Ecosystems 
The concept of ecosystem services and research needs in this area is relatively young compared to some 
of the preceding categories.  Assessment of ecosystem services from several perspectives ranked 
highest on the list in this category.  Understanding the role, interaction, processes and economic value 
of implementing TMDLs on ecosystem services were identified as key research needs.  
 
Agriculture/forestry 
The participants focused primarily on agriculture. As in 2008, research is still needed to understand the 
current situation:  what are the hydrologic and water quality impacts of drainage, and what the social 
and economic drivers are in the agricultural community for improved environmental performance. We 
need a census of current and existing practices. We need to understand the current situation in concert 
with looking forward to new practices and impacts, which were identified as research needs both in this 
session and some of the previous sessions. 
 
Mining 
Mining is a highly specialized area of focus, primarily in Northern Minnesota.  Contamination of 
groundwater is of primary concern, and gathering baseline data such as local hydrology and water 
quality will be critical, even as research is conducted on the impacts of sulfates in mercury methylation 
and on wild rice, as well as studying the effectiveness of new treatment systems. The mining of frac 
sands was discussed, but the group in this session felt that frac sand issues tend not to be water 
resources issues.   
 
Storm water 
There are a number of research needs related to storm water best management practices including 
assessing the effectiveness of current practices and researching new practices, both structural and non-
structural. We need to better understand the scale, sizes of storm events, various soil conditions and 
hydrologic conditions, pollutants and the life cycle of practices.  The reuse of urban storm water, 
including best practices, long term effectiveness, and contamination concerns rose in importance at this 
symposium.  Once understood, participants felt there needs to be a clear path for public education and 
communicating the results of research.    
 
Wastewater 
Wastewater treatment systems, from septic systems to large systems, will have to contend with new 
issues, such as contaminants of emerging concern; wastewater re-use and nutrient capture options in 
cold climates; and new biological treatment technologies even as discharge limits for new pollutants are 
developed or limits for conventional pollutants become more stringent.  Current research must continue 
alongside new research in this area.  
 
Biology 
The basics of aquatic biological communities continue to require our attention, for example, flow 
regimes necessary for healthy communities at different scales. There has been a lot of work on 
macrophytes, and there may be opportunities for them to be integrated better into watershed 
assessments and TMDLs.  Finally, there are new and continued research needs around the introduction 
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of non-natural substances, such as contaminants of emerging concern, endocrine disrupting chemicals 
and other substances such as pesticides. 
 
Groundwater 
Groundwater science lags behind surface water science in Minnesota.  There is a need for baseline 
information on the hydrology and water quality of groundwater.  This has been very slow, but new funds 
in Minnesota have allowed increased investigation.  As we learn more about the characteristics of 
groundwater, there is a need to evaluate the costs of groundwater protection versus the costs of 
treatment, the value of groundwater to Minnesotans, the impacts of various uses in rural and urban 
landscapes on ground water, and a better understanding of recharge and withdrawal impacts so that 
policies can better protect groundwater.  As in other areas, the impact of a changing climate is a looming 
question that needs to be added to the list of research needs.  
 
Summary/Integrated synthesis 
(see appendix C  for the list of all needs ranked by the survey) 
Looking across the various categories, common themes emerge.  Baseline information is still needed to 
understand the current situation in some topic areas more than others, along with research of new 
methods, tools and practices. Groundwater, contaminants of emerging concern and climate change 
were raised in a number of the sessions. We continue to apply best management practices across the 
landscape, both in urban and rural settings, but have not evaluated their effectiveness across all scales, 
in various sites and landscapes and with different pollutants.  There is recognition that natural sciences 
are not enough to impact change.  The natural sciences need to be complemented with the social 
sciences. Specifically, the issue of engaging individuals and small groups to address the non-point source 
issues needs continued research along with ensuring that the information is disseminated to the 
individuals who are leading watershed work.  
 
Alignment with Minnesota’s Water Sustainability Framework 
Between the two symposia, the WRC’s co-director Deborah Swackhamer led the development of the 
Minnesota Water Sustainability Framework, which was completed in 2011. The Framework, informed by 
hundreds of scientists, water management professionals, citizens and interest groups, identified the 
following ten major issues to be addressed if water sustainability is to be achieved in Minnesota.   

A. The Need for a Sustainable and Clean Water Supply 
B. Excess Nutrients and Other Conventional Pollutants 
C. Contaminants of Emerging Concern 
D. Land, Air, and Water Connection 
E. Ecological and Hydrological Integrity 
F. Water-Energy Nexus 
G. Water Pricing and Valuation 
H. Public Water Infrastructure Needs 
I. Citizen Engagement and Education 
J. Governance and Institutions 

While the research symposium used different categories, there is clear alignment between these two 
processes. There are issues in the framework that were not directly addressed in the symposium such as 
the water-energy nexus and governance and institutions. The needs identified in the symposium help to 
answer some of the complex questions of the Sustainability Framework. http://z.umn.edu/dnn  
 

http://z.umn.edu/dnn
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Recommendations for 2018 Symposium  
• Determine if this is the best method to create a research agenda for Minnesota. 
• Continue to use an advisory committee consisting of relevant state agencies, University faculty 

and representatives of major stakeholder groups. 
• Continue to engage non-University professionals in the process.  In Minnesota, these 

professionals can influence funding and can help identify applied research needs from the user 
perspective. 

• Consider carefully how many break-out sessions are optimal. People were tired by the third 
break-out session. 

• Consider carefully the configurations of the break-out sessions, early in the process.  
Considerations this time included: water body type, sector, pollutant pathway, process. 

• Establish a consistent approach for break-out session facilitators.  Both in the discussion and 
how to arrive at the outputs from each session. This consistency will not only help the 
facilitators, but will ensure a more uniform methodology for the sessions. 

• Evaluate the benefits of doing a survey, to ensure that this is not an extra unnecessary step.  
• Establish in advance the format for the survey, if a survey is used. 
• Identify a way to engage more individuals with various expertise in the process, so there is  

more knowledge of the various categories.  Cast the net broadly. 
 
Conclusions 
Universities across the nation determine their research agendas for water resources on a regular basis.  
The approach of inviting non-University professionals into the conversation is unique and enriches the 
research agenda by including applied research needs from practitioners. The research agenda that we 
have developed will inform funders and researchers alike over the next five years.  
 
There has been a progression in Minnesota from research and tool development that is narrowly 
focused to looking at the land/water system as a whole.  This requires multi-disciplinary research to 
answer important questions that will help Minnesota better manage its water resources. Several new 
themes emerged in the research needs that reflect the issues of researchers, policy makers and 
practitioners. Among these are the evaluation of ecosystem services, the impacts of climate change on 
land and water resources, groundwater resources and the interaction with surface water, and further 
understanding of human impact and how to integrate the social and natural sciences to better achieve 
positive results in managing Minnesota’s water resources.  Contaminants of emerging concern require 
new scientific inquiry before policies are put into place to address these contaminants. While the 
symposium did not offer any surprises, it helped focus on the most important research needs over the 
next five years. 
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Appendix A 
Agenda 

WATERSHED RESEARCH SYMPOSIUM 

February 21, 2013 
 
8:00    Registration 
 
8:30   Welcome 
 
8:40  Research Completed, Research Needed 
  
 Panelists: 
  Deb Swackhamer, Water Resources Center, University of Minnesota 
  Shannon Lotthamer, Minnesota Pollution Control Agency 
  Don Pereira, Minnesota Department of Natural Resources  
  Douglas Snyder, Mississippi Watershed Management Organization 
  Adam Birr, Minnesota Department of Agriculture 
 
10:00  Break 
 
10:20   Breakout I  
Standards and assessment monitoring 
Watershed planning/processes (also TMDL) 
Implementation 
Effectiveness measurement 
Engagement/stakeholder processes 
Ecosystem services (econ, habitat, etc) 
 
11:40  Lunch 
 
12:40 Breakout II – participants can select another from the list above 
 
2:20 Break 
 
2:30 Breakout III  
Agriculture/forestry 
Mining 
Wastewater 
Storm water 
Biology  
Groundwater 
 
4:00 Close of day 
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Appendix B 
Survey raw data  

Questions by Category Ranked by Average response 
 

Standards and Assessment 
  

Answer Options Rating Average Response Count 

Determine impacts of contaminants of emerging concern 
on aquatic life 4.20 49 

How do biological communities adapt to change (temp., 
invasive species) and also to water quality? 3.98 50 

Evaluate extrapolation for data to resources/locations 
lacking data (water body, watershed, state, landscape, 
soils, etc.) 

3.96 50 

Continuous monitoring data – how do we use it best for 
assessment? 3.92 50 

Modeling validation with real empirical data 3.92 50 
Water-quality monitoring protocols: Standardization of 
watershed monitoring and water-quality analyses so that 
comparison or contrast across sites is possible 

3.73 51 

Determine cost data for monitoring, implementation 3.60 50 
Research the feasibility of meeting a standard currently 
and with changes (climate watershed) 3.53 51 

Develop toxicity data for priority pollutants on range of 
organisms 3.39 51 

Evaluate current standards to address regionalization, 
sampling data, aquatic species tolerance, duration, 
frequency, magnitude 

3.33 49 

  Answered 53 
  Skipped 1 
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Watershed Planning/Processes (TMDL) 
 

Answer Options Rating Average Response Count 

Susceptibility of groundwater systems to contamination 
from surface water features 4.00 49 

Lake protection tools: Local-scale monitoring and 
modeling tools for lakes to protect their water quality 3.94 49 

Contaminants of emerging concern: Fate and transport of 
CECs through the watershed. 3.94 51 

Filling Data gaps for improving watershed research: Water 
geochemistry (major ions), Chloride, Microbial DNA 
tracking, Sediment fingerprinting, Crop evapotranspiration, 
Extent of conservation tillage practices, Rates of fertilizer 
applications, Rates of pesticide applications, Extent of tile 
drainage and rate of installation 

3.94 48 

Susceptibility of surface-water features to influence by 
groundwater on flows, water levels, and water quality. 3.90 49 

Spatial referencing of water quality: How water quality 
varies across space and how it relates to other spatial data 
sets? 

3.63 49 

Impervious surface change: Annual increases in 
impervious cover and its effect on water quantity and 
quality 

3.62 47 

Rapid assessment: Methods to identify gross impairments 
and probable remediation to avoid the costly TMDL 
process 

3.61 51 

Geochemical signatures of water quality: How to use water 
geochemistry to infer water paths through the watershed? 3.61 49 

Climate change beyond model bounds: How to account for 
effect of non-stationarity of climate in watershed modeling 
when conditions change beyond those under which the 
models were calibrated? 

3.57 51 

Phosphorus index improvement: Refining parameters of all 
components, including RUSLE2 2.98 50 

  Answered 51 
  Skipped 3 
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Implementation 

Answer Options Rating Average Response Count 

Development of tools to predict cumulative effects of 
multiple BMP implementations in a watershed. 4.08 50 

Effectiveness of BMPs that address source issues directly, 
including hydrologic retention, use of perennial plant cover, 
and soil health management in Minnesota's soils and 
climate. 

3.90 50 

Cost/benefit analysis for targeting vs. not targeting BMPs 
within a watershed. 3.78 50 

Selection of BMPs to reduce multiple impairments, 
accounting for conflicting outcomes for different pollutants 
of some BMPs. 

3.78 51 

Development of protocols for standardization of  
monitoring of BMP effectiveness 3.70 50 

BMP effectiveness using expected climate change impacts 
(changing precipitation patterns, freeze thaw cycles, etc.). 3.65 49 

Understanding intractable pollutants (chloride & bacteria) 3.59 49 
Economic analysis of protection vs. remediation. 3.56 50 
  Answered 52 
  Skipped 2 
 

 

Effectiveness 
  

Answer Options Rating Average Response Count 

How do we measure the effectiveness of our hydrologic 
management on streams, sediment and other pollutants? 4.14 50 

What is the best scale for effectiveness monitoring? 3.59 49 
What are the best methods to measure effectiveness of 
watershed processes? 3.48 50 

What is the relationship between social and economic 
values with biophysical values when measuring 
effectiveness? 

3.29 48 

Research methods for evaluating progress toward 
standards 3.24 49 

How do we collectively interpret the body of research we 
already have so we have consensus on discharge 
strategies? 

3.10 48 

How do you maintain a valid effectiveness measurement 
with an ever-changing baseline? 3.00 50 

  Answered 51 
  Skipped 3 
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Stakeholder 
  

Answer Options Rating Average Response Count 

Study the barriers to engagement in water resource 
issues, what motivates people to overcome them, and 
tactics for getting people to take ownership of their role in 
the watershed? 

3.80 51 

Understand how to use water resource data. I.e., what 
types and scales of data are meaningful to stakeholders 
and how is it most effectively communicated? 

3.69 51 

Research how to effectively communicate the positive and 
negative impacts of human and natural changes? 3.49 49 

What motivates behavior change? How do you change 
behavior? 3.45 51 

Link stakeholder engagement to water quality impacts, and 
evaluate the cost effectiveness of engagement in relation 
to water quality improvements. 

3.44 50 

Identify features of productive stakeholder engagement 
processes in water resource projects. E.g. what is the 
impact of stakeholder understanding? 

3.34 50 

Understand who is making land use/management 
decisions and what are the power hierarchies behind these 
decisions? 

3.34 50 

Develop techniques for defining successful engagement 
and for evaluating the effects of community engagement 
efforts in the short and long term. 

3.28 50 

  Answered 52 
  Skipped 2 
 

Ecosystems 
  

Answer Options Rating Average Response Count 

Assess the cost associated with the loss of ecosystem 
function 3.82 49 

Assess changes in ecosystem services with climate change 3.71 49 
Evaluate how to target implementation to optimize ecosystem 
services 3.68 50 

Develop and evaluate measures used to assess ecosystem 
services 3.60 50 

Model and monitor to evaluate ecosystem services 3.55 49 
Study linkages and feedbacks between interrelated 
processes affecting ecosystem services 3.51 49 

Assess the tradeoffs in multifunctions of ecosystem and 
selection of optimal function 3.31 48 

Determine the benefits and cost of implementing TMDLs on 
ecosystem services 3.31 48 

Study spatial evaluation/distribution of ecosystem systems 3.12 49 
Understanding the decision making criteria in ecosystem 
services 3.08 49 

  Answered 52 
  Skipped 2 
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Forestry/Ag 
  

Answer Options Rating Average Response Count 

Study hydrologic and water quality impacts of drainage 4.04 49 
Identify tools for optimal sitting water retention and 
infiltrations so they are placed in the watershed where they 
are most effective 

3.82 49 

What are the social and economic drivers in the 
agricultural community for improved environmental 
performance? 

3.73 49 

Analyze the relationship between the edge of field water 
monitoring and watershed monitoring 3.59 49 

Conduct economic analysis of planting perennial crops 3.20 49 
Conduct a census of current and existing practices 
including, tillage, nutrient management, buffer strips and 
crop canopy 

3.16 49 

Develop remote sensing for in-season nitrogen 
applications 3.08 49 

  Answered 50 
  Skipped 4 
 

Mining 
    

Answer Options Rating Average Response Count 

Better understanding of local hydrology, fracture flow, and 
other specific hydrology 3.78 49 

Gather baseline water quality information and determine 
the processes that influence/impact water quality (Eg. 
Geochemical transformations) 

3.61 49 

Research potential water supplies for mining and impacts 
on other water uses 3.43 47 

Study effectiveness of existing and new in-situ treatment 
systems (natural or human technology) 3.13 48 

Research sulfates effects on mercury methylation and 
cycling 3.00 49 

Improve understanding of sulfides/sulfate on wild rice 2.96 49 
Improve characterization of historical discharges of 
sulfides/sulfate to a “naïve system” 2.52 48 

  answered  50 
  skipped  4 
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Stormwater 
  

Answer Options Rating Average Response Count 

Research the feasibility of reuse of urban stormwater, 
specifically, safe practices,   possible contamination 
concerns, long-term effectiveness and   
recommend/develop best practices, design details, & 
construction practices 

3.83 48 

Expand our knowledge of practices through research to 
address large storm events, such as meaningful volume 
reduction for large storm events,   addressing the predicted 
increase in the number and frequency of large storm 
events because of climate change, and do research to 
determine the value of LID practices in large  storm events 

3.77 48 

Develop a Better knowledge base for the cost-
effectiveness of various BMPs: Urban, agricultural, 
forestry, etc.; and Structural & non-structural BMPs 

3.73 48 

Expand the knowledge base for life cycle management of 
urban stormwater BMPs, including proper construction 
protocols, proper maintenance protocols – minor and 
major, proper replacement protocols, and include cost 
analysis for each stage. 

3.73 48 

Expand knowledge base for urban stormwater infiltration 
practices including design criteria for challenging drainage 
areas, appropriate separation depths between infiltration 
BMPs and shallow groundwater and mounding – varying 
with soil types, appropriate pretreatment standards for 
varying drainage areas and soil conditions, and address 
groundwater contamination concerns 

3.71 48 

Develop improved metrics for BMP performance, permit 
compliance, and TMDL load reduction achievement 3.69 48 

Research or the sources, impacts, and effective BMPs for 
non-standard pollutants in urban settings, including 
emerging contaminants, polycyclic aromatic hydrocarbons 
(PAHs), bacteria, metals 

3.59 46 

Expand the knowledge base and evaluate the 
effectiveness of non-structural urban stormwater BMPs 
such as public education and mass media campaigns, 
social marketing & behavior change, source control 

3.40 48 

Expand the knowledge base and research effectiveness 
and best practices for recent U of MN stormwater BMPs – 
SAFL Baffle, and iron-enhanced sand filtration 

3.27 48 

Expand the knowledge base about stormwater monitoring 
practices and protocols. 3.15 48 

  Answered 49 
  Skipped 5 
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Wastewater 
  

Answer Options Rating Average Response Count 

Evaluate wastewater re-use and nutrient capture options 
for colder climates like Minnesota/the mid-western region 
and what regulations are needed to for wastewater re-use. 

3.67 48 

Research how wastewater treatment systems can meet 
new discharge limits, particularly for contaminants of 
emerging concern such as chlorides, nitrogen, 
phosphorus, etc,  by reducing the amount of the 
wastewater prior to entering the treatment system and by 
removing the pollutants in treatment 

3.63 48 

Explore treatment and elimination mechanisms of 
contaminants of emerging concern. 3.62 47 

Monitoring wastewater treatment facilities and septic 
systems (including mounding) to determine if existing 
systems and facilities are meeting performance 
standards? 

3.19 48 

Study of the use of algae for wastewater treatment. 2.77 48 
How do biocides impact microbes in wastewater treatment 
and subsurface sewage treatment systems? 2.77 48 

  answered  49 
  skipped  5 
 

Biology 
  

Answer Options Rating 
Average 

Response 
Count 

Can we Develop better management strategies for invasive species? 3.79 48 
What flow regimes are necessary for healthy biological communities at different 
scales? 3.73 48 

We need better tools to assess contaminants of emerging concern. 3.50 48 
We need better tools to assess endocrine disrupting chemicals. 3.27 48 
Research the additive/confounding stressors, such as pesticides. 3.26 47 
Can we better incorporate macrophyte information in water quality assessments 
and should macrophytes be included in Total Maximum Daily Loads? 3.13 47 

  answered  49 
  skipped  5 
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Groundwater 
  

Answer Options Rating 
Average 

Response 
Count 

Establish methods for determining sustainable withdrawals of groundwater 4.29 49 
What is the impact of tile drainage on recharge? 4.20 49 
Understand groundwater recharge including the quantity, seasonality, and 
heterogeneity 4.08 49 

How does irrigation impacts on groundwater and surface water bodies? 4.02 49 
Study impact of land use changes on groundwater 3.90 48 
Identify climate change effects on groundwater quality and quantity 3.86 49 
Research contaminants of emerging concern fate, mobility, and effects in 
groundwater 3.67 49 

Create economic analysis of the costs of groundwater protection versus the 
costs of treatment 3.55 49 

Economic assessment of the value of groundwater. 3.53 49 
Evaluate arsenic and radon occurrence in groundwater 2.90 49 
  answered 50 
  skipped  4 
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Appendix C 
Survey raw data  

All Questions Ranked by Average response 
 

QUESTION AVERAGE 

Establish methods for determining sustainable withdrawals of groundwater 4.29 
What is the impact of tile drainage on recharge? 4.20 
How do we measure the effectiveness of our hydrologic management on streams, 
sediment and other pollutants? 

4.14 

Understand groundwater recharge including the quantity, seasonality, and heterogeneity 4.08 

Study hydrologic and water quality impacts of drainage 4.04 
How does irrigation impacts on groundwater and surface water bodies? 4.02 
Study impact of land use changes on groundwater 3.90 
Identify climate change effects on groundwater quality and quantity 3.86 
Research the feasibility of reuse of urban stormwater, specifically, safe practices,   possible 
contamination concerns, long-term effectiveness and   recommend/develop best practices, 
design details, & construction practices 

3.83 

Assess the cost associated with the loss of ecosystem function 3.82 
Identify tools for optimal sitting water retention and infiltrations so they are placed in the 
watershed where they are most effective 

3.82 

Can we Develop better management strategies for invasive species? 3.79 
Better understanding of local hydrology, fracture flow, and other specific hydrology 3.78 

Expand our knowledge of practices through research to address large storm events, such as 
meaningful volume reduction for large storm events,   addressing the predicted increase in 
the number and frequency of large storm events because of climate change, and do 
research to determine the value of LID practices in large  storm events 

3.77 

What are the social and economic drivers in the agricultural community for improved 
environmental performance? 

3.73 

Develop a Better knowledge base for the cost-effectiveness of various BMPs: Urban, 
agricultural, forestry, etc.; and Structural & non-structural BMPs 

3.73 

Expand the knowledge base for life cycle management of urban stormwater BMPs, 
including proper construction protocols, proper maintenance protocols – minor and major, 
proper replacement protocols, and include cost analysis for each stage. 

3.73 

What flow regimes are necessary for healthy biological communities at different scales? 3.73 

Assess changes in ecosystem services with climate change 3.71 



22 

 

Expand knowledge base for urban stormwater infiltration practices including design criteria 
for challenging drainage areas, appropriate separation depths between infiltration BMPs 
and shallow groundwater and mounding – varying with soil types, appropriate 
pretreatment standards for varying drainage areas and soil conditions, and address 
groundwater contamination concerns 

3.71 

Develop improved metrics for BMP performance, permit compliance, and TMDL load 
reduction achievement 

3.69 

Evaluate how to target implementation to optimize ecosystem services 3.68 
Evaluate wastewater re-use and nutrient capture options for colder climates like 
Minnesota/the mid-western region and what regulations are needed to for wastewater re-
use. 

3.67 

Research contaminants of emerging concern fate, mobility, and effects in groundwater 3.67 

Research how wastewater treatment systems can meet new discharge limits, particularly 
for contaminants of emerging concern such as chlorides, nitrogen, phosphorus, etc,  by 
reducing the amount of the wastewater prior to entering the treatment system and by 
removing the pollutants in treatment 

3.63 

Explore treatment and elimination mechanisms of contaminants of emerging concern. 3.62 

Gather baseline water quality information and determine the processes that 
influence/impact water quality (Eg. Geochemical transformations) 

3.61 

Develop and evaluate measures used to assess ecosystem services 3.60 
What is the best scale for effectiveness monitoring? 3.59 
Analyze the relationship between the edge of field water monitoring and watershed 
monitoring 

3.59 

Research or the sources, impacts, and effective BMPs for non-standard pollutants in urban 
settings, including emerging contaminants, polycyclic aromatic hydrocarbons (PAHs), 
bacteria, metals 

3.59 

Model and monitor to evaluate ecosystem services 3.55 
Create economic analysis of the costs of groundwater protection versus the costs of 
treatment 

3.55 

Economic assessment of the value of groundwater. 3.53 
Study linkages and feedbacks between interrelated processes affecting ecosystem services 3.51 

We need better tools to assess contaminants of emerging concern. 3.50 
What are the best methods to measure effectiveness of watershed processes? 3.48 

Research potential water supplies for mining and impacts on other water uses 3.43 

Expand the knowledge base and evaluate the effectiveness of non-structural urban 
stormwater BMPs such as public education and mass media campaigns, social marketing & 
behavior change, source control 

3.40 
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Assess the tradeoffs in multifunctions of ecosystem and selection of optimal function 3.31 

Determine the benefits and cost of implementing TMDLs on ecosystem services 3.31 

What is the relationship between social and economic values with biophysical values when 
measuring effectiveness? 

3.29 

Expand the knowledge base and research effectiveness and best practices for recent U of 
MN stormwater BMPs – SAFL Baffle, and iron-enhanced sand filtration 

3.27 

We need better tools to assess endocrine disrupting chemicals. 3.27 
Research the additive/confounding stressors, such as pesticides. 3.26 
Research methods for evaluating progress toward standards 3.24 
Conduct economic analysis of planting perennial crops 3.20 
Monitoring wastewater treatment facilities and septic systems (including mounding) to 
determine if existing systems and facilities are meeting performance standards? 

3.19 

Conduct a census of current and existing practices including, tillage, nutrient management, 
buffer strips and crop canopy 

3.16 

Expand the knowledge base about stormwater monitoring practices and protocols. 3.15 

Study effectiveness of existing and new in-situ treatment systems (natural or human 
technology) 

3.13 

Can we better incorporate macrophyte information in water quality assessments and 
should macrophytes be included in Total Maximum Daily Loads? 

3.13 

Study spatial evaluation/distribution of ecosystem systems 3.12 
How do we collectively interpret the body of research we already have so we have 
consensus on discharge strategies? 

3.10 

Understanding the decision making criteria in ecosystem services 3.08 
Develop remote sensing for in-season nitrogen applications 3.08 
How do you maintain a valid effectiveness measurement with an ever-changing baseline? 3.00 

Research sulfates effects on mercury methylation and cycling 3.00 
Improve understanding of sulfides/sulfate on wild rice 2.96 
Evaluate arsenic and radon occurrence in groundwater 2.90 
Study of the use of algae for wastewater treatment. 2.77 
How do biocides impact microbes in wastewater treatment and subsurface sewage 
treatment systems? 

2.77 

Improve characterization of historical discharges of sulfides/sulfate to a “naïve system” 2.52 
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