
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


