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Minnesota River Integrated Watershed Study 

Interagency Study Team Meeting – Technical Working Committee (Modeling) 

September 28
th

, 2010 

 

University of Minnesota – St. Paul Campus 

Vocational-Technical Education Building, Room 380 

 

 AGENDA 

 

 

Meeting Purpose:  To assist in identifying decision making criteria, modeling suites and 

recommendations for IST consideration.   

 

12:30 Welcome and Introductions – Wells (EQB)/Wyatt (USACE)  

 

12:45 Review of Previous Technical Working Group Meetings (Context for Discussion) –

Wyatt/Soileau (USACE) 

   Confirm Technical Issues:  H&H basis, nested models approach 

 

1:15 Small Group Exercises – Seal-Soileau (USACE)  

[Groups rank H&H specific Planning Questions spreadsheet to identify model suites for 

analysis of Hydrologic Regime, Lakes and Wetlands (?)Flooding Damages, Nutrient 

Loading, Water Quality, and Sediment Mobilization/Transport.  Gaps should be 

identified where existing models may not suffice to fully answer the question.] 
 

   Decide ranking of planning questions (fundamental basis, time sequencing) 

   Review/Amend Modeling Options 

   Draft Recommendations of Modeling Suites 
o   Is there one clear choice, multiple choices, or no choices? 
o   Give reasons why (rationale, tradeoffs) 
o   Do Criteria selection and ranking when there are multiple choices  

 

3:15 Plenary Discussion – Rebecca Seal-Soileau, Lead Facilitator (USACE) 

 Small Group Reports 

 Modeling Suite Discussion 

 Finalize Recommendations 

[Review each of the group selections/recommendations.  Discuss how and why they 

developed the recommendations presented.  If further ranking of choices are needed set 

schedule for completing analysis.  Reconcile recommendation of the group.  Stress the 

preliminary nature of this recommendation and emphasize the upcoming data 

acquisition task for the Modeling Working Group.] 

 

4:15 Wrap-Up 

 Next Steps 

 Overview of the upcoming meeting (TBD) 
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SECTION I     EXECUTIVE SUMMARY 

 

A third meeting of the Modeling Team members was convened by the co-chairs of the 

Minnesota River Integrated Watershed Management Interagency Study Team (IST). (John 

Wells, Minnesota Environmental Quality Board (EQB) and Mike Wyatt US Army Corps of 

Engineers (USACE)).  The first two meetings laid the groundwork for making modeling suite 

recommendations by introducing existing models and their applications to the group and 

facilitating in-depth discussion of the planning questions and the IST goals.  The purpose of the 

third meeting was to assist in identifying decision making criteria and modeling suites to 

develop a recommendation for IST consideration.  Extensive work between the meetings 

entailed information gathering from the members and tabulating the capabilities of models and 

their potential application to the planning questions.   

 

To formalize the context of the recommendations of this report the participants were polled 

early in the meeting and there was consensus that the priority modeling needs being addressed 

at the meeting would focus on those with a hydrology, hydraulics, and water quality (including 

sediment transport) basis as a fundamental component of the study.  Explicit recognition was 

given to the deferral of other related study needs, such as the biological, social, and economic 

models that will need to be discussed and developed through future meetings and integrated in 

a timely manner to meet the IST goals.  The second table - First Increment Modeling Focus 

Planning Questions, in Appendix A is a subset of the full Planning Questions Table (Appendix 

C) with only questions from the Modeling meeting focus areas.   

 

The Modeling meeting participants also agreed by consensus with making these 

recommendations in the context of using a “nested model approach” where multiple models 

would be used at the scales where they are most accurate and efficient and are subsequently 

linked to provide information from very small scales with intensive data efforts through 

successively larger scales for characterizing the Minnesota River Basin (MRB).   The 1997 

EPA Compendium of Tools for Watershed Assessment and TMDL Development used a 

similar structure for organizing models available for Watershed Assessments.  In the 

nomenclature of this effort the nested model approach has three tiers based on levels of 

complexity and modeling detail and correlates loosely with the size of the watershed studied: 

 Tier 1:  Large scale, light Technical or GIS Analysis for informing Tier 2 and Tier 3 models.  It is 

fundamentally simple, provides a relative sense of the parameters, and requires few input 

data.   

 Tier 2:  Mid-Range Hydrology and Large Basin Models.  Provides a level of certainty and needs 

more input data.   

 Tier 3:  Includes small scale, detailed, physically-based processes and requires much more 

input data.  Due to data needs is usually for smaller basins on the 100-10,000 Ac size scale.   

A synthesis of the results from two working groups resulted in consensus on the modeling 

suites and general approach recommendations for nine of the top ranked, H&H model 

dependent, planning questions in the categories of Hydrologic Regime, Sediment Mobilization 

& Transport, and Water Quality.   The category Nutrient Loading had two questions with a 

third place rank for the groups but a modeling suite recommendation was not made at this 
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meeting for those questions.  The complete table of results is in Appendix A of this report.  A 

summary of the recommendations sorted by Planning Question Category follows.  

  

MODELING SUITE RECOMMENDATIONS  
 

Since, in general, the groups recommended the same models/modeling suites to address all of 

the highly ranked questions within a given category (i.e. Hydrologic Regime) the 

recommendations are grouped by planning question category and the questions within that 

category are listed for reference. Then the recommended models/model suites were selected to 

be used as either Basin Models or Receiving Models at the appropriate Tier level within the 

nested approach.   Basin Models simulate the generation and movement of sediment, nutrients, 

water, and pollutants from the point of origin (source) to discharge into receiving waters, and 

Receiving Models simulate the movement and transformation of sediment, nutrients, water and 

pollutants through lakes, streams, rivers, and estuaries.  Finally, additional recommendations 

about how the models or suites might be applied are included.   

 

Hydrologic Regime (Questions 1, 3, 5, 6, 7) 

  
Questions:    
1. What is the hydrologic regime of the MRB? Include surface ditches, subsurface tiles, open 
inlet drains, road embankments, bridges, culverts, land cover. 
3. How has land use change and development of the agricultural drainage network affected 
the surface water hydrologic regime? Quantify the uncertainty related to this (e.g. 
precipitation)  
5. What are the effects of land use and drainage at different scales on the hydrologic regime? 
6. What can be done to restore the hydrologic regime? 
7. What level of hydrologic restoration/preservation can be reasonably achieved? 
 

Recommended Basin Models: 

 Tier 2:  SWAT, HSPF 

 Tier 3:  GSSHA, SWAT-DRAINMOD 

 

Additional Recommendations:  Parallel evaluation at Tier 3 between GSSHA and SWAT 

would be advantageous to compare the +/-„s of the models and develop scaling relationships. 

 

 

Sediment Mobilization & Transport (Questions 1, 2, 5) 

  
  Questions:    
1. How do the hydrologic regime and ongoing geomorphic processes affect the 
geomorphology of tributaries and the Minnesota River?   
2. What are the sources of sediment?  
5. How much sediment is delivered to the Mississippi River with the current hydrologic 
regime? 
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Basin Models: 

 Tier 2:  SWAT, HSPF 

 Tier 3:  GSSHA, SWAT-DRAINMOD 

Receiving Models when applicable: 

 CONCEPTS + LINK (GSSHA, ADH, RAS) 

 BSTEM 

 BANCS 

 

Additional Recommendations:  Some models/programs are geared to site-specific 

geomorphology; some are tied to hydraulic routing routines.  Therefore model selection will 

depend on the floodplain interactions.   

 

 

Water Quality (Question 6) 

 
  Question:     
6. What can be done to improve water quality, sediment transport and nutrient loading 
conditions in the tributaries and in the Minnesota River? 
 

Basin Models:   

 Tier 2:  SWAT/HSPF + link to main stem receiving water model with WQ 

 Tier 3: GSSHA+NSM, SWAT+QUAL2E 

Receiving Models: 

 Options:  CE-QUAL-W2, CE-QUAL 2E, HEC-RAS+NSM, ADH+NSM 

 

Additional Recommendations:  For the Basin Modeling effort SWAT or HSPF may be 

sufficient down to Jordan, where the processes become more complex with the wider 

floodplain.  For the Receiving Modeling effort, again some programs are geared to site-specific 

geomorphology while others are tied to hydraulic routing routines; therefore final model 

selection will depend on floodplain interactions.   

 

MODELING SUITE RECOMMENDATIONS DEFERRED 
 

Several other questions in these categories and others including Flooding Damages and 

Sediment were recognized as important by at least one of the groups but the need for working 

models, knowledge base within the participants, or time to develop the details prevented the 

formulation of a consensus recommendation at this time.    In several of these cases options for 

modeling suites were developed and reported in the Table in Appendix A.   

 

CRITERIA FOR MODEL SELECTION ABSENT CONSENSUS 

 

Criteria for selection of models were discussed and listed by the groups but there is not a final 

decision on a set or sets of criteria for choosing models when more than one option was 

favored.    
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SECTION II   SUMMARY OF MEETING PROCESS  
 

John Wells of the EQB welcomed all members to the meeting and emphasized that the 

meeting‟s purpose was to generate a model recommendation that could be submitted to the 

ISTB. He also stressed that members should think through which models have the capability to 

answer some of the more pressing questions the project will raise.  

 

Mike Wyatt of the USACE gave an overview of the progress that has been made in the past 

five months.  Since the meeting in May, additional research has been done by a number of 

participants in order to determine each model‟s capabilities. Wyatt reiterated Wells‟ emphasis 

on the meeting‟s purpose of identifying modeling suites for specific areas. This was done in 

order to focus the group‟s brainstorming and discussion efforts. 

 

Rebecca Seal-Soileau of the USACE facilitated the remainder of the meeting through small 

group and plenary discussions. The participants split into two „break-out‟ groups where they 

were given three tasks to perform.  The first task was to rank the relative importance of a 

number of planning questions to focus their efforts for the meeting.  Second they discussed 

possible model recommendations for each of the focus areas that they ranked highest. Third, if 

they could not reach a consensus on which models or suites to use they were asked to list the 

criteria they felt most relevant to apply to selecting models for those questions.  They were 

provided with a list of criteria that had been generated at previous meetings and they had an 

opportunity to edit/comment on prior to the meeting.   

 

For more details on the working group process see Appendix C for the Meeting Handbook with 

Task Lists and the draft list of model selection criteria.  

 

The two working groups examined the list of planning questions that could be addressed 

through sediment and hydrologic or hydraulic modeling efforts and/or a geomorphic 

assessment.  They developed a ranking of those planning questions based on the two following 

criteria: 
1. The information is fundamental to solving the overarching problem 

2. Is first in time sequencing. 

This ranking enabled each group to focus their efforts on discussing and selecting modeling 

suites for their highest priority issues (see Appendix A for complete table with ranking for each 

group.  The Q# designation below, relates to the modeling groups subset of the planning 

questions table in Appendix C).  

 

Both groups independently gave the highest ranking to the question:  
1. What is the hydrologic regime of the MRB? [Hydrologic Regime: Q1]  

There was a tie for Group 1‟s highest ranked question and this coincided with Group 2‟s third 

ranked question: 
2. What are the sources and sinks of sediment? [Sediment Mobilization & Transport: Q2] 

The following questions were generally ranked in the top 2-3 for at least one and sometimes 

both groups but with the relative ranking differing somewhat.   
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3. What can be done to improve water quality sediment transport and nutrient loading 

conditions in the tributaries and in the Minnesota River Basin?  [Water Quality: Q6] 

4. What level of hydrologic restoration/preservation can be reasonably achieved?  [Hydrologic 

Regime: Q7] 

5. How do the hydrologic regime and ongoing geomorphic processes affect the geomorphology 

of tributaries and the Minnesota River?  [Sediment Mobilization & Transport: Q1] 

6. What are the N and P loading rates for the non-point sources?  [Nutrient Loading: Q2] 

7. What will the future N and P budgets (inputs, outputs) be for the MRB?  [Nutrient Loading: 

Q11] 

8. How much sediment is delivered to the Mississippi River with the current hydrologic regime?  

[Sediment Mobilization & Transport: Q5] 

9. What are the effects of land use and drainage at different scales on the hydrologic regime?  

[Hydrologic Regime:  Q5] 

 

 Each group chose a Reporter to present their ranking and model selection results to the plenary 

assembly. Each presentation was followed by plenary discussion.   

 

Notes from both plenary and working group discussions were recorded on flipcharts 

throughout the meeting and on the computer by Brian Alberto (USACE) and are included in 

Sections III and IV below. The notes are not a formal transcript of the meeting, but provide 

information about both discussions for the use of the participants to understand how decisions 

and action items were determined and for sharing information with their and other stakeholder, 

organizations.  These notes capture the content of the flip charts and some additional 

background from the assigned session recorder.  Each new comment is given a new bullet and 

if there was a response recorded it is a sub-bullet under the original question.   

 

The four hour meeting was closed with remarks and thanks from both John Wells and Mike 

Wyatt.  

 

SUMMARY OF POST-MEETING SYNTHESIS PROCESS  

 

Since each break out group addressed the same list of planning questions in their discussions a 

synthesis step was required to document the ranking by the groups, identify the combined 

Modeling team consensus recommendations to forward to the IST, and articulate any 

differences in recommended approaches.  Each working group had a volunteer who offered to 

work with the USACE recorders (Ann Banitt and Brian Alberto) to edit their working group 

report for clarity and participate in conference calls to synthesize the two reports into a set of 

recommendations to the ISTB.  The volunteer from Working Group 1 was Greg Eggers (DNR) 

and for Working Group 2 was David Mulla (U of MN).   

 

The Group Recommendation Analysis Table (Appendix A) is the result of those efforts and 

consensus recommendations are given in the Executive Summary above.     
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SECTION III     PLENARY DISCUSSION NOTES 

 

 

REVIEW OF PREVIOUS TECHNICAL WORKING GROUP MEETINGS  

 (CONTEXT FOR DISCUSSION) –WYATT/SOILEAU (USACE) 

 

1) What is the purpose of the modeling effort? Will it focus on a local scale or basin wide? 

a. On page two of the handout, you can see that all have different focuses, so it can‟t 

be an either/or answer.  

b. Implementation needs to be at the local level. We want to provide a decision 

support system for local implementation. 

2) It‟s important that the models take local scaling back. We need to prioritize and determine 

what some of the similarities are and take it from there. 

3) One challenge to this would be describing implementation beyond a local scale. There 

needs to be some way to describe aggregation. It needs to be an enhancement of physical 

characteristics. 

a. We can piece models together to make sure it fits together. 

b. The problem statement captures this as a challenge. 

4) Identify models and linkages from small to large. It‟s important to evaluate effect at local 

scale to point of water quality concern. 

5) Some models are scale-less and others are scale specific. A major challenge is getting it 

down to local scale to make it applicable for local farmers. They need to be able to use info 

and relate it to their specific needs. 

6) Want to be able to scale to intermediate and large watersheds and provide tools to make 

sure all scales can be addressed and utilized. 

a. Watershed districts are interested at medium and large scale jurisdictions. 

7) Take work that has already been done into consideration. 

8) Not much emphasis on evaluating controlling effects. 

 

 

WORKING GROUP 1 REPORT TO PLENARY 

 

1) Hydrologic Regime 

a. Option 1: 

i. Tier 2- SWAT, HSPF 

ii. Tier 3- GSSHA + SWAT, Drainmod; would inform tier 2 models 

 

2) Sediment Mobilization/Transport 

a. Option 1: 

i. Tier 2- SWAT, HSPF 

ii. Tier 3- GSSHA, SWAT 

iii. Research is needed to inform models. 

1. Neither have ability to take bank and bluff erosion into account. 
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3) Water Quality 

a. For mainstem: CE-QUAL-W2  

i. Sedimentation is still needed to complete process. 

ii. HEC-RAS/NSM could provide boundary conditions for model and provide 

sedimentation information. 

 

 

WORKING GROUP 2 REPORT TO PLENARY 

 

1) Hydrologic Regime 

a. Represented issues of defining hydrology 

b. Small scale- Tier 3 

i. SWAT/DRAINMOD 

ii. GSSHA-  

1. Does it have attributes at that scale to address all components we 

want? 

c. Large scale (watershed/basin)- Tier 2 

i. SWAT-HSPF 

1. How can we use that combination to move up to that scale and know 

we‟re doing it well? 

2. Need to understand small scale interactions and hydrology. If we‟re 

going to accomplish anything, this should be on the list. 

 

2) Water Quality 

a. What parameters do we need to look at? 

b. Small- Tier 3: SWAT w/ QUAL 2E 

c. Large- Tier 2: SWAT 

d. Ability to model different agriculture practices. 

e. How do we translate to aquatic resource effects? 

i. What‟s correlation to fish, other aquatic resources that we‟re trying to 

protect? 

ii. Link to other models for lower MN. 

1. Issue we need to think about so we don‟t waste previous work.  

2. Take a look and see if they can do the modeling better. 

 

3) Sediment Mobilization/Transport 

a. CONCEPTS and BSTEM 

i. Familiar 

b. HEC-RAS + CONCEPTS 

c. BANCS 

i. An emerging model that should draw interest. 

ii. Need to be able to look at what we can do with hydrologic modifications 

(i.e.: sediment, suspended solids, etc.). 
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PLENARY MODELING SUITE DISCUSSIONS 

 

1) Keep time step in mind- How can the product be easily understood by its user (farm 

owner)? 

a. SWAT and HSPF are widely accepted. 

b. GSSHA is more physically based, which is effective. But when data doesn‟t exist, it 

becomes a lumped parameter model. When applied over larger area, it doesn‟t use 

its capacity. 

c. Physics in GSSHA are stronger than in other models. 

d. On what scale do we use GSSHA because we can‟t get down to 1 meter grids? 

e. Good idea to use GSSHA to inform other models. 

f. HSPF and SWAT for EPA. 

g. GSSHA uses WMS (Watershed Management System), developed by ERDC, so it‟s 

not necessary to own windows to be able to run it. 

h. Don‟t need ARCGIS to work in WMS, but most data is from that platform. 

2) One concern is that there‟s not adequate technical support for GSSHA to develop and run 

the models in a timely manner with the expertise required. 

a. True, but its hydrologic strength is superior to HSPF or SWAT, so there‟s lots of 

potential, especially with drain tiles. 

3) Group 2 would like to apply SWAT models to watersheds for sediment 

mobilization/transport. Both non-field and field erosion match with field results. 

a. SWAT is good at distinguishing field and non-field erosion, but not bank erosion 

explicitly. 

4) Do we have model(s) to define the relationship between hydrology and streambank, bluff 

and ravine erosion? 

a. SWAT could be used as a basic solution. It can be used for downstream erosion 

fingerprint results. 

b. SWAT can simulate upland BMP‟s that link with models specific to ravines, bluffs 

and channels. 

c. Research is needed to help predict information. 

d. It‟s possible we may need to look further back and distinguish types of erosion: 

bank, bluff, ravine, etc. 

e. NCED and Le Sueur work will give some of the needed information, but won‟t 

include bluffs. 

f. 7 mile Creek in Buford is not getting channel sediment but other kinds of sediment. 

g. This doesn‟t give us how channel sources will change with upland changes. 

5) How much are the load duration curves going to change if we reduce peak flows? What 

would be the net effect? Right now we don‟t have the ability to do that. There‟s a lot of 

potential. 

6) What effect do we have with respect to geomorphology and stream stability? 

a. Need to be able to define erosive power. Are we going to be able to have more 

stable streams? How long will it take if we can significantly improve hydrology? 

b. Will there be significant impacts on peak flows? 

c. We can‟t lose sight of basic and applied research and questions: what is affecting 

the stability of bluffs, banks, ravines?  
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i. Basic refers to what affects stability of banks, such as pore pressure, climate 

patterns, lowering of groundwater table behind bluffs vs. changing 

hydrology of stream. 

ii. Applied refers to the current focus. 

d. Need to know groundwater seepage. 

e. Don‟t know if groundwater storage has changed over time. 

f. Geomorphic information would need lots of field work- would provide insight on 

what‟s happening and the assessment would be critical. 

g. LIDAR data will facilitate geomorphic assessment. 

h. Also think about field erosion. 

7) A baseline is need for geomorphic analysis. Are there any precursors for future work? Does 

it need to be discussed more? 

a. In a geomorphic analysis we have to look at physical processes aside from and in 

addition to those that impact topography. 

b. Depends on which model is chosen. Some models require site data from the field- 

curvature, horizonation, property of horizons, maybe take samples to lab for 

analysis that drives models…so yes, it depends on which model is chosen 

8) There will always be a need for climate data, elevation data, soil, hydraulic discharge, etc. 

9) We want to be able to look at stream channel response from a historical perspective and see 

how it has changed and responded to different variables. 

a. If we don‟t understand the geomorphic response, we won‟t be able to make a case 

for the value of the management actions. 

10) Need to understand tile drainage and climate. 

11) How do you plan to modify hydrology that changes the channel? 

a. Getting more intense events- what effect can we have? 

12) HEC-RAS can support channel widening which helps with more frequent cross sections, 

bridge cross sections, etc. 

13) Link RAS with ADH and NSM. 

14) Spreading of sediment. 

15) Comparison of results with CE-QUAL-W2 coming. 

16) Model choices drive geomorphic analysis and data collection. 

17) Fundamental to understand response geomorphologically. 

18) Keep in mind the importance of PPT trends/changes: What effect can we have? Will nature 

trump us?  

 

WRAP UP BY MIKE WYATT (COE) AND JOHN WELLS (EQB): 

 

1)  John 

a. Really good meeting. Got some stuff on the table, very pleased. 

2)  Mike 

a. How much more work needs to be done, or where are we at? 

b. There seems to be agreement on the hydrologic regime modeling. The water quality 

recommendations appear to be similar. The biggest disagreement deals with 

sediment mobilization and transport. That being said, we have received much of the 

information we need, and now we just need to put it all together. 
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i. How much more influence would the group like to have over remainder of 

recommendation? 

1. There seems to be good agreement on general architecture of the 

recommendation. 

2. There doesn‟t seem to be much information on sequencing of work. 

Can we do a little bit at a time? 

3) General group discussion on collection of high water marks during the current fall 

flooding. 

i. DNR doesn‟t have funds for high water marks. 

ii. How about aerial photography? 

1. Can‟t follow peak and it‟s getting late in the season. 

2. We could find areas with similar rainfall patterns with different 

topographies and soils and collect high water marks. We could then 

identify the influence of different landscapes and soil combinations. 

Go to Sand Creek, Devon‟s Creek, Seven mile Creek and other 

areas. More recent data would help. 

3. References: 

a. D. Mulla- interested in data analysis 

b. Kent Johnson and Dan Wilcox- Environmental 

c. Greg Kruz- DNR Surface Waters 

i. Good reference for high water marks.  

 

Note:  This discussion resulted in a coordinated effort between the Corps and the 

U of MN for identifying locations to collect high water marks that would benefit 

the study.  The Corps then collected the data and shared it with the interested 

partners.   
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SECTION IV  WORKING GROUP NOTES 

    

GROUP 1  

 

Members: 

Greg Eggers (DNR), Jim Noren (COE), Hong Wang (MetC), Brian Huberty (FWS), 

Skip Wright (MN DNR), Larry Gunderson (PCA), Brian Alberto (COE) 

 

Self Management Leadership Roles: 

 Facilitator- Greg Eggers 

 Recorder- Brian Alberto 

 Time Keeper- Jim Noren 

 Reporter- Greg Eggers 

 

TASK 1- RANK PLANNING QUESTIONS 

 
1) Rank #1- 4 votes each 

a. Hydrologic Regime  
i. Q1: What is the hydrologic regime of the MRB? (Include surface ditches, 

subsurface tiles, open inlet drains, road embankments, bridges, culverts, land 
cover)  

b. Sediment Mobilization & Transport  
i. Q2: What are the sources of sediment? 

2) Rank #2- 3 votes each 
a. Hydrologic Regime  

i. Q7: What level of hydrologic restoration/preservation can be reasonably 
achieved? 

b. Sediment Mobilization & Transport  
i. Q1: How do the hydrologic regime and ongoing geomorphic processes affect 

the geomorphology of tributaries and the Minnesota River? 
3) Rank #3- 2 votes each 

a. Hydrologic Regime  
i. Q5: What are the effects of land use and drainage at different scales on the 

hydrologic regime? 
b. Sediment Mobilization & Transport  

i. Q5: How much sediment is delivered to the Mississippi River with the current 
hydrologic regime?  

c. Water Quality  
i. Q6: What can be done to improve water quality sediment transport and 

nutrient loading conditions in the tributaries and in the Minnesota River 
Basin? 

d. Nutrient Loading  
i. Q2: What are the N and P loading rates for the non-point sources? 

4) Rank #4- 1 vote each 
a. Hydrologic Regime  
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i. Q3: How has land use change and development of the agricultural drainage 
network affected the surface water hydrologic regime? Quantify the 
uncertainty related to this e.g. precipitation. 

b. Hydrologic Regime  
i. Q6: What can be done to restore the hydrologic regime? 

c. Flooding Damages  
i. Q6: Where will the flooding damages occur? 

d. Water Quality  
i. Q1: What are the recent water quality conditions in tributaries and in the 

Minnesota River? 
e. Water Quality  

i. Q2: What effect has urbanization and agricultural drainage had on water 
quality, including the thermal regime of tributaries and the Minnesota River? 

f. Water Quality  
i. Q4: What will be the future water quality conditions in tributaries and in the 

Minnesota River? 
g. Nutrient Loading  

i. Q8: What will be the loading rates of N and P from major watersheds to the 
Minnesota River? 

h. Water Budget  
i. Q1: What is the recent annual water budget for the basin based on annual 

precipitation, runoff, evaporation, storage and infiltration? 

 

TASK 2- GROUP DISCUSSION 

 
1) Hydrologic Regime 

a. LIDAR could be a big part of the operation (LIDAR will help us understand where the 
pour points in the watersheds are and how existing land use can alter how water 
moves through the system. It will also help identify restorable features like drained 
depressions and location of tile systems.) 

b. Won’t understand hydrology without Tier 1 and Tier 2 approach. 
c. Tier 1 is general (GIS analysis). 

i. Can’t address all issues with large scale. (While GIS analysis will be an 
important part of identifying past, current and future land use patterns, it 
cannot be used as a hydrologic response indicator by itself. However, it may 
support very coarse scale statistical analysis.) 

d. Option 1: 
i. Tier 2- SWAT and HSPF. 

ii. Tier 3- SWAT and GSSHA combination will do best job. 
e. Concerns: 

i. HSPF fails to address surface inlets, ditches and their impacts. 
ii. Can any of the models predict weather patterns? 

iii. IE: Can any of the models assist with understanding how changing “variable” 
climate has contributed to hydrologic response in the MRB watersheds? 

iv. GSSHA could possibly do it, but none are forecasting models. Normally, 
weather stations use the Sacramento model. 

f. Compare models (SWAT and GSSHA) on small scale and large scale. 
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g. The study partners have made significant investments in watershed models and other 
models to characterize the hydrologic, chemical, nutrient, sediment and biological 
response of the MRB to climate inputs in a constantly changing landscape. These 
models all have their strengths and weaknesses and we must determine how to use 
models that have physical links to the landscape to inform the coarser scale models 
which are better suited to basin scale analysis. 

i. One unknown: Precision agriculture software has the ability to get into the 
rest of the inputs aside from hydraulics. 

ii. HSPF doesn’t take crop growth into account. 
h. Possibly tie Precision AG into SWAT. 

 

2) Sediment Mobilization/Transport 
a. Is it research based and validated? 

i. The Lake Pepin studies by the SCWRS and NCED have offered valuable insights 
into the percent of loads coming from field scale sources as opposed to other 
sources. 

b. What is the link between hydrologic alteration and these processes? Evidence from 
SCWRS and NCED research suggests that cumulative impacts of drainage are 
contributing to excessive erosion. However, predicting what influence land use has had 
on these processes is complex. 

c. It is important to incorporate cost and timeframe into the modeling approach. 
d. The link for in-stream processes hasn’t been established yet. 
e. Option 1: 

i. Tier 2 
1. SWAT, HSPF 

ii. Tier 3 
1. GSSHA, SWAT 

iii. Research needed to support models- especially for bank and bluff 
information. 

f. Concerns: 
i. What are impacts of land use/ land cover? 

ii. Field/ non-field is a good step; however, further landscape details are needed 
in model. 

1. Need research first. 
iii. What kind of sediment do you want to rank? What is more problematic? 
iv. Grain size determination in process, inorganic sediment, etc. We should start 

at the field or sub-watershed scale and more from there. 
 

3) Water Quality 
a. River modeling and stream modeling. 
b. Option 1: 

i. CE-QUAL-W2 
1. Program doesn’t address sediment aspect, so it would be better for 

water quality analysis. 
c. Option 2: 

i. HEC-RAS + NSM 
d. Concerns: 
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i. It’s possible to use HEC-RAS for sediment deposition and CE-QUAL for water 
quality information. 

ii. Both options may not be necessary because above models take care of 
significant detail. 

iii. Need to keep in mind how much money all models will take, what time frame 
the project has and how long it will take to complete models. 

 

TASK 3- CRITERIA SELECTION DISCUSSION NOTES 

 

NOTE:  Having the IST choose which of the “bigger questions” the study will be focusing on 

is important for choosing criteria for model selection.  

 
1) Criteria 

i. Are the models proven? 
1. SWAT has been proven and can be a good model to use. 
2. GSSHA has been applied to a number of cases in our region and should 

be given consideration for use in smaller scale studies of several 
hundred to several thousand acres. 

ii. It’s important to take time step into account. 
1. The smaller the time step, the better. 

a. Model must be able to operate at scales similar to the physical 
processes. 

2. It’s important to stay away from daily averaging. 
3. Use parallel approach: use both GSSHA and SWAT and compare 

results. 
4. GSSHA not as widely accepted but can generate results that can be 

more beneficial to individual farm owners. 

 

  



 

MN_River_Sept 28 2010 Draft_Report1  18 

WORKING GROUP 2 NOTES: 

 

GROUP 2  

 

Members:  
Ann Banitt( USACE), Wayne Anderson(PCA), Dr David Mulla (U of M N), Dan Wilcox 

(USACE), Hasif Munir (MPCA), Dr John Nieber (U of MN), Al Kean( BWSR) , Les Everett 

(U of MN) 

 

Self Management Leadership Roles: 

Facilitator- Al Kean 

Recorder – Ann Banitt 

Time Keeper- Les Everett   

Reporter- Al Kean 

 

 

INFORMAL DISCUSSION   

At the beginning of the break-out session, there was informal discussion within the group about 

existing research efforts within the MN River basin. 

 

A. What has been done?   

Coarser scale modeling 

-HSPF MPCA. Good at ID existing conditions 

-Calibrate/validate sources sediment, N, P 

 

Finer scale modeling   

-ADAPT - many different locations  

-SWAT on 4 watersheds 

-Link SWAT to HSPF 

 

B. What can be done beyond this? 
a. Understand impact of climate change  
b. Understand tile drainage system on hydrology 
c. Understand source of sediment beyond the agri-fields (ravines, stream bank, bluff) 

 

C. What do we need this study to accomplish?   
a. Through the study, we need to “Know the Customer”.  
b. Customer wants to understand system… Needs a good communication system 
c. Goal is DSS (Decision Support System) The connection between the modelers and 

decision makers. 
i. Better understand the effects of scale.  At this point we don’t know how to 

connect models of different scale to each other.  Upscale/Downscale. 
ii. We need to get analysis at a scale where management decisions occur 

d. Data layers are illusive: tiling (not uniform, outlet coefficients, wetness photographs)   
e. Smallest scale – sub-sub watershed.  A decision scale (a drainage system) 
f. Many layers up to the basin… Decision makers are at many various layers. 
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g. We want to get more understanding of basic hydrology that we don’t fully understand 
now. 

h. Basic bio-physical modeling (building and getting the right data available for it) will 
take quite a while  

i. Fundamental thing to define hydrology accurately.  The hydrologic condition varies 
across the landscape.  

i. Model complex hydrology at the small scale well. 
ii. Best hydrologic regime that exists?  This is such an altered landscape. 

iii. Help to define objectives for the basin. 
iv. Help understand the relationships between shallow groundwater and bank 

stability. There has been a change in interflow in the watershed.  Shallow 
groundwater flow increases as you go from the small order streams to larger 
order streams.  The groundwater interflow makes scaling-up difficult.  Finer 
scale runoff and tile drainage system.  There are stream bank stability 
problems at the shallow groundwater. 

 

D. What approach might this study use?  
a. Model with detail in sub watersheds, and transfer results to other basins. 
b. Concentrate on small basin.   
c. Apply both SWAT and GSSHA at small watersheds to see how these physical processes 

happen.   
d. The results from the small basin models will inform the larger-scale models. 

 

E.  U of MN Research Example 
a. Start at field scale (aerial images to locate field tiles)   
b. Measurements 5 years of tile outflow. 
c. ADAPT model.   
d. Scaled up to the sub watershed to simulate hydrology and nitrate losses.  
e. Validated on neighboring watershed.   
f. Up-scaling worked well except some storms in April that involved icing of the drain 

outlets.   
g. Investigated different rates of fertilizer application, and changes in tile management 

on -hydrology and water quality.   
h. Reference 3 papers from U of MN study. 

 

F. How will the results from this study be used?     
a. MPCA Setting TMDL 
b. Reduced flood damage 
c. Material transport processes. 

 

G.  Climate has changed.  
a. Extremes, intense, shorter durations 
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TASK 1 – RANK PLANNING QUESTIONS (and discussion items) 

 
1)  Rank  #1 - 9 votes    

a. Hydrology 
i.  Q1:  What is the hydrologic regime of the MRB? (Include surface ditches, 

subsurface tiles, open inlet drains, road embankments, bridges, culverts, land 
cover?  

2) Rank  #2 - 7 votes 
a.  Water Quality  

i. Q6:  What can be done to improve water quality sediment transport and nutrient 
loading conditions in the tributaries and in the Minnesota River Basin? 

3) Rank  #3 - 5 votes each  
a.  Sediment  

i. Q2. What are the sources of sediment? 
b. Nutrient  

i. Q11. What will the future N and P budgets (inputs, outputs) be for the MRB? 
4) Rank  #4 -  4 votes 

a. Hydro  
i. Q5. What are the effects of land use and drainage at different scales on the 

hydrologic regime? 
5) Rank  # 5 -  3 votes 

a. Flood  
i. Q8. What will be the future average annual flooding damage? 

6) Rank  #6 - 2 votes each 
a. Water Budget  

a. Q1. What is the recent annual water budget for the basin based on annual 
precipitation, runoff, evaporation, storage and infiltration? 

b. Nutrient  
a. Q12. What effects will alternative nutrient management strategies have on 

nutrient loading? 
c. Sediment  

a. Q1. How do the hydrologic regime and ongoing geomorphic processes affect the 
geomorphology of tributaries and the Minnesota River? 

d. Sediment  
a. Q3. What is the existing geomorphic condition of tributary streams and rivers? 

e. Sediment  
a. Q11. Geomorphology 

7) Rank  #7 - 1 vote each 
a. Sediment  

i. Q6. What were the pre-development rates of sediment loading from tributaries to 
the Minnesota River? 

b. Water Budget  
i. Q4. What will be the seasonal water budget of the anticipated future condition 

based on annual precipitation, runoff, evaporation, storage and infiltration? 
c. Flooding  

i. Q4. What is the critical flood stage for different reaches in the river? 
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TASK 2 –FIRST ROUND ROBIN RECOMMENDATION OF MODELING (and 

discussion items) 

 
1) RANK # 1 Hydrology (Q1.  What is the hydrologic regime of the MRB? (Include surface ditches, 

subsurface tiles, open inlet drains, road embankments, bridges, culverts, land cover)      
 

Suggest Small Scale Model: Tier 2 or 3) GSSHA, SWAT/DRAINMOD, Large Scale Model 

(Watershed/Basin) Tier 2 model SWAT-HSPF 

 

a. Concern w/ GSSHA- Little use to date, Concern that GSSHA is not “proven and 
understood.” 

b.  Using Tier 1 or Tier 2 level of detail won’t advance scientific knowledge. 
c.  MPCA will be using 12-digit watersheds new scale for proposed for monitoring HSPF.  

How do you link the 12 digit modeling scale to 12 digit monitoring scale? 
d. Geometric similarity and dynamic similarity – Scaling.  Circularity Longation ratio LU 
e. Larger scale model is conceptual model. 
f.  U of MN SWAT modeling for LeSeur River (Buford 5,000 Acre sub basin) 

Calibration/Validate SWAT up-land parameters and applied basin-wide.   
g. SWAT – good for agronomics.    
h. GSSHA may be scaled up to larger grids,   
i. Cost to consultant for generate SWAT/ DRAINMOD or GSSHA model?  What does the 

support look like?  Will the local watershed planners have to hire consultant to do this? 
j. Comparison of SWAT/ DRAINMOD and GSSHA.  Can we find funding to make this 

comparison? 
k. What can be done to improve water quality and sediment transport and nutrient loading 

conditions in the tributaries?  

 
2)  RANK NO 2.  Water Quality (Q6. What can be done to improve water quality sediment transport 

and nutrient loading conditions in the tributaries and in the Minnesota River Basin)   
 

Suggest:   Small Watershed Tier 3 SWAT w/ QUAL2E, Large Basin (SWAT) and link to other models 

for lower MN River.   

 

Other Possible Models to consider:   

a. CONCEPTS 
b. Linking BSTEM to SWAT 
c. HECRAS + CONCEPTS 
d. BANCS 
e.  What models exist in the Lower MN River – CEQUAL W2,  ADH+NSM 
f.  Consideration:  Data outlet transposition from 1 model suite to another… SWAT has date 

exchange to QUAL2E built into it.   
g. Is flooding concern large enough to warrant the HEC-RAS +NSM Hydraulic routing?   
h. Think of the importance of linkage to other models for the lower Minnesota. 
i. Hydrology and Sediment Transport 

i. We don’t have a model to predict the changes in hydrology on bank erosion. 
ii. Consider WARSYS from Dave Rosgen’s procedure  



 

MN_River_Sept 28 2010 Draft_Report1  22 

iii. Bluffs, streambank and ravines. 
j. Issue: How does the WQ parameterization affect aquatic resources? 
k. Possible Models 

i. SWAT – cannot say that the hydrology changes, how much more bluff, stream or 
stream bank erosion occurs.  

ii. We may need better hydraulic routing than SWAT.  Look at hydraulic routing w/in 
RAS + CONCEPTS.  

iii. BSTEM 
iv. Geomorphic assessment informs sediment modeling:  Gather information 

Curvature, horizonation, properties of horizons, sample analysis to get 
information that drives the models.  Information collected is a function on what 
models are chosen. 

v. BANCS  (an emerging model)  
vi. Will need additional data to provide characterization w/in the sediment model. 

 
3)  Sediment - Do we have models to define the relationships between hydrology and streambank, 

bluff and ravine erosion? 

 

 

 

TASK 3 –CRITERIA SELECTION & RANKING OF MODELS  

 
A. Linkages to other models 
B. Accepted models 
C. Agency acceptance 
D. Make sure we had good representation of the processes in the watershed. 
E. Appropriate processes for simulation 
F. Data is available to parameterize  Better parameterization of models using existing data 

(critical step) 
G. Be able to handle processes of agricultural practices. 
H. Customer appreciation (agricultural practice details) 
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APPENDIX A:   GROUP_RECOMMENDATION_ANALYSIS TABLES 
 
This table provides the detailed information relating the recommendations of 
the two working groups on which models would best answer the planning 
questions.   
 

KEY TO TABLE 
 
COLUMN 1:  RANK 
The first column heading is Rank.  Rank refers to the relative rank that the working groups gave 
planning category questions listed in Attachment A of the Sept 28 2010 Workshop Handbook 
and copied to Appendix A for reference.  The two sub-columns are to distinguish Group 1 and 
Group 2’s rankings for each question. 
 
COLUMN 2:  PLANNING QUESTION CATEGORY 
There are several planning question categories in the Table in Appendix A. This column 
includes any that received a ranking in either working group.  The categories include:  
Hydrologic Regime, Sediment Mobilization & Transport, Water Quality, Nutrient Loading, 
Flooding Damages, Water Budget, Sediment, and Flooding.   
 
COLUMN 3:  PLANNING QUESTION ID 
This column contains the “Q#” designation given to the planning questions in Appendix A.   
 
COLUMN 4:  PLANNING QUESTIONS 
This column lists the actual planning question related to the ID#.  It also has a sub-column with 
two rows for each question creating headings for distinguishing Basin Models and Receiving 
Models. 
 
COLUMN 5:  GROUP 1 
When there is a consensus within Group 1 for which model/model suite to use to address the 
planning question, it is listed after the appropriate Basin or Receiving Model and Nested Tier # 
designation.   
 
When a consensus was not reached, then the model options members of Group 1 recommend 
for further analysis are listed. 
 
 N/A = Not Applicable  N/D = Not Discussed 
 
 
COLUMN 6:  GROUP 2 
Explanation Same as for Column 5 with Group 1 changed to Group 2   
 
 
COLUMN 7:  CONCURRENCE? 
Yes:  Concurrence of the Modeling Team on which modeling suites to recommend to the IST for 
this planning question was determined by the volunteers from working groups 1 & 2.   
 
Blank:  Concurrence will require more analysis or discussion.   
 
 
COLUMN 8:  COMMENTS 
Additional comments and recommendations about how the models or suites of models can be 
applied to the questions or sources of additional information are offered.   



APPENDIX A:  GROUP_RECOMMENDATION_ANALYSIS TABLE

Group 

1
Group2

1 1 Hydrologic Regime Q1

Tier 2: SWAT, HSPF;  Tier 

3: GSSHA,   SWAT-

DRAINMOD

Tier 2: SWAT, HSPF; 

Tier 3: GSSHA,  SWAT-

DRAINMOD

Yes                        

Parallel evaluation at Tier 3 

between GSSHA and SWAT would 

be advantageous to compare the +/- 

of the models and develop scaling 

relationships

N/D N/A

1 3
Sediment Mobilization & 

Transport
Q2

Tier 2: SWAT, HSPF; Tier 

3: GSSHA, SWAT-

DRAINMOD

Tier 2: SWAT, HSPF; 

Tier 3: GSSHA,  SWAT-

DRAINMOD Yes

CONCEPTS + LINK 

(GSSHA, ADH, RAS)

CONCEPTS?        

RAS+CONCEPTS?,    

ADH, BSTEM?,    

BANCS? Yes

BSTEM and BANCS will be added to 

the Model Matrix.  Some programs 

are geared at site-specific 

geomorphology, some are tied to 

hydraulic routing routines.  Model 

selection will depend on floodplain 

interaction.

2 Hydrologic Regime Q7

Tier 2: SWAT, HSPF; Tier 

3: GSSHA + SWAT-

DRAINMOD

Yes                       

N/D

2 6
Sediment Mobilization & 

Transport
Q1

Tier 2: SWAT, HSPF; Tier 

3: GSSHA, SWAT

Tier 2: SWAT, HSPF; 

Tier 3: GSSHA,  SWAT-

DRAINMOD Yes

CONCEPTS + LINK 

(GSSHA, ADH, RAS)

CONCEPTS?        

RAS+CONCEPTS?,    

ADH, BSTEM?,    

BANCS? Yes

Some programs are geared at site-

specific geomorphology, some are 

tied to hydraulic routing routines.  

Model selection will depend on 

floodplain interaction.

3 4 Hydrologic Regime Q5

Tier 2: SWAT, HSPF; Tier 

3: GSSHA + SWAT-

DRAINMOD

Tier 2: SWAT, HSPF; 

Tier 3: GSSHA,  SWAT-

DRAINMOD
Yes                 

3
Sediment Mobilization & 

Transport
Q5

Tier 2: SWAT, HSPF; Tier 

3: GSSHA, SWAT

Tier 2: SWAT, HSPF; 

Tier 3: GSSHA,  SWAT-

DRAINMOD Yes

Field measurement may be 

sufficient to quantify sediment for 

present conditions. Field 

measurement could verify models 

in development

N/A N/A

3 2 Water Quality Q6

Small wshed: 

GSSHA/SWAT         Basin-

wide: SWAT/HSPF + link 

to WQ model

Tier3: GSSHA+NSM, 

SWAT+QUAL2E     

Tier2: SWAT + link to 

main stem receiving 

water model w/ WQ 

Yes
SWAT or HSPF may be sufficient 

down to Jordan, where the 

processes become more complex 

with the wider floodplain.

Option 1: CE-QUAL-W2 

Option 2: HEC-RAS + 

NSM

CE-QUAL 2E,           HEC-

RAS+NSM  ADH+NSM

Yes

Some programs are geared at site-

specific geomorphology. Others are 

tied to hydraulic routing routines.  

Model selection will depend on 

floodplain interaction.

3 Nutrient Loading Q2

N/D

N/D

3 Nutrient Loading Q11

N/D

Dr. Mulla published article in 

Journal of Environmental Quality 

concerning similar topic

N/D

4 Hydrologic Regime Q3

Tier 2: SWAT, HSPF; Tier 

3: GSSHA + SWAT-

DRAINMOD

Tier 2: SWAT, HSPF; 

Tier 3: GSSHA,  SWAT-

DRAINMOD

Yes

N/A

4 Hydrologic Regime Q6

Tier 2: SWAT, HSPF; Tier 

3: GSSHA + SWAT-

DRAINMOD

Tier 2: SWAT, HSPF; 

Tier 3: GSSHA,  SWAT-

DRAINMOD

Yes

N/D

4 Flooding Damages Q6

N/D

Models will help indicate answers 

to lingering questions about climate 

effects, watershed alterations, etc.

N/D

4 Water Quality Q1

Basin Model

Receiving Model

What are the recent water quality conditions in tributaries and in 

the Minnesota River?

Where will the flooding damages occur?

Basin Model

Receiving Model

Basin Model

Receiving Model

How has land use change and development of the agricultural 

drainage network affected the surface water hydrologic regime? 

Quantify the uncertainty related to this (e.g. precipitation)

Basin Model

Receiving Model

What can be done to restore the hydrologic regime?

What will the future N and P budgets (inputs, outputs) be for the 

MRB?

What are the effects of land use and drainage at different scales 

on the hydrologic regime?

How much sediment is delivered to the Mississippi River with the 

current hydrologic regime?

What can be done to improve water quality sediment transport 

and nutrient loading conditions in the tributaries and in the 

Minnesota River Basin?

What are the N and P loading rates for the non-point sources?

Basin Model

Receiving Model

Basin Model

Basin Model

Receiving Model

Comments
Planning Question 

Category

Planning 

Question ID
Planning Questions

What is the hydrologic regime of the MRB? (Include surface 

ditches, subsurface tiles, open inlet drains, road embankments, 

bridges, culverts, land cover)

Basin Model

Receiving Model

Concurrence?

Rank

Group 1 Group 2

What are the sources and sinks of sediment?

Basin Model

Receiving Model

What level of hydrologic restoration/preservation can be 

reasonably achieved?

Basin Model

Receiving Model

Basin Model

Receiving Model

Basin Model

Receiving Model

How do the hydrologic regime and ongoing geomorphic 

processes affect the geomorphology of tributaries and the 

Minnesota River?



Group 

1
Group2

Comments
Planning Question 

Category

Planning 

Question ID
Planning Questions

What is the hydrologic regime of the MRB? (Include surface 

ditches, subsurface tiles, open inlet drains, road embankments, 

bridges, culverts, land cover)

Concurrence?

Rank

Group 1 Group 2

Tier3: GSSHA+NSM, 

SWAT+QUAL2E     

Tier2: SWAT + link to 

main stem receiving 

water model w/ WQ 
Option 1: CE-QUAL-W2 

Option 2: HEC-RAS + 

NSM

4 Water Quality Q2

Tier3: GSSHA+NSM, 

SWAT+QUAL2E     

Tier2: SWAT + link to 

main stem receiving 

water model w/ WQ 
Option 1: CE-QUAL-W2 

Option 2: HEC-RAS + 

NSM

4 Water Quality Q4

Tier3: GSSHA+NSM, 

SWAT+QUAL2E     

Tier2: SWAT + link to 

main stem receiving 

water model w/ WQ 
Option 1: CE-QUAL-W2 

Option 2: HEC-RAS + 

NSM

4 Nutrient Loading Q8

N/D

N/D

4 6 Water Budget Q1

N/D

N/D

5 Flooding Damages Q8

N/D

N/D

6 Nutrient Loading Q12

N/D

N/D

6 Sediment Q3

N/D

N/D

6 Sediment Q11

N/D

N/D

7 Sediment Q6

N/D

N/D

7 Water Budget Q4

N/D

N/D

7 Flooding Q4

N/D

N/D

N/A Not Applicable

N/D Not Discussed

What is the recent annual water budget for the basin based on 

annual precipitation, runoff, evaporation, storage and 

infiltration?

Basin Model

Receiving Model

Basin Model

What effect has urbanization and agricultural drainage had on 

water quality, including the thermal regime of tributaries and the 

Minnesota River?

Basin Model

This was a write-in topic fragment from Group 2.  Needs more detail for task definition.

This will require separation of climate change from land use, and cropping changes. Will require scaling 

of impacts to determine a frequency of hydrologic repsone.

This was a write-in topic from Group 2.  

Receiving Model

What is the existing geomorphic condition of the tributary 

streams and rivers?

What were the pre-development rates of sediment loading from 

the tributaries to the MN River?

What is the critical flood stage for different reaches in the river?

Receiving Model

What will be the future water quality conditions in tributaries and 

in the Minnesota River?

Basin Model

Receiving Model

What will be the loading rates of N and P from major watersheds 

to the Minnesota River?

Basin Model

Receiving Model

What will be the future average annual flooding damage?

Basin Model

Receiving Model

Basin Model

Receiving Model

What effects will alternative nutrient management strategies 

have on nutrient loading?

Basin Model

Receiving Model

Basin Model

Receiving Model

Geomorphology

Basin Model

Receiving Model

Basin Model

Receiving Model

What will be the seasonal water budget of the anticipated future 

condition based on annual precip, runoff, evap, storage and 

infiltration?

Basin Model

Receiving Model



Appendix A

Important Planning Questions Outputs Technical Issue/Problem

Techncial Analysis/Model 

Options Tier 1 Tier 2 Tier 3

Hydrologic Regime   

1. What is the hydrologic regime of the MRB? Include surface ditches, 

subsurface tiles, open inlet drains, road embankments, bridges, culverts, land 

cover.

2. What was the pre-development hydrologic regime? (Historic reference 

condition). 

3. How has land use change and development of the agricultural drainage 

network affected the surface water hydrologic regime? Quantify the 

uncertainty related to this (e.g. precipitation)

4. What will be the future hydrologic regime of the MRB under alternative 

scenarios for climate and land use? 

5. What are the effects of land use and drainage at different scales on the 

hydrologic regime?

6. What can be done to restore the hydrologic regime?

7. What level of hydrologic restoration/preservation can be reasonably 

achieved?

1. Simulation of the existing hydrologic regime for 

dry, normal, wet years. Results of IHA (Indicators of 

Hydrologic Alteration - selected parameters)  for 

selected locations in the MRB.

2. Simulation of the  pre-development surface 

water hydrologic regime (historic reference 

condition), comparison to the existing hydrologic 

regime

3. Simulation of the future hydrologic regime, 

comparison to existing conditions

4. Listing of potential management, restoration 

actions, BMPs

1. Existing lumped parameter 

models do not provide a means 

for spatially explicit evaluation 

of landscape changes

2. Existing lumped parameter 

models do not provide for 

spatial variations of conditions 

within watersheds

3. Comparison between historic 

reference condition and existing 

hydrologic conditions has not 

been completed

4. A comprehensive H&H model 

does not exist for the basin

Tier 1 GIS Analysis for drainage 

mapping and development 

conditions                                                                               

Large Scale Hydrologic Models (Tier 

2):

1. HSPF

2. SWAT                                            

3. GSSHA 

4. HMS

Small Scale Hydrologic Models (Tier 

3):

1. SWAT-DRAINMOD

2. GSSHA   

Flooding Damages  

1. What are the recent trends in average annual flooding damage?

2. Where do the flooding damages occur? 

3. What damages are incurred with flood events and who incurs them?

4. What is the critical flood stage for different reaches of the river?

5. What will be the future average annual flooding damage?

6. Where will the flooding damages occur? 

7. How will changes in climate affect flood damages?

8. What can be done to reduce average annual flooding damages?

1. Frequency, amplitude of flooding, estimation of 

recent annual urban and agricultural flooding 

damages

2. Frequency, amplitude of future flooding, 

forecast of average annual urban and agricultural 

flooding damages, comparison to existing 

conditions

3. Listing of potential management, restoration 

actions, BMPs

1. Main stem hydraulic model 

exists, but must be updated 

with additional hydrologic 

modeling

2. A comprehensive H&H model 

(including watershed 

tributaries) does not exist for 

the basin

Hydraulic Models:

1. HEC-RAS w/GIS mapping of 

output water surface profiles                                                                                         

Other Analysis                                           

2.  Flood Frequency (HEC-SSP)                                  

3. HEC-Flood Damage Analysis                    

4. Hydrologic Analysis with Global 

Circulation Model inputs                                              

5. Economic Analysis

Sediment Mobilization and Transport  

1. How do the hydrologic regime and ongoing geomorphic processes affect the 

geomorphology of tributaries and the Minnesota River?  

2. What are the sources of sediment? 

3. What is the existing geomorphic condition of tributary streams and rivers?

4. What are the rates of sediment loading from tributaries to the Minnesota 

River? 

5. How much sediment is delivered to the Mississippi River with the current 

hydrologic regime?

6. What were the pre-development rates of sediment loading from tributaries 

to the Minnesota River? 

7. How much sediment was delivered to the Mississippi River with the historic 

hydrologic regime?

8. How will the future hydrologic regime and ongoing geomorphic processes 

affect the geomorphology of tributaries and the Minnesota River?  

9. What will be the rates of sediment loading from tributaries to the 

Minnesota River? 

10. How much sediment will be delivered to the Mississippi River with future 

land use conditions?

1. Geomorphologic assessment

2. Simulation of existing sediment mobilization and 

transport processes

3. Simulation of pre-development sediment 

mobilization and transport, comparison to recent 

conditions

4. Simulation of future sediment mobilization and 

transport, comparison to existing conditions

5. Listing of potential management, restoration 

actions, BMPs

1. Sediment transport, 

particularly from streams and 

bluff erosion is poorly 

understood

2. 

Sediment transport (streams/bluffs):

1. HEC -RAS+CONCEPTS

2. Field geomorphic assessments

3. ADH

4.  Barge &Tow effects

Sediment transport (bed load):

Nutrient Loading   

1. What are the recent loading rates of N and P from major tributaries to the 

Minnesota River?  What are the  N and P non-point sources?  

2. What are the N and P loading rates from the non-point sources? 

3. What are the loading rates from point sources? 

4. How much N and P is delivered to the Mississippi River?  

5. What are the N and P budgets (inputs, outputs) for the MRB?

6. What were the pre-development rates of plant nutrient loading from 

tributaries to the Minnesota River?  

7. What were the N and P budgets with the historic hydrologic regime?

8. What will be the loading rates of N and P from major watersheds to the 

Minnesota River? 

9. What will be the loading rates from point sources?  

10. How much N and P will be delivered to the Mississippi River? 

11. What will the future N and P budgets (inputs, outputs) be for the MRB?

1. Inventory of point source and non-point source 

loadings   

2. Simulation of existing N and P mobilization and 

transport.

3. Simulation of pre-development N and P 

mobilization and transport, comparison to recent 

conditions,  N and P budgets

4. Inventory of future point- and non-point source 

loadings  

5. Simulation of future N and P mobilization and 

transport, comparison to existing conditions

6. Listing of potential management, restoration 

actions, BMPs

1. Existing lumped parameter 

models do not provide a means 

for spatially explicit evaluation 

of landscape changes

2. Existing lumped parameter 

models do not provide for 

spatial variations of conditions 

within watersheds

3. Comparison between historic 

reference condition and existing 

hydrologic conditions has not 

been completed

4. A comprehensive nutrient 

loading model does not exist for 

the basin

Large Scale Nutrient Loading Models 

(Tier 2):

1. HSPF

2. GSSHA

3. SWAT

Small Scale Nutrient Loading Models 

(Tier 3):

1. SWAT-DRAINMOD

2. GSSHA

Water Quality  

1. What are the recent water quality conditions in tributaries and in the 

Minnesota River?  

2. What effect has urbanization and agricultural drainage had on water 

quality, including the thermal regime of tributaries and the Minnesota River?

3. What were pre-development water quality conditions?

4. What will be the future water quality conditions in tributaries and in the 

Minnesota River?  

5. What lakes, tributaries, and reaches of the Minnesota River will be fishable 

and swimmable?

6. What can be done to improve water quality, sediment transport and 

nutrient loading conditions in the tributaries and in the Minnesota River?

1. Assessment and simulation of existing water 

quality conditions in tributaries and in the 

Minnesota River

2. Characterization of pre-development water 

quality conditions in selected locations within 

lakes, tributaries and Minnesota River

3. Assessment and simulation of future water 

quality conditions in tributaries and in the 

Minnesota River, comparison to existing conditions

4. Listing of potential management, restoration 

actions, BMPs

1. Existing lumped parameter 

models do not provide a means 

for spatially explicit evaluation 

of landscape changes

2. Existing lumped parameter 

models do not provide for 

spatial variations of conditions 

within river reaches and 

lakesheds

3. Comparison between historic 

reference condition and existing 

hydrologic conditions has not 

been completed

4. A complete water quality 

model does not exist for the 

river

Water Quality Models:

1. CE-QUAL

Water Budget    

1. What is the recent annual water budget for the basin based on annual 

precipitation, runoff, evapotranspiration, storage and infiltration?  

2. How does the water budget differ across the MRB?

3. What was the seasonal water budget of the historic reference condition 

based on annual precipitation, runoff, evapotranspiration, storage and 

infiltration? 

4. What will be the seasonal water budget of the anticipated future condition 

based on annual precipitation, runoff, evapotranspiration, storage and 

infiltration? 

5. How will the water budget be effected by changes to the climate?

1. Simulation of the annual hydrologic cycle for 

existing basin conditions for representative wet, 

dry and normal years

2. Simulation of the pre-development annual 

hydrologic cycle for historic reference condition for 

representative wet, dry and normal years

3. Simulation of the annual hydrologic cycle for 

future conditions for representative wet, dry and 

normal years

1. Summary hydrologic 

comparisons between the 

historic reference condition and 

existing conditions for 

representative dry, wet and 

normal precipitation years does 

not exist.

H&H models identified above in 

Sections 1 and 3

Table 2   First Increment Modeling Focus Planning Questions
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MN River – Modeling Group Meeting 

 
September 28, 2010 

St. Paul, MN 
 

Problem Statement: 
A quantitative method and decision support system for linking management practices to 
physical process effects such as water quality and sediment delivery doesn’t exist for the 
MN River Basin.   
 
Workshop Goals: 
a)  Identify a process for choosing models needed to provide the link. 
b)  Identify criteria used for choosing models 

c)   Identify model packages that can answer planning questions 
d)  Identify modeling gaps to meet planning needs 
 
Note:  This is an opportunity for modeling experts to identify their common goals and 
opportunities for collaborative work to meet the needs of Minnesota River watershed.  The 
IST will be tasked with prioritizing the questions to be addressed with models incorporating 
their understanding of the study and management impacts on the resources and broader 
stakeholder needs.   
 
Workshop Products: 
(a) A write up of the issues from the meeting and any prioritization and recommendations 
that are developed.   
(b) A report to the Interagency Study team that includes: 
 (1)  Consensus statements about process 
 (2)  Recommendations for modeling 
 (3)  List of modeling open issues 
 (4)  Criteria used for recommendations 
 (5)  Next steps  
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Minnesota River Integrated Watershed Study 
Interagency Study Team Meeting – Technical Working Committee (Modeling) 

September 28, 2010 
 

University of Minnesota – St. Paul Campus 
Vocational-Technical Education Building, Room 380 

http://www1.umn.edu/twincities/maps/VoTech/  
 

Draft AGENDA 
 

[PRE-MEETING REVIEW: Materials distributed in advance include (1) the matrix of contrasting model 
capabilities and (2) draft list of model selection criteria.  Feedback on these materials is requested in advance of the 
meeting.] 
 
Meeting Purpose:  To assist in identifying decision making criteria, modeling suites and recommendations for IST 
consideration.   
 
12:30 Welcome and Introductions – Wells (EQB)/Wyatt (USACE)  
 
12:45 Review of Previous Technical Working Group Meetings (Context for Discussion) –Wyatt/Soileau (USACE) 

   Confirm Technical Issues:  H&H basis, nested models approach 
 

1:15 Small Group Exercises – Rebecca Seal-Soileau, Lead Facilitator (USACE)  
[Groups rank H&H specific Planning Questions spreadsheet to identify model suites for analysis of 
Hydrologic Regime, Flooding Damages, Nutrient Loading, Water Quality, and Sediment 
Mobilization/Transport.  Gaps should be identified where existing models may not suffice to fully answer 
the question.] 

 
   Decide ranking of planning questions (fundamental basis, time sequencing) 
   Review/Amend Modeling Options 
   Draft Recommendations of Modeling Suites 

o   Is there one clear choice, multiple choices, or no choices? 
o   Give reasons why (rationale, tradeoffs) 
o   Do Criteria selection and ranking when there are multiple choices  

 
3:15 Plenary Discussion – Rebecca Seal-Soileau, Lead Facilitator (USACE) 

 Small Group Reports 
 Modeling Suite Discussion 
 Finalize Recommendations 
[Review each of the group selections/recommendations.  Discuss how and why they developed the 
recommendations presented.  If further ranking of choices are needed set schedule for completing analysis.  
Reconcile recommendation of the group.  Stress the preliminary nature of this recommendation and 
emphasize the upcoming data acquisition task for the Modeling Working Group.] 

 
4:15 Wrap-Up 

 Next Steps 
 Overview of the upcoming meeting (TBD) 
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DRAFT MODEL SELECTION CRITERIA 
 
Draft List of Technical Modeling Criteria to be used at Workshop for making recommendations to the full 
IST.   
 
Open for Revisions  
 

1. Existing Capability: Produces outputs necessary for technical analysis 
2. Effectively answers the questions to the required degree of accuracy and/or resolution  

a. Provides the right size and complexity (resolution) as related to the components and spatial and time 
scales (Articulation) 

b. Provides needed accuracy for the necessary components including space and time. 
i. Examples of other components are:  ability to simulate drain tiles, depressional basins, 

surficial and underground drainage, road drainage ditches, embankments, bridges. 
3. Ease in linking/communicating to other needed models 
4. Advances knowledge relevant to solving problem and needs to be done 
5. Level of Effort: Can be used to run simulations for multiple scenarios and undertaken in time to meet goal 
6. Documented successful use on similar rivers with similar watershed conditions including agricultural areas.   
7. Able to determine and communicate uncertainty of model predictions 
8.  Agency Acceptability: Meets stakeholder expectations for accuracy and effectiveness 

 
 

 
Other Issues/Criteria   acknowledged for consideration but outside the scope of the September 28th 
Meeting.   
 
1. Addresses a greater number of parameters or planning questions  
2. Can be effectively  used at local management level 
3. Which is most attainable: 

a. Hardware availability 
b. Data availability 
c. Availability of trained personnel 
d. In house model experience 
e. Long term commitment to model 
f. Acceptance and support of model 
g. Commitment to modeling as a tool. 

4. Existing Data meets model requirements 
5. How large of a data gathering effort needed 
6. If and what will be reference watersheds
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Specific characteristics for individual models from the May 25th discussion.   
 
(Can be used as replacements/subcategories under list given above.)  
 
1) Be able to handle details of agricultural practices 
2) Ability to address cumulative impacts 
3) Able to handle nutrients, phytoplankton, and detritus 
4) Sub-model verification and effective application history with examples of its use. 
5) Ability to address field and non-field components. 
6) Be able to break down non-field components. 
7) Large River Channel Models: 

a) Eutrophication 
b) Proportions of nutrients 
c) Phytoplankton 
d) Organic carbon 
e) Lo, normal, high flow runs 

8) NSM could be put into any model (DLL) 
9) Hydraulic WQ (water quality) model of Major tributaries to main-stem. 
10) Capture effects of episodic events. 
11) Physically based versus lumped 
12) Inform the smaller scale user up to the Basin scale –Lake Pepin. 
13) Need a model that handles the floodplain specifically with respect to storage of sediment 
14) Is it chosen based on existing data availability or additional monitoring? 
15) Is explicit about both Nitrogen and Phosphorus.   
16) Need a main channel model with denitrification.   
 

 
Acknowledged Open Issues affecting selection of models 
Identifying key processes and drivers in watershed and agree on what problems trying to solve. 

1. Is the focus on sediment transport to Lake Pepin OR upstream conditions within the channels and bank 
processes?  Decide how far we want to go in detailed understanding of upland and other sediment source 
processes. 

2. Are we interested in categorizing hydrology over the whole basin? 
3. Are we going to include Flood Mitigation in this IST effort? 

 



Important Planning Questions  Outputs  Technical Issue/Problem

Techncial Analysis/Model 

Options Tier 1 Tier 2 Tier 3

1 Hydrologic Regime   

1. What is the hydrologic regime of the MRB? Include surface ditches, 

subsurface tiles, open inlet drains, road embankments, bridges, culverts, land 

cover.

2. What was the pre‐development hydrologic regime? (Historic reference 

condition). 

3. How has land use change and development of the agricultural drainage 

network affected the surface water hydrologic regime? Quantify the 

uncertainty related to this (e.g. precipitation)

4. What will be the future hydrologic regime of the MRB under alternative 

scenarios for climate and land use? 

5. What are the effects of land use and drainage at different scales on the 

hydrologic regime?

6. What can be done to restore the hydrologic regime?

7. What level of hydrologic restoration/preservation can be reasonably 

achieved?

1. Simulation of the existing hydrologic regime for 

dry, normal, wet years. Results of IHA (Indicators 

of Hydrologic Alteration ‐ selected parameters)  for 

selected locations in the MRB.

2. Simulation of the  pre‐development surface 

water hydrologic regime (historic reference 

condition), comparison to the existing hydrologic 

regime

3. Simulation of the future hydrologic regime, 

comparison to existing conditions

4. Listing of potential management, restoration 

actions, BMPs

1. Existing lumped parameter 

models do not provide a means 

for spatially explicit evaluation 

of landscape changes

2. Existing lumped parameter 

models do not provide for 

spatial variations of conditions 

within watersheds

3. Comparison between historic 

reference condition and 

existing hydrologic conditions 

has not been completed

4. A comprehensive H&H model 

does not exist for the basin

Tier 1 GIS Analysis for drainage 

mapping and development 

conditions                                                

Large Scale Hydrologic Models (Tier 

2):

1. HSPF

2. SWAT                                            

3. GSSHA 

4. HMS

Small Scale Hydrologic Models (Tier 

3):

1. SWAT‐DRAINMOD

2. GSSHA   

3 Flooding Damages  

1. What are the recent trends in average annual flooding damage?

2. Where do the flooding damages occur? 

3. What damages are incurred with flood events and who incurs them?

4. What is the critical flood stage for different reaches of the river?

5. What will be the future average annual flooding damage?

6. Where will the flooding damages occur? 

7. How will changes in climate affect flood damages?

8. What can be done to reduce average annual flooding damages?

1. Frequency, amplitude of flooding, estimation of 

recent annual urban and agricultural flooding 

damages

2. Frequency, amplitude of future flooding, 

forecast of average annual urban and agricultural 

flooding damages, comparison to existing 

conditions

3. Listing of potential management, restoration 

actions, BMPs

1. Main stem hydraulic model 

exists, but must be updated 

with additional hydrologic 

modeling

2. A comprehensive H&H model 

(including watershed 

tributaries) does not exist for 

the basin

Hydraulic Models:

1. HEC‐RAS w/GIS mapping of 

output water surface profiles              

Other Analysis                                         

2.  Flood Frequency (HEC‐SSP)             

3. HEC‐Flood Damage Analysis             

4. Hydrologic Analysis with Global 

Circulation Model inputs                       

5. Economic Analysis

5 Sediment Mobilization and Transport  

1. How do the hydrologic regime and ongoing geomorphic processes affect 

the geomorphology of tributaries and the Minnesota River?  

2. What are the sources of sediment? 

3. What is the existing geomorphic condition of tributary streams and rivers?

4. What are the rates of sediment loading from tributaries to the Minnesota 

River? 

5. How much sediment is delivered to the Mississippi River with the current 

hydrologic regime?

6. What were the pre‐development rates of sediment loading from 

tributaries to the Minnesota River? 

7. How much sediment was delivered to the Mississippi River with the historic 

hydrologic regime?

8. How will the future hydrologic regime and ongoing geomorphic processes 

affect the geomorphology of tributaries and the Minnesota River?  

9. What will be the rates of sediment loading from tributaries to the 

Minnesota River? 

10. How much sediment will be delivered to the Mississippi River with future 

land use conditions?

1. Geomorphologic assessment

2. Simulation of existing sediment mobilization 

and transport processes

3. Simulation of pre‐development sediment 

mobilization and transport, comparison to recent 

conditions

4. Simulation of future sediment mobilization and 

transport, comparison to existing conditions

5. Listing of potential management, restoration 

actions, BMPs

1. Sediment transport, 

particularly from streams and 

bluff erosion is poorly 

understood

2. 

Sediment transport 

(streams/bluffs):

1. HEC ‐RAS+CONCEPTS

2. Field geomorphic assessments

3. ADH

4.  Barge &Tow effects

Sediment transport (bed load):

6 Nutrient Loading   

1. What are the recent loading rates of N and P from major tributaries to the 

Minnesota River?  What are the  N and P non‐point sources?  

2. What are the N and P loading rates from the non‐point sources? 

3. What are the loading rates from point sources? 

4. How much N and P is delivered to the Mississippi River?  

5. What are the N and P budgets (inputs, outputs) for the MRB?

6. What were the pre‐development rates of plant nutrient loading from 

tributaries to the Minnesota River?  

7. What were the N and P budgets with the historic hydrologic regime?

8. What will be the loading rates of N and P from major watersheds to the 

Minnesota River? 

9. What will be the loading rates from point sources?  

10. How much N and P will be delivered to the Mississippi River? 

11. What will the future N and P budgets (inputs, outputs) be for the MRB?

1. Inventory of point source and non‐point source 

loadings   

2. Simulation of existing N and P mobilization and 

transport.

3. Simulation of pre‐development N and P 

mobilization and transport, comparison to recent 

conditions,  N and P budgets

4. Inventory of future point‐ and non‐point source 

loadings  

5. Simulation of future N and P mobilization and 

transport, comparison to existing conditions

6. Listing of potential management, restoration 

actions, BMPs

1. Existing lumped parameter 

models do not provide a means 

for spatially explicit evaluation 

of landscape changes

2. Existing lumped parameter 

models do not provide for 

spatial variations of conditions 

within watersheds

3. Comparison between historic 

reference condition and 

existing hydrologic conditions 

has not been completed

4. A comprehensive nutrient 

loading model does not exist 

for the basin

Large Scale Nutrient Loading Models 

(Tier 2):

1. HSPF

2. GSSHA

3. SWAT

Small Scale Nutrient Loading Models 

(Tier 3):

1. SWAT‐DRAINMOD

2. GSSHA

7 Water Quality  

1. What are the recent water quality conditions in tributaries and in the 

Minnesota River?  

2. What effect has urbanization and agricultural drainage had on water 

quality, including the thermal regime of tributaries and the Minnesota River?

3. What were pre‐development water quality conditions?

4. What will be the future water quality conditions in tributaries and in the 

Minnesota River?  

5. What lakes, tributaries, and reaches of the Minnesota River will be fishable 

and swimmable?

6. What can be done to improve water quality, sediment transport and 

nutrient loading conditions in the tributaries and in the Minnesota River?

1. Assessment and simulation of existing water 

quality conditions in tributaries and in the 

Minnesota River

2. Characterization of pre‐development water 

quality conditions in selected locations within 

lakes, tributaries and Minnesota River

3. Assessment and simulation of future water 

quality conditions in tributaries and in the 

Minnesota River, comparison to existing 

conditions

4. Listing of potential management, restoration 

actions, BMPs

1. Existing lumped parameter 

models do not provide a means 

for spatially explicit evaluation 

of landscape changes

2. Existing lumped parameter 

models do not provide for 

spatial variations of conditions 

within river reaches and 

lakesheds

3. Comparison between historic 

reference condition and 

existing hydrologic conditions 

has not been completed

4. A complete water quality 

model does not exist for the 

river

Water Quality Models:

1. CE‐QUAL

11 Water Budget    

1. What is the recent annual water budget for the basin based on annual 

precipitation, runoff, evapotranspiration, storage and infiltration?  

2. How does the water budget differ across the MRB?

3. What was the seasonal water budget of the historic reference condition 

based on annual precipitation, runoff, evapotranspiration, storage and 

infiltration? 

4. What will be the seasonal water budget of the anticipated future condition 

based on annual precipitation, runoff, evapotranspiration, storage and 

infiltration? 

5. How will the water budget be effected by changes to the climate?

1. Simulation of the annual hydrologic cycle for 

existing basin conditions for representative wet, 

dry and normal years

2. Simulation of the pre‐development annual 

hydrologic cycle for historic reference condition for 

representative wet, dry and normal years

3. Simulation of the annual hydrologic cycle for 

future conditions for representative wet, dry and 

normal years

1. Summary hydrologic 

comparisons between the 

historic reference condition and 

existing conditions for 

representative dry, wet and 

normal precipitation years does 

not exist.

H&H models identified above in 

Sections 1 and 3

B6PMAMDW
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Tier 1  - Simple Methods- Hydrology          

Light Technical or GIS Analysis for Informing Tier 2/Tier3 models

SPARROW:  (SPAtially Referenced 
Regression on Watershed Attributes 
Model )

ERDC Regional  Sediment Management 
DSS

USGS/ UofMN                               
sediment yield simulation INVEST CASM

Stream Habitat Assessment Package 

(SHAPE) AQUATOX

INTERNET LINK http://water.usgs.gov/nawqa/sparrow
http://naturalcapitalproject.org/InVEST.h
tml

https://swwrp.usace.army.mil/_swwrp/
swwrp/4-Pubs/ResearchBriefs/ADH-
CASM.pdf 

http://www.epa.gov/waterscience/models/aqu
atox/

GENERAL PURPOSE

Large scale model used to guide
monitoring or modeling.  Hybrid of statistics
approach with mechanistic.  Predition at 
annual time step.  

Comprehensive Aquatic Systems 
Model  (ERDC has programmed CASM 
as a subroutine in ADH) 

Assess habitat.  Used with ADH and other 

computational fluid dynamic codes Ecosystem fate and effects model

Hydrology Processes
Uses permeability of soil, drain tiles as 
uniform over the basin

Water Quality Processes

Land

Analysis at watershed level, not field 
scale.  Regression on WQ conditions 
on upstream factors controlling 
transport. Distribution in P yields.  
Incremental Yields.   Better used w/ 
high flows.  Analysis of land to water 
delivery.  

Carbon Storage and sequestration.  
Uses land use/Land cover and data 
on wood harvest rates, harvested 
product degradation rates and stocks 
in 4 carbon pools:  above ground 
biomass, below ground biomass, soil, 
dead organic matter)

Reservoir

Stream

Water purification; Nutrient Retention 
Uses water yield, LULC, nutrient 
loading and filtration rates for land use
scenarios.

Sedimentation

Empirical regression linked to GIS

River Sediment Yields of Watersheds
Computes rate of change from historic 
measurements.

Sediment yields of watersheds, field, 
river bed, river banks, ravines, bluff 
erosion. 

Lake

Reservoir sediment estimates
Geomorphic Information

Works with river meander bend 
database 

Aquatic Ecosystem
Biodiversity: habitat quality and rarity. 
Uses landuse and land cover along 
with "threats"

Economic Impacts
Reservoir Hydropower Production. 
Aver annual water quantity and 
estimate of economic value of 
hydropower.
Managed Timber Production
Crop Pollination

Communication
•Ease in viewing results 
•Efficient Data management 
•Communicates with other program interfaces
Software Cost 
•Software Cost and Maintenance
•Technical Support
• Software Customization
Model Case Studies

US Geological Survey, WI    Monitoring 
Data, GIS Layers and prediction for 
sources of Phosphorous, Nitrogen.  Uses 
spatially referenced non-linear regression 
techniques.

Model_MatrixCompare_9_10_2010.xlsx Tier1‐Simple Methods 1
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 Tier 2  Mid-Range Hydrology                     
Larger Basin Models  

HSPF SWAT GSSHA-COARSE HEC-HMS

INTERNET LINK http://water.usgs.gov/software/HSPF/
www.epa.gov/nrmrl/pubs/600r05149/600r0
5149swat.pdf http://gsshawiki.com/gssha/Main_Page

http://www.hec.usace.army.mil/software/hec-
hms/documentation.html

Model Application

Can be used to identify/quantify field and 
non-field erosion sources by land uses and 
areas, and assess BMP scenarios including 
land development, agr management

Application Scale for MN River Basin
Small to large complex agr and urban 
watershed

Inputs

Basic: DEM, Soil and land use GIS maps, 
climate data, impoundment data.  Optional: 
Agr management practices, water uses, 
drain tiles, point sources

Hydrologic Response

General Hydrologic Processes Good for basin scale of BMPs

Hydrological cycles including 
precipitation, surface runoff, infitration, 
evpotranspiration,  soil water, gound 
water recharge, subsurface/base flow 
and deep aquifer.  Uses standard SCS 
Unit Hydrograph, CN for daily, Green & 
Ampt for subdaily.  

Multi-dimensional, fully distributed,physics 
based hydrologic model

Unit Hydrograph Parameters (Snyders, 
Clark's, Mod Clark, SCS Curve Number, 
User Specified)              Baseflow 
(Bounded Recession, Constant Monthly, 
Linear Reservoir, Nonlinear Boussinesq, 
Recession)

Spatial Variability

Aggregated representation of LU.  
Does not specify road crossings w/in 
subbasins.  

Lumped Model. Does not specify 
detailed "features" within the subbasin 
(HRU) basin subdivision.    

Gridded representation.  Captures spatial 
variability at user defined level. 

Lumped model.  Representation of land 
use is over each delineated basin. 

Management Features
Land Use defined, Tillage practices, 
fertilizer applic, point loads

management options, Urban area 
(imperv, street sweeping, lawn chem)  
Includes plantation cycle, fertilization, 

Explicitly simulate management features 
on grid and in streams.

Wetlands Wetlands are not specifically defined.  Wetlands are not specifically defined.   

 Wetland storage is captured through the 
gridded surface.  Also has special 
overland flow cells for wetland 
storage/hydraulics.  

Storage from wetlands is imbedded in 
the Storage parameters 

Drain Tiles Explicitly simulates tile drains.

Climatological Data

•Precipitation                                                                            
Sub-daily or daily time step                                                     
RADAR or gridded precip

HSPF is typically run on an hourly 
timestep, but can be run on any time 
step that is evenly divisible into one 
hour.                                                     
Does not work directly with gridded 
precip. 

Daily, or sub daily precip.                         
Cannot work directly w/gridded precip

Uniform, temporally varying, or from 
unlimited point gages.  No restrictions on 
time intervals.  Model internally distributes 
point data over grid.  Subdaily time step,  
Works with Gridded precip,   

Daily, subdaily precipitation gages, 
Works with Gridded precip

Snow Simulation Snow accumulation and melt. Snow accumulation and melting

Simulates snow accumulation and melting 
in each grid cell.  Uses NWS model of 
snowpack coupled to full energy budget. Gridded Temperature Index

•Evapotranspiration                                                           
Variation with season, land cover 

Vigorous Agronomic model with Plant 
Growth, Transmission Losses, Climate 
Stressors

Penman-Montieth method.  Accounts for 
landuse and vegetation and soil moisture.  
Accounts for seasonal variability in 
sensitive parameters.  Hourly 
computations of soil moisture.

Average monthly, or Priestly Taylor 
(gridded or non)

Groundwater Interaction 

 GW Process

HSPF routes runoff to a receiving 
water via three pathways, namely 
surface runoff, interflow, and 
GW/baseflow.  Green-Ampt infiltration

2D Free surface flow eqautions linked to 
surface water components.

GW handled through baseflow method. 
(ie linear reservoir method)

Interflow

Tile flow has not been explicitly 
simulated in HSPF, however it has 
successfully been simulated as part 
of the interflow component.  
Parameters related to interflow have 
been adjusted to represent the 
movement of water through sub-
surface tiles on a larger than “field” 
scale.

2-D lateral groundwater flow or 
Sacremento Model approach

Physical Features

•Reservoir Simulation Yes

Includes pond, wetland; emergency 
and principal spillway simulation, 
precipitation, seepage and evaporation

Dynamic simulation coupled to streams, 
overland, and groundwater.  Outflow 
Simple outflow relationships.  No gate 
regulation processes.  Reservoir 
elevation/storage reflected in grid cells

Yes.  Includes simple routing for 
reservors.  Also can be linked to HEC-
ResSim for more detailed regulation 
scenarios. 
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 Tier 2  Mid-Range Hydrology                     
Larger Basin Models  

HSPF SWAT GSSHA-COARSE HEC-HMS

INTERNET LINK http://water.usgs.gov/software/HSPF/
www.epa.gov/nrmrl/pubs/600r05149/600r0
5149swat.pdf http://gsshawiki.com/gssha/Main_Page

http://www.hec.usace.army.mil/software/hec-
hms/documentation.html

•Diversion Simulation No 
Diversions are simulated as point 
inflows/outflows Yes.  

•Drain Tile Simulation 

Diversions are represented in HSPF 
by specifying reaches which have 
multiple exits Yes

Pipes conneted to overland flow, stream 
flow and groundwater models.  Single 
pipes, branching pipe networks, looped 
pipe networks.  

Can incorporate indirectly with 
groundwater

WQ Processes

General Water Quality Notes

RCHRES - water temp, chem 
partitioning, hydrolysis, volitilizatinom, 
oxidation, biodegredation, 
Radionuclide decay,emp, inorganic 
susp sediments, zooplankton, 
detritus, pesticidesbiochemk oxygen 
demand, algae, P, N, dissolved 
Oxygen, pH, total inorganic carbon, 

Nutrient processes in soils and uptake 
by plants, pesticide dynamics, bacteria, 
fertilizer application, pesticide toxic 
balance, DO, water temp, 
photosynthesis

Simulation in soils, overland, streams, and 
reservoirs.    No limit on Simple 1st order 
reaction constituents.  Or NSM   Nutrient 
fate & transport  N, P.  single value of 
rainfall concentration, index map used to 
define: Dispersion,decay, uptake: init 
conc, solubility etc.  

WQ is planned with NSM (Nutrient Sub 
Module.  Has not completed 
implementation.

•Upland nutrient cycling and transport processes
Nutrient processes in soils and uptake 
by plants NSM - full nutrient cycle.

•in stream
DO, BOD, N, P, Plankton, pH, CO2, 
Total Inorganic Carbon, Alkalinity nutrient cycle in the stream

Decay reaction and Channel dispersion.   
coefficients set for each stream node.  
NSM kinetics for nutrients.  
Sorbed/dissolved transport.

•in reservoir 
DO, BOD, N, P, Plankton, pH, CO2, 
Total Inorganic Carbon, Alkalinity sediment settling and algal growth

Soil Contam. Xfer of contaminent betw soil 
pore water and water ponded on land 
surface.  Reactions, settling.

Simulation Modes

•Continuous

HSPF is a continuous simulation 
model driven by continuous 
climatological forcing functions Yes

Event, Continuous, Monte-Carlo, 
Calibration Yes.  

•Hypothetical Events

You can easily simulate hypothetical 
events, if you provide the 
hypothetical climatological events to 
which you wish to simulate the 
watershed response. No. Yes.  Input Design Storm Hyetographs Yes.  

Streamflow 

•Routing Methods

Simplified routing sim to Mod Puls.  
One dimensional channel routing 
model.  It represents the reach as 
completely mixed water volume.

Simple routing (Muskingham, and 
variable storage)

1D Diffusive wave with 
groundwater/channel/overland 
interactions.  Node size independent of 
overland grid size.  Even w/ coarser grid 
size for Tier 2, the channel reaches 
maintain their detail.

Kinematic wave, Lag, Mod Puls, 
Muskingham, Muskingham Cunge, 
straddle stagger, modified puls, Constant 
Loss/Gain Percolation

Hydraulic Structures
weirs, culverts, rating curves, release 
schedules

Groundwater Interaction Darcy flux

Overland Interaction
Inflow/outflow at each grid/node 
intersection

Sediment Transport

•Field erosion

Erosion of the watershed area via 
processes captured in the USLE or 
similar equations.

Modified USLE, snow cover effects.  
Good for field an non-field erosion 
assessment.

2D Mass balance eqn  (Detachment by 
rainfall impact and surface runoff.) 
Transport by Kilinc Richardson, Engelund-
Hansen or Stream Power.  Particle 
settling.  Unlimited sediment sizes.

2 simple methods for land surface 
erosion within subbasin

•Bank/bluff erosion, mass wasting

HSPF also has a gully subroutine which 
can (and has been) adapted to simulate 
sediment erosion from ravines.  HSPF 
does not simulate bluff collapse, but if the 
amount of fluvial sediment derived from 
bluffs can be estimated, this mass can be 
added to the model simulation via a 
subroutine called SPECIAL ACTIONS

No process descriptions.  Can be added 
as point load. Does not exist

•In-Channel 

Inorganic sediment deposition, scour 
and transport by particle size.  HSPF 
does simulate scour and deposition 
of the streambank and streambed.   
HSPF can also route up to 9 different 
sediment particle sizes.  It is typically 
used to route 3 to 5 particle size 
classes: CLAY, SILT and (fine – 
medium – coarse) SAND. Settling and resuspension.

Advection-Dispersion of wash load. Yang's 
unit stream power method for bed load.

Simplified channel transport for erosion 
and deposition w/in reach for HMS.  No 
movable bed within HMS.  More detailed 
w/in HEC-RAS
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 Tier 2  Mid-Range Hydrology                     
Larger Basin Models  

HSPF SWAT GSSHA-COARSE HEC-HMS

INTERNET LINK http://water.usgs.gov/software/HSPF/
www.epa.gov/nrmrl/pubs/600r05149/600r0
5149swat.pdf http://gsshawiki.com/gssha/Main_Page

http://www.hec.usace.army.mil/software/hec-
hms/documentation.html

•In-Lake

Fines in channel flow are added to the 
suspended lake sediment.  Mixed 
Reactor in Lake.  Lake is quiscent for 
settling particles.  Particles may flow 
back into the overland flow and 
channels.

Sources are overland and streams.  
Coarse particles settle in lake boundary.  
Fines are added to the suspended lake 
sediment.  Mixed Reactor in Lake.  Lake is 
quiscent for settling particles.  Particles 
may flow back into the overland flow and 
channels.

Basin Integration

•Ability to define scale-up rules from Tier 3 modeling

Cannot model specific BMPs.  Soil 
complex may not be uniform over 
subbasins

Physically Based parameters would likely 
make scaling up relationships easier to 
determine 

•Assesses Cumulative Impacts
Model Construction/Calibration

•Ease /Flexibility in basin construction 
Cannot subdivide after initial model 
configuration

WMS automates model construction. 
Results can be extracted at any grid cell. Basins can be subdivided

•Ease in parameter modification    (# calib param)                  

"Fitted Parameter Model"                     
Optimization Programs for calibration 
(GenScn ,HSPEXP )                            
Many calibration parameters, Calib 
program HSPEXP

27 Parameters.  Often use optimization 
program for calibration.

Parameters assigned with index maps 
and mapping tables.  Parameters may be 
changed by changing table values.  
Aumotamated calibration methods are 
available in model.

Parameters modfied within subbasin 
elements or table structure.

•Run times 1 hour or less

Simulations may be lengthy with small 
time step and/or fine grid sizes in large 
basins.  Hot Starts are possible.

Run times funchtion of simulation period, 
routing method

Communication

•Ease in viewing results Program GenScn, Run Interpreter

View results at basin outlets with 
BASINS.  And inside subbasin from 
HRU for channel water quality and 
pollution sources

Results viewed within WMS interface, or 
3D results w/ GoogleEarth application. Output stored in HEC_DSS

•Efficient Data management  TSS and WDM File Management HEC-DSS

Documentation
User manual, primer, examples on 
gsshawiki.com

•Communicates with other program interfaces BASINS
ArcView, ArcGIS, BASINS interface. 
WMS WMS, CEQUAL-W2, HMS Fully integrated with HEC model suite

Training
Scheduled courses, in-house courses or 
individual help

Software Cost 

•Software Cost and Maintenance SWAT is free.
GSSHA free, WMS free to USACE and 
partners Free

•Technical Support

Very good support from SWAT 
development teams and community in 
forum website. Support from ERDC model developers Support from HEC Staff

• Software Customization Available from ERDC model developers

NSM integration is needed.  More 
vigorous ET routines may be 
incorporated.

Model Case Studies
Upper Mississippi River basin 
application (120000 Acres) 
(http://yosemite.epa.gov/sab/sabhap.ns
f/2a890dc663b46bc685256d63006ac3a
a/e6faf4769473493d8525720300630a5
2/$FILE/CHP08.pdf) Red River of the North basin modeling

Applied to Carver Creek and Credit 
River watersheds for spatial 
quantification of filed and non-field 
erosion

HMS model developed by Houson Eng. 
for Browns Valley Flood Control.
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Tier 3 Detailed Hydrology Model                          
6 - 8 Small Basins  (100,1000, & 10000 Ac)

SWAT- Drainmod GSSHA

INTERNET LINK

www.epa.gov/nrmrl/pubs/600r05149/600r0
5149swat.pdf  and 
http://www.bae.ncsu.edu/soil_water/drain
mod/ http://gsshawiki.com/gssha/Main_Page

Model Application

Can be used to identify/quantify field and 
non-field erosion sources by land uses and 
areas, and assess BMP scenarios 
including land development, agr 
management

Multi-dimensional, fully 
distributed,physics based hydrologic 
model

Application Scale for MN River Basin
Small to large complex agr and urban 
watershed Field Scale to large watersheds. 

Inputs

Basic: DEM, Soil and land use GIS maps, 
climate data, impoundment data.  
Optional: Agr management practices, 
water uses, drain tiles, point sources Basic:  Optional:  

Hydrologic Response

General Hydrologic Processes

Hydrological cycles including 
precipitation, surface runoff, infitration, 
evpotranspiration,  soil water, gound 
water recharge, subsurface/base flow 
and deep aquifer.  Uses standard 
SCS Unit Hydrograph, CN for daily, 
Green & Ampt for subdaily.  Drainmod 
evaluates water table depths, soil 
water regime and crop yields, Nitrogen 
loss, soil temp modeling w/ 
freeze/thaw effects on drainage

Multi-dimensional, fully 
distributed,physics based hydrologic 
model

Spatial Variability

•Representation Landuse /Landcover                            
Spatially Explicit                                                           
Captures Variability                                                               
Captures Storage Component from wetlands                       
Ability to capture pre-development conditions

Lumped Model. Define land use and 
management practices in either 
subbasins or subbasin HRU levels.  
Does not specify detailed "features" 
within the subbasin (HRU) subdivision.  
Includes Crop rotation, farm 
management options, Urban area 
(imperv, street sweeping, lawn chem)  
Wetlands are not specifically defined 
within HRU.    

Gridded representation.  Apply 
management practice to grid cell, and 
hydraulic connections individually.   
Wetland storage is captured through the 
gridded surface

•Captures land managemnt practices                               
(tillage, fertilizer application, crop rotation, BMPs,                 
tile drainage)

Includes plantation cycle, fertilization, 
rotation, harvest and kill, urban 
buildup and wash off, street sweeping.

Explicitly simulate management features 
on grid and in streams.

Wetlands

Wetland storage is captured through the 
gridded surface.  Also has special 
overland flow cells for wetland 
storage/hydraulics.  

Tile Drains Explicitly simulates tile drains.
Climatological Data

•Precipitation                                                                         
Adequate time step to capture peak (sub-daily time step )   
RADAR or gridded precip

Daily, or sub daily precip.                       
Cannot work directly w/gridded precip   
Drainmod needs hourly precip

Uniform, temporally varying, or from 
unlimited point gages.  No restrictions on 
time intervals.  Model internally distributes 
point data over grid.  Subdaily time step,  
Works with Gridded precip,   

Snow Simulation Snow accumulation and melting

Simulates snow accumulation and 
melting in each grid cell.  Uses NWS 
model of snowpack coupled to full energy 
budget.

•Evapotranspiration                                                           
Variation with season, land cover ?

Vigorous agronomic model with plant 
growth, transmission losses, climate 
stressors

Penman-Montieth method.  Accounts for 
landuse and vegetation and soil moisture.  
Accounts for seasonal variability in 
sensitive parameters.  Hourly 
computations of soil moisture.

Groundwater Interaction 

GW Process                                                                   Green-Ampt infiltration
2D Free surface flow eqautions linked to 
surface water components.

Interflow yes
2-D lateral groundwater flow or 
Sacremento Model approach

Captures Key Physical Features

•Reservoir Simulation 

Includes pond, wetland; emergency 
and principal spillway simulation, 
precipitation, seepage and 
evaporation

Dynamic simulation coupled to streams, 
overland, and groundwater.  Outflow 
Simple outflow relationships.  No gate 
regulation processes.  Reservoir 
elevation/storage reflected in grid cells

 •Bridges, culverts, other hydraulic structures

•Diversion Simulation No 
Diversions are simulated as point 
inflows/outflows

•Drain Tile Simulation 
Yes  Drainmod is a program 
specifically for drain tile design

Pipes conneted to overland flow, stream 
flow and groundwater models.  Single 
pipes, branching pipe networks, looped 
pipe networks.  

WQ Processes

General Water Quality Notes

Nutrient cycling, pesticide dynamics, 
bacteria, fertilizer application, 
pesticide toxic balance, DO, water 
temp, photosynthesis

Simulation in soils, overland, streams, 
and reservoirs.    No limit on Simple 1st 
order reaction constituents.  Or NSM   
Nutrient fate & transport  N, P.  single 
value of rainfall concentration, index map 
used to define: Dispersion,decay, uptake: 
init conc, solubility etc.  

•Upland nutrient cycling and transport processes
nutrient processes in soils and uptake 
by plants NSM - full nutrient cycle.

•in stream nutrient cycle in stream

Decay reaction and Channel dispersion.   
coefficients set for each stream node.  
NSM kinetics for nutrients.  
Sorbed/dissolved transport.

•in reservoir Sediment settling and algal growth

Soil Contam. Xfer of contaminent betw 
soil pore water and water ponded on land 
surface.  Reactions, settling.

Simulation Modes

•Continuous (year-round or multi-year) Yes
Event, Continuous, Monte-Carlo, 
Calibration

•Hypothetical Events No. Yes.  Input design storm hyetograph
Streamflow 

•Routing Methods
Simple routing (Muskingham, and 
variable storage)

1D Manning's eqn. with 
groundwater/channel interactions

Hydraulic Structures
culverts, weirs, control structures, rating 
curves

Groundwater Interaction Yes.  Flux w/in the channel
Overland Interaction
Sediment Transport

•Field erosion

Modified USLE, snow cover effects.  
Good for field an non-field erosion 
assessment.

2D Mass balance eqn  (Detachment by 
rainfall impact and surface runoff.) 
Transport by Kilinc Richardson, Engelund-
Hansen or Stream Power

•Bank/bluff erosion, mass wasting
•In-Channel Settling and resuspension. Yang's unit stream power method 

•In-Lake

Fines in channel flow are added to the 
suspended lake sediment.  Mixed 
Reactor in Lake.  Lake is quiscent for 
settling particles.  Particles may flow back 
into the overland flow and channels.

Basin Integration

•Scaleable results to large basin models

Cannot model specific BMPs.  Soil 
complex may not be uniform over 
subbasins

Physically Based parameters would likely 
make scaling up relationships easier to 
determine 

•Assesses Cumulative Impacts
Model Construction/Calibration

•Ease /Flexibility in basin construction 
Cannot subdivide after initial model 
configuration Results can be extracted at any grid cell.

•Data requirements
Needs sub-hourly data to run small 
watershed
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Tier 3 Detailed Hydrology Model                          
6 - 8 Small Basins  (100,1000, & 10000 Ac)

SWAT- Drainmod GSSHA

INTERNET LINK

www.epa.gov/nrmrl/pubs/600r05149/600r0
5149swat.pdf  and 
http://www.bae.ncsu.edu/soil_water/drain
mod/ http://gsshawiki.com/gssha/Main_Page

•Ease in parameter modification    (# calib param)                
27 Parameters.  Often use 
optimization program for calibration. Physically based parameters

•Model Development/Calibration

Development becomes more complicated 
with additional needs:  ie Groundwater 
interactions

•Run times Reasonable

Simulations may be lengthy with small 
time step and/or fine grid sizes in large 
basins.  Hot Starts are possible.

•Good Technical Support/ Training

Very good support from SWAT 
development teams and community in 
forum website.

Scheduled courses, in-house courses or 
individual help

Communication

•Ease in viewing results 

View results at basin outlets with 
BASINS.  And inside subbasin from 
HRU for channel water quality and 
pollution sources

Results viewed within WMS interface, or 
3D results w/ GoogleEarth application.

•Efficient data output management  

•Communicates with other program interfaces 

Works with ArcView and ArcGIS.  Can 
deliver an audience-friendly 
visualization. BASINS interface. WMS. WMS, CEQUAL-W2, HMS

Acceptance Yes

•Adequately Tested
Previous version used for many years, 
in many countries Tested on various watersheds.

•Accepted by Scientific Community Used widely across the world
Software Cost 

•Software Cost and Maintenance SWAT is free.
GSSHA free.                                           
WMS interface free to study partners

•Technical Support ERDC Staff

• Software Customization Available from ERDC model developers
Model Case Studies

Upper Mississippi River basin 
application (120000 Acres) 
(http://yosemite.epa.gov/sab/sabhap.n
sf/2a890dc663b46bc685256d63006ac
3aa/e6faf4769473493d852572030063
0a52/$FILE/CHP08.pdf) JD31 in Redwood River Watershed  

Applied to Carver Creek and Credit 
River watersheds for spatial 
quantification of filed and non-field 
erosion

Surface water linked to groundwater in 
the Eau Galle River Watershed, 
Wisconsin.  Sediment .
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  Table 3.2. Sediment Transport Model Processes   
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 SUSPENDED LOAD TRANSPORT (COHESIVE & NON‐COHESIVE SOLIDS)     2

 Cohesive Solids (silts, clays, POM, <63 micron grain size)    X

  Settling/Deposition/Resuspension Provided as Input  X X  

  Settling/Deposition/Resuspension Computed Internally  X X X X X X X X

  Flocculation   

  Not Represented  X X X X X X

  Explicit Flocculation Model   

  Implicitly Accounted for in Settling Velocity Function  X X X   X

  Settling Velocity   

  Settling Velocity Provided as Input  X X X X X   X

  Accounts for Hindered Settling as f(high suspended sediment concentration)  X X  

  Accounts for Free/Discrete Settling as f(size class)  X X X X X X X

  Accounts for Organic Matter Content of Suspended Matter   

  Resuspension   

  Resuspension Velocity Provided as Input  X X  

  Calculated as Function of Bed Bulk Density & Critical Shear Stress or Bed Shear Strength   X X X 1  X X X X

  Accounts for Effect of Bed Armoring  X X   X X X

  Accounts for Organic Matter Content in Bed   

  Deposition   

  Deposition Velocity Provided as Input  X X X X X X

  Calculated as a Function of the Bottom Layer Velocity/Bed Stress   X X X X X

 Accounts for Composition of Sediment Flocs in Predicting Deposition Rate    

 Non‐Cohesive Solids (sands, >63 microns grain size)   

  Settling/Deposition/Resuspension Provided as Input  X X  

  Settling/Deposition/Resuspension Computed Internally  X X   X X X

  Carrying Capacity Computed Internally  X X X X X X

  Settling Velocity   

  Settling Velocity Provided as Input  X X X  

  Accounts for Hindered Settling as Function of High Suspended Sediment Concentration  X X  

  Accounts for Free/Discrete Settling as Function of Particle Size  X X X X

  Resuspension   

  Resuspension Velocity Provided as Input  X X  

  Calculated as Function of Bed Bulk Density & Critical Shear Stress or Bed Shear Strength  X X X X X X

  Accounts for Effect of Bed Armoring  X X   X X X

  Deposition   

  Deposition Velocity Provided as Input  X X  

  Calculated as a Function of the Bottom Layer Velocity/Bed Stress   X X X X X X

 Wave Current Interaction on Bed Shear Stress   

  Not Represented  X X X X X

  Represented   X X   X

 Bed Load Transport (non‐cohesive solids)   

  Not represented  X X X X X  

  Rates Computed Internally   X X X X X

 footnotes    

 1.  Influence of bed composition on resuspension represented as input 'erodibility' factor    
 2.  W2 has sediment as input, and an adjustable settling velocity but does not have bed transport or resuspension.  
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 Plankton     

  Single, Generalized Water Column Algae Compartment  X X X X

  Multiple Water Column Algae Compartments  X X X X    

  Single, Generalized Benthic Algae Compartment    X X  

  Multiple Benthic Algae Compartments   X X 7     

  Single, Generalized Zooplankton Compartment  X    

  Multiple Zooplankton Compartments   X X X    

  Variable Stoichiometry 

 Other Biota      

 Macrophytes   5   X X 3  X  

  Animals   6  8 8  

  Pathogens as Generalized Decaying Substance  X X   X

  Pathogens as Fecal Coliform Bacteria     X X 4     X

 Nitrogen     

  Ammonium  X X X X X

  Dissolved Ammonia  X X X  

  Total Dissolved Ammonia/Ammonium  X X X X X X  

  Ammonia Adsorbed to Inorganic Sediment  X X X  

  Nitrate + Nitrite   X X X X X X X X

 Total Organic Nitrogen  X X X X X

  Dissolved Organic Nitrogen   X X X 1  X  

  Particulate Organic Nitrogen   X 1  X  

  Labile Particulate Organic Nitrogen   X X 2     

  Refractory Particulate Organic Nitrogen   X X X    

 Phosphorus  10  

  Dissolved Inorganic Phosphorus   X X X X X 1  X X

  Phosphate Adsorbed to Inorganic Sediment   X X X X 1  X X

  Total Organic Phosphorus  X X X X X

  Dissolved Organic Phosphorus   X X X 1  X  

  Particulate Organic Phosphorus   X 1  X X

  Labile Particulate Organic Phosphorus   X X X X 2     

  Refractory Particulate Organic Phosphorus   X X X X X    

   Sorption (adsorb and desorb) X

Silica x    

Dissolved Oxygen x x  

Reaeration x

CBOD decay from DOM and POM refractory and labile  x

Sediment Oxygen Demand x

Respiration for algae/ epiphyton x

Photosynthesis for algae/ epiphyton x

Nitrification  x

Organic Matter  Representation    

Organic Matter as carbon 9  

Organic matter as biomass

Organic matter as BOD
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Multiple BOD Groups x

Non‐living Organic Matter (detritus, dead algae)    

labile dissolved x

refractory dissolved x

labile particulate x

refractory particulate x

Sediment Bed diagenesis submodel x

3‐dimensional 12 x x 12 12

2 dimensional (vertical) x x

2‐dimensional (horizontal) x x

1‐dimensional 11 x x x

 footnotes      

 1 Organic N, organic P, CBOD, ammonia and phosphate may each be divided into dissolved and particulate  

 fractions by a different time‐constant but spatially variable user‐defined fraction. Only the total concentration  

 of each is tracked as a state variable, and all interactions except settling apply to the total. The settling rate  

 is also input by the user, but may be both spatially and temporally variable. There are two effects of defining  

 the partition between dissolved and particulate forms. The effective settling rate is modified and the algal  

 growth rate limiting factor is affected since it is based on the concentration of the dissolved form of nutrients.  

 2 Labile particulate organics are modeled as CBOD.      

 3 One of multiple benthic algae compartments can be used to model macrophytes.  

 4 Coliforms are not a state variable in WASP5, but are a state variable in WASP 6.1.  

 5 AQUATOX has multiple macrophyte compartments including byrophytes.  

 6 AQUATOX has multiple animal compartments including aquatic insects, mollusks, size and age classes of fish.  

 7 Multiple benthic algae compartments are an undocumented feature of Version 12.  

8.  Output can be linked to ELAM for W2 and ADH/NSM.  ELAM represents animal movement in response to environmntal change 

9.  NSM channel kinetics simulate full carbon cycling and track dissolved inorganice C, dissolved organic C and particulate organic C.

10.  P simulation is limited to PO4 (dissolved) but P is specified for a number of comparments (algae, OM)

11. Spatially simple unless linked to hydrodynamic model

 (Imhoff et al., 2003a)  

12. use output from the various H&H models so if the H&H model runs 3D, 2Dh, and 2DV then they are going to do that as well.

Model_MatrixCompare_9_10_2010.xlsx Nutrient Transport and Fate 9



Model to Model Linkage

HYDROLOGY MODELS RECEIVING WATER MODEL ECOLOGICAL 

GSSHA SWAT HSPF HEC‐RAS ADH CEQUALW2 CONCEPTS WASP AQUATOX ELAM

GSSHA x No WMS FRM/DSS WMS WMS? Y(Ashby)

SWAT No x

Devel 

BASINS

HSPF

Devel 

BASINS  x

Translator 

Program,  

WMS

HEC‐RAS WMS x Devel(HEC)

ADH/NSM Devel(HEC) x Yes

CEQUALW2 WMS?

Translator 

Program,  

WMS x Yes

CONCEPTS Y(Ashby) x

Data Mgmt Models WMS Yes No Yes Yes Yes No

BASINS Devel Yes No No No Yes

DSSVUE Yes No No Yes Yes No

Other Notes:

Model generating data will best interpret data for other applications  (coupling time steps)

Model_MatrixCompare_9_10_2010.xlsx Model Linkages 10
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PURPOSE: INTEGRATION FOR PROJECT LEVEL RESULTS ACROSS A LARGER SYSTEM

IE Ecosystem Level Benefits

HUMUS APEX CEAP CASM CSM ELAM HIS Tools for ADH

INTERNET LINK http://www.ars.usda.gov/Research/docs.htm?docid=18645

Model Capabilities

population level 

response linked to 

local hyro and water 

quality can be 

simulated

Useful approach for 

any questions on 

animal population 

trends as a function 

of management 

actions.  More data 

needed.  Experience 

needed to run 

model.

Represent animal 

movement in response 

to environmntal 

change.   Useful for 

understand local 

(range of meters) to 

reach scale (10's to 

100's of km) changes 

in animal movement 

as a function of 

changes in WQ, hydro 

and channel shape 

(habitat mod ie. levee 

removal, side channel 

creation etc).

Tools that populate 

Envirofish, muscle 

modeling

Basin Model integration with : 
SWAT W2
HSPF ADH/NSM

Model  Application 

http://www.nrcs.usda.go

v/technical/NRI/ceap/

http://www.nrcs.usda.gov/

technical/NRI/ceap/
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MN River – Modeling Group Meeting 

 
September 28, 2010 

St. Paul, MN 

 
Problem Statement: 
A quantitative method and decision support system for linking management practices to 

physical process effects such as water quality and sediment delivery doesn’t exist for the 

MN River Basin.   

 

Workshop Goals: 
a)  Identify a process for choosing models needed to provide the link. 

b)  Identify criteria used for choosing models 

c)   Identify model packages that can answer planning questions 

d)  Identify modeling gaps to meet planning needs 

 

Note:  This is an opportunity for modeling experts to identify their common goals and 

opportunities for collaborative work to meet the needs of Minnesota River watershed.  The 

IST will be tasked with prioritizing the questions to be addressed with models incorporating 

their understanding of the study and management impacts on the resources and broader 

stakeholder needs.   

 

Workshop Products: 
(a) A write up of the issues from the meeting and any prioritization and recommendations 

that are developed.   

(b) A report to the Interagency Study team that includes: 

 (1)  Consensus statements about process 

 (2)  Recommendations for modeling 

 (3)  List of modeling open issues 

 (4)  Criteria used for recommendations 

 (5)  Next steps  
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Task # 1: Rank Planning Questions (20 min) 
 

 

Purpose: To identify the planning questions that can/need to be addressed by the modeling group to 

recommend a modeling approach to the IST based on the two criteria: 

1.  The information is fundamental to solving the overarching problem 

2.  Is first in time sequencing.   

 

Steps: 

1. Introduce yourselves and make a Working Group Participants Sign in sheet.   

2. Choose facilitator, recorder, reporter and timekeeper for your group 

3. Look at your group’s planning question statements and rank them using 3 or 6 sticky dots.    

 Each person receives 3 or 6 sticky dots. 

 Put a dot on the questions you feel most needs to be addressed from the modeling perspective based 

on the criteria above (Note: you can put all your dots on one concern if you feel strongly about it or 

spread them among questions. 

 Count and record the number of dots each concern received.  The concern with the greatest number of 

dots is the top priority. 

 

Additional questions suggested by Modeling Group at April 2010 meeting for consideration: 

1. Does hydrology model need to address the consumptive uses and reintroduction to water system? 

2. Include a groundwater model of the metro area in the study (ref:  Chris Elvurn) 

3. Consider wetland overflow 

4. Feed lots / waste from animals 

5. Sensitivity analysis of input parameters (w/ expected range of values) and will help to identify where to 

focus $ and effort. 

6. Sediment movement and deposition.  (Erosion and moved down slope…. Where did it end up? Sediment 

delivery ratio.)  

7. What are the effects of urbanization? 

8. What are the effects of a change in crops? 

9. What are the effects of stored nutrients? 

10. What are the effects of invasive species? 

11. Ability to predict effects of land use change on hydrology and water quality. 

12. What metrics can be used to define sustainable surface water use? 

13. Can current models address nutrient loads from snowmelt? 

14. Can current models address aquatic habitat objectives?  (TALU, IBI) 

15. What are the effects of lower MN R. navigation? 

16. Geomorphology – Ability to understand current condition and to predict effects of BMP’s on stream 

stability, load duration relationships and lag time for response. 

17. Geomorphology is a weakness in current models 

18. Black dog power plant effects 
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Task #2:         First Round Recommendations of Modeling Suites  

 (30 min) 
 

 

Purpose: To identify the groups best judgment on modeling approaches for addressing the top priority 

planning questions.  Work from highest to lowest ranked questions.   

    

 

Steps: 

1. For your groups highest ranked planning questions review and amend as necessary the modeling options on 

the handout.   

2. Given the map of modeled areas and spreadsheet of existing models, are we able to select the models that 

will be used to provide information/answer the important planning questions? 

3. For each question determine if there is 

a. One clear choice of model or suite of models that best addresses the question 

b. Multiple choices 

c. No choices   

4. Draft a statement that describes your assessment on choices of models or model suites for the planning 

question.  If helpful indicate level of detail needed for this watershed study (Tier 1-3). List 

reasons/rationale/tradeoffs for why you decided there is one clear choice, multiple, or no choices. 
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Task #3:Criteria Selection & Ranking of Models  (60 min) 
 

 

Purpose: To identify and rank criteria that are appropriate for selecting models to address the planning 

questions when more than one option is available.   
 

Steps: 

1. Look at your group’s list of planning questions that have multiple models that the group feels could address 

the questions. Develop a specific list of criteria you would like to use to rank the models.  A draft list is 

provided in the handout.   

4. If needed, Brainstorm additional criteria; remember rules of brainstorming! 

5. If reasonable, group criteria into categories to assist in ranking.   

6. Prioritize your group’s list of criteria using paired ranking.  See example below. 

7. If you have time use the ranked criteria to prioritize the model alternatives using paired ranking.   

8. Report the ranking of the different model alternatives.   

 

 

 

 

 

 

 

Task #4:   Prepare a 10 minute presentation to Plenary  (10 min) 
Steps: 

1. Gather your notes and review the decisions, main points of work.     

2. After your presentation, give copies of group’s notes to lead facilitator or plenary recorder.  Including 

participants list, computer notes, flip charts, and any other formats with data.   
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DRAFT MODEL SELECTION CRITERIA 
 

Draft List of Technical Modeling Criteria to be used at Workshop for making recommendations to the full 

IST.   

 

Open for Revisions  

 

1. Existing Capability: Produces outputs necessary for technical analysis 

2. Effectively answers the questions to the required degree of accuracy and/or resolution  

a. Provides the right size and complexity (resolution) as related to the components and spatial and time 

scales (Articulation) 

b. Provides needed accuracy for the necessary components including space and time. 

i. Examples of other components are:  ability to simulate drain tiles, depressional basins, 

surficial and underground drainage, road drainage ditches, embankments, bridges. 

3. Ease in linking/communicating to other needed models 

4. Advances knowledge relevant to solving problem and needs to be done 

5. Level of Effort: Can be used to run simulations for multiple scenarios and undertaken in time to meet goal 

6. Documented successful use on similar rivers with similar watershed conditions including agricultural areas.   

7. Able to determine and communicate uncertainty of model predictions 

8.  Agency Acceptability: Meets stakeholder expectations for accuracy and effectiveness 

 

 

Other Issues/Criteria   acknowledged for consideration but outside the scope of the September 28
th

 

Meeting.   

 

1. Addresses a greater number of parameters or planning questions  

2. Can be effectively  used at local management level 

3. Which is most attainable: 

a. Hardware availability 

b. Data availability 

c. Availability of trained personnel 

d. In house model experience 

e. Long term commitment to model 

f. Acceptance and support of model 

g. Commitment to modeling as a tool. 

4. Existing Data meets model requirements 

5. How large of a data gathering effort needed 

6. If and what will be reference watersheds
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Specific characteristics for individual models from the May 25
th

 discussion   

 

(Can be used as replacements/subcategories under list given above)  

 

2) Be able to handle details of agricultural practices 

3) Ability to address cumulative impacts 

4) Able to handle nutrients, phytoplankton, and detritus 

5) Sub-model verification and effective application history with examples of its use. 

6) Ability to address field and non-field components. 

7) Be able to break down non-field components. 

8) Large River Channel Models: 

a) Eutrophication 

b) Proportions of nutrients 

c) Phytoplankton 

d) Organic carbon 

e) Lo, normal, high flow runs 

9) NSM could be put into any model (DLL) 

10) Hydraulic WQ (water quality) model of Major tributaries to main-stem. 

11) Capture effects of episodic events. 

12) Physically based versus lumped 

13) Inform the smaller scale user up to the Basin scale –Lake Pepin. 

14) Need a model that handles the floodplain specifically with respect to storage of sediment 

15) Is it chosen based on existing data availability or additional monitoring? 

16) Is explicit about both Nitrogen and Phosphorus.   

17) Need a main channel model with denitrification.   

 

 
Acknowledged Open Issues affecting selection of models 

Identifying key processes and drivers in watershed and agree on what problems trying to solve. 

1. Is the focus on sediment transport to Lake Pepin OR upstream conditions within the channels and bank 

processes?  Decide how far we want to go in detailed understanding of upland and other sediment source 

processes. 

2. Are we interested in categorizing hydrology over the whole basin? 

3. Are we going to include Flood Mitigation in this IST effort? 
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Important Planning Questions Outputs Technical Issue/Problem

Techncial Analysis/Model 

Options

1 Hydrologic Regime   

1. What is the hydrologic regime of the MRB? Include surface ditches, 

subsurface tiles, open inlet drains, road embankments, bridges, culverts, land 

cover.

2. What was the pre-development hydrologic regime? (Historic reference 

condition). 

3. How has land use change and development of the agricultural drainage 

network affected the surface water hydrologic regime? Quantify the 

uncertainty related to this (e.g. precipitation)

4. What will be the future hydrologic regime of the MRB under alternative 

scenarios for climate and land use? 

5. What are the effects of land use and drainage at different scales on the 

hydrologic regime?

6. What can be done to restore the hydrologic regime?

7. What level of hydrologic restoration/preservation can be reasonably 

achieved?

1. Simulation of the existing hydrologic regime for 

dry, normal, wet years. Results of IHA (Indicators of 

Hydrologic Alteration - selected parameters)  for 

selected locations in the MRB.

2. Simulation of the  pre-development surface 

water hydrologic regime (historic reference 

condition), comparison to the existing hydrologic 

regime

3. Simulation of the future hydrologic regime, 

comparison to existing conditions

4. Listing of potential management, restoration 

actions, BMPs

1. Existing lumped parameter 

models do not provide a means 

for spatially explicit evaluation 

of landscape changes

2. Existing lumped parameter 

models do not provide for 

spatial variations of conditions 

within watersheds

3. Comparison between historic 

reference condition and existing 

hydrologic conditions has not 

been completed

4. A comprehensive H&H model 

does not exist for the basin

Tier 1 GIS Analysis for drainage 

mapping and development 

conditions                                                                               

Large Scale Hydrologic Models (Tier 

2):

1. HSPF

2. SWAT                                            

3. GSSHA 

4. HMS

Small Scale Hydrologic Models (Tier 

3):

1. SWAT-DRAINMOD

2. GSSHA   

2 Lakes and Wetlands  

1. What is the status of lakes and wetlands in the MRB?

2. How many lakes and wetlands were in the MRB? 

3. Where were lakes and wetlands previously located? 

4. How has the status of lakes and wetlands changed over time?

5. How many lakes and wetlands will exist in the MRB in the future?

6. Where will future lakes and wetlands be located? 

7. What will be the quality of lakes and wetlands in the future?

8. What can be done to restore the form, function and natural processes of 

lakes and wetlands within the basin?  

9. Where can the quality and quantity of lakes and wetlands be optimized 

within the watershed?  

10. Where do lake/wetland restoration opportunities exist?

1. Mapping of existing lakes and wetland areas; 

water quality/ecological quality information

2. Mapping of pre-development lakes and wetland 

areas, comparison to existing conditions

3. Forecast mapping of future lakes and wetland 

areas, comparison to existing conditions

4. Listing of potential management, restoration 

actions, BMPs

1. Existing lumped parameter 

models have been developed at 

the watershed scale and do not 

account for lake/wetland 

hydrology and/or storage

Tier 1:  GIS Analysis                                     

H&H models identified above in 

Section 1 and below in Section 3

3 Flooding Damages  

1. What are the recent trends in average annual flooding damage?

2. Where do the flooding damages occur? 

3. What damages are incurred with flood events and who incurs them?

4. What is the critical flood stage for different reaches of the river?

5. What will be the future average annual flooding damage?

6. Where will the flooding damages occur? 

7. How will changes in climate affect flood damages?

8. What can be done to reduce average annual flooding damages?

1. Frequency, amplitude of flooding, estimation of 

recent annual urban and agricultural flooding 

damages

2. Frequency, amplitude of future flooding, forecast 

of average annual urban and agricultural flooding 

damages, comparison to existing conditions

3. Listing of potential management, restoration 

actions, BMPs

1. Main stem hydraulic model 

exists, but must be updated 

with additional hydrologic 

modeling

2. A comprehensive H&H model 

(including watershed 

tributaries) does not exist for 

the basin

Hydraulic Models:

1. HEC-RAS w/GIS mapping of 

output water surface profiles                                                                                         

Other Analysis                                           

2.  Flood Frequency (HEC-SSP)                                  

3. HEC-Flood Damage Analysis                    

4. Hydrologic Analysis with Global 

Circulation Model inputs                                              

5. Economic Analysis

4 Land Use and Land Cover    

1. What are the recent patterns of land use and land cover? Include CRP, other 

retired land, feedlots, agricultural storage areas

2. What was the pre-development pattern of land cover? 

3. How has land cover and land use changed over time? Using aerial 

photography, document the timeline of development and changes in land 

cover/land use/transportation networks (roads, bridges, culverts), quantify 

changes between time steps.  

4. What has been the magnitude, spatial extent and rate of changes in the 

MRB landscape over time?

5. What will be the future pattern of land use and land cover?  How much will 

urban areas expand? 

6. What national agricultural policies are driving future land use?  

7. What are the anticipated changes in policies and resulting land use?

8. What form of land use achieves objective future hydrologic conditions?

9. Where are land use changes optimized?  

1. Mapping and quantification of existing land use 

and land cover

2. Simulation of pre-development land use, land 

cover, comparison to existing conditions

3. Assumptions and simulation of future land use, 

land cover, comparison to existing conditions

4. Listing of potential management, restoration 

actions, BMPs

1. Detailed topographic 

information that can inform 

hydrologic and hydraulic 

analysis does not exist

2. 

Analysis will include LiDAR 

acquisition, GIS analysis, policy 

analysis

5 Sediment Mobilization and Transport  

1. How do the hydrologic regime and ongoing geomorphic processes affect the 

geomorphology of tributaries and the Minnesota River?  

2. What are the sources of sediment? 

3. What is the existing geomorphic condition of tributary streams and rivers?

4. What are the rates of sediment loading from tributaries to the Minnesota 

River? 

5. How much sediment is delivered to the Mississippi River with the current 

hydrologic regime?

6. What were the pre-development rates of sediment loading from tributaries 

to the Minnesota River? 

7. How much sediment was delivered to the Mississippi River with the historic 

hydrologic regime?

8. How will the future hydrologic regime and ongoing geomorphic processes 

affect the geomorphology of tributaries and the Minnesota River?  

9. What will be the rates of sediment loading from tributaries to the 

Minnesota River? 

10. How much sediment will be delivered to the Mississippi River with future 

land use conditions?

1. Geomorphologic assessment

2. Simulation of existing sediment mobilization and 

transport processes

3. Simulation of pre-development sediment 

mobilization and transport, comparison to recent 

conditions

4. Simulation of future sediment mobilization and 

transport, comparison to existing conditions

5. Listing of potential management, restoration 

actions, BMPs

1. Sediment transport, 

particularly from streams and 

bluff erosion is poorly 

understood

2. 

Sediment transport (streams/bluffs):

1. HEC -RAS+CONCEPTS

2. Field geomorphic assessments

3. ADH

4.  Barge &Tow effects

Sediment transport (bed load):

PLANNING QUESTIONS (Complete List)



6 Nutrient Loading   

1. What are the recent loading rates of N and P from major tributaries to the 

Minnesota River?  What are the  N and P non-point sources?  

2. What are the N and P loading rates from the non-point sources? 

3. What are the loading rates from point sources? 

4. How much N and P is delivered to the Mississippi River?  

5. What are the N and P budgets (inputs, outputs) for the MRB?

6. What were the pre-development rates of plant nutrient loading from 

tributaries to the Minnesota River?  

7. What were the N and P budgets with the historic hydrologic regime?

8. What will be the loading rates of N and P from major watersheds to the 

Minnesota River? 

9. What will be the loading rates from point sources?  

10. How much N and P will be delivered to the Mississippi River? 

11. What will the future N and P budgets (inputs, outputs) be for the MRB?

1. Inventory of point source and non-point source 

loadings   

2. Simulation of existing N and P mobilization and 

transport.

3. Simulation of pre-development N and P 

mobilization and transport, comparison to recent 

conditions,  N and P budgets

4. Inventory of future point- and non-point source 

loadings  

5. Simulation of future N and P mobilization and 

transport, comparison to existing conditions

6. Listing of potential management, restoration 

actions, BMPs

1. Existing lumped parameter 

models do not provide a means 

for spatially explicit evaluation 

of landscape changes

2. Existing lumped parameter 

models do not provide for 

spatial variations of conditions 

within watersheds

3. Comparison between historic 

reference condition and existing 

hydrologic conditions has not 

been completed

4. A comprehensive nutrient 

loading model does not exist for 

the basin

Large Scale Nutrient Loading Models 

(Tier 2):

1. HSPF

2. GSSHA

3. SWAT

Small Scale Nutrient Loading Models 

(Tier 3):

1. SWAT-DRAINMOD

2. GSSHA

7 Water Quality  

1. What are the recent water quality conditions in tributaries and in the 

Minnesota River?  

2. What effect has urbanization and agricultural drainage had on water quality, 

including the thermal regime of tributaries and the Minnesota River?

3. What were pre-development water quality conditions?

4. What will be the future water quality conditions in tributaries and in the 

Minnesota River?  

5. What lakes, tributaries, and reaches of the Minnesota River will be fishable 

and swimmable?

6. What can be done to improve water quality, sediment transport and 

nutrient loading conditions in the tributaries and in the Minnesota River?

1. Assessment and simulation of existing water 

quality conditions in tributaries and in the 

Minnesota River

2. Characterization of pre-development water 

quality conditions in selected locations within lakes, 

tributaries and Minnesota River

3. Assessment and simulation of future water 

quality conditions in tributaries and in the 

Minnesota River, comparison to existing conditions

4. Listing of potential management, restoration 

actions, BMPs

1. Existing lumped parameter 

models do not provide a means 

for spatially explicit evaluation 

of landscape changes

2. Existing lumped parameter 

models do not provide for 

spatial variations of conditions 

within river reaches and 

lakesheds

3. Comparison between historic 

reference condition and existing 

hydrologic conditions has not 

been completed

4. A complete water quality 

model does not exist for the 

river

Water Quality Models:

1. CE-QUAL

8 Fecal Coliform Bacteria   

1. Where are the impaired waters in the MRB for bacteria?  

2. What are the sources of the bacteria?

3. What can be done to reduce concentrations of fecal coliform bacteria in 

tributaries and the Minnesota River?

4.  What can be done to reduce concentrations of fecal coliform bacteria in 

tributaries and the Minnesota River?

1. Inventory of bacteria sources

2. Listing of potential management, restoration 

actions, BMPs

1. Basin-wide modeling of 

bacteria within the river does 

not exist

TBD

CE-QUAL????

9 Endocrine Disrupting Chemicals   

1. What are the concentrations and sources of endocrine disrupting chemicals 

in the Minnesota River? Is there any evidence of effects on aquatic biota?

2.  What can be done to improve water quality related to anthropogenic 

pollutants (e.g. endocrine disruptors)?

1. Inventory of endocrine disrupting chemical 

sources, assessment of effects of endocrine 

disrupting chemicals on aquatic biota

1. Basin-wide modeling of 

endocrine disrupting chemicals 

within the river does not exist

TBD

CE-QUAL????

10 Aquatic Habitat Conditions    

1. What are the recent aquatic habitat conditions in shallow lakes, tributary 

rivers and in the Minnesota River? 

2. What are the substrate conditions in the tributaries and in the Minnesota 

River? What is the community composition, spatial distribution and abundance 

of aquatic vegetation, fish, macroinvertebrates and mussels in the MRB? 

3.  What were pre-development aquatic habitat conditions in wetland 

complexes, shallow lakes,  tributaries and in the Minnesota River?

4.  How have invasive species changed shallow lake water quality?

5. What will be the future aquatic habitat conditions in wetlands, shallow 

lakes, the tributaries and in the Minnesota River?

6. What can be done to improve aquatic habitat conditions in tributaries and in 

the Minnesota River?

7. Where are the existing barriers to fish movements and habitat connectivity?

1. Inventory and mapping of recent aquatic habitat 

conditions in shallow lakes, tributaries and the 

Minnesota River.  

2. Recent results of aquatic biota surveys

3. Mapping of pre-development aquatic habitat 

conditions in shallow lakes, tributaries and the 

Minnesota River, comparison to recent conditions

4. Mapping barriers to fish movements in 

tributaries and the Minnesota River

5. Listing of potential management, restoration 

actions, BMPs

1. Basin-wide modeling of 

ecosystem conditions conditions 

does not exist

Analysis will include:

1. IBI (Index of Biological Integrity) 

aquatic habitat assessment model 

for tributaries and Minnesota River

2. Evaluation of restorable 

hydrologic features (e.g. wetlands), 

GIS analysis

3. Ecosystems services models???

11 Water Budget    

1. What is the recent annual water budget for the basin based on annual 

precipitation, runoff, evapotranspiration, storage and infiltration?  

2. How does the water budget differ across the MRB?

3. What was the seasonal water budget of the historic reference condition 

based on annual precipitation, runoff, evapotranspiration, storage and 

infiltration? 

4. What will be the seasonal water budget of the anticipated future condition 

based on annual precipitation, runoff, evapotranspiration, storage and 

infiltration? 

5. How will the water budget be effected by changes to the climate?

1. Simulation of the annual hydrologic cycle for 

existing basin conditions for representative wet, 

dry and normal years

2. Simulation of the pre-development annual 

hydrologic cycle for historic reference condition for 

representative wet, dry and normal years

3. Simulation of the annual hydrologic cycle for 

future conditions for representative wet, dry and 

normal years

1. Summary hydrologic 

comparisons between the 

historic reference condition and 

existing conditions for 

representative dry, wet and 

normal precipitation years does 

not exist.

H&H models identified above in 

Sections 1 and 3

12 Social Conditions   

1. What are the recent social conditions in the MRB?

2. What will be the future social conditions in the MRB?

3. What would be the social impacts of changes to watershed and water 

quality management and ecosystem restoration?

1. Recent trends in demography in MRB, condition 

of rural communities

2. Social analysis of alternatives, Decision Support 

System (DSS)

TBD TBD

13 Economic Conditions   

1. What are the recent economic conditions in the MRB?

2. What will be the future economic conditions in the MRB?  

3. What agricultural and land use policies and economic conditions are driving 

future land use decisions?

4. What would be the economic impacts of watershed and water quality 

management and ecosystem restoration?

1. Recent trends in agricultural production, farm 

income, etc.

2. Forecast and summary of agricultural 

production, farm income, etc., comparison to 

existing conditions

1. Economic effects of 

watershed plan must be 

examined

TBD 
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