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Objective

The primary objective of this modeling project was to provide a predictive tool that could be used
to cstimate the potential for phosphorus and TSS load reductions in the Big Green Lake
Watershed by assessing the impact of alternative management scenarios on total phosphorus and
TSS loads to Big Green Lake. To accomplish this objective, the Soil and Water Assessment Tool
(SWAT) was applied to the Big Green Lake Watershed, SWAT was developed by USDA-ARS
to improve the technology used in the SWRRBWQ model (Arnold et al. 1996). SWAT is a
distributed parameter, daily time step model that was developed to assess non-point source
pollution from watersheds and large river basins. SWAT simulates hydrologic and related
processes to predict the impact of management on water, sediment, nutrient and pesticide export
from rural basins. A more detailed description of this model can be found in Appendix A.

This report describes: (1) the derivation of SWAT inputs; (2) model set up, calibration and
assessment; and (3) the predicted impacts of altemative management scenarios on simulated loads
of phosphorus and TSS to Big Green Lake.

Watershed description

The Big Green Lake Watershed is located primarily in Green Lake and Fond du Lac Countics, but
a small portion of the watershed is located in Winnebago County (Figure 1). Big Green Lake is
the deepest lake in Wisconsin, and it is the primary surface water feature in the watershed with an
area of 7,325 acres (29.6 km?). Other lakes in the watershed include Spring, Big Twin and Little
Twin. As shown in Figure 1, the dominant land cover in the 244 km® Big Green Lake Watershed
is agriculture (arca without Big Green Lake).

SWAT Model Inputs

GIS layers: The following GIS data layers were used to provide inputs to the SWAT model and
to prepare a various GIS-based maps and analyzes:

1:24k WDNR watershed boundaries; subwatersheds were added as part of this project
USGS 1:24k Quadrangle Images - digital topo maps (used to delineate subwatersheds)
WISCLAND 1992 Land Cover from WDNR

NRCS certified digital soil surveys from Fond du Lac and Green Lake counties, and the
Winnebago County digital soil surveys (combined into a single watershed coverage)

30 meter digital elevation model (DEM), primarily used to derive overland slope

1:24k surface water hydrology

Miscellancous: roads, county boundaries, etc.
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All the GIS coverages and images were obtained from the WDNR, except the county soil surveys.
All GIS coverages were projected into WTM-NADS3/91 coordinates. The watershed was divided
into 25 subwatersheds by using the DEM and USGS 1:24k digital quadrangle images to directly
digitize the boundaries from the computer screen. Through this project, it was determined that
subwatersheds 24 and 25 do not appear to drain to Big Green Lake. Subwatershed names and
arcas arc provided later in the report in Table 2.







Land cover/use: Land cover within the watershed (Figure 1) was determined from the Level 3
classification of the 1992 WISCLAND land cover image, which was based on LANDSAT
Thematic Mapper images. Because of the nature of interpretation and classification, forested urban
areas that surround Green Lake were classified as forest in the WISCLAND coverage. The actual
proportion of urban arca in the entire watershed is therefore somewhat greater than that shown in
Figure 1, which was based on the WISCLAND image. A GIS coverage was created to correct for
this problem, and this layer was based in part on digitized USGS 1:24k quadrangle images.
Another GIS coverage was later obtained from Big Green Lake county which had these types of
urban arcas delincated around Big Green Lake. This coverage was then used to refine the other,
and the proportion of urban areas within the subwatersheds surrounding Big Green Lake were
adjusted accordingly.. At this time, Figure 1 does not show these additional urban arcas
surrounding Big Green Lake.

The WISCLAND classified land cover image was used to assign 6 major land covers/uses which
were modeled within the watershed: agriculture, urban, golf course, forest, grassland and wetland.
These land covers were further divided into 11 "Hydrologic Response Units™ which were directly
modeled in the following fashion:

Agriculture - Dairy
Conventional tillage practice
Mulch-till
No-till

W -

Agriculture - Cash crop
Conventional tillage practice
Mulch-till
No-till

L= BV

7 Urban

8 Grassland

9  Forest

10 Wetland (or Golf Course in a subwatershed that had no significant amount of wetlands)

HRU's basically represent areas within a subwatershed that are similar in a hydrologic or
management sense, but are not necessarily contiguous. No one specific farming practice could be
used to model the entire watershed; therefore, various proportions of six possible agricultural
practices (6 HRU's) were used to simulate what occurred in cach subwatershed. For simplicity,
every subwatershed was modeled as though it contained 10 HRU's in the order shown above.
Since there were 25 subwatersheds, the total number of modeled HRU's was 250. A GIS overlay
operation was used to derive the proportional area of the major HRU's within each of the 25
modeled subwatersheds. The next section describes how the agricultural areas were further
divided in 6 agricultural HHRU's. Where a subwatershed did not contain all of the landuses, the
area of the non-existent landuse was assigned a negligible fraction of the total area (0.000001).

Management Practices and Hydrological Response Units (HRU)

SWAT requires detailed information regarding landuse management practices. For example, the
type of crop, the date it was planted and harvested, tillage practices and dates, fertilizer
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applications and dates, and NRCS curve number for cach period, are just some of the information
that is input into SWAT's management files. The following discussion describes how these inputs
were obtained.

Farm crops: The Level 3 classification of the 1992 WISCLAND classified land cover image has 3
primary crops classificd within the Big Green Lake Watershed: "corn”, "forage" and "other row
crops”™. For this project, it was assumed that "other row crops” was either soybeans or another
fragile crop. Unfortunately, the relatively small size of the delineated subwatersheds made it
unreasonable to assume that the proportions of each crop within each subwatershed, as derived
from GIS analysis of the 1992 WISCLLAND image, were consistent from year to year. In some
areas, the field sizes were sufficiently large that a different phase in the crop rotation would have
sharply changed the proportion of the crops classified in the WISCLAND image for some of the
subwatersheds. In addition, the image of the Green Lake Watershed was actually based on three
separately classified scenes, which decreases the reliability of the data, particularly at the detailed
Level 3 classification. Therefore, the subwatershed crop percentages derived from the
WISCLAND data were not directly used as inputs. Instead, the proportion of dairy and cash
cropping in each of the subwatersheds was derived by generalizing the subwatershed-specific data
into two agricultural regions within the watershed: (dairy) 50% dairy and 50% cash crop; and
(cash crop) 67% cash crop and 33% dairy. This task was accomplished by looking at all the
sources of data including: 1) visual inspection of the WISCLAND image; 2) the proportions of
each crop within each subwatershed, as indicated by the WISCLAND image: and 3) a watershed
inventory conducted by Fond du Lac and Green Lake counties. The cash crop region
encompassed subwatersheds 1-11 (except #3), and the remainder of the subwatersheds were

assigned to the dairy regions.

Tillage practices: An inventory of farm practices within the Green Lake Watershed was gathered
by the Fond du Lac and Green Lake and LCD's, in part, to support the modeling requirements of
SWAT. However, the person gathering this information did not transfer this data into a database
before leaving their position for different employment. Thercfore, the data could only be roughly
translated into a spreadsheet information system, but the accuracy of this rough translation was
questionable. Therefore, management practice inputs to SWAT were based on generalizations of
the collected data, as input to a spreadsheet, augmented by information obtained from the Fond du
Lac and Green Lake LCD's. In addition, the Conservation Technology Information Center
(CTIC) Conservation Tillage Reports from Green Lake and Fond du Lac Counties were analyzed
to determine the primary tillage practice inputs to SWAT. These "Transect Survey™ reports were
based on statistical sampling procedures of farm fields to determine residue levels present on farm
ficlds shortly after spring planting, as well as other information. The assumptions about current
tillage practices that were utilized as data inputs for the management files in the model are
summarized below. This data is based solely on the transect survey data for Green Lake County.
There were probably too few data points to usc the combined watershed data from both counties,
particulary since data from hay/alfalfa ficlds were included in residue/tillage summaries for Fond
du Lac County. The details of how these assumptions were derived will be described in the final

report.
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Summary of farm crop and management assumptions:
Crop practices
Cash crop subwatersheds: 1-11, except #3

2/3 cash crop rotation
1/3 dairy rotation

Dairy subwatersheds: (remaining subs 12-25, and #3)

50 dairy rotation (corn-grain, corn-silage, a, a, a, a)
50 cash crop rotation (corn, soybean)

Primary tillage practices
tillage com soybeans
conventional practice (CT)  fall moldboard plow fall chisel plow
mulch il (MT) fall chisel plow spring field cultivator, or disk
no-till (NT) nonc none

CT MT NT
Dairy - present practices 61.0%  36.0% 3.0%
Cash Crop - present practices 36.0%  46.0% 18.0%
Combined Present practices 46.2%  41.7% 12.1%
Alternative A 87.9% 12.1%
Alternative B 46.2% 53.8%
Alternative C 100.0%
Alternative D update %

Nutrients and Nutrient Management: The following assumptions concerning commercial
fertilizer and manure applications were utilized as model inputs.

Dairy rotation (cg,cs, oat/a, a.a.a) - options: moldboard plow, chisel or mulch till, no-till
1 com grain =--= 250 Ibs/acre (9-23-30 prior to planting); 30 tons manure in fall after harvest

1 comn silage ===~ 250 Ibs/acre (9-23-30 prior to planting)

1 oavalfalfa

3 alfalfa ---- 2nd & 3rd year 18 Ibs/acre of 0-10-60 cach year; after 4th year, apply 30 tacre
manure in fall (it was assumed that only 10% of farmers apply 180 Ibs/acre of 0-10-60; hence, the
rate of 18 Ibs/acre of fertilizer applied)

30 ton/acre/yr of dairy manure is applicd for two years of this rotation (total 60 tons in 6 years)
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. - opnons moldboard plow, chisel mulch till, no-till
l year corn 125 Ibs/acre Anhvdrous ammonia prior to planting: 280 Ibs of 9-23-30 @planting

1 year soybean (soybeans serve as the legume crop or fragile crop in the cash crop rotation)
200 Ibs/acre 9-23-30 @ planting (this could instead be applied during corn season; at this time the
model did not show a difference; note that the nitrogen was not necessary of soybeans)

Nutrient management was not modeled at this time.

Climatological inputs: Precipitation data from Ripon, temperature data from Fond du Lac and
general weather statistics from Portage were used for climatological inputs to SWAT.

Soils and overland slopes: County soil surveys were processed and combined into a single GIS
coverage, and projected into WITM-NADS3 coordinates. This coverage was intersected/combined
with both the WISCLAND land cover image (used to delineate HRU's), and the subwatershed
delineated GIS layer, to produce soils information that was specific to each of the HRU's within
each of the 25 subwatersheds. For cach HRU within a subwatershed, and for each of the soil
parameters required by SWAT, an arca-weighted average value was assigned based on the area of
cach of the soil series within that HRU. A somewhat simpler procedure was conducted with the
75 meter digital clevation map to produce average slopes for cach of the HRU's, within cach of the
25 subwatersheds.

HRU-specific information was deemed important because slopes and soils often vary between
different landuses. For example, compared to agricultural land (average slope = 3.6%), the
average slope of forested land was approximately twice as steep (7.1%), and the average slope of
grassland was 4.5%. This level of analysis is even more critical where there is a large proportion
of wetlands, for which the average slope would substantially reduce the slope of the other HRU's
in the subwatershed (unless other procedures are taken to not include the slopes from wetland
areas). However, for other critical model parameters, this procedure was not as important because
of the relatively homogeneous nature of the soils in the watershed. For example, the hydrologic
soil group (A, B, C, D), which helps determine the NRCS curve number, did not vary much
throughout the watershed, nor between the different HRU's (excluding wetlands). This was not
the case when this same procedure was used in to determine subwatershed-specific soil parameters
in the Lower Fox River Basin.

As previously mentioned, hydrologic soil groups varied little throughout the watershed, and
therefore curve numbers also varied little. There are only four categories for hydrologic group, so
this outcome is not unexpected. However, saturated conductivity did vary substantially; thereby,
indicating that surface runoff and recharge proportions are unlikely to be the same throughout the
watershed. Therefore, saturated conductivity was used to differentiate those subwatersheds whose
soils were much more permeable than the rest. Essentially, this procedure was akin to assigning a
"low B" soil hydrologic group to subwatersheds whose soils were much more permeable than
others. Curve numbers for subwatersheds 18-21 were reduced by 3 units, while the curve
numbers of 22-23 were reduced by 1.5 units, to reflect the reduced runoff potential expected in
arcas which had soils that were much more permeable than in other subwatersheds,

Stream characteristics: Geomorphic relationships between drainage area and stream channel
characteristics were used to calculate both the main and routing channel depths and widths at
different locations in the watershed.
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Stream flows and loads: For purposes of calibrating and validating the SWAT model, stream
flow, and phosphorus and total suspended solids (TSS) loads were obtained from USGS for the
following locations in the watershed: Silver Creek at Koro Rd. (USGS # 040734644; 1987-96),
Silver Creck at Big Green Lake inlet (USGS # 04073468; 1987-98), and White Creek at Spring
Grove Road (USGS # 04030201; 1982-88: 1997-98). These monitoring sites were jointly funded
by USGS, WDNR and the Green Lake Sanitary District. The monitoring locations are shown in
Figure 1. Observed data from the Silver Creek-Koro Rd. station, for the 1987-92 period, was
chosen to calibrate the model. Observed data from the remaining years (1993-96) at this site, and
data from the Silver Creek at Big Green Lake Inlet (1987-98) were used to assess the validity of
the model (validation period).

Unfortunately, the observed data from the White Creek station could not be directly utilized for
calibration or validation for two reasons: (1) the annual stream flows were unusually high given the
drainage arca of this subwatershed: and (2) there appears to have been a substantial change in
water quality between the 1982-88 period, and the 1997-98 period. Whereas the long-term stream
flow on an arcal basis for Silver Creek was about 250 mm (annualized over 1987-96 period), the
measured flows at White Creek were much higher than could reasonably be expected (Table 1)
given the amount of measured precipitation, and assumed evapotranspiration. There are at lcast
two possible explanations for this disparity. First, the surface water drainage arca of the White
Creek subwatershed may be much greater than the areas delineated by either the USGS or Fox-
Wolf Basin 2000. Second, the groundwater drainage area may be substantially greater than the
surface water drainage areas delineated by either the USGS or Fox-Wolf Basin 2000. Further
review of the 1:24,000 topological maps indicated that the castern drainage arca divide is not
clearly defined, and there are also many springs in the White Creek subwatershed. In addition,
road ditches may also cross the natural drainage divide at an elevation sufficiently low that large
amounts of water are transferred to the White Creek subwatershed from adjacent subwatersheds.
Further analysis of the White Creek data also showed that substantial changes may have occurred
as result of efforts to reduce stream bank and possible gully erosion. This inference was drawn
because phosphorus to TSS ratios have risen markedly, in association with what appears to be a
sharp drop in TSS loads (instantancous TSS concentrations of over 50,000 mg/I. were recorded in
the 1982-88 period). For example, the volumetric concentration of TSS in 1982 (calendar ycar)
was 905 mg/I. compared to a concentration of 47 mg/L. in 1998 (water year), even though the total
annual flows were nearly identical (1,250 cfs). In addition, the average ratio of phosphorus to
TSS in the 1982-88 period was 0.93 Ibs of phosphorus per ton TSS, compared to the more recent
average in the 1997-98 period of 4.0 Ibs of phosphorus per ton TSS.

Given the unusual water budget, and the potential temporal change in water quality over the
monitoring period, it was determined that it would not be reasonable to calibrate the SWAT model
with observed data from the White Creck monitoring location. This determination was particularly
unfortunate because it precluded calibrating the SWAT model in two separate phases, as originally
intended: (1) calibrate the subwatershed component of the model first by using a simple approach
which involved modeling the White Creek subwatershed as a single subwatershed, without any
routing required; and (2) then calibrating the routing component of the SWAT model by modeling
the larger Silver Creek watershed, which is composed of many subwatersheds, while adjusting only
those parameters that affect routing. By separating the subwatershed load-gencerating routines
from the routing component, a more robust and predictive model may have been developed for the
Big Green Lake watershed,
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Table 1. Annual flows at White Creek station (areal basis) and precipitation at Ripon.

Precip. Flow  Flow % of
Year mm mm Precip.
| 1982 | 790 | 347 |  44%
1983 826 593 | 72%
1984 893 527 | 59%
| 1985 | 885 553 62%
| 1986 998 | 777 | 78%
1987 651 192 30%
1988~ o574 137 24%

* all are full calendar years, except 1982 and 1988 arc incomplete years

SWAT Model Setup - summary

A total of 25 subwatersheds were delincated for this project (# 24 and # 25 do not drain to Green
Lake). Each of the subwatersheds contained 10 hydrologic response units (HRU's), which were
based on these primary land uses: agriculture (6 HRU's), urban, grassland, forest, and wetland (or
golf course). HRU's basically represent areas within a subwatershed that are similar, but are not
nccessarily contiguous. No one specific farming practice could be used to model the entire
waltershed; therefore, various proportions of six possible agricultural practices (6 HRU's) were
used to simulate what occurred in cach subwatershed.

The agricultural HRU's consisted of two potential farming practices:
1) Dairy-based (6 vear rotation: com-grain, corn silage, oats/alfalfa, alfalfa, alfalfa, alfalfa)
2) Cash crop (2 year rotation: com, soybeans).

Under cach of the two potential farming practices, three tillage practices were simulated: a)
conventional tillage with fall moldboard plow as the primary tillage implement for com and fall
chisel plow for soybeans; b) mulch till, or chisel plow tillage in fall; and ¢) no-till. Hence, a total
of six HRU's were used to represent agricultural arcas.

SWAT98.2 was tested and modified to suit conditions in Wisconsin. Many of these code
modifications were to bring in prior modifications that we made with SWAT97.2. In our testing of
SWAT98.2, we have found some additional crrors that required fixing. These errors have now
been fixed by Fox-Wolf Basin 2000 or the model developers at USDA-ARS in Temple, Texas.

Model Calibration and Assessment

Flow Calibration: The Priestly-Taylor evapotranspiration equation was utilized for this project.
The following coefficients were added to the model code which allowed adjustment of the
simulated water balance to oblain a reasonable fit with the observed stream flows: Priestley-Taylor
ET equation (0.77), NRCS curve number input (0.99), and available water capacity soils input
(0.92).
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TSS calibration: Parameters in the modified universal soil loss equation (MUSLE) were adjusted
to obtain a reasonable fit between observed and simulated TSS loads. MUSLE is shown in
Equation 1.

MUSLE: Y =a (Q)"(q,)(DA)' [(K) (C) (PE) (LS)] (Eq. 1)
where:
sediment yield in metric tons’ha (Mg/ha)
surface runoff volume in mm
peak flow rate in mm/hr
drainage area in hectares
soil erosion factor
crop management factor
slope-length and slope-steepness factor
crosion control practice factor
constants normally sct at a = 1.586, b & ¢ = 0.56, d = 0.12 (user-specified
values can be used where there are sufficient data for calibration)
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The following valucs were utilized in the MUSLE cquation for this project: a = 0.01, b= 1.6, ¢ =
0.0, and d = 0.0.

Annual flow and loads: Simulated and observed annual flows (mm, on an areal basis), TSS loads
(metric ton) and phosphorus loads (kg) are compared in Table 2 and Figures 2a, 2b and 2¢
respectively, for the monitoring site located on Silver Creek at Koro Road (drainage arca of 94.7
km?). The annual totals correspond to USGS water years (October 1 to Sept 30). Annual
precipitation (mm) is shown on the second y-axis in Figure 2, so precipitation and stream flow can
be compared. Despite wide fluctuations in annual precipitation, observed and simulated annual
values for TSS and phosphorus loads as well as annual water balance all coincide fairly well at
Silver Creek during the calibration period (1987-92). However, during the validation, or
assessment period (1993-96), TSS and phosphorus loads were substantially under predicted for
1993, and somewhat under predicted for 1994, Exceptionally high runoff occurred in 1993. The
observed annual flow of 560 mm in 1993 represented 63% of the precipitation measured at Ripon
during that year (890 mm); plus, the flow in 1993 was more than two times greater than the
second highest annual flow which occurred during the 1987-96 period. Evapotranspiration must
have been greatly suppressed to produce such a high flow to precipitation ratio. Spring planting
was delayed during 1993, and high soil moisture levels further delayed plant emergence and
growth early in the year. As a result, evapotranspiration and protective plant canopy from annual
crops were lower than normal during the carly growing season. Plant stress due to wet soil
conditions (including reduced availability of nitrogen) is not simulated by the model, and only the
average planting dates were input to the model. If these factors had been accounted for by model
simulations, both of these factors would have increased simulated flows and loads, and produced a
closer correspondence between observed and simulated values. Only average planting/tillage dates
were input to the model to reduce the number of input files and simplify the model set up.

Silver Creek at Green Lake inlet: The model was not calibrated with data from this site, so the
entire 1987-98 period could be considered a validation/assessment period; however, since this site
downstream of the primary calibration site, it may be more appropriate to consider separating
the data into two periods (1987-92: calibration period; 1993-98 validatation period). Simulated
and observed annual flows (mm), TSS loads (metric ton) and phosphorus loads (kg) are compared
in Table 3 and Figures 3a, 3b and 3¢ respectively, for the monitoring site located on Silver Creek
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at the Green Lake inlet (drainage area of 122 km®). Again, despite wide fluctuations in annual
precipitation, observed and simulated annual values for TSS and phosphorus loads as well as
annual water balance all coincide fairly well during the entire 1987-98 period, except during 1993
and 1994, Phosphorus loads were substantially under predicted in 1993 and 1994. However,
TSS loads were greatly under predicted in 1993 when the simulated load was about one third of
the observed load; the difference is much greater than it was for the upstream monitoring site.

One potential explanation that deserves further analysis is that the model, as currently set up, is
settling too much TSS within some or all of the stream reaches. Unaccounted channel degradation
occurring during the high flows in 1993 could also have been responsible for the high TSS loads in
1993. It appears unlikely that delayed planting and slow early crop growth during 1993 will be
sufficient to account for the discrepancy between simulated and observed TSS loads at this
location. I recommend that any further refinement of the model should utilize the 1993 data for
calibration purposes at this site.

Monthly flow and loads: Simulated and observed monthly average stream flow (mm), TSS loads
(metric ton) and phosphorus loads (Kg) are compared in Figures 4a, 4b and 4¢ respectively, for the
monitoring site located on Silver Creek at Koro Road. The monthly values were averaged over the
1987-96 period. Monthly precipitation (mm) is shown on the second y-axis in Figure 4, so
precipitation and stream flow can be compared.

In general, monthly average simulated flows were close to observed flows except during March,
when the simulated average flow was less than half the observed average, while flow during April
was somewhat lower than the observed average value (Figure 4a). Except for these excursions,
the model was able to reliably track scasonal changes in flow despite the less than direct
correspondence between observed monthly flow and preciption. It is understandable that the
SWAT-estimated March flow (19.4 mm on an arcal basis) did not match the observed flow
because the average March precipitation at Ripon is 37.8 mm, which is lower than the observed
flow of 42.7 mm (1987-96 averages). A number of conditions could contribute to the high flows
observed in March including: a large groundwater storage component, high proportion of runoff
due to frozen ground conditions, frozen surface water and snow storage in wetlands that thaws in
spring, snow melt, and delayed groundwater flow over winter. In addition, some of the measured
discharges in March may have been affected by ice conditions which would tend to overstate flow
whenever the ice caused the water to backup. Therefore, while attempts may be made to refine
the model and improve the fit between observed and simulated flows, it must be recognized that
many of the conditions that cause the average March flow in Silver Creck to exceed the average
March precipitation are likely to be difficult to model with SWAT,

Compared to stream flow, simulated TSS and phosphorus loads were much lower than the
observed values during the month of March, suggesting that surface water contributions were also
understated by the model simulations (Figure 4b, 4¢). If only stream flow had been under-
predicted by the simulations, while the loads had been closely estimated, it would have indicated
that the groundwater contributions were not well predicted. Simulated TSS and phosphorus loads
were substantially greater than observed loads during the months of April, May and June (Figure
4b, 4¢). Phosphorus loads were particularly overstated. The precise cause of these over
predications is not yet known, but further attempts may be made to refine the model and produce a
better fit in the near future. Given these results, I am forced to conclude that the model as
currently set up, does only a fair job of accurately representing the observed TSS and phosphorus
loads during the months of April through July; while the model performs poorly in simulating
loads during March. This conclusion is especially applicable to simulated phosphorus loads.
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However, it is also important to note that the total simulated TSS and phosphorus loads during the
March through July period were essentially identical to the observed values.

White Creek at Spring Grove Road: For reasons previously stated, TSS and phosphorus loads
from the White Creck monitoring station could not be directly utilized for calibration purposes,
particularly for the 1982-88 period. However, simulated and observed TSS and phosphorus loads
from the 1997-98 period were compared to see how well the model could perform, given the
caveat about the high observed stream flows from this drainage area. The average simulated flow
for the 1997-98 calendar vear period was about half of the observed average during the 1997-98
water year. The simulated average 1SS load during the 1997-98 calendar year period was 102
metric tons compared to the observed average TSS load of 230 metric tons during the 1997-98
water year period. However, the simulated average phosphorus load (1997-98 calendar year) was
within 109 of the observed average (1997-98 water year).

Evaluation of Alternative Management Practices

Four alternative agricultural management practices were simulated to evaluate the impact of each
alternative on TSS and phosphorus loads, as routed to the outlet of each subwatershed, and routed
to Big Green Lake. The four alternative management scenarios include: (A) those cropped areas
practicing conventional tillage (comn - fall moldboard plow; soybeans - fall chisel plow) switched to
mulch-till (com - fall chisel plow; sovbeans - field cultivator or disk in spring); (B) conventional
tilled acres switched to mulch-till, plus all cropped arcas practicing mulch-till switched to no-till;
(C) no-till was practiced on all cropped agricultural land; and (D) no-till was practiced on all cash-
crop farms, but dairy farms only switched to mulch-till, unless they were already practicing no-till.
The cost to switch to mulch-till was assumed to be $30/acre for cash-crop rotations, and $15/acre
for dairy rotations. The cost was lower for dairy rotations because the alfalfa acreage was only
affected prior to planting or after the last harvest. To switch to no-till, the cost was assumed to be
$50/acre for cash-crop rotations, and $25/acre for dairy rotations. These costs were used as
examples, and different costs can be substituted in the provided spreadsheet.

Simulated subwatershed TSS and phosphorus loads for the current condition and four alternative
management scenarios are shown in Tables 4 and 5, respectively (1987-98 average). The loads
for subwatershed #4 do not include the discharge of the Ripon Wastewater Treatment Plant.
Phosphorus loads as routed to Big Green Lake arc also shown in Table 5, which includes the
discharge from the Ripon Wastewater Treatment Plant. The simulated 1987-98 average annual
phosphorus load from Silver Creck to Green Lake is 5,200 kg (11,500 Ibs), and the total load
routed to the lake is 13,700 kg (30,200 1bs)." The simulated 1987-98 average annual TSS load
from Silver Creek to Green Lake is 750 metric tons (830 Eng. tons), and the total load routed to
the lake 2,600 metric tons (2,900 Eng. tons). The simulated TSS loads are probably less reliable
than phosphorus loads because of the difficulty in modeling sediment loads that are caused from
stream bank erosion or severe gully erosion, which can be specific to individual subwatersheds. In
addition, phosphorus is more conservative than TSS as it is routed through stream reaches, so the

"The total simulated load to the lake is somewhat less than this total because the upper portion of the Hill
Creck watershed was not routed through the lower portion or the Twin Lakes system. Subwatershed #12 should be
routed through the lake system and through subwatershed #13, but this was not done at this time to simplify the
modeling process. Therefore, the actual load from sub. #12 to Green Lake should be less than indicated in this

report; however, the impact of sub. #12 on the Twin Lakes system is also important,
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simulated TSS loads are more sensitive to possible errors in the routing process.

The subwatersheds were also ranked and sorted on the basis of total reduced phosphorus load, as
routed to Big Green Lake. Based on this ranking, the phosphorus loads, reduced loads, associated
cost to reduce the load, and the unit cost to reduce the loads are shown in Table 6. These rankings
show how the simulated results can be used to determine where the greatest reductions might best
be targeted.

The simulated phosphorus loads for cach of the four alternative scenarios, as routed to Big Green
Lake, are combined with the associated cumulative cost to reduce the load in Figure 5. Each dot
in the figure represents the impact of adding another subwatershed to cach of the altemative
management scenarios (going from left to right). Thus, if the goal is to achieve an average annual
total phosphorus load to Big Green Lake of 20,000 Ibs (reduce load by 33%), then Alt. C and D
have nearly the same cost of $600,000/year, Alt. B will require implementation in all
subwatersheds and cost $800,000/ycar, and Alt. A will only be able to reach a load of 24,500 Ibs.
The simulated data in Figure 5 suggests that the different alternative scenarios do not differ much
in cost-effectiveness until the 10 least important subwatersheds undergo the management change,
at which point the lines tend to diverge. The information shown in Figure 5 is summarized in
Table 7.

Model limitations

This section describes some of the limitations inherent to the simulations. These limitations should
be considered when evaluating absolute and relative loads, as well as the costs to reduce these
loads, within the Big Green Lake Watershed.

Until very recently, the model dealt with inorganic phosphorus fertilizer incorrectly; that is, the
addition of inorganic fertilizer had no effect on the levels of phosphorus supposedly attached to
sediment during crosion events. While this component of the model has been fixed, there has been
insufficient time to thoroughly calibrate the response of the model to various inputs related to
phosphorus. For example, the relative proportions of soluble, sediment-attached and organic
phosphorus need to be adjusted to reflect results from published data for a variety of management
practices. One reason the proportion of soluble phosphorus is important is that the model routes
100% of this form of phosphorus to the watershed outlets. Therefore, a pound of soluble
phosphorus discharged from cither an upper or a lower reach are both treated as though all of it
reaches the lake.

The version of the SWAT model used in this project does not route sediment and sediment-
attached phosphorus in the same manner, and this aspect of the model resulted in some undesired
outcomes. In some stream reaches, sediment-attached phosphorus is settling out in the stream at a
higher rate than the sediment, which is not appropriate. In addition, within every stream reach, the
non-soluble portion of the phosphorus load is being trapped at a very consistent rate of about 33%.
That is, on a long-term net basis, 67% of the non-soluble phosphorus that enters a stream reach
passes through the reach, while 33% remains as deposited material. This is true of every reach,
which scems unrcasonable since there are major differences in the stream gradients. These odd
results may be due to my not knowing, until recently, that the model was using a new, much more
complex routine for routing phosphorus. Thus, the model results are based on the default nutrient
routing parameters, without any changes to adjust these values to give better results. Without
further refinement, it must be understood that the modeled results do not currently mimic the
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physical world in a realistic manner, but the results are still useful for comparison purposes. If the
model is showing more deposition of phosphorus when routing through Silver Creek than actually
occurs, then the relative load from Silver Creek is greater than indicated by the model (compared
to the rest of the watershed). The same logic holds if the relative amount of soluble phosphorus is
too low, because routing through the reaches of Silver Creck would have little effect on this form
of phosphorus.

For a number of reasons, the predicted load reductions associated with the alternative management
scenarios are probably overly optimistic. Phosphorus reductions resulting from conservation tillage
may be too high because I used management inputs which distributed manure at a deeper level
than actually occurs, In addition, the amount of soluble phosphorus simulated by the model with
the current settings may be too low. Soluble phosphorus is more difficult to control with
conservation tillage, which cannot only increase the concentration of soluble phosphorus, but
actually increase the load as well. Time did not permit testing these aspects of the model
thoroughly enough to be confident that the inputs that affect manure depth or the proportion of
soluble P are reasonable. Another modeling assumption that may lower the reduction potential, is
the proportion of land that is assumed to be under conventional tillage. These numbers were based
on the county transect survey, in which an estimate was made of the residue on the fields just after
planting. If it was estimated that the residue percentage directly after planting was lower than 15%
for a particular ficld, then "conventional tillage" was assigned to that field, even though substantial
protective residue may have been present between the fall harvest and spring planting period. If
the prior crop was soybeans, very little residue might remain for detection after planting the next
crop because of spring tillage, cven if the residue was undisturbed until the soil was tilled. Yet
undisturbed residue should substantially reduce TSS and phosphorus loads until spring tillage
occurs. This aspect of crosion control is important because approximately 30% of the TSS load
and 42% of the phosphorus load measured at the Silver Creek-Koro Road monitoring station
(1987-96) occurs between the period between typical fall harvest and spring tillage.
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