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Presentation Notes
Hello, this is Kim Oldenborg project coordinator for the NE Lakeshore TMDL. This is the last webinar we are having to describe development of the watershed model. This presentation will provide an overview of how the watershed model was setup.  

oldenk
Text Box
*Tip: Click or hover over comment bubble to see presenter notes

oldenk
Line



NE Lakeshore TMDL
Ahnapee

Kewaunee

Twin

Manitowoc 

Sheboygan

Pigeon

Total Phosphorus

Total Suspended Solids/Sediment

Total Phosphorus & 
Total Suspended Solids/Sediment

2020 draft impaired waters list 
(streams and rivers)

Study area
Cover nearly 2,000 square miles
Includes many major river basins

Impaired waters (Draft 2020 list) 

Focused on streams, rivers, and inland lakes
(not Lake Michigan)

Funding from WI legislature in 2017 

Stream Segments
TP impaired: 74
Sediment impaired: 3
TP & Sediment impaired: 3

Lakes
TP impaired: 13

Sturgeon Bay

Port 
Washington

Presenter
Presentation Notes
In case you are new to this project, we will start with some background about the study area.  The TMDL area covers nearly 2,000 square miles and includes many rivers that all drain to Lake Michigan. The project area is between Sturgeon Bay and Port Washington. This TMDL focuses on addressing phosphorus and sediment impaired waters. According to the 2020 draft impaired waters list there are 74 stream segments impaired for phosphorus, 3 impaired for sediment, and 3 more impaired by both phosphorus and sediment. Additionally, there are 13 inland lakes impaired for phosphorus. This TMDL is focused on streams, rivers, and inland lakes but not lake Michigan and it received funding from the WI legislature in 2017. 



TMDL
(mass of phosphorus or sediment)

TMDL = Total Maximum Daily Load
The amount (or mass) of phosphorus or sediment that a waterbody 
can receive and still meet water quality criteria (a concentration)

Below criteria

Criteria

Above criteria

Presenter
Presentation Notes
As a reminder, a TMDL is the total amount or mass of phosphorus and sediment that a water body can receive and still meet water quality criteria, which is expressed as a concentration. 



June, webinar 1: TMDL Overview

Completed collection of agricultural management data 

Mid 2022: Anticipated submittal of TMDL report to EPA for approval

Completed inventory of WPDES permit 
holders and effluent monitoring data

2018

2019

2020

2021

2017

2022

WI legislature supports NE Lakeshore TMDL
Stream 

monitoring

Watershed 
model contract: 

Nov. 2018 –
May 2021

Stakeholder meetings/webinar: Spring 2021
Present draft allocation results.
Public comment period on draft allocations

Conduct Public Hearing. Mid to late 2021 
Present draft TMDL report
Public comment period on TMDL report

Anticipated start of the TMDL implementation phase

Completed analysis of stream monitoring data

August, webinar 3: Watershed model introduction and data inputs
September, webinar 4: Watershed model setup
Public comment period on model setup section of model report 

NE Lakeshore TMDL development
Anticipated milestones

Stakeholder meetings/webinar. Late 2020 to early 2021 
Present draft watershed modeling report, baseline load results, and allocation methods
Public comment period on model report. 

July, webinar 2: Water quality data and impairments (3 separate presentations for each basin).

Today

Presenter
Presentation Notes
As mentioned earlier, this is the last webinar in our 4 part series on watershed model development. This presentation will be followed by a comment period on a portion of the draft watershed modeling report. The next major milestone for TMDL development will be a presentation on a completed draft of the watershed model report. This will include the baseline load results from the model. We anticipate presenting on this topic in late 2020 to early 2021 and will accompany the presentation with a comment period on a completed draft of the watershed modeling report. In Spring 2021 we anticipate presenting on draft TMDL allocations. In mid to late 2021 we anticipate having a public hearing and comment period on the draft TMDL report, with anticipated approval of the report by EPA 2022. Approval of the report will then begin the TMDL implementation phase.
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Presenter
Presentation Notes
Now moving into today’s topic…. Watershed model set up 



Outline of the
Watershed Model Report
Prepared by The Cadmus Group 
through an EPA contract 

1. Overview
2. Model Setup

2.1. ArcSWAT and SWAT software
2.2. Subbasin and Reach Delineation
2.3 Hydrologic Response Units

2.3.1. Land Cover
2.3.1. Soils
2.3.2. Slope
2.3.4. HRU Definition 

2.4. Weather
2.4.1. Weather Data
2.4.2. Potential Evapotranspiration

2.5. Point Sources
2.5.1. Wastewater Treatment Facilities 
2.5.2. Municipal Separate Storm Systems 
2.5.3. CAFOs
2.5.4. General Permits

2.6. Soil Phosphorus
2.7. Manure Application
2.8. Baseflow Alpha Factor
2.9. Internally Drained Areas
2.10. Mannings N
2.11. Subbasin Slope Length
2.12 Simulation Period 

Upcoming Comment Period 

Future Webinar
and Comment Period 
(Late 2020/Early 2021) 

3. Model Calibration (methods and results)
4. Model Validation (methods and results)
5. Discussion of Model Performance
6. Summary of Model Results
7. References

Accepting comments 
until Oct 16th

Send comments to Kim 
Oldenborg 
Kimberly.Oldenborg@
Wisconsin.gov

Presenter
Presentation Notes
The Watershed modeling report is being prepared for WDNR by the Cadmus Group through an EPA contract. The report will contain 7 sections as outlined here. The upcoming comment period will be focused on the first two sections - Overview and Model Setup. Comments can be emailed to myself until Oct 16th.  The analysis and reporting for the other sections is still being prepared. We anticipate a presentation and comment period on the full draft of the model report in late 2020/early 2021. 

mailto:Kimberly.Oldenborg@Wisconsin.gov
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Webinar 3 topics
Webinar 4 topics (today)

Presenter
Presentation Notes
Many of the topics in the model set up section were covered in webinar 3. A recording or slides of this webinar can be for on the project webpage. Todays presentation will focus on describing a component of the model known as HRUs, which are key the set up of the watershed model. We will also briefly overview the methods for calibration and validation of the watershed model. 



Why is a watershed model needed?
Recall the 3 major steps in TMDL development

1
Allocate load 

among sources

3
Calculate 

Baseline loads

2
Determine 

loading capacity

What are the current 
pollutant loads and 
how much is coming 
from each source? 

What amount of 
pollutant can a 
waterbody receive?

What amount of 
pollutant reduction is 
needed from each 
source?

8

Presenter
Presentation Notes
Before getting into these topics, lets review why a watershed model is needed TMDL development. To do this, recall the 3 major steps in TMDL development. Step 1: calculate baseline loads of the pollutant sources. Step 2: determine the loading capacity of the waterbody. Step 3: allocate the allowable pollutant load among the various pollutant sources. 
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Nonpoint (ag, urban, natural) 
loads

Recall the 3 major steps in TMDL development
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Presenter
Presentation Notes
The watershed model is primarily needed for step 1, calculating the current pollutant loads from the nonpoint pollutant sources on the land scape. Theses non-point sources include agricultural runoff, urban stormwater runoff and contributions from natural sources such as forests and wetlands. Essentially, because we cannot directly monitor the pollutant loads from every source, in every subbasin, a watershed model is needed. Notice how pollutant loads from point sources are not calculated with the watershed model. Because of the frequent monitoring required in their permits from wastewater treatment plants their loads can be calculated directly from their effluent monitoring data. 



       
      

 

        
 

Urban runoff

Wastewater

Agricultural 
runoff

Naturally 
occurring

Example Baseline Load
Subbasin 184 

Why do we need a watershed model ?
1) To provide baseline phosphorus and sediment loads in 
each of the 321 subbasins

2) To provide the relative pollutant contribution from 
nonpoint pollutant sources in each of the 321 subbasins 

*From effluent monitoring
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Presenter
Presentation Notes
In summary, the watershed model will provide the baseline phosphorus and sediment loads from the non-point sources (urban, agricultural, and natural source), in each of the 321 subbasins. 



Watershed model development process

Model inputs: 

For each subbasin:
- Stream flow
- Baseline 
TP & TSS loads

Watershed 
model 
setup

Calibrate 
watershed 

model

Webinar 2

Webinar 3 

Webinar 4 Future meeting/webinar 
Late 2020/Early 2021
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Presenter
Presentation Notes
The four part webinar series we did this summer has covered the process of watershed model development. In webinar 2, we showed results of the stream monitoring data, which will be used to calibrated the model. In webinar 3 we reviewed the data inputs for the model. And today, we will be focusing on how the watershed model was set up. In a future presentation in late 2020 or early 2020 we will show calibration results and the model outputs, which include the baseline phosphorus and sediment loads in each subbasin. 




Soil and Water Assessment Tool (SWAT)

Simulates hydrologic and nutrient cycles
each day, in each subbasin, 
based on the data inputs

12

Presenter
Presentation Notes
The watershed model being used for the NE Lakeshore TMDL is called the Soil and Water assessment Tool or SWAT. It simulates hydrologic cycles and nutrient cycles for each day, in each subbasin, based on the data inputs. It simulates process such as evapotranspiration, runoff, and infiltration to provide the outputs of streamflow and water quality in each subbasin. The SWAT model has been used for all of the recent TMDLs in Wisconsin. 



Modeling Units

Hydrologic Outputs:

• Based on watershed boundaries
• Guide water and pollutants downstream through tributaries and subsurface flow
• Subbasin scale outputs are used for TMDL development

1) Subbasin

Subbasin:

Presenter
Presentation Notes
The SWAT watershed model operates at two scales. We will review these two different scales as it is useful/important for setup of the watershed model. The first scale, which we have mentioned before, is the subbasin scale. This graphic is a good representation of a subbasin. Subbasins are based on watershed boundaries. They collect the water and pollutants generated within them and then guide them downstream through tributaries or subsurface flow. The subbasin scale outputs of stream flow and water quality used to calculate allocations and percent reductions later in the TMDL development process.




Modeling Units

Hydrologic Outputs:

• Based on watershed boundaries
• Guide water and pollutants downstream through tributaries and subsurface flow
• Subbasin scale outputs are used for TMDL development

1) Subbasin

Subbasin:

See Webinar 3 or draft report for more detail

Presenter
Presentation Notes
See webinar 3 of the draft watershed modeling report for additional details on how subbasins were delineated. 



Modeling Units

Hydrologic Outputs:

• Based on watershed boundaries
• Guide water and pollutants downstream through tributaries and subsurface flow
• Subbasin scale outputs are used for the TMDL development

1) Subbasin

Subbasin:

Unique Combinations of
Land Use – Soil – Slope
per subbasin

Soil

Land use

2) Hydrologic Response Units
(HRUs)

Presenter
Presentation Notes
The second scale used by the watershed model are hydrologic response units, or HRUs.  These are unique combinations of land use- soil – and slope per subbasin. 




Modeling Units

Hydrologic Outputs:

• Based on watershed boundaries
• Guide water and pollutants downstream through tributaries and subsurface flow
• Subbasin scale outputs are used for the TMDL development

1) Subbasin

Subbasin:

• Unique Combinations of
Land Use – Soil – Slope
per subbasin

• Nested within subbasins

• Model simulates flow and pollutant 
runoff for each HRU

Soil

Land use

2) Hydrologic Response Units
(HRUs)

Presenter
Presentation Notes
Within each subbasin, there are many HRUs, depicted by the red boundaries.  The watershed model generates flow and pollutant runoff for each HRU.  Then, subbasins collect water and pollutants generated by each of its HRUs, and routes it downstream through tributaries or subsurface flow. 
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Presenter
Presentation Notes
We will now discuss how HRUs were created for the NE Lakeshore SWAT model. 
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Dairy Rotation 3, Till 2
Dairy Rotation 3, Till 3

Dairy
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Hay
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Cash Grain 1, Till 1
Cash Grain 1, Till 2
Cash Grain 1, Till 3
Cash Grain 1, Till 4

Continuous Corn, Till 1
Continuous Corn, Till 2
Continuous Corn, Till 3

Urban, low intensity
Urban, low intensity, MS4
Urban, high intensity
Urban high intensity, MS4

Urban

Natural

Continuous Hay, no till

Creating HRUs for the NE Lakeshore SWAT model
Unique combinations of slope – soil – land use  – per subbasin

Slope 
Source: DEM

Soils
Source: SSURGO & STATSGO

Land use
Source: Wiscland2 & County 
agricultural questionnaire survey

Presenter
Presentation Notes
HRUs are the unique combinations of slope, soil, and land use per subbasin. For the NE Lakeshore, slope information came from a Digital elevation model (DEM). Soil information came from SSURGO and STATSGO databases maintained by USDA NRCS. Land use came from a combination of the Wiscland2 land cover layer, and an agricultural questionnaire survey administered to each of the 8 county conservation departments. Wiscland provided the spatial component of the land use while the agricultural survey provided information about land management. Each of these agricultural land covers listed here has set of management operations associated with them in the model. 
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Creating HRUs for the NE Lakeshore SWAT model
Unique combinations of slope – soil – land use  – per subbasin

Class Name 
Crop Sequence

Fall Tillage Spring Tillage
Chemical 

P2O5 
(lb/ac/yr)

Manure
Year 1 Year 2 Year 3 Year 4 Year 5 Year 6

Dairy 1 – Till 1
CS CS CS ALF ALF ALF

*Chisel Plow *Cultivator, 2X

26
Liquid; unique 

rate per 
subbasin

Dairy 1 – Till 2 *Disk Plow *Cultivator
Dairy 1 – Till 3 *None *Vertical Till
Dairy 2 – Till 1

CS CS CG ALF ALF ALF
*Chisel Plow *Cultivator, 2X

Dairy 2 – Till 2 *Disk Plow *Cultivator
Dairy 2 – Till 3 *None *Vertical Till
Dairy 3 – Till 1

CS CS SOY WW ALF ALF
*Chisel Plow *Cultivator, 2X

Dairy 3 – Till 2 *Disk Plow *Cultivator
Dairy 3 – Till 3 *None *Vertical Till
Cash Grain 1 – Till 1 

CG SOY CG SOY CG SOY
Chisel Plow Cultivator, 2X

48

None

Cash Grain 1 – Till 2 Disk Plow Cultivator
Cash Grain 1 – Till 3 None Vertical Till

Cash Grain 1 – Till 4 Chisel Plow (Corn),         
No Till (Soybean)

Cultivator (Corn),       
No Till (Soybean)

Continuous Corn 1 – Till 1
CG CG CG CG CG CG

Chisel Plow Cultivator, 2X
46Continuous Corn 1 – Till 2 Disk Plow Cultivator

Continuous Corn 1 – Till 3 None Vertical Till
Continuous Hay – No Till ALF ALF ALF ALF ALF ALF None None None

Presenter
Presentation Notes
This table summarizes some of the operations that are associated with each agricultural land in the model. These operations include which crops are planted in each year of the sequence, spring and fall tillage, and amounts of chemical and animal fertilizer applications. These agricultural classes and associated operations were developed with the help from the county conservationist. Additional details about results of the agricultural questionnaire survey can be found in webinar 3 or in a summary document that has been posted on the website. 
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Creating HRUs for the NE Lakeshore SWAT model
Unique combinations of slope – soil – land use  – per subbasin

Presenter
Presentation Notes
As you notice from these maps, there are many unique combinations of slope, soil, and land use in each subbasin, which will result in many HRUs. 
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estimated for NEL SWAT model

Presenter
Presentation Notes
And Indeed, it was estimated that there was at least 30,000 HRUs when overlaying these 3 layers. 
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Over 30,000 HRUs originally 
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Problematic 
tradeoffs 

Presenter
Presentation Notes
This high number of HRUs actually begins to become problematic for running the model. This is because like many things in life, when you begin increasing one thing, there or tradeoffs or consequence for another thing. 





Balance HRUs to reduce tradeoffs

Number of HRUs
(unique land use – soil – slope combinations per subbasin)

Improvement 
in model 
estimates

After a certain number of HRUs, the additional HRU details do not significantly 
improve the the model’s estimates

*conceptual diagram

Presenter
Presentation Notes
To reduce the tradeoffs that a high number of HRUs creates, the number of HRUs can be balanced. This is because after a certain number of HRUs, these additional HRU details do not significantly improve the model estimates of flow and pollutant runoff. Here is a conceptual diagram to illustrate that point. As the number of HRUs. increases there is little gain in the improvement of the model’s estimates. 



Balance HRUs to reduce tradeoffs

Number of HRUs
(unique land use – soil – slope combinations per subbasin)

Improvement 
in model 
estimates

After a certain number of HRUs, the additional HRU details do not significantly 
improve the the model’s estimates

HRUs not balanced

*conceptual diagram

Presenter
Presentation Notes
If HRUs numbers are not balanced, then you are left in this red zone



Balance HRUs to reduce tradeoffs

Number of HRUs
(unique land use – soil – slope combinations per subbasin)

Improvement 
in model 
estimates

After a certain number of HRUs, the additional HRU details do not significantly 
improve the the model’s estimates

HRUs not balanced =
• slow model runtimes
• less opportunity for 

calibration & validation

*conceptual diagram

Presenter
Presentation Notes
Which results in slow model runtimes (due to high model complexity) ultimately leading to less opportunity for calibration and validation of the model. 



Balance HRUs to reduce tradeoffs

Number of HRUs
(unique land use – soil – slope combinations per subbasin)

Improvement 
in model 
estimates

After a certain number of HRUs, the additional HRU details do not significantly 
improve the the model’s estimates

HRUs not balanced =
• slow model runtimes
• less opportunity for 

calibration & validation

calibration and validation
• A key step for improving 

model estimates
• Involves adjusting model 

parameters to better 
match model outputs with 
real-world stream 
monitoring data

*conceptual diagram

Presenter
Presentation Notes
Calibration and validation is a key step for improving the model’s estimates. It involves adjusting model parameters to better match model outputs with real-world stream monitoring data. 



Balance HRUs to reduce tradeoffs

Number of HRUs
(unique land use – soil – slope combinations per subbasin)

Improvement 
in model 
estimates

After a certain number of HRUs, the additional HRU details do not significantly 
improve the the model’s estimates

30,000 + 
(original NEL HRU estimate)

HRUs not balanced =
• slow model runtimes
• less opportunity for 

calibration & validation

*conceptual diagram

Presenter
Presentation Notes
The original HRU estimate for the NE Lakeshore SWAT model was in this zone where the HRUs were not balanced, resulting in less opportunity for calibration and validation. Therefore, the number of HRUs needed to be reduced. 



Balance HRUs to reduce tradeoffs

Number of HRUs
(unique land use – soil – slope combinations per subbasin)

Improvement 
in model 
estimates

After a certain number of HRUs, the additional HRU details do not significantly 
improve the the model’s estimates

30,000 + 
(original NEL HRU estimate)

Goal: 4,000 –
5,000 HRUs

*conceptual diagram

Presenter
Presentation Notes
Based on scientific publications of HRUs per square mile, a goal of 4,000 – 5,000 HRUs was developed for the NE Lakeshore model. This brought the HRU numbers to a place where they were still representing a detailed landscape but balanced the need for calibration and validation.




Balance HRUs to reduce tradeoffs

Number of HRUs
(unique land use – soil – slope combinations per subbasin)

Improvement 
in model 
estimates

After a certain number of HRUs, the additional HRU details do not significantly 
improve the the model’s estimates

30,000 + 
(original NEL HRU estimate)

Goal: 4,000 –
5,000 HRUs

Original slope, soil, 
and land use layers 
still preserved and 
used for TMDL 
implementation

*conceptual diagram

Presenter
Presentation Notes
While HRUs needed to be reduced for the SWAT model, it is important to note that the details of the original slope, soil, and landuse layers have still been preserved and will be used for TMDL implementation. 



Reducing HRUs for the NE Lakeshore TMDL SWAT model

HRUs:
Subbasin:

Soil

Land use

* Not to scale, for 
illustrative purposes 

• Minimum area thresholds

• Prevents the creation of 
HRUs for land cover, soil, and 
slope classes that cover only 
a small area in the subbasin

• Results in… 
• less HRUs
• improved model efficiency
• increased opportunity for 

model calibration and     
validation

Presenter
Presentation Notes
Now we will transition into how the HRUs were reduced for the NE Lakeshore SWAT model. To reduce the HRUs, Cadmus and WDNR developed an approach using minimum area thresholds. This approach prevents the creation of HRUs for land cover, soil, and slope classes that are only a small portion of the subbasin. This approach ultimately results in less HRUs, thereby improving model efficiency and providing more opportunity for model calibration./validation. 



Reducing HRUs for the NE Lakeshore TMDL SWAT model

Soil

Land use
HRUs: Threshold development

Iteratively developed thresholds 
until HRUs were optimized against 
model efficiency (runtime)

Subbasin:

Presenter
Presentation Notes
The thresholds for land use , slope, and soil were interactively developed by WDNR and Cadmus until we hit the 4-5000 HRU goal which optimized HRUs numbers against model efficiency and opportunity for calibration/validation.



Reducing HRUs for the NE Lakeshore TMDL SWAT model

Soil

Land use
HRUs: Soil Threshold

Soil class must be more than 
20% of area in subbasin to 
be preserved 

Subbasin:

If less than 20% of area, soil 
class was re-classified based 
on the amount of other soil 
classes that were over 20% 
in the subbasin

Presenter
Presentation Notes
Now I’ll briefly summarized the thresholds developed for each layer, starting with soil. Soil classes had to be more than 20% of a subbasin’s area to be preserved. If a class was less than 20%, the it was re-classified based on the amount of the other soil classes the were over 20% in the subbasin. 



Reducing HRUs for the NE Lakeshore TMDL SWAT model

Soil

Land use
HRUs: Soil Threshold

Soil class must be more than 
20% of area in subbasin to 
be preserved 

Subbasin:

If less than 20% of area, soil 
class was re-classified based 
on the amount of other soil 
classes that were over 20% 
in the subbasin

Soil 3 
10 %

Soil 2 
50 %

Soil 1
40 %

Presenter
Presentation Notes
For example, lets say soil 1 is 40% of the subbasin area, soil 2 is 50% and soil 3 is 10%. Therefore, soil 1 and 2 would stay, because they are above the 20% threshold



Reducing HRUs for the NE Lakeshore TMDL SWAT model

Soil

Land use
HRUs: Soil Threshold

Soil class must be more than 
20% of area in subbasin to 
be preserved 

Subbasin:

If less than 20% of area, soil 
class was re-classified based 
on the amount of other soil 
classes that were over 20% 
in the subbasin

Soil 3 
10 %

Soil 2 
50 %

Soil 1
40 %

44% 
soil 1

55% 
soil 2

Presenter
Presentation Notes
But soil 3 would be reclassified based on the proportion of soil 1 and soil 2 in the subbasin. 

The spatial location of these reclassified areas does not impact model outputs because HRUs are non-spatial units within a subbasin. 





Reducing HRUs for the NE Lakeshore TMDL SWAT model
Use minimum area thresholds prevent the definition of HRUs for land cover and soil classes that cover only a small 
proportion of a subbasin, thereby reducing the total number of HRUs and improving model efficiency

Soil

Land use
HRUs: Slope Threshold Summary

1 slope type per subbasin 
(Average slope of subbasin) 

Slope could vary among 
subbasins. 

Subbasin:

Presenter
Presentation Notes
For slope, the threshold was 1 slope per subbasin. This slope was determine by the average slope of the subbasin. This average slope was then applied to all HRUs in the subbasin. With this approach, slopes could still vary among subbasins. 



Reducing HRUs for the NE Lakeshore TMDL SWAT model
Use minimum area thresholds prevent the definition of HRUs for land cover and soil classes that cover only a small 
proportion of a subbasin, thereby reducing the total number of HRUs and improving model efficiency

Soil

Land use
HRUs:

Land Use Threshold Summary
In general, land use had to be greater than 
5 % of subbasin area to be preserved

Subbasin:

Presenter
Presentation Notes
For land use, the thresholds are fairly nuanced, so I encourage you to read the Draft modeling report for more information. But in general, each land use class had to be more than 5% of the subbasin area to be preserved.



Reducing HRUs for the NE Lakeshore TMDL SWAT model
Use minimum area thresholds prevent the definition of HRUs for land cover and soil classes that cover only a small 
proportion of a subbasin, thereby reducing the total number of HRUs and improving model efficiency

Soil

Land use
HRUs:

Land Use Threshold Summary
In general, land use had to be greater 
than 5 % of subbasin area 

Original amount of agricultural, 
natural, and urban area conserved…

Subbasin:

Presenter
Presentation Notes
By the design of the land use thresholds, any land use reclassification that occurred preserved the original amount of agricultural, natural, and urban areas in the subbasin. 



Reducing HRUs for the NE Lakeshore TMDL SWAT model
Use minimum area thresholds prevent the definition of HRUs for land cover and soil classes that cover only a small 
proportion of a subbasin, thereby reducing the total number of HRUs and improving model efficiency

Soil

Land use
HRUs:

Land Use Threshold Summary
In general, land use had to be greater 
than 5 % of subbasin area 

Original amount of agricultural, natural, 
and urban area conserved…

• Ag classes only aggregated with other 
ag classes

• Natural classes only aggregated with 
other natural classes

• Urban classes -> No thresholds applied 
(all classes conserved per subbasin) 

Subbasin:

Presenter
Presentation Notes
Meaning, ag classes were only aggreged with other ag classes. Natural classes were only aggregated with other natural classes, and urban classes were completely preserved, meaning no thresholds were applied. 



For each subbasin, establish detailed classes for Dairy, Cash Grain, and Continuous Corn

For each subbasin, apply 5% minimum area threshold to land cover classes (excluding Urban)

Pre-Processing

Remove Open Water pixels

Reclassify Potato/Vegetable pixels to Dairy, Cash Grain, and Continuous Corn

Reclassify Agriculture pixels 
to the majority Agriculture 

class in the subbasin

Reclassify all Dairy pixels to the majority 
detailed Dairy class in the subbasin

Is total Agriculture
(Dairy + Cash Grain + Continuous Corn + Hay) 

≥ 5% of subbasin area?

Reclassify Dairy
to other 

Agriculture classes

Is total Natural Cover 
(Forest + Wetland + Grassland)

≥ 5% of subbasin area?

Reclassify Forest
to other 

Natural Cover classes

Reclassify Natural Cover 
pixels to the majority Natural 

Cover class in subbasin

Final Land Cover Dataset 

Reclassify all Cash Grain pixels to the majority 
detailed Cash Grain class in the subbasin

Reclassify all Continuous Corn pixels to the majority 
detailed Continuous Corn class in the subbasin

Repeat for: 
Cash Grain

Continuous Corn
Hay

Repeat for: 
Wetland

Grassland

Yes No

Yes

Yes

Yes

No

Is Dairy
< 5% of 

subbasin area?

Is Forest
< 5% of 

subbasin area?

Keep original 
amount of Dairy
area in subbasin

No

Keep original 
amount of Forest 
area in subbasin

No

Dairy Rotation 1, Till 1
Dairy Rotation 1, Till 2
Dairy Rotation 1, Till 3
Dairy Rotation 2, Till 1
Dairy Rotation 2, Till 2
Dairy Rotation 2, Till 3
Dairy Rotation 3, Till 1
Dairy Rotation 3, Till 2
Dairy Rotation 3, Till 3

Dairy

Cash Grain

Continuous Corn

Ag

Hay

Potato/Veg

Open Water
Forest
Wetland
Grassland

Cash Grain 1, Till 1
Cash Grain 1, Till 2
Cash Grain 1, Till 3
Cash Grain 1, Till 4

Continuous Corn, Till 1
Continuous Corn, Till 2
Continuous Corn, Till 3

Urban, low intensity
Urban, low intensity, MS4
Urban, high intensity
Urban high intensity, MS4

Urban

Natural

Continuous Hay, no till

Application of land cover thresholds in the NE Lakeshore SWAT modelInitial land cover classes

1

2

3

4

Presenter
Presentation Notes
Here is a diagram of how the landcover thresholds were applied in the SWAT model. As you see it is a bit more detailed than I fully described for this presentation but I will briefly summarize.. Box 1 involves removing open water pixels as they are not used in the model. It also involves reclassifying potato/vegetable areas to the other agricultural classes, as counties conservation departments indicated that potato/vegetable rotations were not common in this area and are likely misclassified by the Wiscland land cover layer. Box 2 involves a series of ‘yes’ and ‘no’ questions, about the amount of natural and agricultural land covers in the subbasin and ends in a decision on how to aggregate or preserve each landcover. In general, if a land cover was greater than 5% of the subbasin area then it was preserved. Any aggregation that occurred in this step still preserved the original amount of natural area and agricultural area in each subbasin. The 3rd box focuses on aggerating agricultural land management operations. As you see, there was no aggregation of urban classes. Overall, This aggregation process was necessary to balance HRUs with opportunity for model calibration and validation. However the full land cover data set was still preserved and will be used for TMDL implementation. This diagram and a narrative of the landcover thresholds can viewed in the draft model report. 



HRU summary

HRUs were developed to balance the number 
of HRUs against model runtimes 
and opportunity for model calibration/validation

HRU aggregation preserved the original amount of agricultural, urban, and natural 
landcover in each subbasin

The original detail of land cover layer has been preserved and will be used for TMDL 
implementation 

HRUs
Model efficiency

&
Calibration/Validation



Subbasins and Routing

• After phosphorus and sediment 
runoff is calculated for HRUs, it 
is routed downstream through 
subbasins. 

• The model simulates the loss of 
pollutants in stream channels 
from deposition

Adapted From S.L. Neitsch et al., Soil and Water Assessment Tool theoretical 
documentation version 2000, 2001



Outline of the
Watershed Model Report
Prepared by The Cadmus Group Upcoming Comment Period 

Future Webinar
and Comment Period 
(Late 2020/Early 2021) 

3. Model Calibration (methods and results)
4. Model Validation (methods and results)
5. Discussion of Model Performance
6. Summary of Model Results
7. References

1. Overview
2. Model Setup

2.1. ArcSWAT and SWAT software
2.2. Subbasin and Reach Delineation
2.3 Hydrologic Response Units

2.3.1. Land Cover
2.3.1. Soils
2.3.2. Slope
2.3.4. HRU Definition 

2.4. Weather
2.4.1. Weather Data
2.4.2. Potential Evapotranspiration

2.5. Point Sources
2.5.1. Wastewater Treatment Facilities 
2.5.2. Municipal Separate Storm Systems 
2.5.3. CAFOs
2.5.4. General Permits

2.6. Soil Phosphorus
2.7. Manure Application
2.8. Baseflow Alpha Factor
2.9. Internally Drained Areas
2.10. Mannings N
2.11. Subbasin Slope Length
2.12 Simulation Period 

Webinar 3 topics
Webinar 4 topics (today)

Presenter
Presentation Notes

This concludes the presentation of topics related to the upcoming comment period. I‘ll now briefly summarize the process of model calibration and validation



Watershed model development process

Model inputs: 

Calibrated model 
outputs in each 
subbasin:

- Stream flow
- TP & TSS loads

Watershed 
model 
setup

Calibrate 
watershed 

model

43

Calibration

Presenter
Presentation Notes
Calibration and validation is done after model set up. This is currently the step we are at for the NE Lakeshore SWAT model. 



Model Calibration & Validation

Modeler adjusts parameters to allow for better fit

The process of matching model simulated outputs (flow, sediment, 
phosphorus) to monitoring data

Chemistry (39)
Flow (22)
Load (21)

Ahnapee

Kewaunee

Twin

Manitowoc 

Sheboygan

Pigeon

Stony

Monitoring Locations

Fl
ow

 (c
fs

)

Evaluation statistics (objective functions, for example: R2 or PBIAS) 
are used to help quantify model calibration and validation

(modeled)
(in-stream)

Presenter
Presentation Notes

Calibration and validation is the process of matching the model simulated outputs of flow, sediment and phosphorus to monitoring data. Below is an example comparing the simulated (or modeled) results vs. observed (or in-stream) results at a site. During the calibration process, the modeler tries to improve fit between these lines by adjusting model parameters. Then evaluation statistics or objective functions such as R2 or percent bias are used to help quantify the model calibration and validation. In the NE Lakeshore TMDL area we have 21 locations that were monitoring for sediment and phosphorus load. These locations will be used for calibrating and validating the model’s simulated outputs of flow, sediment and phosphorus. 



Model Calibration & Validation

Modeler adjusts parameters to allow for better fit

The process of matching model simulated outputs (flow, sediment, 
phosphorus) to monitoring data

Ahnapee

Kewaunee

Twin

Manitowoc 

Sheboygan

Pigeon

Chemistry (39)
Flow (22)
Load (21)

Stony

Monitoring Locations

Fl
ow

 (c
fs

)

Evaluation statistics (objective functions, for example: R2 or PBIAS) 
are used to help quantify model calibration and validation

See Webinar 2 for 
results of the Water 
Quality monitoring

Presenter
Presentation Notes

Results of the stream monitoring are presented in detail in webinar 2. 



Watershed model development process

Model inputs: 

For each subbasin:
- Stream flow
- Baseline 
TP & TSS loads

Watershed 
model 
setup

Calibrate 
watershed 

model

Webinar 2

Webinar 3 

Webinar 4 Future meeting/webinar 
Late 2020/Early 2021

46

Presenter
Presentation Notes
This now completes the four part webinar series we did this summer on the processes of watershed model development. Thank you for attending! We look forward to sharing results of the watershed model late this year or early next year.  




Outline of the
Watershed Model Report
Prepared by The Cadmus Group 

1. Overview
2. Model Setup

2.1. ArcSWAT and SWAT software
2.2. Subbasin and Reach Delineation
2.3 Hydrologic Response Units

2.3.1. Land Cover
2.3.1. Soils
2.3.2. Slope
2.3.4. HRU Definition 

2.4. Weather
2.4.1. Weather Data
2.4.2. Potential Evapotranspiration

2.5. Point Sources
2.5.1. Wastewater Treatment Facilities 
2.5.2. Municipal Separate Storm Systems 
2.5.3. CAFOs
2.5.4. General Permits

2.6. Soil Phosphorus
2.7. Manure Application
2.8. Baseflow Alpha Factor
2.9. Internally Drained Areas
2.10. Mannings N
2.11. Subbasin Slope Length
2.12 Simulation Period 

Upcoming Comment Period 

Future Webinar
and Comment Period 
(Late 2020/Early 2021) 

3. Model Calibration (methods and results)
4. Model Validation (methods and results)
5. Discussion of Model Performance
6. Summary of Model Results
7. References

Accepting comments 
until Oct 16th

Send comments to Kim 
Oldenborg 
Kimberly.Oldenborg@
Wisconsin.gov

Presenter
Presentation Notes
As a reminder, the comment period on the draft model setup section of the watershed model report is on the website and we are accepting comments until Oct. 16th. Comments can be sent to Kim Oldenborg. 

mailto:Kimberly.Oldenborg@Wisconsin.gov


Contact information

Kim Oldenborg – NE Lakeshore TMDL Project Coordinator
Kimberly.Oldenborg@Wisconsin.gov

Keith Marquardt - NE Region TMDL Coordinator
KeithA.Marquardt@Wisconsin.gov

Kevin Kirsch- Statewide TMDL Coordinator
Kevin.Kirsch@Wisconsin.gov
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