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Project background
The U.S. Environmental Protection Agency, Office of Pesticide Programs

(OPP) is evaluating existing basin-scale models for possible use in drinking water
assessments conducted under the Food Quality Protection Act (FQPA) and
ecological risk assessments conducted under the Federal Insecticide Fungicide
and Rodenticide Act (FIFRA). The Soil and Water Assessment Tool (SWAT) is
one of the models being evaluated.

As part of the evaluation process, an application of the model to the Sugar
Creek watershed in the White River Basin in central Indiana is being performed.
Model outputs are compared to USGS National Water Quality Assessment
(NAWQA) field data. Several criteria must be addressed in the field evaluation of
SWAT: 1) accuracy of the model in predicting pesticide concentrations at
designated locations, 2) ease of model use, 3) cost of simulations in terms of
time and/or contractor dollars, and 4) usefulness and relevance of the model to
the OPP exposure assessment process.

Field evaluation of SWAT in the Sugar Creek watershed consists of: a)
cold simulation (without calibration) for 1992 with report of daily atrazine,
metolachlor and trifluralin concentration values at NAWQA sampling point; b)
hydrology calibration (flow and sediment where available) for 1992 with report of
daily atrazine, metolachlor and trifluralin concentration values at NAWQA
sampling point and a summary of the calibration process; c) atrazine calibration
for 1992 with report of daily atrazine concentration values at NAWQA sampling
point and a summary of the calibration process; d) metolachlor calibration for
1992 with report of daily metolachlor concentration values at NAWQA sampling
point and a summary of the calibration process; f) trifluralin calibration for 1992
with report of daily trifluralin concentration values at NAWQA sampling point and
a summary of the calibration process; g) report of daily atrazine, metolachlor and
trifluralin concentration values at NAWQA sampling point for 1993-1995 period
based upon calibrated hydrology and 1992 pesticide calibration with a short
discussion on experience of the process. The final report on testing of SWAT in
Sugar Creek watershed should include: input parameters for SWAT, results from
SWAT modeling of atrazine, metolachlor and trifluralin in the Sugar Creek
watershed, comparison of SWAT results to measured concentrations, strengths
and weaknesses of SWAT, documentation of ease of use and computational
time, and recommendations of the usefulness of SWAT to OPP exposure
assessment.
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Model Description
SWAT is the acronym for Soil and Water Assessment Tool, a river basin

scale model that addresses large area water resource development and
management. A complete overview of SWAT is given in the on-line theoretical
documentation (Neitsch et al, 2001a). For convenience, a description of the
pesticide algorithms is appended to this document.

Description of the Sugar Creek Watershed
The Sugar Creek watershed in central Indiana is a poorly drained

agricultural watershed typical of many areas in the Midwestern USA. The Sugar
Creek watershed is within the White River Basin, a river basin being studied as
part of the USGS National Water-Quality Assessment Program.

Sugar Creek is a perennial stream in the White River Basin that drains
242 km2 upstream from New Palestine, Indiana (Figure 1). The Sugar Creek
watershed is dominated by agricultural land use and has poorly drained soils.
Land use in the watershed is 95% row-crop agriculture. The principle crops are
corn and soybean with small amounts of alfalfa and wheat. The soils in the
watershed were mapped primarily in the Crosby-Brookston soil association. This
association is characterized by poorly drained, nearly level, loamy soils
developed on Wisconsin glacial till. Tile-drain systems have been installed in
areas used for agriculture.

Figure 1: Location of Sugar Creek Watershed

The average annual precipitation in the Sugar Creek watershed is 1000
mm. The precipitation is distributed fairly evenly throughout the year. Storm
events in the winter and early spring tend to be of long duration and low intensity
while storms in the late spring and summer are short duration, high intensity
events.
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Model Inputs
SWAT is a physically based model and requires information about

weather, soil properties, topography, natural vegetation, and cropping practices.
Input data for SWAT was assembled with the SWAT2000 ArcView Interface.

SWAT model input data for topography were extracted from a digital
elevation model (DEM) for the contiguous U.S. The DEM was assembled from
quadrangles containing 1:250,000 scale USGS 1° by 1°, 3 arc-second data. The
horizontal cell size of this data is 100 by 100 meters and the vertical resolution is
1 meter. Figure 2 displays the elevation information for the watershed.

Figure 2: DEM for Sugar Creek watershed

Because the Sugar Creek watershed has very little relief, the interface
was unable to correctly predict the stream flow paths using the DEM alone. To
obtain a proper stream path delineation, a stream delineation from USGS was
overlaid on the DEM and used to burn in the location of the streams in the
watershed. Based on the DEM and stream path map themes, the SWAT2000
ArcView interface subdivided the watershed into 23 subbasins (Figure 3).
Subbasin delineation was based on natural flow paths and watershed divides.

The watershed outlet coincides with the position of the U.S. Geological
Survey streamflow gaging station 03361650 (39°42'51"N 85°53'08"W). The
NAWQA water quality sampling station 394340085524601 is located 1.0 river
miles upstream from the streamflow gaging station (39°43'40"N 85°52'46"W).
Due to the close proximity of the streamflow gage and the water quality sampling
station, simulation results calculated for the watershed outlet were used for both
the hydrology and water quality components of the study.
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Figure 3: Subbasin delineation

Due to the low relief in the DEM, slope-length values initially assigned by
the SWAT2000 ArcView interface were not realistic. Slope length values were
obtained from NRI points within the three counties that the Sugar Creek
watershed is located. These values were spatially averaged to obtain the
following slope-lengths used in the simulation: 72.7 meters for corn/soybean
rotation, 65.3 meters for pasture and 71.2 meters for all landuses.

Climatic data are assigned or generated by SWAT at the subbasin level.
All HRUs within a subbasin use the same climatic data. Daily measured
precipitation data for the simulation were obtained from 5 weather stations
located around the watershed (Figure 4). The measured precipitation data were
assigned to subbasins based on proximity of the station to the centroid of the
subbasin. The precipitation data were used with no modification for effect of
distance between the subbasin and the weather station. Daily temperature data
from the Greenfield weather station were used for all subbasins in the watershed.
Daily solar radiation, relative humidity, and wind speed values were generated
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from long-term monthly averages. The long-term monthly average data were
acquired from Indianapolis and Hartford City, Indiana.

Figure 4: Weather stations used Sugar Creek watershed SWAT simulations

Within each subbasin, SWAT allows hydrologic response units (HRUs) to
be defined. HRUs are sets of disconnected units in a subbasin with the same
landuse and soil. The SWAT2000 ArcView interface requires land cover and soil
maps to define HRUs.

The landuse map used for HRU creation was obtained from the U.S.
Geological Survey. The USGS Indiana land cover map was created by Raytheon
STX Corporation in 1998 with a 38 meter pixel resolution (Figure 5). The primary
data source for the land cover map was leaves-off (spring) Landsat TM data
acquired between 1988-1994. Leaves-on (primarily summer) TM data sets were
also acquired and referenced.
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Figure 5: Land cover in Sugar Creek watershed

Land cover in the Sugar Creek watershed is dominated by Row Crops
(75.35% of the watershed area) and Pasture/Hay (16.87%) with small areas of
Deciduous Forest (4.89%) and Low Intensity Residential (1.48%). All other land
cover categories represented less than one percent of the watershed area.

When creating HRUs, the land cover categories had to be linked to land
covers defined in the SWAT land cover/plant growth database. The SWAT land
cover categories used to model the various map categories are:
Open Water, not modeled as a land area
Low Intensity Residential, modeled as residential-medium/low density with Kentucky bluegrass
growing in pervious areas
High Intensity Residential, modeled as residential-high density with Kentucky bluegrass growing
in pervious areas
High Intensity Commercial/Industrial/Transportation, modeled as commercial with Kentucky
bluegrass growing in pervious areas
Deciduous Forest, modeled as deciduous forest
Pasture/Hay, modeled as alfalfa
Row Crops, modeled as a corn/soybean rotation
Other Grasses (Urban/recreational: parks, lawns, golf courses), modeled as Kentucky bluegrass
Woody Wetlands, modeled as forested wetlands
Herbaceous Wetlands, modeled as non-forested wetlands
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Information for soils was obtained from the USDA-NRCS State Soil
Geographic Data Base (STATSGO) (USDA Soil Conservation Service, 1992) soil
association data set. This data set was assembled from state DLG-3 files. There
are 78,863 soil association polygons in the U.S. with up to 21 soil series in each
polygon. The pixel resolution of the STATSGO map theme is 250 meters. Figure
6 displays the STATSGO soils map for the Sugar Creek watershed.

Figure 6: STATSGO soil map for Sugar Creek watershed.

Four soil associations are present in the Sugar Creek watershed.
STATSGO polygon IN013 (50.21% of the watershed area) is dominated by the
Crosby and Treaty soil series. STATSGO polygon IN014 (13.82%) is comprised
primarily of the Crosby and Cyclone soil series. STATSGO polygon IN026
(11.59%) is dominated by the Ockley and Fox soil series while the Miami and
Crosby soil series are the dominant soil series found in STATSGO polygon
IN040 (24.38%). Data for only one soil series can be used to simulate soil
processes in an HRU. The soil series used to model the four different STATSGO
polygons are: IN013-Crosby, IN014-Crosby, IN026-Ockley, IN040-Miami.

Input variables for the SWAT model are reviewed in the SWAT2000
User’s Manual (Neitsch et al, 2001b). The SWAT2000 ArcView interface
populates the input fields with the minimum amount of information needed to run
SWAT. The default dataset created by the interface must be modified to more
accurately reflect processes occurring in the watershed.

Hydrology
The Sugar Creek watershed dataset was set up to run on a daily time

step. Surface runoff is calculated using the SCS curve number method. The
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Penman-Monteith method was used to determine potential evapotranspiration.
Channel water routing was performed using the Muskingum routing method.

Land Management-General
The management scenarios for HRUs with row crops were modified to

simulate a corn/soybean rotation. A conventional tillage schedule developed by
Atwood et al (2000) was adopted for use in the simulation. This schedule was:
Tandem disk 2 weeks after harvest
Chisel 3 weeks after harvest
Tandem disk 3 weeks before planting
Tandem disk 2 weeks before planting
Field cultivator 1 week before planting
Plant
Row cultivator 3 weeks after planting
Row cultivator 5 weeks after planting
Harvest

Tile drains were simulated in all HRUs with a corn/soybean rotation. Three
input variables control the functioning of tile drains in the HRUs. The depth to the
tile drain was set to 800 mm. The time to drain the soil profile was set to 24
hours. The time till water enters the channel network after entering the tiles was
set to 48 hours.

SWAT was set up to automatically apply fertilizer to HRUs with row crops.
The fertilizer application took place any time corn experience a 20% reduction
from optimal growth due to nitrogen stress.

Land Management-Pesticide
USGS provided daily amounts of applied pesticides for the entire

watershed. The daily pesticide amounts were summed to 5-day totals and
applied uniformly over the area simulated in the targeted crop. Multiple
applications of the pesticides were simulated in the HRUs to capture the
temporal distribution of pesticide application in the watershed. Atrazine was
applied only to corn while metolachlor was applied to both corn and soybean.
Trifluralin was applied only to soybean.

Pesticide Attribute Data
Pesticide properties that govern pesticide transport and degradation are

stored in two input files in SWAT: the pesticide database (pest.dat) and the in-
stream water quality file (.swq). Values from the GLEAMS pesticide database
were used to populate input fields in the SWAT pesticide database file. For the
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in-stream reaction rate, the aerobic soil half-life from the ARS pesticide database
was used. The following table summarizes input values for the three pesticides.
Table 1: Pesticide property inputs
Property Atrazine Metolachlor Trifluralin
Soil adsorption coefficient: Koc 100. 200. 8000.
Wash-off fraction 0.45 0.60 0.40
Foliar half-life (days) 5.0 5.0 3.0
Soil half-life (days) 60.0 90.0 60.0
Application efficiency 0.75 0.75 0.75
Water solubility (mg/L) 33.0 530.0 0.3
In-stream/sediment reaction rate (1/day) .0047 .0267 .0231
Pesticide partition coefficient between
sediment and water in reach (m3/g) .0000 .0000 .0036

Evaluation of Model Prediction
Descriptive statistics such as the mean, standard error of the mean,

median, standard deviation, variance, range, and maximum and minimum values
were calculated for each set of comparisons. Three criteria recommended by the
ASCE Task Committee on Definition of Criteria for Evaluation of Watershed
Models (1993) were also included in the statistical analysis for hydrology. These
criteria are the deviation of water yields, the Nash-Sutcliffe coefficient, and the
coefficient of gain from the daily mean. In addition to these three, the coefficient
of determination (R2) is also calculated as part of the hydrologic analysis.

The deviation of water yields, Dv, quantifies the difference in observed and

predicted water volumes and is calculated ( ) 100⋅
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computed daily discharge, and O  is the average measured discharge. A Nash-
Sutcliffe value can vary between 0.0 and 1.0 where a value of 1.0 indicates a
perfect fit while a value of 0.0 indicates that the model is predicting no better than
the average of the observed data.

The coefficient of gain from the daily mean, DG, compares model results
with daily mean discharge values, which vary throughout the year. DG can vary
between 0 and 1, with 0 being a perfect model. This coefficient is calculated
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Part 1: Cold Simulation Results
Cold simulation results are results produced by the model before any

calibration is performed. This section of the report summarizes cold simulation
results for 1992, the period of record used for model calibration, and 1993-1995,
the period of record used for model validation.

Hydrology
Cold simulation daily stream flow for 1992 is graphed with measured

streamflow in Figure 7. Figure 8 displays the same data for 1993-1995.
Table 2 summarizes the statistical data for the measured flow and SWAT

cold simulation flow results. In addition to the time series graphs, box plots and
scatter plots for the measured and cold simulation flow are provided in Figures 9-
12.

For both periods of comparison, cold simulation results overestimated
water yield in the watershed.

Table 2: Statistics for Cold Simulation Stream Flow
1992 Daily Stream Flow 1993-1995 Daily Stream Flow

Statistic: Measured SWAT Cold Run Measured SWAT Cold Run
Mean 3.0091 m3/s 3.3420 m3/s 2.8562 m3/s 3.0627 m3/s
Std error of mean .2492 .2439 .1689 .1475
Median 1.5574 1.5450 1.1600 1.4800
Standard deviation 4.7672 4.6660 5.5919 4.8820
Variance 22.7264 21.7711 31.2692 23.8340
Range 36.81 28.43 54.59 46.10
Minimum .28 .27 .06 .00
Maximum 37.10 28.70 54.65 46.10

Dv -11.06% difference in water yield -7.23% difference in water yield
R2 0.42 0.62
Nash-Sutcliffe ENS 0.31 0.61
DG 0.33 0.57
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Figure 7: 1992 daily stream flow cold simulation results.

Figure 8: 1993-1995 daily stream flow cold simulation results.
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Figure 9: Box plot-1992 cold run stream flow Figure 10: Box plot-1993-1995 cold run stream flow

Figure 11: Scatter plot-1992 cold run stream flow Figure 12: Scatter plot-1993-1995 cold run stream flow

Atrazine
Cold simulation atrazine concentrations for 1992 are graphed with

measured grab sample concentrations in Figure 13. Figure 14 displays the same
data for 1993-1995.

Table 3 summarizes the R2 values computed from a regression analysis
performed on the pairs of measured and simulated atrazine concentrations. In
addition to the time series graphs, box plots and scatter plots for the measured
and cold simulation atrazine concentrations are provided in Figures 15-20.

Table 3: Statistics for Cold Simulation-Atrazine
Simulation: R2

conc log(conc)
     1992 atrazine, before stream flow calibration .24 .52
     1993-95 atrazine, before stream flow calibration .31 .29
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Figure 13: Cold simulation atrazine concentrations for 1992

Figure 14: Cold simulation atrazine concentrations for 1993-1995
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Figure 15: 1992 atrazine results Figure 16: 1993-1995 atrazine results

Figure 17: 1992 atrazine results Figure 18: 1993-1995 atrazine results

Figure 19: Log-transformed 1992 atrazine results Figure 20: Log-transformed 1993-1995 atrazine results
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Metolachlor
Cold simulation metolachlor concentrations for 1992 are graphed with

measured grab sample concentrations in Figure 21. Figure 22 displays the same
data for 1993-1995.

Table 4 summarizes the R2 values computed from a regression analysis
performed on the pairs of measured metolachlor grab samples and SWAT cold
simulation metolachlor results. In addition to the time series graphs, box plots
and scatter plots for the measured and cold simulation atrazine concentrations
are provided in Figures 23-28.

Table 4: Statistics for Cold Simulation-Metolachlor
Simulation: R2

conc log(conc)
     1992 metolachlor, before stream flow calibration .51 .47
     1993-95 metolachlor, before stream flow calibration .33 .37

Figure 21: Cold simulation metolachlor concentrations for 1992
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Figure 22: Cold simulation metolachlor concentrations for 1993-1995

Figure 23: 1992 metolachlor results Figure 24: 1993-1995 metolachlor results
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Figure 25: 1992 metolachlor results Figure 26: 1993-1995 metolachlor results

Figure 27: Log-transformed 1992 metolachlor results Figure 28: Log-transformed 1993-1995 metolachlor results

Trifluralin
Cold simulation trifluralin concentrations for 1992 are graphed with

measured grab sample concentrations in Figure 29. Figure 30 displays the same
data for 1993-1995.

Table 5 summarizes the R2 values computed from a regression analysis
performed on the pairs of measured trifluralin grab samples and SWAT cold
simulation trifluralin results. In addition to the time series graphs, box plots and
scatter plots for the measured and cold simulation trifluralin concentrations are
provided in Figures 31-36.

Table 5: Statistics for Cold Simulation-Trifluralin
Simulation: R2

conc log(conc)
     1992 trifluralin, before stream flow calibration .88 .08
     1993-95 trifluralin, before stream flow calibration .07 .08



Sugar Creek Watershed—SWAT results

20

Figure 29: Cold simulation trifluralin concentrations for 1992

Figure 30: Cold simulation trifluralin concentrations for 1993-1995
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Figure 31: 1992 trifluralin results Figure 32: 1993-1995 trifluralin results

Figure 33: 1992 trifluralin results Figure 34: 1993-1995 trifluralin results

Figure 35: Log-transformed 1992 trifluralin results Figure 36: Log-transformed 1993-1995 trifluralin results
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Part 2: Calibration—Hydrology
SWAT incorporates algorithms that simulate the physical processes

governing the movement of water, nutrients and pesticides within a watershed.
One of the principles guiding model development is the use of inputs that are
physically based. As noted by Santhi et al (2001), SWAT is not a parametric
model with a formal optimization procedure. Instead, variables such as the SCS
runoff curve number that are not well defined physically or inputs whose values
are assigned with a significant degree of uncertainty may be adjusted to provide
a better fit.

Calibration of the water balance in the Sugar Creek watershed was
performed in two steps. First, the long-term water balance was calibrated to
match up total basin water yield. Second, daily measured and simulated flow
data was compared for 1992, the period of record used for model calibration. The
focus of the second step was to match the measured and simulated hydrograph
shapes.

Long-term water balance
When calibrating hydrology in a watershed, information about the long-

term water balance (20-30 year average) is used to ensure that the model
calibration encompasses periods with drier than average and wetter than
average climatic conditions. This is done to ensure that the model results are not
biased towards one type of climatic condition. Another component of the water
balance calibration is verifying that the fractions of groundwater and surface
water contribution to streamflow are correct. Because surface runoff is the
primary pathway by which pollutants enter the stream network, calibrating the
model to properly reflect the partitioning between surface runoff and baseflow is
very important.

Daily average flow rates were obtained from the U.S.G.S. gaging station
at the outlet of the Sugar Creek watershed for October, 1967-October, 1999.
Average annual streamflow for the period 10/1967-12/1996 was 2.9455 m3/s.
Expressed as a depth of water over the watershed area, the average annual
water yield is 382 mm/yr. A baseflow separation program (Arnold and Allen,
1999) was used to filter the measured daily flow and the baseflow contribution to
streamflow was determined to be between 41-57% of total streamflow.

A 30 year simulation was set up to calibrate long-term water yield. The
long-term water yield calibration focuses on getting the total water yield and the
surface runoff/baseflow values in the general neighborhood of the values
determined from observed data. For this component of the simulation, the
average annual water balance for the HRUs as well as for the entire watershed
were used to make decisions to adjust parameters.
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Four parameters were modified or adjusted during the long-term water
yield calibration: SCS curve number for moisture condition II (CN2, .mgt),
maximum canopy water storage (CANMX, .hru), available water capacity
(SOL_AWC, .sol), and saturated hydraulic conductivity (SOL_K, .sol). Appendix
B lists the modifications made during the calibration process. The long-term
water balance for the watershed is listed in Table 6.

Table 6: 1968-1996 Simulated Average Annual Watershed Values: Water Balance for Land Areas
precipitation   1060.5 mm/yr

snow fall   88.02 mm/yr
snow melt   80.79 mm/yr

sublimation   0.64 mm/yr

evapotranspiration   695.5 mm/yr
potential evapotranspiration   1135.5 mm/yr
percolation out of soil profile   104.39 mm/yr

total aquifer recharge   105.70 mm/yr
deep aquifer recharge   4.29 mm/yr

"revap" (shallow aquifer => soil/plants)   8.12 mm/yr

surface runoff contribution to stream   176.79 mm/yr
lateral soil flow contribution to stream   0.26 mm/yr

tile flow contribution to stream   94.96 mm/yr
groundwater contribution to stream   95.77 mm/yr

total water yield   366.02 mm/yr

Daily Flow Calibration
Once the long-term calibration was completed, efforts focused on

matching the 1992 simulated daily flow hydrograph to the measured daily flow
values recorded for the USGS stream flow gage. Total water yield (expressed as
m3/yr) was calibrated until simulated total water yield for 1992 was within 1% of
the measured value. Daily streamflow was calibrated to reach a daily coefficient
of determination (R2) of 0.6 and a Nash-Suttcliffe simulation efficiency (ENS) of
0.5.

Six parameters were modified or adjusted during the daily flow calibration:
calibration coefficients for Muskingum channel routing (MSK_X, MSK_CO1, and
MSK_CO2, .bsn), Manning's n value for the main channels (CH_N, .rte),
maximum canopy water storage (CANMX, .hru), and the soil evaporation
compensation factor (ESCO, .bsn). Appendix B lists the modifications made
during the calibration process.
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Table 7 summarizes the statistical data for the measured flow and SWAT
calibrated hydrology simulation flow results. Calibrated daily stream flow for 1992
is graphed with measured streamflow in Figure 37. Figure 38 displays the same
data for 1993-1995. In addition to the time series graphs, box plots and scatter
plots for the measured and calibrated flow are provided in Figures 39-42.
Additional statistical analysis is included in Appendix C.

Table 7: Statistics for Daily Stream Flow
1992 Daily Stream Flow 1993-1995 Daily Stream Flow

Statistic: Measured SWAT Calibration Measured SWAT Validation
Mean 3.0091 3.0265 2.8562 2.7332
Std error of mean .2492 .2763 .1689 .1633
Median 1.5574 1.2400 1.1600 1.0700
Mode .40 1.02 .31 .00
Standard deviation 4.7672 5.2855 5.5919 5.4028
Variance 22.7264 27.9364 31.2692 29.1901
Range 36.81 36.35 54.59 58.20
Minimum .28 .25 .06 .00
Maximum 37.10 36.60 54.65 58.20

Dv -0.5783 difference in water yield 4.3092 difference in water yield
R2 0.59 0.75
Nash-Sutcliffe, ENS 0.47 0.74
DG 0.50 0.71

Figure 37: 1992 daily stream flow calibration results
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Figure 38: 1993-1995 daily stream flow validation results

Figure 39: Box plot-1992 calibration results Figure 40: Box plot-1993-1995 validation results

Figure 41: Scatter plot-1992 calibration results Figure 42: Scatter plot-1993-1995 validation results
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Atrazine
Simulation atrazine concentrations after stream flow calibration are

graphed with measured grab bag sample concentrations in Figure 43. Figure 44
displays the same data for 1993-1995.

Table 8 summarizes the coefficient of determination values computed
from a regression analysis performed on the pairs of measured and simulated
atrazine concentrations. In addition to the time series graphs, box plots and
scatter plots for the measured and simulated atrazine concentrations are
provided in Figures 45-50.

Table 8: Statistics for Atrazine
Simulation: R2

conc log(conc)
     1992 atrazine, after stream flow calibration .21 .45
     1993-95 atrazine, after stream flow calibration .41 .32

Figure 43: 1992 atrazine concentrations predicted after streamflow calibration
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Figure 44: 1993-1995 atrazine concentration predicted after streamflow calibration

Figure 45: 1992 atrazine results Figure 46: 1993-1995 atrazine results
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Figure 47: 1992 atrazine results Figure 48: 1993-1995 atrazine results

Figure 49: Log-transformed 1992 atrazine results Figure 50: Log-transformed 1993-1995 atrazine results

Metolachlor
Simulation metolachlor concentrations after stream flow calibration are

graphed with measured grab bag sample concentrations in Figure 51. Figure 52
displays the same data for 1993-1995.

Table 9 summarizes the coefficient of determination values computed
from a regression analysis performed on the pairs of measured and simulated
metolachlor concentrations. In addition to the time series graphs, box plots and
scatter plots for the measured and simulated metolachlor concentrations are
provided in Figures 53-58.

Table 9: Statistics for Metolachlor
Simulation: R2

conc log(conc)
     1992 metolachlor, after stream flow calibration .46 .40
     1993-95 metolachlor, after stream flow calibration .32 .40
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Figure 51: 1992 metolachlor concentration predicted after streamflow calibration

Figure 52: 1993-1995 metolachlor concentration predicted after streamflow calibration
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Figure 53: 1992 metolachlor results Figure 54: 1993-1995 metolachlor results

Figure 55: 1992 metolachlor results Figure 56: 1993-1995 metolachlor results

Figure 57: Log-transformed 1992 metolachlor results Figure 58: Log-transformed 1993-1995 metolachlor results
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Trifluralin
Simulation trifluralin concentrations after stream flow calibration are

graphed with measured grab bag sample concentrations in Figure 59. Figure 60
displays the same data for 1993-1995.

Table 10 summarizes the coefficient of determination values computed
from a regression analysis performed on the pairs of measured and simulated
trifluralin concentrations. In addition to the time series graphs, box plots and
scatter plots for the measured and simulated trifluralin concentrations are
provided in Figures 61-66.

Table 10: Statistics for Trifluralin
Simulation: R2

conc log(conc)
     1992 trifluralin, after stream flow calibration .48 .06
     1993-95 trifluralin, after stream flow calibration .01 .02

Figure 59: 1992 trifluralin concentration predicted after streamflow calibration
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Figure 60: 1993-1995 trifluralin concentration predicted after streamflow calibration

Figure 61: 1992 trifluralin results Figure 62: 1993-1995 trifluralin results
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Figure 63: 1992 trifluralin results Figure 64: 1993-1995 trifluralin results

Figure 65: Log-transformed 1992 trifluralin results Figure 66: Log-transformed 1993-1995 trifluralin results


