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1.1 Hydrologic Regime   What is the hydrologic regime? Include surface ditches, 
subsurface tiles, open inlet drains, road embankments, bridges, culverts, 
land cover.

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.

LIDAR elevation data, LC/LU 
data, NEXRAD precipitation 
data, geometry of drainage 
network, stream channel 
geometry, bridges, culverts, 
etc.

Small watershed 
hydrologic/hydraulic models. 
Hydrologic/hydraulic models for 
major watersheds, tributaries and 
Minnesota River.  Indicators of 
Hydrologic Alteration (IHA) 

1.2 Lakes and Wetlands  What is the status of lakes and wetlands in the MRB? Mapping of existing lakes and wetland areas; 
water quality/ecological quality information

LIDAR elevation data, GIS data 
on lakes and wetlands, lake 
and wetland geometry

Hydrologic/hydraulic model that 
can simulate depressional storage.

1.3 Flooding Damages  What are the recent trends in average annual flooding 
damage?  Where do the flooding damages occur? What damages are 
incurred with flood events and who incurs them? What is the critical flood 
stage for different reaches of the river?

Frequency, amplitude of flooding, estimation of 
recent annual urban and agricultural flooding 
damages

Historic precipitation and 
climatological records   
Economic data for urban and 
agricultural areas     Detailed 
stream geometry and detailed 
hydraulic structure dimensions 

Hydrologic/hydrologic model that 
can simulate tributary and 
mainstem flooding.   Damage 
assessment model and risk.  
Discharge frequency analysis.

1.4 Land Use and Land Cover    What are the recent patterns of land use and 
land cover? Include CRP, other retired land, feedlots, agricultural storage 
areas

Mapping and quantification of existing land use 
and land cover

land use GIS layer.  Cropping 
practice inventory.

Hydrologic/hydraulic model where 
changed LU practices can be 
captured at an appropriate scale.

1.5 Sediment Mobilization and Transport  How do the hydrologic regime and 
ongoing geomorphic processes affect the geomorphology of tributaries and 
the Minnesota River?  What are the sources of sediment? What is the 
existing geomorphic condition of tributary streams and rivers? What are the 
rates of sediment loading from tributaries to the Minnesota River? How 
much sediment is delivered to the Mississippi River?

Geomorphologic assessment, simulation of 
existing sediment mobilization and transport 
processes

Sediment monitoring (tribs and 
main stem)    Assessment of 
geomorphic processes to 
inform hydrologic model

Hydrologic/hydraulic models 
including sediment mobilization, 
transport and deposition

1.6 Nutrient Loading   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?  What are the N and P loading rates from the non-point sources? 
What are the loading rates from point sources? How much N and P is 
delivered to the Mississippi River?  What are the N and P budgets (inputs, 
outputs) for the MRB?

Inventory of point source and non-point source 
loadings   Simulation of existing N and P 
mobilization and transport.

Inventory of point source and 
not point source loadings

Hydrologic/hydraulic models with 
capability to simulate mobilization 
and transport of N and P, N and P 
budgets

1.7 Water Quality  What are the recent water quality conditions in tributaries 
and in the Minnesota River?  What effect has urbanization and agricultural 
drainage had on water quality, including the thermal regime of tributaries 
and the Minnesota River?

Assessment and simulation of existing water 
quality conditions in tributaries and in the 
Minnesota River

Recent water quality 
monitoring data

Calibration of nutrient and 
sediment modeling 

1.8 Fecal Coliform Bacteria   Where are the impaired waters in the MRB for 
bacteria?  What are the sources of the bacteria?

Inventory of bacteria sources Recent water quality 
monitoring data

1.9 Endocrine Disrupting Chemicals   What are the concentrations and sources 
of endocrine disrupting chemicals in the Minnesota River? Is there any 
evidence of effects on aquatic biota? 

Inventory of endocrine disrupting chemical 
sources, assessment of effects of endocrine 
disrupting chemicals on aquatic biota

Recent water quality 
monitoring data

1.10 Aquatic Habitat Conditions    What are the recent aquatic habitat conditions 
in shallow lakes, tributary rivers and in the Minnesota River? 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?  

Inventory and mapping of recent aquatic habitat 
conditions in shallow lakes, tributaries and the 
Minnesota River.  Recent results of aquatic biota 
surveys

Inventory and mapping of 
existing aquatic habitat 
conditions, aquatic biota 
surveys

IBI (Index of Biological Integrity) 
aquatic habitat assessment model 
for tributaries and Minnesota River

1.11 Aquatic Habitat Conectivity   Where are the existing barriers to fish 
movements?

Mapping barriers to fish movements in tributaries 
and the Minnesota River

Inventory fish barriers

1.12 Water Budget    What is the recent annual water budget for the basin based 
on annual precipitation, runoff, evapotranspiration, storage and infiltration?  
How does the water budget differ across the MRB?

Simulation of the annual hydrologic cycle for 
existing basin conditions for representative wet, 
dry and normal years

precip and climatologic data Yearly hydrologic/hydraulic model 
simulation for a wet, dry and 
normal year.

1.13 Social Conditions   What are the recent social conditions in the MRB? Recent trends in demography in MRB, condition 
of rural communities

Summary of demography in 
MRB, condition of rural 
communities

Socio Economic Modeling

1.14 Economic Conditions   What are the recent economic conditions in the 
MRB?

Recent trends in agricultural production, farm 
income, etc.

Summary of agricultural 
production, farm income, etc.

Economic model of economic 
trends  in MN River Basin

What are the existing conditions of the MRB?
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2.1 Hydrologic Regime   What was the pre-development hydrologic regime? 

(Historic reference condition). 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)

Simulation of the  pre-development surface water 
hydrologic regime (historic reference condition), 
comparison to the existing hydrologic regime

Precip and streamflow data for 
calibration? 

Small watershed 
hydrologic/hydraulic models. 
Hydrologic/hydraulic models for 
major watersheds, tributaries and 
Minnesota River.  Indicators of 
Hydrologic Alteration (IHA) 

2.2 Lakes and Wetlands  How many lakes and wetlands were in the MRB? 
Where were they? How has the status of lakes and wetlands changed over 
time?

Mapping of pre-development lakes and wetland 
areas, comparison to existing conditions

Mapping of pre-development 
lakes and wetlands

Hydrologic/hydraulic model that 
can simulate depressional storage.

2.3 Land Use and Land Cover    What was the pre-development pattern of land 
cover? 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.  What has been the magnitude, spatial extent 
and rate of changes in the MRB landscape over time?

Simulation of pre-development land use, land 
cover, comparison to existing conditions

Mapping of pre-development 
land use. Inventory of pre-
development land features

2.4 Groundwater How has land use change and development of the agricultural 
drainage network affected the groundwater hydrologic regime?

Simulation of the pre-development groundwater 
hydrologic regime (historic reference condition), 
comparison to recent hydrologic regime

GW model for recent condition       
GW model for pre-development

2.5 Sediment Mobilization and Transport  What were the pre-development 
rates of sediment loading from tributaries to the Minnesota River? How 
much sediment was delivered to the Mississippi River?

Geomorphologic assessment, simulation of pre-
development sediment mobilization and 
transport, comparison to recent conditions

Hydrologic/hydraulic models 
including sediment mobilization, 
transport and deposition

2.6 Nutrient Loading What were the pre-development rates of plant nutrient 
loading from tributaries to the Minnesota River?  What were the N and P 
budgets?

Simulation of pre-development N and P 
mobilization and transport, comparison to recent 
conditions,  N and P budgets

Hydrologic/hydraulic models with 
capability to simulate mobilization 
and transport of N and P

2.7 Water Quality   What were pre-development water quality conditions?  Characterization of pre-development water 
quality conditions in selected locations within 
lakes, tributaries and Minnesota River

Historic records, evidence from 
Lake Pepin and MRB lakes 
sediment cores

2.8 Aquatic Habitat Conditions  What were pre-development aquatic habitat 
conditions in wetland complexes, shallow lakes,  tributaries and in the 
Minnesota River? How have invasive species changed shallow lake water 
quality?

Mapping of pre-development aquatic habitat 
conditions in shallow lakes, tributaries and the 
Minnesota River, comparison to recent conditions

Historic records, Mapping of 
pre-development aquatic 
habitat

IBI (Index of Biological Integrity) 
aquatic habitat assessment model 
for tributaries and Minnesota River

2.9 Water Budget What was the seasonal water budget of the historic reference 
condition based on annual precipitation, runoff, evapotranspiration, storage 
and infiltration? 

Simulation of the pre-development annual 
hydrologic cycle for historic reference condition 
for representative wet, dry and normal years

Precipitation and climatologic 
data for pre-settlement 
conditions

Yearly simulation for a wet, dry and 
normal year.

How have conditions in the MRB changed over time?                                
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3.1 Hydrologic Regime  What will be the future hydrologic regime of the MRB 
under alternative scenarios for climate and land use? What are the effects of 
land use and drainage at different scales on the hydrologic regime?

Simulation of the future hydrologic regime, 
comparison to existing conditions

Future climate forecasts and 
forecasts of land use change by 
decade over the next 50 years, 
incorporating expected value 
and undertainty

Small watershed 
hydrologic/hydraulic models. 
Hydrologic/hydraulic models for 
major watersheds, tributaries and 
Minnesota River.  Indicators of 
Hydrologic Alteration (IHA) 

3.2 Lakes and Wetlands  How many lakes and wetlands will exist in the MRB in 
the future? Where will they be? What will be the quality of lakes and 
wetlands  in the future?

Forecast mapping of future lakes and wetland 
areas, comparison to existing conditions

Mapping of future lakes 
wetlands

Hydrologic/hydraulic model that 
can simulate depressional storage.

3.3 Flooding Damage  What will be the future average annual flooding damage?  
Where will the flooding damages occur? How will changes in climate affect 
flood damages?

Frequency, amplitude of future flooding, forecast 
of average annual urban and agricultural flooding 
damages, comparison to existing conditions

Historic precipitation and 
climatological records   
Forecasted economic data for 
urban and agricultural areas     
Detailed stream geometry and 
detailed hydraulic structure 
dimensions 

Continuous simulation hydrologic 
model    Detailed hydraulic (future 
condition) model for accurate 
floodplain mapping.  Hydrologic 
model output to feed reservoir 
operation models.  Flood Damage 
assessment model and risk.  
Discharge frequency analysis.

3.4 Land Use and Land Cover   What will be the future pattern of land use and 
land cover?  How much will urban areas expand? What national agricultural 
policies are driving future land use?  What are the anticipated changes in 
policies and resulting land use?

Assumptions and simulation of future land use, 
land cover, comparison to existing conditions

Mapping of future land use, 
land cover

3.5 Sediment Mobilization and Transport  How will the future hydrologic 
regime and ongoing geomorphic processes affect the geomorphology of 
tributaries and the Minnesota River?  What will be the rates of sediment 
loading from tributaries to the Minnesota River? How much sediment will 
be delivered to the Mississippi River?

Geomorphologic assessment, simulation of future 
sediment mobilization and transport, comparison 
to existing conditions

Sediment monitoring (tribs and 
main stem)    Assessment of 
Geomorphic processes to 
inform hydrologic model

Sediment transport capabilities.  
Need for time steps finer than 1-
day.

3.6 Nutrient Loading   What will be the loading rates of N and P from major 
watersheds to the Minnesota River? What will be the loading rates from 
point sources?  How much N and P will be delivered to the Mississippi River? 
What will the future N and P budgets (inputs, outputs) be for the MRB?

Inventory of future point- and non-point source 
loadings  Simulation of future N and P 
mobilization and transport, comparison to 
existing conditions

Mapping of supposed point 
and non-point sources

nutrient model capabilities

3.7 Water Quality    What will be the future water quality conditions in 
tributaries and in the Minnesota River?  What lakes, tributaries, and reaches 
of the Minnesota River will be fishable and swimmable?

Assessment and simulation of future water 
quality conditions in tributaries and in the 
Minnesota River, comparison to existing 
conditions

Water Quality model

3.8 Aquatic Habitat Conditions  What will be the future aquatic habitat 
conditions in wetlands, shallow lakes, the tributaries and in the Minnesota 
River?

Mapping of future aquatic habitat conditions in 
tributaries and the Minnesota River, comparison 
to existing conditions

Assessment of aquatic habitat

3.9 Habitat Connectivity  Where will be the future barriers to fish movements? Mapping future barriers to fish movements in 
tributaries and the Minnesota River, comparison 
to existing conditions

Mapping of future fish  barriers 

3.10 Water Budget   What will be the seasonal water budget of the anticipated 
future condition based on annual precipitation, runoff, evapotranspiration, 
storage and infiltration? How will the water budget be effected by changes 
to the climate?

Simulation of the annual hydrologic cycle for 
future conditions for representative wet, dry and 
normal years

precipitation and climatologic 
data forecast

surface hydrology model and 
groundwater model

3.11 Social Conditions  What will be the future social conditions in the MRB? Forecast of future demography in MRB, condition 
of rural communities, quality of life, comparison 
to existing conditions

Summary of demography in 
MRB, condition of rural 
communities

Socio Economic Modeling

3.12 Economic Conditions  What will be the future economic conditions in the 
MRB?  What agricultural and land use policies and economic conditions are 
driving future land use decisions?

Forecast and summary of agricultural production, 
farm income, etc., comparison to existing 
conditions

Summary of agricultural 
production, farm income, etc.

Economic model of current 
economy in MN River Watershed

3.13 Climate   What are potential future climate scenarios? Future climate forecasts by 
decade over the next 50 years

3.14 The Good, the Bad, and the Ugly  What is good and bad about the 
forecasted future conditions?

Assessment of future conditions using a set of 
indicators

Forecasted future conditions 
using a set of indicators

3.15 Objectives for Future Conditions   What are the objectives for future 
conditions in the MRB?  What would constitute a sustainable set of future 
conditions for the ecosystem, the economy and society?

Objectives for future conditions using a set of 
conditions, thresholds and ranges

Consultations with landowners, 
MRB residents, stakeholders, 
study partner agencies and 
organizations

What would future conditions in the MRB be under alternative future climate and  land use scenarios? What are the expected future conditions if we do not change current trends in land use 
practices? (Future without-project conditions)
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4.1 Hydrologic Regime  What can be done to restore the hydrologic regime? 

What level of hydrologic restoration/preservation can be reasonably 
achieved?

Listing of potential management, restoration 
actions, BMPs

Small watershed 
hydrologic/hydraulic models. 
Hydrologic/hydraulic models for 
major watersheds, tributaries and 
Minnesota River.  Indicators of 
Hydrologic Alteration (IHA) 

4.2 Lakes and Wetlands   What can be done to restore the form, function and 
natural processes of lakes and wetlands within the basin?  Where can the 
quality and quantity of lakes and wetlands be optimized within the 
watershed?  Where do restoration opportunities exist?

Listing of potential management, restoration 
actions, BMPs

4.3 Land Use and Land Cover   What form of land use achieves objective future 
hydrologic conditions?  Where are land use changes optimized?  

Listing of potential management, restoration 
actions, BMPs

4.4 Flooding Damages  What can be done to reduce average annual flooding 
damages?

Listing of potential management, restoration 
actions, BMPs

Continuous simulation hydrologic 
model    Detailed hydraulic (future 
condition) model for accurate 
floodplain mapping.  Hydrologic 
model output to feed reservoir 
operation models.  Flood Damage 
assessment model and risk.  
Discharge frequency analysis.

4.5 Surface Water Use  What can be done to maintain sustainable surface 
water use?

Listing of potential management, restoration 
actions, BMPs

Water budget, inventory of 
recent and forecasted future 
surface water appropriations

4.6 Groundwater Use  What can be done to maintain sustainable groundwater 
use?

Listing of potential management, restoration 
actions, BMPs

Water budget, inventory of 
recent and forecasted future 
groundwater water 
appropriations

4.7 Water Quality  What can be done to improve water quality, sediment 
transport and nutrient loading conditions in the tributaries and in the 
Minnesota River?

Listing of potential management, restoration 
actions, BMPs

4.8 Water Quality - Bacteria   What can be done to reduce concentrations of 
fecal coliform bacteria in tributaries and the Minnesota River?

Listing of potential management, restoration 
actions, BMPs

4.9 Water Quality - Endocrine Distruptors  What can be done to improve water 
quality related to anthropogenic pollutants (e.g. endocrine disruptors)?

4.10 Aquatic Habitat Conditions  What can be done to improve aquatic habitat 
conditions in tributaries and in the Minnesota River?

Listing of potential management, restoration 
actions, BMPs

4.11 Economic Impacts   What would be the economic impacts of watershed and 
water quality management and ecosystem restoration?

Economic analysis of alternatives, Decision 
Support System (DSS)

Economic model of MRB

4.12 Social Impacts  What would be the social impacts of changes to watershed 
and water quality management and ecosystem restoration?

Social analysis of alternatives, Decision Support 
System (DSS)

Social model of MRB

4.13 Sustainability  What can be done to encourage sustainable, multi-functional 
agriculture in the MRB? What are the drivers of change from past practices 
to new practices (how is this accomplished)?

Social, economic analysis of alternatives, Decision 
Support System (DSS)

Social, economic model of MRB

4.14 Effective Investments  What would be the most cost- and ecologically 
effective combination of actions for watershed, water quality management 
and ecosystem restoration?  Where would they be located? How many? 
How much?

Decision Support System (DSS)

4.15 Monitoring and Evaluation  What should be monitored for evaluating the 
effectiveness of management and restoration actions in the MRB?  At what 
spatial and temporal scales?

What can be done to achieve the objectives for future conditions in the MRB?



What is the variability conditions across the watershed?  How does this 
affect management and restoration? How does uncertainty affect the 
certainty of our conclusions and recommendations? How can we explain 
and effectively incorporate uncertainty in this study?
How to ensure that on-going projects and future projects are integrated into 
this study?
How predictive are the model forecasts?  Accuracy (over what timescale)?  
Change in drivers 
How has spatial distribution of CRP affected watershed condition?  How 
effective have these practices been? Existing and future conditions

What are the future without-project scenarios for climate and land use?

How can improvements within the watershed remain effective and deal 
with the challenges that come with an integrated and holistic management?

Additional Questions and Information Needs
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