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Appendix F: Additional Comparisons of Observed and
Simulated Concentrations and Estimated Daily Loads
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Introduction

This appendix provides additional graphical comparisons for the Upper Neuse River Basin Associa-
tion (UNRBA) Falls Lake Watershed Analysis Risk Management Framework (WARMF) watershed
model relative to what is provided in the main report.

Section 6 of the main report describes the model calibration and performance criteria, calibration
challenges, third-party review (described more fully in Appendix H), and the model approval by the
UNRBA. For reference, a description of the challenges associated with model calibration are re-
peated in this section.

Watershed models aim to simulate many processes that impact hydrology and pollutant loading. Ac-
curate characterization of the watershed, meteorology, and nutrient inputs impact how well the
model performs. Accuracy of the stream flow data and water quality observations also impact perfor-
mance. Limitations associated with the input data sets are described in Section 3 and Section 4 of
the main report.

The UNRBA Modeling Quality Assurance Project Plan (QAPP) describes the visual evaluations and sta-
tistical criteria used to gage the watershed model performance. While the goal is to achieve the best
fit across as many parameters and locations as possible, there are constraints not only on model in-
puts but also on time and model development resources. Literature values and best professional
judgement inform the range of potential variation in the model coefficients. The modeling team
worked closely with subject matter experts and third-party reviewers throughout the calibration pro-
cess. The range of adjustments that were evaluated reflects the expected variation based on other
modeling efforts. Additionally, as the watershed model provides crucial input to the WARMF Lake
and EFDC models of Falls Lake, timely completion was essential to meet the schedule of the reexam-
ination.

The following challenges were discussed during UNRBA Modeling and Regulatory Support Workgroup
(MRSW) and Path Forward Committee (PFC) meetings as the model was developed in addition to
those associated with watershed characterization and input data sets:

- Model limitations for river reaches - The WARMF watershed model has been developed to simu-
late the transport of flow and material primarily through river. When the simulated flow in a river
reach goes to zero, the model does not output a simulated concentration. Because river
reaches are generally flowing, growth of algae in the simulation is difficult to achieve. To over-
come these limitations and allow some growth of algae to occur prior to discharge to Falls Lake,
some storage in the downstream reaches was assumed. These storage areas affect other water
quality parameters as well, and the calibration aimed to fit as many parameters as possible. The
WARMF model assumes that river reaches are fully mixed across the water column, and this as-
sumption impacts the water temperature and dissolved oxygen concentrations simulated by the
model. These parameters are important drivers of many reaction rates.

- Hydrologic response - some of the streams in the Falls Lake watershed have a “flashy” hydro-
logic response where the stream flows rise and fall relatively quickly in response to storm events.
To simulate these patterns, the vertical hydraulic conductivities in these modeling catchments
(e.g., Ellerbe Creek) were decreased relative to other catchments in the Triassic Basin. Triassic
Basin soils already have lower vertical hydraulic conductivities compared to Carolina Slate Belt
and Raleigh Belt soils. Decreasing the vertical hydraulic conductivities has the effect of lowering
the baseflow contribution to the streams and limiting the amount of interaction with the subsur-
face soil layers in these catchments. Adjustments of vertical hydraulic conductivities were ap-
plied to catchments draining to a USGS stream flow gage, or to the catchments between two
gages if applicable. Vertical hydraulic conductivities for ungaged tributaries were set based on
those applied to nearby, gaged catchments.
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- Low observed concentrations - When observed concentrations are very low on average, it can be
difficult to meet the performance criteria which are based on percentages for the WARMF model
as described in the QAPP. Low concentrations of some parameters may not greatly affect load-
ing to the lake especially if they occur during low flows. For parameters that are linked in terms
of reaction rates or other factors, the modeler may prioritize improving the model fit for the pa-
rameter that is a more substantial part of the load. For example, if the average ammonia con-
centration is 0.1 mg-N /L, a 50 percent bias could represent an average concentration of 0.05
mg-N /L or 0.15 mg-N /L. A difference in concentration of 0.05 mg-N/L does not significantly
affect overall nitrogen loading to Falls Lake (0.05 mg-N/L in 100 L of water is 5 mg-N). Alterna-
tively, if the average nitrate concentration is 1 mg-N/L, a 50 percent bias could be 0.5 mg-N /L
or 1.5 mg-N /L. These higher concentrations have a greater potential to impact loading to the
lake (0.5 mg-N/L in 100 L of water = 50 mg-N).

- Model input limitations - The model can only be as good as its inputs. While this watershed
model represents more data and information than is usually available, some localized events
may not be captured by the input data. For example, nitrate observations in Knap of Reeds
Creek at the lake loading station (KRC-4.5) indicate relatively high concentrations for a period in
late 2015 and early 2016 (Figure 6-2 of the main report). These could be due to variations at
the WWTP that were not captured by the composite sampling conducted during that period, sani-
tary sewer overflow(s) that were not identified, or some other illicit discharge. The model does
not perform well at this location during this period because the input files do not accurately re-
flect nutrient inputs to the stream. This negatively impacts the performance criteria at Knap of
Reeds Creek for the calibration period, but the statistics improve during the validation period
when the higher concentrations are no longer present. The only way to improve model perfor-
mance would be to adjust the model input files until the simulated concentrations match those
observed, which would not be considered good modeling practice.

. Upstream impoundments - The presence of upstream impoundments in the watershed also com-
plicates the calibration. Frequent water quality measurements in these waterbodies are not
available, so it is difficult to evaluate how well the model is simulating their processes. It is also
difficult to pinpoint the best adjustments to model coefficients because these impoundments
are less studied than Falls Lake. At the suggestion of the MRSW, the modeling team reviewed
quarterly USGS measurements where available. This data guided revisions to simulated pro-
cesses in Little River Reservoir and nitrogen simulations downstream at LTR-1.9 improved as a
result. Further adjustment in the simulation of these impoundments could take a significant
amount of effort given lack of information and would not represent a significant change in re-
sults. Without extensive data, there is no reasonable basis to develop more detailed lake behav-
ior in these impoundments. For these reasons, model calibration efforts for stations down-
stream of these impoundments was deemed sufficient by the MRSW and PFC.

- Inconsistencies with simulated time steps and point-in-time water quality observations - Time
presents another challenge to the model calibration. Water quality observations are collected at
specific points in time and represent instantaneous conditions, not an average condition. The
WARMF model time step is 6-hours, so each model output represents a 6-hour average, not a
specific moment in time. Water quality concentrations can change quickly, especially in re-
sponse to storm events. Therefore, comparing the 6-hour average simulated values to point-in-
time observations is not an accurate comparison when conditions are changing quickly, particu-
larly in response to storm events.
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Monitoring locations in the watershed are shown in Figure F-1. The remaining sections of this appen-
dix include loading comparisons, scatter plots, and performance statistics for comparison of simu-
lated water quality compared to observations collected at several locations along the five largest,

gaged tributaries in the watershed.
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Figure F-1. Locations of sources of water quality data within the Falls Lake watershed
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Figure F-2. Daily Water Quality Concentration Comparisons (2015-2018; log-scale).

F-5

Appendix F_Box Plot and Scatter Plot Comparisons.docx



Appendix F

UNRBA Falls Lake Watershed Modeling Report

Honeycutt
and Barton

Horse and
New Light

Ledge
Cresk Beaverdam

Lick, Little Lick

<nap of Reeds: Ellerbe, Panther,
and UT

Enc River

Little River

Flat River

1e+05-

Total Nitrogen, Ib/day

=t =

—_— = = =T

Total Organic Carbon, Ib/day

—

— =t = =T

1e+06-

e+03-

'
o
=]
T
]

an_w\mn_v Buipeor

Te+04-

Total Phosphorus, Ib/day

==

- 6'C-00H
- L'z-oan
- ¥'L-08n

- L'L-3sH
- €/-38H
- Li-3sH
- 9¢-ond
- €¢OIN
- 8'¢07N

- C9-0NS
- 0¢oad
- 8¢-80y
- ¢€/890d

- 60907
- 1'g-3901
- €397
- £1-.397

- 0o
- 8omMm
- 0'¥-0vd
- 1e0n3

- L'0-1NN
- §0uM
- €2dNO

- £'8-dNd
- €Z°UN3
- N3
- 6FuN3

- @4
- 9l-dLT
- s
- L¢HIN

- 0g-yd
- €2-0dd
- Y4
- 0£-d4S
- C€-ddN
- MddN

ES LorDEST B WARMF B3 Observed

Figure F-3. Daily Loading Comparisons (2015-2018; log-scale).

F-6

Appendix F_Box Plot and Scatter Plot Comparisons.docx



NRBA Falls Lake Watershed Modeling Report

Appendix F

Water Temperature, C
R2 =0.85

30

WARMF Value
N
o

-
o

20 30

Observed Value

® ELC-31 ® ENR-83 * FLR-50 ® KRC45 ¢ LTR-19

Figure F-4. Observed water temperatures vs simulated model temperatures.
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Figure F-5. Observed total suspended solids concentrations vs simulated model concentrations (top pane in-
cludes all data; bottom pane excludes the top ten percent of observed concentrations at each station).
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Figure F-6. Observed ammonia concentrations vs simulated model concentrations (top pane includes all
data; bottom pane excludes the top ten percent of observed concentrations at each station).
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Figure F-7. Observed nitrate/nitrite concentrations vs simulated model concentrations (top pane includes all
data; bottom pane excludes the top ten percent of observed concentrations at each station).
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Figure F-8. Observed total Kjeldahl nitrogen concentrations vs simulated model concentrations (top pane in-
cludes all data; bottom pane excludes the top ten percent of observed concentrations at each station).
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Figure F-9. Observed nitrogen concentrations vs simulated model concentrations (top pane includes all data;
bottom pane excludes the top ten percent of observed concentrations at each station).
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Figure F-10. Observed phosphorus concentrations vs simulated model concentrations (top pane includes all
data; bottom pane excludes the top ten percent of observed concentrations at each station).
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Figure F-11. Observed ortho-phosphate concentrations vs simulated model concentrations (top pane includes
all data; bottom pane excludes the top ten percent of observed concentrations at each station).

F-14

Appendix F_Box Plot and Scatter Plot Comparisons.docx



NRBA Falls Lake Watershed Modeling Report Appendix F

Total Organic Carbon, mg/l

125 R2=033

10.0

7.5

WARMF Value

5.0

25 L] L]

5.0 7.5 10.0 12.5
Observed Value

125 R2=037

10.0

7.5

5.0

WARMF Value

25 . .

0.0

0.0 25 5.0 75 10.0 12.5
Observed Value

® ELC31 ® ENR83 *® FLR50 ® KRC45 +* LTR-19

Figure F-12. Observed total organic concentrations vs simulated model concentrations (top pane includes all
data; bottom pane excludes the top ten percent of observed concentrations at each station).
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Figure F-13. Observed chlorophyll-a concentrations vs simulated model concentrations (top pane includes all
data; bottom pane excludes the top ten percent of observed concentrations at each station).
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Figure F-14. Observed total solids concentrations vs simulated model concentrations (top pane includes all
data; bottom pane excludes the top ten percent of observed concentrations at each station).
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Table F-1. WARMF Model Performance Criteria for Calibration (2015-2016), Validation (2017-2018), and Full (2015-2018) Model Periods (select stations only).

RMSE-
Number . . Absolute observations Nash Sutcliffe
. Mean Mean Median Median . . . Performance
ID Parameter Period of Error R2 standard devia- Efficiency % Bias i
(Observed) (WARMF) (Observed) (WARMF) i i Rating
Samples (AE) tion ratio (NSE)
(RSR)
ELC- Ammonia Ni-
o rogen may | FUl 123 04 04 01 0.1 01 01 10 01 4 Very Good
I Calibra-
ELC- | AmmoniaNi- | ) 'pe 67 01 041 01 01 041 0.2 0.9 041 18 Good
31 trogen, mg/| riod
ELC- Ammonia Ni- | Valida- Outside Perfor-
tion Pe- 56 04 04 0.1 0.1 01 0.0 13 08 35 erfo
31 trogen, mg/| riod mance Criteria
ELC- | Chlorophyll-a, | 81 36 12 20 05 36 0.0 12 04 66 Outside Perfor-
3.1 ug/| mance Criteria
Calibra- .
ELC- Chlorophyll-a, | i pe- a4 26 0.9 18 0.5 24 0.0 16 1.6 64 Outside Perfor-
31 ug/| riod mance Criteria
Valida- .
ELC- | Chlorophyll-a, | ;0 'pe. 37 47 15 21 05 5.0 0.0 12 0.4 68 Outside Perfor-
31 ug/| riod mance Criteria
ELC- | Nitrate-Nitrite, | 126 15 13 13 12 0.5 0.5 0.7 0.5 41 Very Good
3.4 mg/|
. . Calibra-
ELC- | Nitrate-Nitrite, | ;0 pe. 67 17 14 16 13 05 0.6 07 05 15 Good
31 mg/| i
riod
. L Valida-
ELC- | Nitrate-Nitrite, | o 'pe 59 12 11 10 1.0 0.5 0.3 08 0.3 5 Very Good
31 mg/| riod
ELC- Total Kjeldahl
) Nitrogen, Full 81 11 0.7 10 0.7 0.4 0.0 14 41 34 Fair
- mg/|
Total Kjeldahl Calibra- .
ELC- | Nitrogen, tion Pe- 44 11 0.7 10 0.7 0.4 0.0 14 1.0 .35 Outside Perfor-
31 N mance Criteria
mg/| riod
ELC- Total Kjeldahl Valida-
Nitrogen, tion Pe- 37 11 058 1.0 058 0.4 0.0 15 12 32 Fair
31 i
mg/| riod
ELC- | Total Nitro- Full 80 18143 1,3855 368.9 229.0 849.9 058 05 08 24 Good
31 gen, Ib/day
. Calibra-
ELC- | Total Nitro- tion Pe- 44 707.0 685.9 372.6 190.4 4251 0.7 0.6 06 3 Very Good
31 gen, Ib/day riod
. Valida-
ELC- | TotalNitro- | 0 b 36 3,167.7 22406 356.2 3375 13691 | 08 05 08 29 Fair
31 gen, Ib/day riod
ELC- | Total Nitro- Full 4 200,813.6 | 172,627.4 | 2203986 | 1732109 | 281863 | 0.8 0.7 05 14 Very Good
3.1 gen, Ib/year
. Calibra-
ELC- | Total Nitro- tion Pe- 2 2203986 | 1732109 | 2203986 | 1732109 | 47,1877 | 1.0 6.7 439 21 Good
31 gen, Ib/year riod
ELC- Total Nitro- Valida-
tion Pe- 2 1812287 | 172,0438 | 1812287 | 1720438 | 91848 | 10 0.2 10 5 Very Good
31 gen, Ib/year riod
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Table F-1. WARMF Model Performance Criteria for Calibration (2015-2016), Validation (2017-2018), and Full (2015-2018) Model Periods (select stations only).

RMSE-
Number . . Absolute observations Nash Sutcliffe
Mean Mean Median Median Performance
ID Parameter Period of Error R? standard devia- Efficiency % Bias
(Observed) (WARMF) (Observed) (WARMF) i i Rating
Samples (AE) tion ratio (NSE)
(RSR)
ELC Total Nitro- 18
31 gen, mg/| Full 81 25 2.0 2.2 0.7 0.4 0.9 0.2 -22 Good
. Calibra-
ELC- | TotalNitro- | ion pe- 44 27 21 25 18 08 05 0.9 0.2 24 | Good
31 gen, mg/| riod
. Valida-
ELC- | TotalNitro- | o0 pe- 37 22 18 20 18 05 01 11 03 48 | Good
31 gen, mg/| riod
ELC- Total Organic
31 Carbon, Full 80 9,405.5 6,573.0 812.4 667.1 4,514.0 0.8 0.5 0.8 -30 Fair
' Ib/day
ELC- Total Organic Calibra-
31 Carbon, tion Pe- 44 3,3315 2,849.1 778.3 533.3 1,810.5 0.7 0.6 0.7 -14 Very Good
) Ib/day riod
ELC- Total Organic Valida-
31 Carbon, tion Pe- 36 16,829.3 11,1245 954.6 1,376.8 7,818.3 0.8 0.5 0.7 -34 Fair
) Ib/day riod
ELC- Total Organic
31 Carbon, Full 4 821,556.6 721,029.7 838,473.9 711,915.8 100,526.9 0.9 0.5 0.8 -12 Very Good
) Ib/year
ELC- Total Organic Calibra-
31 Carbon, tion Pe- 2 838,473.9 7119158 838,473.9 711,915.8 126,558.1 1.0 4.4 -18.0 -15 Good
) Ib/year riod
ELC- Total Organic Valida-
31 Carbon, tion Pe- 2 804,639.4 730,143.7 804,639.4 730,143.7 74,495.7 1.0 0.2 1.0 -9 Very Good
) Ib/year riod
ELC- Total Organic
31 Carbon, mg/| Full 81 7.6 6.7 7.0 6.4 1.5 0.2 11 -0.1 -12 Very Good
. Calibra-
ELC- | Total Organic | /' 'ne 44 7.4 6.4 6.9 6.1 15 0.2 11 0.1 14 Very Good
31 Carbon, mg/I riod
. Valida-
ELC- | Total Organic | ;) pe. 37 7.9 74 73 72 16 0.2 11 041 10 Very Good
31 Carbon, mg/I riod
ELC- Total Phos- )
31 phorus, Full 118 246.3 173.7 8.5 118 150.0 0.6 0.7 0.6 -29 Fair
) Ib/day
ELC- Total Phos- Calibra-
phorus, tion Pe- 64 51.7 58.1 7.5 9.7 25.4 0.9 0.4 0.9 12 Very Good
31 N
Ib/day riod
ELC- Total Phos- Valida-
phorus, tion Pe- 54 476.9 310.8 10.4 14.3 297.6 0.5 0.7 0.5 -35 Fair
31 N
Ib/day riod
ELC. Total Phos-
31 phorus, Full 4 23,014.1 18,223.4 22,299.7 16,300.9 5,351.1 0.8 0.6 0.7 21 Good
) Ib/year
ELC- Total Phos- Calibra-
31 phorus, tion Pe- 2 22,299.7 16,300.9 22,299.7 16,300.9 5,998.8 1.0 13 -0.8 27 Fair
) Ib/year riod
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Table F-1. WARMF Model Performance Criteria for Calibration (2015-2016), Validation (2017-2018), and Full (2015-2018) Model Periods (select stations only).

RMSE-
Number . . Absolute observations Nash Sutcliffe
. Mean Mean Median Median . . . Performance
ID Parameter Period of Error R? standard devia- Efficiency % Bias .
(Observed) (WARMF) (Observed) (WARMF) i i Rating
Samples (AE) tion ratio (NSE)
(RSR)
ELC- Total Phos- Valida-
31 phorus, tion Pe- 2 23,7285 20,145.9 23,7285 20,145.9 4703.3 1.0 0.3 0.9 45 Good
) Ib/year riod
ELC- Total Phos-
31 ohorus, me/l | FUl 124 0.1 0.1 01 0.1 0.1 0.3 0.9 0.2 10 Very Good
Calibra-
ELC- | Total Phos- tion Pe- 66 04 04 04 01 0.0 03 10 0.0 28 Fair
31 phorus, mg/I| riod
Valida-
ELC- | Total Phos- tion Pe- 58 02 0.2 04 04 0.1 0.2 0.9 0.2 3 Very Good
31 phorus, mg/I| riod
Total Ortho-
ELC- Phosphate, Outside Perfor-
34 mg/!| Full 62 0.05 0.12 0.05 0.11 0.07 0.02 2.7 6.0 121 mance Criteria
Total Ortho- Calibra-
ELC- Phosphate, tion Pe- Outside Perfor-
34 mg/!| riod 41 0.05 0.11 0.05 0.10 0.06 0.07 25 5.5 118 mance Criteria
Total Ortho- Valida-

ELC- Phosphate, tion Pe- Outside Perfor-
3.1 mg/| riod 21 0.05 0.12 0.05 0.11 0.07 0.01 2.8 -6.8 126 mance Criteria
Total Sus- .

ELC- | pendedSol | Ful 81 337 141 5.3 13 25.4 03 0.9 0.2 -58 Outside Perfor-
31 H mance Criteria

ids, mg/I

Total Sus- Calibra- .
ELC- | pendedSol- | tion Pe- 44 17.2 7.7 3.4 13 113 08 0.6 0.6 55 | Qutside Perfor-
31 H N mance Criteria

ids, mg/I| riod

Total Sus- Valida- .
ELC- | pendedSo- | tion Pe- 37 53.4 21.7 8.0 13 42.2 0.2 1.0 0.0 59 Outside Perfor-
31 H N mance Criteria

ids, mg/I riod
ELC- | WaterTem- | ., 108 186 194 17.8 19.2 27 0.9 05 07 4 Very Good
3.1 perature, C

Calibra-
ELC- Water Tem- tion Pe- 64 186 195 17.8 19.4 28 0.9 0.5 0.7 4 Very Good
31 perature, C riod
Valida-
ELC- | WaterTem- | ;e 44 186 194 175 185 25 0.9 05 0.7 4 Very Good
31 perature, C riod
ENR- Ammonia Ni- .
83 trogon me/l | P 125 0.0 01 0.0 0.0 0.1 0.0 18 24 33 Fair
- Calibra- .
ENR- | AmmoniaNi- | ;0 e 70 0.0 04 0.0 0.0 0.0 0.0 2.7 63 39 Outside Perfor-
8.3 trogen, mg/| riod mance Criteria
- Valida-
ENR- | Ammonia Ni- | pe 55 041 041 0.0 0.0 041 0.0 15 12 26 Fair
8.3 trogen, mg/| riod
ENR- | Chlorophyll-a, | 83 5.1 24 26 1.2 5.1 0.0 1.2 05 52 Outside Perfor-
8.3 ug/| mance Criteria
ENR- | Chlorophyll-a, | C2Wera- Outside Perfor-
PIVIa, | tion Pe- a7 42 24 2.2 1.2 42 0.0 1.2 0.4 -42 erto
8.3 ug/I riod mance Criteria
F-20
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Table F-1. WARMF Model Performance Criteria for Calibration (2015-2016), Validation (2017-2018), and Full (2015-2018) Model Periods (select stations only).

RMSE-
Number . . Absolute observations Nash Sutcliffe
. Mean Mean Median Median . . . Performance
ID Parameter Period of Error R? standard devia- Efficiency % Bias .
(Observed) (WARMF) (Observed) (WARMF) i i Rating
Samples (AE) tion ratio (NSE)
(RSR)
ENR- | Chlorophylla, | Yalida- Outside Perfor-
PIVE8: 1 tion Pe- 36 6.3 25 42 0.9 6.3 0.0 13 0.7 61 ero
8.3 ug/| riod mance Criteria
ENR- | NitrateNitrite, | ¢ 128 0.2 03 0.2 03 0.2 01 15 4.2 23 | Good
8.3 mg/|
. o Calibra- .
ENR- | Nitrate-Nitrite, | ;) pe. 70 02 03 02 0.3 02 04 17 47 40 Outside Perfor-
8.3 mg/| riod mance Criteria
- " Valida-
ENR- | Nitrate-Nitrite, | ;0 pe. 58 02 03 03 0.3 02 04 13 08 4 Very Good
83 mg/| riod
ENR- Total Kjeldahl
83 Nitrogen, Full 83 0.6 0.6 0.5 0.6 0.2 0.2 0.9 0.3 2 Very Good
) mg/|
ENR- Total Kjeldahl Calibra-
83 Nitrogen, tion Pe- 47 0.5 0.6 0.4 0.6 0.2 0.2 0.9 0.2 9 Very Good
) mg/| riod
ENR- Total Kjeldahl Valida-
83 Nitrogen, tion Pe- 36 0.7 0.6 0.5 0.6 0.3 0.3 0.9 0.2 -13 Very Good
) mg/| riod
ENR- | Total Nitro- Full 82 48235 25229 350.3 480.4 27567 | 09 0.6 06 48 Outside Perfor-
8.3 gen, Ib/day mance Criteria
ENR- | Total Nitro- Calibra-
tion Pe- 46 1,553.8 1,249.1 3014 364.8 835.3 0.8 0.5 0.7 -20 Good
8.3 gen, Ib/day riod
ENR- | Total Nitro- valida- Outside Perfor-
tion Pe- 36 9,001.5 4,150.5 466.7 774.3 52117 0.9 0.6 0.6 54 erto
8.3 gen, Ib/day riod mance Criteria
ENR- | TotalNitro- | 4 314,489.8 | 286,506.2 | 317,586.6 | 289,676.9 | 27,9836 | 10 03 09 9 Very Good
8.3 gen, Ib/year
. Calibra-
ENR- | Total Nitro- tion Pe- 2 317,586.6 | 289,676.9 | 317,586.6 | 2896769 | 27,9097 | 1.0 17 1.9 9 Very Good
8.3 gen, Ib/year riod
ENR- | Total Nitro- valida-
tion Pe- 2 3113929 | 2833355 | 311,3929 | 2833355 | 28057.4 | 1.0 0.2 1.0 -9 Very Good
8.3 gen, Ib/year riod
ENR- Total Nitro-
83 gon mg/| Full 83 0.8 0.9 0.7 0.9 0.3 0.0 1.0 0.0 3 Very Good
. Calibra-
ENR- | TotalNitro- | ion pe- 47 08 0.9 0.7 0.9 03 0.0 11 0.2 17 | Good
8.3 gen, mg/| riod
. Valida-
ENR- | TotalNitro- | ion pe- 36 10 0.9 09 0.9 0.4 0.0 10 0.0 42 | Very Good
8.3 gen, mg/| riod
ENR- Total Organic
83 Carbon, Full 82 32,641.3 23,124.3 2,338.9 32487 | 147633 | 09 0.4 0.8 29 Fair
. Ib/day
ENR- Total Organic Calibra-
83 Carbon, tion Pe- 46 11,2743 10,559.3 1,683.1 1,855.2 5,802.6 0.9 0.4 0.9 % Very Good
) Ib/day riod
F-21
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Table F-1. WARMF Model Performance Criteria for Calibration (2015-2016), Validation (2017-2018), and Full (2015-2018) Model Periods (select stations only).

RMSE-
Number . . Absolute observations Nash Sutcliffe
. Mean Mean Median Median . . . Performance
ID Parameter Period of Error R? standard devia- Efficiency % Bias .
(Observed) (WARMF) (Observed) (WARMF) i i Rating
Samples (AE) tion ratio (NSE)
(RSR)
ENR- Total Organic Valida-
83 Carbon, tion Pe- 36 59,943.7 39,179.6 3,215.2 5,324.3 26,213.1 0.9 0.4 0.8 -35 Fair
) Ib/day riod
Total Organic
g'\;R' Carbon, Full 4 2,146,377.6 2’23%289 2,023,097.4 2'2356’757 1227482 | 09 0.2 0.9 4 Very Good
) Ib/year ) )
Total Organic Calibra-
a9 | carbon, tion Pe- 2 20230074 | 2223757 | 5023007.4 | 2232757 | 2126603 | 10 8.6 736 11 | Very Good
) Ib/year riod ) )
Total Organic Valida-
E“QR' Carbon, tion Pe- 2 2,269,657.8 2'232’821 2,269,657.8 2'23%821 32,836.2 1.0 0.0 1.0 -1 Very Good
) Ib/year riod ) )
ENR- Total Organic
83 Carbon, mg/| Full 83 5.8 5.9 4.7 6.0 1.6 0.4 0.8 0.4 1 Very Good
. Calibra-
ENR- | Total Organic | /' 'ne 47 5.3 5.7 4.0 5.5 17 0.4 0.8 0.4 8 Very Good
83 Carbon, mg/I riod
. Valida-
ENR- | Total Organic | 4, pe. 36 6.5 6.2 59 6.8 16 0.4 08 0.4 5 Very Good
8.3 Carbon, mg/I riod
ENR- Total Phos-
83 phorus, Full 119 719.3 537.5 13.7 16.8 251.8 0.9 0.3 0.9 -25 Fair
) Ib/day
ENR- Total Phos- Calibra-
phorus, tion Pe- 65 152.0 118.0 129 16.1 70.0 0.8 0.5 0.8 -22 Good
8.3 N
Ib/day riod
ENR- Total Phos- Valida-
83 phorus, tion Pe- 54 1,402.2 1,042.5 24.1 26.2 470.6 0.9 0.3 0.9 -26 Fair
) Ib/day riod
ENR- Total Phos-
83 phorus, Full 4 46,579.5 35,997.0 45101.8 32,316.6 14,513.4 0.6 0.8 0.4 -23 Good
) Ib/year
Total Phos- Calibra- .
ENR- | phorus, tion Pe- 2 451018 | 291125 | 451018 | 29,1125 | 159893 | 1.0 1316 -17,329.0 -35 Outside Perfor-
8.3 N mance Criteria
Ib/year riod
ENR- Total Phos- Valida-
83 phorus, tion Pe- 2 48,057.2 42,881.5 48,057.2 42,881.5 13,037.4 1.0 0.4 0.8 11 Very Good
) Ib/year riod
ENR- Total Phos-
83 phorus, mg/| Full 126 0.1 0.1 0.0 0.1 0.0 0.3 0.8 0.3 -3 Very Good
Calibra-
ENR- | Total Phos- tion Pe- 69 0.1 0.1 0.0 0.1 0.0 01 1.0 0.0 19 Good
8.3 phorus, mg/I| riod
Valida-
ENR- | Total Phos- | 4 pe. 57 01 01 04 0.1 01 04 0.8 0.4 20 Good
8.3 phorus, mg/I| riod
Total Ortho-
ENR- Phosphate, Outside Perfor-
8.3 mg/I Full 65 0.02 0.06 0.01 0.05 0.05 0.06 5.2 -26.4 283 mance Criteria
F-22
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Table F-1. WARMF Model Performance Criteria for Calibration (2015-2016), Validation (2017-2018), and Full (2015-2018) Model Periods (select stations only).

RMSE-
Number . . Absolute observations Nash Sutcliffe
. Mean Mean Median Median . . . Performance
ID Parameter Period of Error R? standard devia- Efficiency % Bias .
(Observed) (WARMF) (Observed) (WARMF) i i Rating
Samples (AE) tion ratio (NSE)
(RSR)
Total Ortho- Calibra-
ENR- Phosphate, tion Pe- Outside Perfor-
8.3 mg/| riod 44 0.02 0.06 0.02 0.06 0.05 0.07 5.1 -25.1 266 mance Criteria
Total Ortho- Valida-
ENR- Phosphate, tion Pe- Outside Perfor-
8.3 mg/| riod 21 0.01 0.06 0.01 0.05 0.04 0.01 6.4 -40.0 334 mance Criteria
ENR- Total Sus-
83 pended Sol- Full 83 41.7 25.2 8.8 1.3 44.8 0.1 1.3 -0.7 -39 Fair
) ids, mg/I|
Total Sus- Calibra- .
ENR- | pendedSol- | tion Pe- 47 28.2 95 83 13 25.0 01 10 0.1 -66 Outside Perfor-
8.3 H . mance Criteria
ids, mg/I riod
ENR- Total Sus- Valida-
83 pended Sol- tion Pe- 36 59.3 45.8 12.8 1.3 70.6 0.1 1.6 -1.5 -23 Good
} ids, mg/I| riod
ENR- | Water Tem- Full 112 16.8 18.0 16.7 18.3 2.3 0.9 0.4 0.9 7 Good
8.3 perature, C
Calibra-
ENR- | WaterTem- | 4\ pe. 67 167 181 16.7 186 22 0.9 0.3 09 8 Good
8.3 perature, C riod
Valida-
ENR- | Water Tem- tion Pe- 45 16.8 17.8 17.0 17.7 26 0.9 0.4 0.8 6 Very Good
8.3 perature, C riod
FLR- Ammonia Ni- Outside Perfor-
25 trogen, mg/| Full 47 0.1 0.1 0.0 0.1 0.1 0.0 15 1.3 60 mance Criteria
FLR- Ammonia Ni- | ¢alibra- Outside Perfor-
tion Pe- 24 0.1 0.1 0.0 0.1 0.1 0.0 1.2 -0.5 39 o
25 trogen, mg/| riod mance Criteria
s Valida- .
FLR- | AmmoniaNi- | o pe. 23 01 01 0.0 0.1 01 0.0 21 34 go | Qutside Perfor-
25 trogen, mg/| riod mance Criteria
FLR- | NitrateNitrite, | ¢, 48 0.4 0.2 0.4 02 0.2 0.2 17 47 52 | Outside Perfor-
25 mg/| mance Criteria
FLR- | NitrateNitrite, | Conora- Outside Perfor-
' | tion Pe- 24 0.4 0.2 0.4 0.2 0.2 0.1 1.9 2.5 -60 o
25 mg/| riod mance Criteria
. o Valida- .
FLR- | NitrateNitrite, | o5 pe- 24 03 0.2 03 0.2 03 0.2 15 43 43 | Outside Perfor-
25 mg/| riod mance Criteria
FLR- Total Kjeldahl
25 Nitrogen, Full 48 0.6 0.7 0.4 0.7 0.3 0.1 11 -0.2 30 Fair
mg/|
FLR- Total Kjeldahl Calibra-
Nitrogen, tion Pe- 24 0.6 0.7 0.4 0.7 0.3 0.0 11 -0.3 25 Fair
25 ]
mg/| riod
FLR- Total Kjeldahl Valida-
Nitrogen, tion Pe- 24 0.6 0.8 0.5 0.8 0.3 0.2 1.0 0.1 34 Fair
25 ;
mg/| riod
FLR- | Total Nitro- Full 48 565.4 4549 152.2 86.5 3313 06 0.7 06 20 Good
25 gen, lb/day
F-23
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Table F-1. WARMF Model Performance Criteria for Calibration (2015-2016), Validation (2017-2018), and Full (2015-2018) Model Periods (select stations only).

RMSE-
Number . . Absolute observations Nash Sutcliffe
. Mean Mean Median Median . . . Performance
ID Parameter Period of Error R? standard devia- Efficiency % Bias .
(Observed) (WARMF) (Observed) (WARMF) i i Rating
Samples (AE) tion ratio (NSE)
(RSR)
. Calibra-
FLR- Total Nitro- tion Pe- 24 312.4 299.0 185.6 86.2 163.5 0.7 0.8 03 -4 Very Good
25 gen, Ib/day riod
. Valida-
FLR- | Total Nitro- tion Pe- 24 818.4 610.9 1482 99.6 499.0 0.6 07 0.6 25 Fair
25 gen, Ib/day iod
FLR- | Total Nitro- Full 4 499,788.3 | 1792832 | 5187463 | 166,294.1 | 3205051 | 0.0 27 6.3 -64 Outside Perfor-
25 gen, Ib/year mance Criteria
FLR- | TotalNitro- | Callbra- Outside Perfor-
tion Pe- 2 518,746.3 | 221,399.8 | 5187463 | 221,399.8 | 297,3465 | 1.0 38 433 57 erto
25 gen, Ib/year riod mance Criteria
FLR- | TotalNitro- | valida- Outside Perfor-
tion Pe- 2 480,830.2 | 137,166.6 | 480,830.2 | 137,166.6 | 343,663.6 | 1.0 18 2.4 71 ero
25 gen, Ib/year riod mance Criteria
FLR- Total Nitro-
25 con me/) Full 48 0.9 0.9 1.0 0.9 0.3 0.0 1.0 0.0 2 Very Good
. Calibra-
FLR- | Total Nitro- tion Pe- 24 10 0.9 1.0 0.9 0.2 0.1 1.0 01 a1 Very Good
25 gen, mg/| riod
. Valida-
FLR- | Total Nitro- tion Pe- 24 0.9 1.0 0.9 0.9 0.3 0.0 10 0.0 6 Very Good
25 gen, mg/| riod
FLR- Total Organic
25 Carbon, Full 28 2,911.1 3,068.0 843.8 608.1 2,335.6 0.4 0.8 0.4 5 Very Good
Ib/day
Total Organic Calibra- .
FLR- 1 Carbon, tion Pe- 20 23348 3,351.0 1,269.5 907.3 21029 | 04 12 03 44 | Outside Perfor-
25 N mance Criteria
Ib/day riod
Total Organic Valida- .
FLR- | carbon, tion Pe- 8 4,351.7 2,360.6 363.4 263.8 29174 | 09 0.6 0.6 46 | Qutside Perfor-
25 N mance Criteria
Ib/day riod
Total Organic .
FLR- | carbon, Full 4 39204256 | 1679524 | 45500603 | 1O45772 | 2249901 | 4 21 33 -57 Outside Perfor-
25 A 7 .5 mance Criteria
Ib/year
Total Organic Calibra- .
FLR- 1 carbon, tion Pe- 2 42642812 | 2099615 | 4 5540810 | 2099615 | 2164665 | 4, 2.7 65 51 | Qutside Perfor-
25 N .5 .5 7 mance Criteria
Ib/year riod
Total Organic Valida- .
FLR- | Carbon, tion Pe- 2 3,504,570.0 | 1299432 | 35946700 | 1299432 | 2335131 | 15 12 65 Outside Perfor-
25 N .6 .6 4 mance Criteria
Ib/year riod
FLR- Total Organic
o5 Carbon. megt | Pl 28 5.6 6.8 49 7.3 25 0.2 13 0.7 21 Good
. Calibra-
FLR- | Total Organic | 4  'pe 20 5.8 6.8 5.0 75 26 0.2 14 10 19 Good
25 Carbon, mg/I riod
. Valida-
FLR- | Total Organic | ; \ pe. 8 5.2 6.7 41 72 23 03 11 04 28 Fair
25 Carbon, mg/I riod
FLR. | Total Phos:
o5 phorus, Full 46 521 585 9.3 8.2 40.9 0.6 0.8 0.3 12 Very Good
Ib/day
F-24
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Table F-1. WARMF Model Performance Criteria for Calibration (2015-2016), Validation (2017-2018), and Full (2015-2018) Model Periods (select stations only).

RMSE-
Number . . Absolute observations Nash Sutcliffe
. Mean Mean Median Median . . . Performance
ID Parameter Period of Error R? standard devia- Efficiency % Bias .
(Observed) (WARMF) (Observed) (WARMF) i i Rating
Samples (AE) tion ratio (NSE)
(RSR)
Total Phos- Calibra- .
FLR- | phorus, tion Pe- 23 216 32.4 11.0 5.0 221 0.4 15 11 50 Outside Perfor-
25 . mance Criteria
Ib/day riod
FLR- Total Phos- Valida-
phorus, tion Pe- 23 82.5 84.5 8.9 12.4 59.6 0.6 0.8 0.3 2 Very Good
25 !
Ib/day riod
Total Phos- .
FLR- 1 phorus, Full 4 346790 | 222200 | 345905 | 205239 | 136024 | 00 14 41 -3¢ | Qutside Perfor-
25 mance Criteria
Ib/year
FLR- Total Phos- Calibra-
05 phorus, tion Pe- 2 34,590.5 27,236.4 34,590.5 27,2364 | 96406 1.0 15 13 21 Good
Ib/year riod
Total Phos- Valida- .
FLR- 1 phorus, tion Pe- 2 34,767.7 | 17,2036 | 34,767.7 | 17,2036 | 17,5641 | 1.0 11 0.2 51 | Qutside Perfor-
25 N mance Criteria
Ib/year riod
FLR- Total Phos-
o5 ohorus. me/l | FUl 46 01 01 01 01 0.0 01 1.0 01 ) Very Good
Calibra-
FLR- | TotalPhos- | i pe- 23 01 01 01 01 0.0 0.0 11 01 7 Very Good
25 phorus, mg/I| riod
Valida-
FLR- | TotalPhos- | 4o pe- 23 01 01 01 01 0.0 0.2 0.9 03 -5 Very Good
25 phorus, mg/I| riod
Total Sus- .
FLR- | pendedSo- | Full 46 10.2 20 4.0 13 8.2 0.2 11 01 g1 | Qutside Perfor-
25 H mance Criteria
ids, mg/I|
Total Sus- Calibra- .
FLR- | pended So- | tion Pe- 24 9.0 15 45 13 75 01 11 0.2 g4 | Outside Perfor-
25 H N mance Criteria
ids, mg/I riod
Total Sus- Valida- .
FLR- | pended So- | tion Pe- 22 115 25 37 13 8.9 03 1.0 0.0 78 Outside Perfor-
25 H . mance Criteria
ids, mg/I riod
FLR- | WaterTem- | o, 46 1638 1638 172 185 24 0.9 0.4 0.9 0 Very Good
25 perature, C
Calibra-
FLR- | WaterTem- | i pe 24 16.7 16.2 172 185 2.3 0.9 03 0.9 3 Very Good
25 perature, C riod
Valida-
FLR- | WaterTem- | ;) pe. 22 17.0 175 17.4 181 25 0.9 0.4 0.9 3 Very Good
25 perature, C riod
FLR- Ammonia Ni-
50 ogon me/1 | Ul 92 0.1 0.1 0.1 01 01 0.0 1.2 0.4 22 Good
- Calibra-
FLR- | AmmoniaNi- | o o0 53 04 04 0.1 04 0.0 0.0 12 05 a1 Very Good
5.0 trogen, mg/| riod
I Valida-
FLR- | Ammonia Ni- | 4  pe. 39 04 04 04 0.0 041 0.0 12 0.4 .34 Fair
5.0 trogen, mg/| riod
FLR- | Chlorophyll-a, | 65 126 6.5 101 5.4 78 01 12 0.4 48 Outside Perfor-
5.0 ug/| mance Criteria
F-25
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Table F-1. WARMF Model Performance Criteria for Calibration (2015-2016), Validation (2017-2018), and Full (2015-2018) Model Periods (select stations only).

RMSE-
Number . . Absolute observations Nash Sutcliffe
. Mean Mean Median Median . . . Performance
ID Parameter Period of Error R? standard devia- Efficiency % Bias .
(Observed) (WARMF) (Observed) (WARMF) i i Rating
Samples (AE) tion ratio (NSE)
(RSR)
FLR- | Chlorophylla, | Calibra- Outside Perfor-
phylla 1 tion Pe- 38 10.7 6.2 6.8 44 6.6 0.2 1.0 0.0 42 erfo
5.0 ug/| riod mance Criteria
Valida- .
FLR- | Chlorophylla, | i1 pe. 27 154 7.0 127 6.1 96 0.0 15 12 55 Outside Perfor-
5.0 ug/I riod mance Criteria
FLR- | NitrateNitrite, | o 95 0.2 01 0.2 0.0 0.2 0.0 15 13 73 | Qutside Perfor-
5.0 mg/| mance Criteria
FLR- | NitrateNitrite, | CaNora- Outside Perfor-
" | tion Pe- 53 0.2 0.0 0.2 0.0 0.2 03 15 12 76 erfo
5.0 mg/| riod mance Criteria
. o Valida- .
FLR- | Nitrate-Nitrite, | ;) pe. 42 0.2 01 0.2 0.0 0.2 04 16 14 -68 Outside Perfor-
5.0 mg/I riod mance Criteria
FLR- Total Kjeldahl
v Nitrogen, Full 65 07 07 07 08 0.2 0.0 11 0.1 6 Very Good
: mg/I
FLR- Total Kjeldahl Calibra-
5.0 Nitrogen, tion Pe- 38 0.7 0.8 0.6 0.8 0.2 0.0 11 0.1 7 Very Good
) mg/| riod
FLR- Total Kjeldahl Valida-
5.0 Nitrogen, tion Pe- 27 0.7 0.7 0.7 0.8 0.2 0.0 1.0 0.0 5 Very Good
) mg/| riod
FLR- | Total Nitro- | 64 42732 2,956.2 707.0 563.6 27326 | 05 0.7 05 31 | Fair
5.0 gen, Ib/day
. Calibra-
FLR- | Total Nitro- 1 401 pe- 38 2,552.2 23326 683.2 563.6 14844 | 07 06 0.7 9 Very Good
5.0 gen, Ib/day riod
FLR- | TotalNitro- | Valld& Outside Perfor-
tion Pe- 26 6,788.6 3,867.6 1,065.2 7733 45569 | 04 0.8 03 43 erfo
5.0 gen, Ib/day riod mance Criteria
FLR- | Total Nitro- | ¢ 4 324,721.1 | 290,087.0 | 292,0530 | 2682769 | 34,6341 | 1.0 03 0.9 41 | Very Good
5.0 gen, Ib/year
FLR- | Total Nitro- Calibra-
tion Pe- 2 2920530 | 2682769 | 2920530 | 2682769 | 237761 | 1.0 0.4 08 8 Very Good
5.0 gen, lb/year riod
FLR- | Total Nitro- valida-
tion Pe- 2 357,380.1 | 311,897.0 | 357,389.4 | 311,897.0 | 454921 | 1.0 0.3 09 13 Very Good
5.0 gen, Ib/year riod
FLR- | Total Nitro-
iy o men Full 65 0.9 0.8 08 0.8 0.2 04 1.0 0.0 -10 Very Good
. Calibra-
FLR- | TotalNitro- | ion pe- 38 0.9 08 09 0.8 0.2 0.2 10 01 40 | Very Good
5.0 gen, mg/| riod
. Valida-
FLR- | TotalNitro- 1 ion pe- 27 0.9 08 08 08 0.2 0.0 11 0.2 9 Very Good
5.0 gen, mg/| riod
FLR- Total Organic
i Carbon, Full 64 37,4765 | 282688 5,102.3 51261 | 22,3569 | 0.6 0.7 06 -25 Good
- Ib/day
F-26
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Table F-1. WARMF Model Performance Criteria for Calibration (2015-2016), Validation (2017-2018), and Full (2015-2018) Model Periods (select stations only).

RMSE-
Number . . Absolute observations Nash Sutcliffe
. Mean Mean Median Median . . . Performance
ID Parameter Period of Error R? standard devia- Efficiency % Bias .
(Observed) (WARMF) (Observed) (WARMF) i i Rating
Samples (AE) tion ratio (NSE)
(RSR)
FLR- Total Organic Calibra-
50 Carbon, tion Pe- 38 24,794.9 22,5223 4,986.5 49954 | 155367 | 0.7 0.6 0.6 -9 Very Good
) Ib/day riod
FLR- Total Organic Valida-
50 Carbon, tion Pe- 26 56,011.2 36,667.5 6,655.8 6,977.7 | 323249 | 05 0.7 05 35 Fair
) Ib/day riod
Total Organic
f_,"g' Carbon, Full 4 2,966,801.1 2’8058'952 2371,922.1 2'55§'886 341,8127 | 09 0.3 0.9 5 Very Good
) Ib/year ) )
Total Organic Calibra-
;ng- Carbon, tion Pe- 2 2,371,922.1 2'55%'886 2,371,922.1 2'552;886 180,964.4 | 1.0 0.6 0.6 8 Very Good
) Ib/year riod ) )
Total Organic Valida-
;"g‘ Carbon, tion Pe- 2 3,561,680.2 3’0551'019 3,561,680.2 3'053’019 502,6611 | 1.0 03 0.9 14 Very Good
) Ib/year riod ) )
FLR- Total Organic
50 Carbon, mg/1 | FUl 65 7.8 7.5 7.3 7.6 15 01 1.0 0.0 5 Very Good
. Calibra-
FLR- | Total Organic | 4, pe. 38 8.0 7.6 7.3 76 18 0.0 11 0.2 5 Very Good
5.0 Carbon, mg/I riod
. Valida-
FLR- | Total Organic | 4, pe. 27 77 73 7.3 77 12 03 0.8 03 -5 Very Good
5.0 Carbon, mg/I riod
Total Phos- .
FLR- | bhorus, Full 89 356.0 2128 339 429 2436 0.6 07 05 -40 Outside Perfor-
5.0 mance Criteria
Ib/day
FLR- Total Phos- Calibra-
50 phorus, tion Pe- 50 238.7 183.1 316 496 1915 0.6 0.7 0.5 23 Good
) Ib/day riod
Total Phos- Valida- .
FLR- | pbhorus, tion Pe- 39 506.3 250.9 456 353 3105 07 0.7 05 50 Outside Perfor-
5.0 . mance Criteria
Ib/day riod
FLR- Total Phos-
50 phorus, Full 4 27,299.4 26,427.3 20,923.1 253148 | 6,770.5 0.8 0.5 0.8 -3 Very Good
) Ib/year
FLR- Total Phos- Calibra-
50 phorus, tion Pe- 2 19,4163 25314.8 19,4163 253148 | 58984 1.0 1.7 1.8 30 Fair
) Ib/year riod
FLR. | Total Phos- Valida-
50 phorus, tion Pe- 2 35,182.4 27,539.8 35,182.4 275398 | 7,642.6 1.0 0.4 0.8 22 Good
) Ib/year riod
FLR- | Total Phos- | ) 94 01 01 01 01 0.0 0.0 11 04 19 | Good
5.0 phorus, mg/I|
Calibra-
FLR- | Total Phos- tion Pe- 52 041 041 0.0 01 0.0 0.0 12 0.4 35 Fair
5.0 phorus, mg/I| riod
Valida-
FLR- | Total Phos- tion Pe- 42 01 01 0.1 0.1 0.0 0.1 0.9 0.2 2 Very Good
5.0 phorus, mg/I| riod
F-27
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Table F-1. WARMF Model Performance Criteria for Calibration (2015-2016), Validation (2017-2018), and Full (2015-2018) Model Periods (select stations only).

RMSE-
Number . . Absolute observations Nash Sutcliffe
. Mean Mean Median Median . . . Performance
ID Parameter Period of Error R? standard devia- Efficiency % Bias .
(Observed) (WARMF) (Observed) (WARMF) i i Rating
Samples (AE) tion ratio (NSE)
(RSR)
Total Ortho-
FLR- Phosphate, Outside Perfor-
5.0 mg/I Full 49 0.01 0.07 0.01 0.06 0.05 0.12 7.2 -50.6 458 mance Criteria
Total Ortho- Calibra-
FLR- Phosphate, tion Pe- Outside Perfor-
5.0 mg/I riod 34 0.01 0.07 0.01 0.07 0.06 0.07 7.3 -52.8 435 mance Criteria
Total Ortho- Valida-

FLR- Phosphate, tion Pe- Outside Perfor-
5.0 mg/| riod 15 0.01 0.05 0.01 0.05 0.04 0.01 8.0 -62.9 543 mance Criteria
Total Sus- .

FLR- pended Sol- Full 65 13.0 6.2 6.1 13 11.0 0.2 1.0 01 52 Outside Perfor-
5.0 H mance Criteria

ids, mg/I
Total Sus- Calibra- .
FLR- | pendedSo- | tion Pe- 38 108 45 5.4 13 8.1 0.5 08 0.3 58 Outside Perfor-
5.0 H N mance Criteria
ids, mg/I riod
Total Sus- Valida- .
FLR- | pendedSo- | tion Pe- 27 16.2 8.7 7.0 13 15.0 0.2 1.0 0.0 46 Outside Perfor-
5.0 H N mance Criteria
ids, mg/I| riod
FLR- | WaterTem- | 80 151 16.4 145 17.0 29 08 05 07 9 Good
5.0 perature, C
Calibra-
FLR- Water Tem- tion Pe- 49 149 163 142 175 29 0.8 0.5 0.7 9 Good
5.0 perature, C riod
Valida-
FLR- | WaterTem- | \ pe. 31 153 166 147 162 28 08 05 08 8 Good
5.0 perature, C riod
KRC- Ammonia Ni-
45 trogen, mg/| Full 118 0.2 0.2 0.1 0.1 0.1 0.5 0.8 0.4 -20 Good
- Calibra- .
KRC- | AmmoniaNi- | o, pe. 64 0.2 01 01 0.1 01 03 0.9 0.2 3¢ | Qutside Perfor-
4.5 trogen, mg/| riod mance Criteria
- Valida-
KRC- | AmmoniaNi- | o pe. 54 0.2 0.2 01 01 0.1 0.6 07 0.6 3 Very Good
4.5 trogen, mg/| riod
KRC- | Chlorophyll-a, | ¢, 78 37 10 18 05 34 0.0 11 03 73 Outside Perfor-
4.5 ug/| mance Criteria
KRC- | Chlorophylla, | Callbra- Outside Perfor-
PIVIa, | tion Pe- 43 28 0.9 17 05 24 0.0 1.2 0.4 70 erto
4.5 ug/I riod mance Criteria
Valida- .
KRC- | Chiorophyll-a, | ;0 'pe. 35 47 12 23 05 40 04 11 03 75 Outside Perfor-
4.5 ug/| riod mance Criteria
RC- | NitrateNitrite, | 121 11 06 0.4 0.4 0.7 058 07 05 40 Outside Perfor-
4.5 mg/| mance Criteria
KRC- | Nitrate-Nitrite, | C2HPra" Outside Perfor-
" | tion Pe- 64 1.7 0.9 0.6 0.6 11 0.8 0.7 0.5 -46 o
4.5 mg/| riod mance Criteria
. o Valida-
KRC- | Nitrate-Nitrite, | ;0 pe. 57 03 03 03 03 01 02 11 03 3 Very Good
4.5 mg/I .
riod
F-28
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Table F-1. WARMF Model Performance Criteria for Calibration (2015-2016), Validation (2017-2018), and Full (2015-2018) Model Periods (select stations only).

RMSE-
Number . . Absolute observations Nash Sutcliffe
. Mean Mean Median Median . . . Performance
ID Parameter Period of Error R? standard devia- Efficiency % Bias .
(Observed) (WARMF) (Observed) (WARMF) i i Rating
Samples (AE) tion ratio (NSE)
(RSR)
KRC- Total Kjeldahl
a5 Nitrogen, Full 78 1.0 0.8 0.9 0.9 0.4 0.0 1.2 05 47 Good
) mg/|
KRC- Total Kjeldahl Calibra-
a5 Nitrogen, tion Pe- 43 1.0 0.8 0.8 0.8 0.4 01 13 0.6 24 Good
) mg/| riod
KRC- Total Kjeldahl Valida-
45 Nitrogen, tion Pe- 35 1.0 0.9 0.9 0.9 0.3 01 11 0.1 -8 Very Good
) mg/| riod
KRC- Total Nitro-
a5 gon Iby/day Full 77 737.5 838.3 158.0 50.5 535.9 0.6 0.9 0.2 14 Very Good
. Calibra-
KRC- | Total Nitro- tion Pe- 43 611.4 616.4 158.0 495 524.9 0.5 0.8 03 1 Very Good
45 gen, Ib/day riod
. Valida-
KRC- | Total Nitro- tion Pe- 34 897.0 111838 1512 762 5498 07 10 0.0 25 Good
4.5 gen, Ib/day riod
KRC- | Total Nitro- Full 4 1138718 | 96,6149 | 1124893 | 87,7330 | 31957.4 | 04 0.8 0.4 -15 Good
4.5 gen, Ib/year
KRC- | TotalNitro- | Callbra- Outside Perfor-
tion Pe- 2 136,947.3 | 87,7330 | 1369473 | 87,7330 | 492143 | 1.0 0.9 01 36 ero
4.5 gen, Ib/year riod mance Criteria
. Valida-
KRC- | TotalNitro- | 401 pe- 2 90,7963 | 1054968 | 90,7963 | 1054968 | 14,7005 | 1.0 0.4 0.9 16 | Good
4.5 gen, Ib/year riod
KRC- Total Nitro- .
a5 gon. mg/| Full 78 2.2 15 1.3 1.2 0.9 0.8 0.7 0.4 31 Fair
. Calibra- .
KRC- | TotalNitro- | 4ion pe- 43 3.0 18 16 14 14 0.9 08 0.4 39 | Qutside Perfor-
4.5 gen, mg/| riod mance Criteria
. Valida-
KRC- | Total Nitro- tion Pe- 35 13 12 11 11 0.3 01 10 0.0 7 Very Good
4.5 gen, mg/| riod
Total Organic .
KRC- | Carbon, Full 77 5,286.8 7,6215 874.5 216.0 40864 | 07 12 04 44 Outside Perfor-
4.5 mance Criteria
Ib/day
Total Organic Calibra- .
KRC- | Carbon, tion Pe- 43 3,246.9 5,225.4 834.8 197.0 34514 | 07 13 07 61 Outside Perfor-
4.5 N mance Criteria
Ib/day riod
Total Organic Valida- .
KRC- | Carbon, tion Pe- 34 7,866.7 10,652.0 1,030.5 4311 48894 | 08 11 02 35 Outside Perfor-
4.5 . mance Criteria
Ib/day riod
KRC- Total Organic
a5 Carbon, Full 4 707,576.6 | 7851862 | 6153133 | 595240.4 | 107,864.6 | 1.0 0.6 0.6 11 Very Good
) Ib/year
KRC- Total Organic Calibra-
a5 Carbon, tion Pe- 2 615,313.3 | 5952404 | 6153133 | 5952404 | 40,4371 | 1.0 0.3 0.9 3 Very Good
) Ib/year riod
KRC- Total Organic Valida-
a5 Carbon, tion Pe- 2 799,839.9 | 9751320 | 799,839.9 | 9751320 | 1752921 | 1.0 0.6 0.7 22 Good
) Ib/year riod
F-29
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Table F-1. WARMF Model Performance Criteria for Calibration (2015-2016), Validation (2017-2018), and Full (2015-2018) Model Periods (select stations only).

RMSE-
Number . . Absolute observations Nash Sutcliffe
. Mean Mean Median Median . . . Performance
ID Parameter Period of Error R? standard devia- Efficiency % Bias .
(Observed) (WARMF) (Observed) (WARMF) i i Rating
Samples (AE) tion ratio (NSE)
(RSR)
KRC- Total Organic
45 Carbon, mg/I Full 78 8.3 7.9 7.9 8.4 1.8 0.4 1.0 0.1 -4 Very Good
. Calibra-
KRC- | Total Organic | 4, pe_ 43 8.2 7.6 7.7 81 19 03 13 06 7 Very Good
4.5 Carbon, mg/I riod
. Valida-
KRC- | Total Organic | o pe. 35 8.4 8.3 8.2 8.6 17 05 08 03 4 Very Good
4.5 Carbon, mg/I riod
Total Phos- .
KRC- | phorus, Full 112 57.8 1003 10.7 49 815 05 22 39 74 | Outside Perfor-
4.5 mance Criteria
Ib/day
Total Phos- Calibra- .
KRC- | phorus, tion Pe- 60 45.0 774 13.7 6.0 68.3 0.4 24 48 72 Outside Perfor-
4.5 . mance Criteria
Ib/day riod
Total Phos- Valida- .
KRC- | phorus, tion Pe- 52 725 127.0 74 22 96.8 0.6 21 34 75 | Outside Perfor-
4.5 N mance Criteria
Ib/day riod
Total Phos- .
KRC- | phorus, Full 4 91426 | 152300 | 89460 | 126715 | 60874 | 08 29 77 67 | Qutside Perfor-
4.5 mance Criteria
Ib/year
Total Phos- Calibra- .
KRC- | phorus, tion Pe- 2 8,946.0 12,6715 8,946.0 126715 | 37265 | 1.0 17 18 42 Outside Perfor-
4.5 . mance Criteria
Ib/year riod
Total Phos- Valida- .
KRC- | Shorus, tion Pe- 2 9,339.3 17,788.5 9,339.3 17,7885 | 84492 | 1.0 26 5.8 20 Outside Perfor-
4.5 o mance Criteria
Ib/year riod
KRC- | TotalPhos- | p 119 0.4 0.2 01 0.2 03 06 0.9 0.2 51 | Qutside Perfor-
4.5 phorus, mg/I| mance Criteria
KRC- | Total Phos- Calibra- Outside Perfor-
tion Pe- 63 0.7 0.3 0.1 0.2 0.6 0.6 0.9 0.1 -59 .
4.5 phorus, mg/I| riod mance Criteria
Valida-
KRC- | Total Phos- tion Pe- 56 0.1 0.1 01 0.1 0.1 01 0.9 01 5 Very Good
4.5 phorus, mg/I| riod
Total Ortho-
KRC- Phosphate, Outside Perfor-
4.5 mg/| Full 62 0.51 0.23 0.05 0.15 0.43 0.53 0.9 0.2 -55 mance Criteria
Total Ortho- Calibra-
KRC- Phosphate, tion Pe- Outside Perfor-
4.5 mg/| riod 41 0.72 0.29 0.06 0.17 0.61 0.52 0.9 0.1 -60 mance Criteria
Total Ortho- Valida-
KRC- Phosphate, tion Pe-
45 mg/| riod 21 0.09 0.12 0.04 0.11 0.09 0.34 0.9 0.3 27 Fair
KRC- Total Sus-
45 pended Sol- Full 78 21.0 13.2 7.3 1.3 23.7 0.0 11 -0.3 -37 Fair
} ids, mg/I|
KRC- Total Sus- Calibra-
pended Sol- tion Pe- 43 10.6 6.3 5.8 1.3 9.4 0.3 1.2 -0.4 -40 Fair
45 : ;
ids, mg/I| riod
F-30
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Table F-1. WARMF Model Performance Criteria for Calibration (2015-2016), Validation (2017-2018), and Full (2015-2018) Model Periods (select stations only).

RMSE-
Number . . Absolute observations Nash Sutcliffe
. Mean Mean Median Median . . . Performance
ID Parameter Period of Error R? standard devia- Efficiency % Bias .
(Observed) (WARMF) (Observed) (WARMF) i i Rating
Samples (AE) tion ratio (NSE)
(RSR)
KRC- Total Sus- Valida-
pended Sol- tion Pe- 35 338 21.6 9.8 13 413 0.0 1.2 0.3 36 Fair
45 f !
ids, mg/I riod
KRC- | WaterTem- | ., 107 1738 192 175 191 3.4 08 06 0.7 8 Good
4.5 perature, C
Calibra-
KRC- | WaterTem- |  'pe. 63 177 193 175 189 34 0.9 0.5 07 9 Good
4.5 perature, C riod
Valida-
KRC- | WaterTem- | ;)\ pe 44 180 191 18.4 191 35 08 06 0.6 6 Very Good
4.5 perature, C riod
LTR- Ammonia Ni- Outside Perfor-
19 trogon mg/l | FUI 77 0.1 0.0 01 0.0 01 0.0 12 0.5 -48 mance Criterin
LTR- | AmmoniaNi- | Calibra- Outside Perfor-
tion Pe- 46 01 0.0 01 0.0 0.1 01 16 47 42 ero
19 trogen, mg/| riod mance Criteria
I Valida- .
LTR- | Ammonia Ni- |  pe. 31 04 0.0 0.1 0.0 01 0.0 11 03 56 Outside Perfor-
19 trogen, mg/| riod mance Criteria
LTR- | Chlorophyll-a, | 80 2.9 6.6 7.0 72 6.8 0.1 1.0 0.0 33 Fair
1.9 ug/l
Calibra-
LTR- Chlorophyll-a, | i/ pe. 46 6.5 6.5 5.0 74 5.1 0.0 12 0.4 0 Very Good
1.9 ug/l !
riod
LTR- | Chlorophylla, | Yalida- Outside Perfor-
PIVIa, | tion Pe- 34 145 6.8 113 7.4 9.0 0.3 1.0 0.1 53 erto
19 ug/I riod mance Criteria
LTR- | NitrateNitrite, | ¢, 80 0.2 01 0.2 0.0 0.2 0.2 16 16 62 | Qutside Perfor-
1.9 mg/| mance Criteria
. - Calibra- .
LTR- | Nitrate-Nitrite, | ;0 'pe. 46 0.2 04 0.2 0.0 0.2 0.3 18 22 67 Outside Perfor-
19 mg/| riod mance Criteria
. . Valida- .
LTR- | NitrateNitrite, | ;. pe. 34 02 041 0.2 0.0 041 0.0 14 10 52 Outside Perfor-
1.9 mg/| riod mance Criteria
LTR- Total Kjeldahl
19 Nitrogen, Full 80 0.6 0.6 0.6 0.7 0.2 01 1.0 0.1 7 Very Good
: mg/!|
LTR- Total Kjeldahl Calibra-
19 Nitrogen, tion Pe- 46 0.6 0.6 0.5 0.6 0.1 01 11 -0.2 8 Very Good
) mg/| riod
LTR- Total Kjeldahl Valida-
19 Nitrogen, tion Pe- 34 0.7 0.7 0.6 0.7 0.2 0.0 1.0 0.0 5 Very Good
) mg/| riod
LTR- | TotalNitro- =} 80 2,063.7 1,317.0 137.4 172.0 11270 | 08 0.7 05 3¢ | Qutside Perfor-
1.9 gen, Ib/day mance Criteria
. Calibra-
LTR- | Total Nitro- tion Pe- 46 503.3 654.2 137.4 1720 247.0 10 0.4 0.9 30 Fair
19 gen, Ib/day riod
F-31
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Table F-1. WARMF Model Performance Criteria for Calibration (2015-2016), Validation (2017-2018), and Full (2015-2018) Model Periods (select stations only).

RMSE-
Number . . Absolute observations Nash Sutcliffe
. Mean Mean Median Median . . . Performance
ID Parameter Period of Error R? standard devia- Efficiency % Bias .
(Observed) (WARMF) (Observed) (WARMF) i i Rating
Samples (AE) tion ratio (NSE)
(RSR)
LTR- | TotalNitro- | valida- Outside Perfor-
tion Pe- 34 41748 2,213.7 183.2 178.6 23176 | 08 0.7 05 47 erfo
19 gen, Ib/day riod mance Criteria
LTR- | TotalNitro- | 4 1142505 | 113,083.4 | 768322 | 83,0948 | 86858 | 10 01 10 4 Very Good
1.9 gen, Ib/year
LTR- Total Nitro- Calibra-
tion Pe- 2 768322 | 830948 | 768322 | 830048 | 87748 | 10 26.8 717.6 8 Very Good
19 gen, Ib/year riod
. Valida-
LTR- | TotalNitro- | ion pe- 2 151,6688 | 1430721 | 1516688 | 1430721 | 85967 | 1.0 01 10 S Very Good
19 gen, Ib/year riod
LTR- Total Nitro-
7% o me) Full 80 08 0.7 0.7 0.7 0.2 0.0 10 0.0 9 Very Good
. Calibra-
LTR- | Total Nitro- tion Pe- 46 0.8 0.7 0.7 07 0.2 0.1 1.0 0.0 12 Very Good
19 gen, mg/| riod
. Valida-
LTR- | Total Nitro- tion Pe- 34 08 08 0.7 08 0.2 0.0 1.0 0.0 7 Very Good
19 gen, mg/| riod
LTR- Total Organic
7 Carbon, Full 80 17,7130 | 13,1418 1,205.5 16509 | 86323 | 09 0.6 0.7 26 Fair
) Ib/day
Total Organic Calibra- .
LTR- 1 Carbon, tion Pe- 46 45419 6,572.4 1,160.6 16509 | 25653 | 10 0.4 08 45 | Outside Perfor-
1.9 N mance Criteria
Ib/day riod
Total Organic Valida- .
LTR- 1 Carbon, tion Pe- 34 355326 | 220207 | 14937 16390 | 168406 | 09 0.6 0.7 3g | Outside Perfor-
19 N mance Criteria
Ib/day riod
Total Organic
R | carbon, Full 4 10071529 | #1125 | ee5e918 | 817,3057 | 1056940 | 10 0.2 09 10 Very Good
) Ib/year )
LTR- Total Organic Calibra-
7 Carbon, tion Pe- 2 621,332.8 | 817,305.7 | 621,332.8 | 817,305.7 | 1959729 | 1.0 4.7 211 32 Fair
) Ib/year riod
Total Organic Valida-
;T;*' Carbon, tion Pe- 2 1,392,973.1 1’4‘)%165 1,392,973.1 1'40%165 154150 | 1.0 0.0 1.0 1 Very Good
) Ib/year riod ) )
LTR- Total Organic
15 Carpon, et | Ful 80 7.0 6.6 6.7 6.6 10 0.3 1.0 0.0 5 Very Good
. Calibra-
LTR- | Total Organic | 4, pe. 46 6.7 6.2 65 6.4 0.9 03 10 0.0 7 Very Good
19 Carbon, mg/I riod
. Valida-
LTR- | Total Organic | 4, pe. 34 7.3 74 7.2 6.9 12 0.2 11 01 2 Very Good
1.9 Carbon, mg/I riod
Total Phos- .
LTR- 1 phorus, Full 79 284.9 177.7 8.7 19.0 1611 | 09 0.6 0.6 3g | Outside Perfor-
19 mance Criteria
Ib/day
Total Phos- Calibra- .
LTR- | pbhorus, tion Pe- 46 50.9 759 83 184 281 1.0 03 0.9 49 Outside Perfor-
19 N mance Criteria
Ib/day riod
F-32
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Table F-1. WARMF Model Performance Criteria for Calibration (2015-2016), Validation (2017-2018), and Full (2015-2018) Model Periods (select stations only).

RMSE-
Number . . Absolute observations Nash Sutcliffe
. Mean Mean Median Median . . . Performance
ID Parameter Period of Error R? standard devia- Efficiency % Bias .
(Observed) (WARMF) (Observed) (WARMF) i i Rating
Samples (AE) tion ratio (NSE)
(RSR)
Total Phos- Valida- .
LTR= | phorus, tion Pe- 33 611.1 319.6 23.0 201 346.4 0.9 06 0.6 -48 Outside Perfor-
19 . mance Criteria
Ib/day riod
LTR- Total Phos-
19 phorus, Full 4 9,878.2 12,246.2 6,163.8 9,288.1 2,368.0 0.9 0.4 0.9 24 Good
) Ib/year
Total Phos- Calibra- .
LTR- 1 phorus, tion Pe- 2 5,272.9 9,288.1 5,272.9 92881 | 40152 | 10 29 76 76 | Outside Perfor-
19 . mance Criteria
Ib/year riod
LTR- Total Phos- Valida-
19 phorus, tion Pe- 2 14,483.5 15,204.3 14,483.5 15,204.3 720.8 1.0 0.1 1.0 5 Very Good
) Ib/year riod
LTR- Total Phos-
19 phorus, mg/| Full 79 0.1 0.1 0.0 0.1 0.0 0.2 0.9 0.2 10 Very Good
Calibra- .
LTR- | TotalPhos- = | 4\ ' pe. 46 01 01 0.0 04 0.0 04 1.0 01 36 Outside Perfor-
19 phorus, mg/I| riod mance Criteria
Valida-
LTR- | TotalPhos- = | 40 pe- 33 01 01 01 01 0.0 0.2 0.9 0.2 41 | VeryGood
19 phorus, mg/I| riod
Total Ortho-
LTR- Phosphate, Outside Perfor-
1.9 mg/| Full 64 0.02 0.06 0.01 0.06 0.04 0.03 3.0 -7.8 277 mance Criteria
Total Ortho- Calibra-
LTR- Phosphate, tion Pe- Outside Perfor-
1.9 mg/| riod 44 0.02 0.06 0.01 0.06 0.04 0.03 2.6 -5.6 253 mance Criteria
Total Ortho- Valida-
LTR- Phosphate, tion Pe- Outside Perfor-
1.9 mg/| riod 20 0.01 0.05 0.01 0.05 0.04 0.08 6.8 -44.8 354 mance Criteria
LTR- Total Sus-
19 pended Sol- Full 80 19.1 13.7 7.7 1.3 221 0.1 15 1.4 -28 Good
) ids, mg/|
Total Sus- Calibra- .
TR | pended Sol | tion Pe- 46 129 5.7 65 13 134 01 12 05 -56 Outside Perfor-
1.9 H N mance Criteria
ids, mg/I riod
LTR- Total Sus- Valida-
19 pended Sol- tion Pe- 34 27.5 24.5 12.8 1.3 33.9 0.0 1.6 -1.6 -11 Very Good
) ids, mg/I| riod
LTR- | WaterTem- | 65 16.8 153 17.0 161 26 0.9 0.4 08 9 Good
1.9 perature, C
Calibra-
LTR- Water Tem- tion Pe- 44 16.3 15.0 16.8 15.9 24 0.9 0.4 0.8 8 Good
19 perature, C riod
Valida-
LTR- | WaterTem- | 4\ pe- 21 17.9 159 215 17.6 29 0.9 05 08 11 Good
1.9 perature, C riod
LTR- Ammonia Ni- Outside Perfor-
16 trogen, mg/ Full 89 0.0 0.0 0.0 0.0 0.0 0.0 1.9 2.7 62 mance Criteria
LTR- Ammonia Ni- | Salibra- Outside Perfor-
tion Pe- 47 0.0 0.0 0.0 0.0 0.0 0.0 2.1 -3.5 52 -
16 trogen, mg/| riod mance Criteria
F-33
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Table F-1. WARMF Model Performance Criteria for Calibration (2015-2016), Validation (2017-2018), and Full (2015-2018) Model Periods (select stations only).

RMSE-
Number . . Absolute observations Nash Sutcliffe
. Mean Mean Median Median . . . Performance
ID Parameter Period of Error R? standard devia- Efficiency % Bias .
(Observed) (WARMF) (Observed) (WARMF) i i Rating
Samples (AE) tion ratio (NSE)
(RSR)
LTR- | AmmoniaNi- | Valda Outside Perfor-
tion Pe- 42 0.0 04 0.0 0.0 0.0 0.0 18 2.2 74 erto
16 trogen, mg/| riod mance Criteria
LTR- Nitrate-Nitrite,
16 me Full 90 0.3 0.3 0.3 04 0.4 0.1 40 -14.9 4 Very Good
. o Calibra-
LTR- | NitrateNitrite, | 4ion pe- 47 03 03 03 01 0.4 01 5.0 238 0 Very Good
16 mg/| !
riod
. | Valida-
LTR- | Nitrate-Nitrite, | ;) pe. 43 03 03 03 01 0.4 03 33 96 9 Very Good
16 mg/| oo
LTR- Total Kjeldahl
16 Nitrogen, Full 46 0.5 0.6 0.4 05 0.3 0.1 11 0.4 27 Fair
mg/|
LTR- Total Kjeldahl Calibra-
16 Nitrogen, tion Pe- 24 0.5 0.5 0.4 0.5 0.3 0.2 0.9 0.3 4 Very Good
mg/| riod
Total Kjeldahl Valida- .
LTR- | Nitrogen, tion Pe- 22 0.4 0.6 0.4 0.6 0.2 0.0 26 6.0 5g | Qutside Perfor-
16 N mance Criteria
mg/| riod
LTR- | Total Nitro- | ) 46 8318 3211 100.7 19.2 5660 | 1.0 0.7 05 61 | Outside Perfor-
16 gen, Ib/day mance Criteria
LTR- | Total Nitro- Calibra- Outside Perfor-
tion Pe- 24 1,386.2 441.3 111.0 20.1 978.3 1.0 0.7 05 -68 erfo
16 gen, lb/day riod mance Criteria
. Valida-
LTR- | Total Nitro- | 40 pe- 22 227.0 189.9 76.8 17.8 116.2 0.8 05 07 16 Good
16 gen, Ib/day riod
LTR- | TotalNito- g 4 1958589 | 1354149 | 209,0925 | 1459250 | 60,4441 | 0.9 14 10 31 | Fair
16 gen, Ib/year
. Calibra-
LTR- | Total Nitro- tion Pe- 2 227,449.3 | 1549650 | 227,449.3 | 154,965.0 | 72,4843 | 1.0 133 -175.9 -32 Fair
16 gen, Ib/year riod
. Valida-
LTR- | TotalNitro- 1 ion pe- 2 1642686 | 1158648 | 164,2686 | 1158648 | 484038 | 10 11 03 29 | Fair
16 gen, Ib/year | 0
LTR- Total Nitro-
16 con me/) Full 46 08 0.9 0.7 0.7 05 0.0 20 3.4 13 Very Good
. Calibra-
LTR- | Total Nitro- | i1 pe- 24 0.9 0.8 08 0.7 0.4 0.0 15 14 40 | Very Good
16 gen, mg/I| riod
LTR- | TotalNitro- | valida- Outside Perfor-
tion Pe- 22 0.7 1.0 0.6 0.7 05 0.2 35 412 45 erto
16 gen, mg/| riod mance Criteria
LTR- Total Organic
16 Carbon, Full 28 1,518.2 1,319.9 583.7 136.9 958.4 0.6 0.6 06 13 Very Good
Ib/day
LTR- Total Organic Calibra-
16 Carbon, tion Pe- 20 1,500.5 11825 692.9 183.3 11391 | 03 08 0.3 21 Good
Ib/day tiod
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Table F-1. WARMF Model Performance Criteria for Calibration (2015-2016), Validation (2017-2018), and Full (2015-2018) Model Periods (select stations only).

RMSE-
Number . . Absolute observations Nash Sutcliffe
. Mean Mean Median Median . . . Performance
ID Parameter Period of Error R? standard devia- Efficiency % Bias .
(Observed) (WARMF) (Observed) (WARMF) i i Rating
Samples (AE) tion ratio (NSE)
(RSR)
LTR- Total Organic Valida-
16 Carbon, tion Pe- 8 1,562.5 1,663.3 201.2 63.9 506.5 1.0 0.3 0.9 6 Very Good
Ib/day riod
Total Organic .
LTR- | Carbon, Full 4 20812416 | 1336796 | 51870035 | 1429855 | 7444453 | o8 17 20 -36 Outside Perfor-
16 3 9 mance Criteria
Ib/year
Total Organic Calibra- .
LTR-— 1 carbon, tion Pe- 2 23820426 | 1933264 | 53800406 | 1933264 | g487784 | 10 58 323 -3¢ | Qutside Perfor-
16 . 3 3 mance Criteria
Ib/year riod
Total Organic Valida- .
LTR= | carbon, tion Pe- 2 1,780,4406 | 1140328 | 4 7004406 | 1149328 | 6401103 | 10 14 1.0 -36 Outside Perfor-
16 . 3 3 mance Criteria
Ib/year riod
LTR- Total Organic
16 Carbon, me/t | FUI 28 4.9 55 43 48 1.7 0.2 13 0.6 13 Very Good
. Calibra-
LTR- | Total Organic | /' 'ne 20 5.1 5.4 46 5.3 16 0.2 11 02 5 Very Good
16 Carbon, mg/I riod
LTR- Total Organic Valida- Outside Perfor-
g tion Pe- 8 43 5.8 35 46 21 0.2 16 1.6 36 erto
16 Carbon, mg/I riod mance Criteria
Total Phos- .
LTR- | phorus, Full 84 100.7 24.9 48 13 80.3 10 0.9 03 75 Outside Perfor-
16 mance Criteria
Ib/day
Total Phos- Calibra- .
LTR- | phorus, tion Pe- 44 174.3 334 45 15 146.6 1.0 0.9 0.3 81 Outside Perfor-
16 N mance Criteria
Ib/day riod
LTR- Total Phos- Valida-
phorus, tion Pe- 40 19.7 155 5.0 1.2 7.3 0.9 0.3 0.9 21 Good
16 !
Ib/day riod
Total Phos- .
LTR- | pbhorus, Full 4 346183 | 16,7670 | 350705 | 162572 | 17,8513 | 03 19 26 52 Outside Perfor-
16 mance Criteria
Ib/year
Total Phos- Calibra- .
LTR- phorus, tion Pe- 2 35,070.5 17,276.9 35,070.5 17,2769 | 17,7936 | 10 23 42 51 Outside Perfor-
16 N mance Criteria
Ib/year riod
Total Phos- Valida- .
LTR- | phorus, tion Pe- 2 341664 | 162572 | 341661 | 162572 | 17,9089 | 1.0 13 0.7 52 Outside Perfor-
16 N mance Criteria
Ib/year riod
LTR- | Total Phos- Full 87 041 041 0.0 01 0.0 0.0 12 06 41 Outside Perfor-
16 phorus, mg/I| mance Criteria
Calibra-
LTR- Total Phos- tion Pe- 45 01 01 0.0 01 01 0.0 1.2 0.4 35 Fair
16 phorus, mg/I| riod
LTR- | Total Phos- valida- Outside Perfor-
tion Pe- 42 0.0 01 0.0 0.1 0.0 01 2.0 258 48 ero
16 phorus, mg/I| riod mance Criteria
Total Sus- .
LTR- | pended So- | Full 46 235 7.5 3.2 3.9 19.0 1.0 0.8 0.3 68 Outside Perfor-
16 H mance Criteria
ids, mg/I|
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Appendix F

Table F-1. WARMF Model Performance Criteria for Calibration (2015-2016), Validation (2017-2018), and Full (2015-2018) Model Periods (select stations only).

RMSE-
Number i i Absolute observations Nash Sutcliffe
. Mean Mean Median Median . . . Performance
ID Parameter Period of Error R2 standard devia- Efficiency % Bias i
(Observed) (WARMF) (Observed) (WARMF) i i Rating
Samples (AE) tion ratio (NSE)
(RSR)
Total Sus- Calibra- .
LTR- pended Sol- | tion Pe- 24 395 9.4 36 31 318 1.0 0.8 0.3 76 Outside Perfor-
16 H . mance Criteria
ids, mg/I riod
LTR- Total Sus- Valida-
pended Sol- tion Pe- 22 6.1 55 3.0 4.9 4.9 01 0.9 0.1 -10 Very Good
16 H N
ids, mg/I| riod
LTR- Water Tem- Full 92 16.0 17.2 158 17.8 2.7 0.9 0.4 0.8 8 Good
16 perature, C
Calibra-
LTR- | WaterTem- | 4, pe. 47 162 175 16.4 17.9 2.4 0.9 0.4 0.9 8 Good
16 perature, C riod
Valida-
LTR- Water Tem- tion Pe- 45 157 17.0 14.4 152 3.0 0.8 0.5 0.8 9 Good
16 perature, C riod
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