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Research Area Objective

Enable the water quality community to fully participate in the
development and implementation of water quality based
discharge standards for contaminants (principally nutrients) by
developing independent methods for confirming linkages
between receiving water quality, wastewater discharges, and

other sources.

- NMT

. Nutrient Modeling Toolbox
Water Environment Your Link to Site-Specific s
Federation - P Water
he water quality paopis” Nutrient Criteria Research

Research Projects Receiving Water Linkages in Water Quality
LINK)

Research Group

Project Title
Year ) Linkages | Permit | Comm.

2019 |2019 Roadmap on prioritizing research in both permitting and linkages X X X

Modeling Guidance for Developing Site Specific Nutrient Goals —

2018 Demonstration, Screening-Level Application (LINK4T17). X X X
2017 Establishing Methods for Numeric Nutrient Target-Setting (LINK3R16) X X
5015 Developing Site-Specific Nutrient Goals — Demonstration: Boulder Creek, X
Colorado (LINK2T14)
2015 |Modeling Guidance for Developing Site-Specific Nutrient Goals (LINK1T11) X
Linking Receiving Water Impacts to Sources and to Water Quality X

2010 |Management Decisions: Using Nutrients as an Initial Case Study (WERF3C10,
2010)
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Rationale for Project

* Nutrient pollution is a serious concern

* The relationship between nutrients and
environmental response is complicated

* Guidance is needed on methods for conducting
rigorous site-specific assessments to set nutrient
targets

Water Environment
Federation Water
the water quality paople” Research

* Excess nitrogen and phosphorus is a major
water quality concern
—>10,000 waters impaired nationally
—Harmful algal blooms are increasing

* EPA has been calling for states to develop
numeric nutrient criteria for more than a
decade

Federation
paopis’ Research
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Relationships between Nutrients and
Endpoints Are Complicated

* Response of aquatic plants to nutrient loads are highly
dependent on site-specific factors
—e.g., clarity, shading, habitat, hydrology
* Multiple potential endpoints
—e.g., hypoxia, harmful algal blooms, aesthetics
* Many endpoints of concern require consideration of multiple
levels of relationships
—Nutrients -> algal growth-> algal toxins

Water Environment N
Federatiorn irtaafll
the water quality paocke’ Research
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Methods for Developing Numeric Nutrient
Criteria

EPA has defined three categories of approaches

1. Reference condition approach
* Base numeric nutrient criteria at levels consistent with those observed in
relatively pristine (i.e. “reference”) water bodies
2. Stressor-response analysis
* Empirically derive statistical relationships between in-situ nutrient
concentrations and the response variable
3. Process-based (mechanistic) modeling

* Describe systems using equations representing specific ecological processes,
calibrated to site-specific data

Water Environment
Federatiorn rtaally
the water quality paocke’ Research
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The Most Readily Applied Approaches
Can Be Inaccurate

Reference condition approach can be (relatively) easily applied to
broad areas, but is potentially very imprecise

—Doesn’t consider the dose-response relationship between nutrients
and environmental response
* Unable to define the threshold where impairment begins

—Doesn’t consider potentially important site-specific factors

Water Environment N
Federation ¥ ;.\.t'_-r i
the water quality paopls” Research
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The Most Readily Applied Approaches
Can Be Inaccurate

Stressor-response analysis considers thresholds, but still not
accurate for all sites

—Doesn’t consider important site-specific factors

= | Higher TN, but
@ .
good biology

TN {magiL}

—Correlation does not mean causation
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Simple Approaches Can Result in
Expensive Controls

* Existing TMDLs using reference condition-based numeric
nutrient criteria have led to some extremely low wasteload
allocations to WWTPs for nutrients

—TP = 0.007 mg/I
—TN =0.289 mg/I

* No assessment of site-specific response to nutrient levels
conducted

Water Environment N
Federatiorn irtaafll
the water quality paocke’ Research

15

Guidance Is Needed on Rigorous Methods for
Nutrient Criteria

* EPA provides guidance for developing nutrient criteria using the
reference condition and stressor-response approaches

* Similar guidance is not currently available for the process-based
modeling approach

—Lack of guidance will serve as an impediment for more rigorous
approaches being taken

Water Environment
Federation
the water quality paopis”
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WRF Predecessor Projects on Rigorous
Methods for Nutrient Criteria

* LINK1T11

—Developed a Nutrient Modeling Toolbox/Model Selection Decision
Tool to select models for specific sites

* LINK2T14
—Applied Nutrient Modeling Toolbox to Boulder Creek, CO

* Selection of an appropriate model is not enough, also need
sufficient data

7=
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Project Overview
Project Objectives and Team
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Project Objectives

Overarching: Determine how much data is needed to

successfully apply a model to

1. Define relationship between data availability and model utility

2. Assess methods for estima

3. Provide insight into the regulatory climate regarding consideration

of model uncertainty

Water Environment
Federation
the water quality paopis”

set nutrient targets

ting model uncertainty

Water
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Project Team

WREF Issue Area Team

Stakeholder Advisory Panel

* Lola Olabode, WRF

* Raj Bhattarai, P.E., BCEE,
City of Austin, TX

* Renee Bourdeau, P.E.,

Horsley Witten Group the Water, LLC

* Steve Peene, Ph.D.,
¢ Jim Pletl, Ph.D., HRSD
* Paul Stacey, Footprints in

ATM * Tom Fikslin, Ph.D. Retired
River Basin Commission

* Lewis Linker, U.S. EPA
Chesapeake Bay Program

* Elizabeth Moore,
Montgomery County (OH)
Environmental Services

* Xuegqing Gao, Ph.D., FL * Thomas Stiles, KDHE Office
Department of Health * Steve Whitlock, PE, EPA * Mindy Scott, Sanitation

* Bret Linenfelser, City of * Matt Wooten, SD No. 1 of District No. 1 of Northern
Boulder Northern Kentucky Kentucky

Co-Principal Investigators

* David W. Dilks, Ph.D., LimnoTech
* Todd M. Redder, PE, LimnoTech
+ Steven C. Chapra, Ph.D., F. ASCE, Tufts University

* Victor J. Bierman Jr., Ph.D., BCEEM (Senior Advisor)
+ Joseph V. DePinto, Ph.D. (Senior Advisor)

* Derek Schlea, PE. LimnoTech

+ Daniel Rucinski, Ph.D., LimnoTech

Project Manager
* Penelope Moskus, LimnoTech

Project Team

* Hua Tao, Ph.D., LimnoTech

* Scott C. Hinz, LimnoTech

* Kyle Flynn, Ph.D., P.E., P.H.,KF2 Consulting, PLLC
+ Nicole Clements, Clements Consulting
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Project Summary
Overview of Tasks

Water Environment
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the water quality people”
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Project Tasks

1. Review existing models applied to set nutrient targets

2. Assess relationship between amount of data and model utility
at data-rich case study sites

3. Develop practical methods for assessing model uncertainty

4. Assess requirements for regulatory acceptance

Water Environment "
Federatiory s atar.
the water quality people” esearch
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Review of Existing Model Applications

* Gain insight into how much data was required to support
management decisions at other sites

* Develop broad inventory of applications
— At least five examples from rivers, lakes, and estuaries
— At least five examples for each key endpoint

— At least five examples of applications that were, and were not,
successful in defining nutrient targets for regulatory purposes

iF

Water Environment
Federation
the water quality paopis”

23
Inventory of Model Applications
* Gathered 38 nutrient modeling applications
— Diversity of water bodies within various regions
— 20 sites with dissolved oxygen, 22 with sestonic chlorophyll,
and 7 with attached algae endpoints
U.S.EPA

Region Regions Estuary Lake/l | River
North Central
(MT, WY, UT, CO, ND, SD, NE, KS, 5738 - 9 4
1A, MO, MN, WI, IL, IN, MI, OH)
Northeast
(ME, NH, VT, MA, RI, CT, NY, NJ, 1,2,3 - 1 3
PA, WV, VA, DE, MD, DC)
e ey 10 L 2 4
(Srg :At h TS:r(l)tlz,alAR, LA) ® - 1
?l?‘{llt:;a:;s AL, GA, FL, NC, SC) & 8 7 !

. o ° ' ! ’

ater Environment ota
W Fecerzton — = = S @ Moter
24
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Review of Existing Model Applications

* Characterized each of the model applications regarding the
following features:
—Data availability
—Model calibration evaluation
—Uncertainty assessment
—Regulatory/management outcome

12.500
15,000 - 17,500 Date:
17500 - 20,000 08/101/2015

* Fifteen individual assessments made
—Ranked on a 1-5 scale

Water
Research

25

Review of Model Applications

Evaluation Criteria for Data Availability: Model Calibration Data

High Degree of Rigor: Low Degree of Rigor:
q Moderate Rigor
State of the Science 8 Default Values
5 4 3 2 1
Captu.res al! Of.t.he |mp0rtant Cap.tures.mo.s.t of the !mportan.t Captures some of the important spatial Some spatial variability . i
spatial variability; required spatial variability; required spatial I ) L . No spatial variability included;
N ) ) ) . variability; spatial variability of data included, but no
Spatial spatial resolution of data resolution of data given . M . N N N necessary extent not
s . . " included, with cursory consideration of consideration of g
explicitly assessed; data consideration; data available at considered.
- . N N N necessary extent. necessary extent.
available at desired resolution. desired resolution.
Captures all l_)f t!w.e |mp0rt.ant Captures most» of.t.he |mp0.rtant Captures some of the important spatial P o
temporal variability; required temporal variability; required A - Some temporal variability No temporal variability
Temporal ) L . variability; temporal variability of data . .
N temporal resolution explicitly temporal resolution assumed; N N exists, many gaps included; necessary extent not
Resolution " " . included, with less than complete 3
assessed; data available at data available at desired present. considered.
. N R coverage.
desired resolution. resolution.
Temporal Greater than five years (or Three to five years (or steady Two years (or steady state periods) of One year (or steady state " . "
Extent steady state periods) of data. state periods) of data. data. period) or less of data. No calibration data available.
Data available for all state . . :
. Data available for all state Data available for many state variables, .
variables, except for those . N . Missing most state " . .
Parameters variables, except for those some potentially important parameters . No calibration data available.
demonstrated to be . variables.
. presumed to be unimportant. absent.
unimportant.

Water Environment "
Federation ( : kel h
the water quality paople” esearch
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Comparison of Successful vs.

Unsuccessful Applications
* Question: For which parameters did more rigorous data and/or
approach lead to an accepted model?

* Approach: Statistically compared “rigor” scores between
‘successful’ and ‘unsuccessful’ applications

Water Environment
Federation
the water quality paopis”

.........

27

Successful vs. Unsuccessful Applications

* No significant difference between successful and unsuccessful
applications were found for any of the parameters

- Successful Applications

= Non-Successful Applications

Water Environment =
Federation Data for Forcings |  Calibration Data |
the water quality peocie’

..........

28
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Regulatory Significance Is Important

* Positive correlation found between degree of rigor and
regulatory significance for every factor evaluated.

5 4

Example
Result:

Spatial Forcings Rigor
w =

[N]

1

1 2 3 4 5
Regulatory Significance

» Graded approach to model application

29
Finding: Review of Existing Models
* The amount of data required for a model application depends
upon the regulatory significance of the application
e
£
0
=
(o
&
21
) Regulatory Significance
30

4/2/2019

15



4/2/2019

Assessment of Relationship between Amount
of Data and Model Utility

* Evaluate model robustness by
characterizing the uncertainty that results
from different levels of data availability

- Examined through Jackknife Assessment

* Conducted for two data-rich case study

sites
- Truckee River, NV
- Western Basin of Lake Erie

Water Environment _
Federation C ;;\ncr_ ;
the water quality people” esearch

31

Jackknife Example

* Conduct calibration multiple times, excluding a portion of
the data set each time

» Simple first-order decay example: C = C e

Data Estimation of Decay Rate
Time Conc. k = 0.402
1 979 10
2 909 _ 100
3 455 H
4 446 Fi
5 187 &
Time
Water Environment "
Federation ( : l\_;\\tcr. :
the water quality people” esearch

32
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Jackknife Example

* Exclude first data point, estimate decay rate

Data Estimation of Decay Rate

Time Conc.

k=0.476/day
ES 979 .
2 90.9 1
3 45.5 fw
E &0
4 44.6
5 187 §w

Time

Water Environment N
Federation ( : l\__?-\\.t-:r |
the water quality paople” esearch
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Jackknife Example

* Repeat by excluding additional data points

* Compile all results to assess uncertainty in parameter(s)

k= 0.476 k=0.376 k=0.402
: :
: " :
5o 5 5 o
k=0.441 k=0.305
:
Sw 5
jo i

Water Environment
Federation ‘
the water quality paopis”
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Jackknife Case Study Sites

* Truckee R., NV

- HSPF model developed to
assess revision to existing WQS | ..
for nitrogen L N

- Endpoints of concern were
dissolved oxygen, periphyton

density
Water Environment @
nFaee\udu?rl;auENDn S;s‘oarch
35
Jackknife Case Study Sites
* Western Basin of Lake Erie
- A2EM model developed to v,
assess control of harmful algal 8 Huron S0
blooms G5y
- Endpoints of concern were | Raisin |
harmful algal blooms,
chlorophyll a Legend
nept:ltiaﬂd
| B
— e
Water Environment @
nFaee\udu?rl;auENDn E\;s‘oarch
36
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Combinations Considered during Jackknife
Analysis

* 74 combinations of years evaluated for Truckee
— 6 combinations of five years (leave one out)
— 15 combinations of four years (leave two out)
— 20 combinations of three years (leave three out)
— 15 combinations of two years (leave four out)
— 6 combinations of one year (leave five out)
— 12 combinations of half years

* 40 combinations of years evaluated for Lake Erie
— 5 combinations of four years (leaving one year out)
— 10 combinations of three years (leave two out)
— 10 combinations of two years (leave three out)
— 5 combinations of one year (leave four out)
— 10 combinations of half years

Water Environment
Federation
the water quality paopis”

37

Processing Jackknife Results

2000 mean absolute error 2001 mean absolute error

* Evaluated model prediction

error for different

parameter combinations

and different years

—Maximum benthic algal

growth rate

—Benthic algal respiration rate

—Reaeration rate escape

coefficient

Water Environment
Federation
the water quality paopis”

38
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Jackknife Findings

» “Apparent accuracy”™ of model decreases with additional data

0.60

N
o
3
2
w055 ry L)
j
® .
éﬂ 0.50 °
3o .
<
)
@© 045
g
[
>
<

0.40

0 1 2 3

Years of Data

*How well model describes available data

Water Environment
Federation
the water quality paopis”
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Jackknife Findings

e “Actual model error”* decreases with additional data

Average Model Error (mg/l)

Years of Data

*How well model describes all data

Water Environment
Federation
the water quality paopis”
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Findings: Case Study Evaluations

* Traditional metrics for model performance
do better with less data

* Rigorous assessment of model
performance indicates more years of data
result in lower error

Water Environment
Federation
the water quality paopis”

41
Practical Methods for Assessing
Model Uncertainty
* The inability to quantify model uncertainty was
identified as limitation of the models in the
Nutrient Management Toolbox
* Reviewed applicability of seven methods via testing
on real world model applications
Methods That Don’t Consider Observed Data Methods That Do Consider Observed Data
* Sensitivity analysis * Generalized sensitivity analysis
* First order variance analysis * One parameter at a time Bayesian
* Markov Chain Monte Carlo
* Full Bayesian approaches
w ﬁf?eégfa“??ﬂmt * Bounding calibration © Woser
42
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Simpler Model Uncertainty Analyses

* Sensitivity analysis, first-order error analysis
—Pre-specify uncertainty in input parameters

—Simulate range of model response corresponding to given range in
inputs

10

DO (mg/l)

Miles Downstream

Water Environment
Federation
the water quality paopis”
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Simpler Model Uncertainty Analyses

* Do not consider the ability of specified input uncertainty to
describe observed data

* Can give credence to model results that are inconsistent with
real world

10

DO (mg/1)
\

Miles Downstream

Water Environment
Federation
the water quality paopis”
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Bayesian Approaches

* Consider the ability of given parameter values to describe
observed data o

8
10 i'g ¢ \ B
g |\ e+ 2~ L=05
8 b g —25%K
— 2
£ \ L=0.03 = ~ -
PP 0
g —a1=07 » 0 ) 2 3 a 5
g 4 Miles Downstream
+50% Ka
2 L=0.01 —— Calibration 10
— -50% Ka
0 % ~
0 1 2 3 4 5 £, \
Miles Downstream E \ L=04
8 4
— Quantify goodness of fit with a : e
likelihood function, L °, X , , \ .

Water Environment _
Federatior Water |
the water quality peaple” Research
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Bayesian Approaches

Parameter 1 Parameter 2 Parameter n

* Can also consider prior sowpir
knowledge of parameter 2 s e /\ k ]
uncertainty - '

—Sample priors using Monte Model
Carlo (or Latin Hypercube)

5. Store value, P, P2 P, i
likelihoad 21 16 24 03
1.8 1.7 3.1 0.1
. - -
. .
.
6. Repeat stef
25

Water Environment "
Federation Water
the water quality peaple” Research
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Bayesian Approaches

* Resulting matrix can be used to:
—Assess marginal probability distributions

* Construct histograms SRS IR SN N B!
using likelihood to L AR A | I ‘ H e
weight values el !, =NNEEEE

arameter Value

* Examine uncertainty in model predictions
* Run simulation for each parameter set, weight results by likelihood

Water Environment N
Federation l\__?-\\.t-:r |
the water quality paopls” ‘ ;' Research
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Generalized Sensitivity Analysis

e Similar to Bayesian approach, sl
—Doesn’t presume shape of prior T \ |
distributions * oo
—Assesses whether each ]
individual simulation “does” or sgae | /\/ N
“does not” adequately describe L —
the data

5. Store value,
likelihood 21 16 24

* = = o

6. Repeat steps
25 N

Water Environment oy
Federation l\__?-\\.t-:r |
the water quality paopls” ‘ ;' Research
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Bayesian Model Uncertainty Analyses

* Can have excessive SRR S Sy S S WSS
computational ” #/\‘ UL‘ ‘l_l‘
requirements — |

—Consideration of ten o
different values for each — 1
of 100 parameters Ui /\_/ . —w-——‘
would require 101 (i.e., — e ]
one Googol) simulations o —
e 17 o o
49
Worst Case Bounding Calibration
* Similar to generalized PR e [ e
sensitivity analysis

—Use judgment to find _
acceptable parameter peten e
sets |

* Conduct scenario o, [\/ o
analysis using
parameter set that e R
generates “worst-case”
resuts r B =

Water Environment
Federation
the water quality people”

&
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Markov Chain Monte Carlo

* Bayesian approach with more intelligent
parameter selection

— Use information gained
from prior simulations
to select values for next
simulation

Ka (1/day)

— Focuses parameter 1
selection on values e e e e e e
more Iiker to Kd (1/day)
adequately describe
observed data

Water Environment
Federation E?-nr I
the water quality paopls’ ‘ ¥ Research

51
Real World Uncertainty Application
* Applied range of techniques to existing model
applications to assess feasibility
- Truckee R. - Yellowstone R.

* Worst case bounding *  One-at-a-time Bayesian,
calibration, generalized generalized sensitivity
sensitivity analysis analysis, worst case

- Lake Erie bounding calibration

*  Worst case bounding - Fountain Lake
calibration, generalized * Markov Chain Monte
sensitivity analysis Carlo

N Heron @
52
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Lake Erie Uncertainty Results

* Conducted 420 calibration runs to define eight
acceptable parameter sets

Blue Green Optimal
Growth Rate Half Saturation | Organic Settling Rate Growth Temperature
+25% +50% Calibration Calibration
+25% +50% +50% Calibration
+25% Calibration -50% Calibration
+25% +50% -50% Calibration
Calibration +50% -50% +20%
+25% +50% -50% +20%
+25% Calibration -50% +20%
+25% +50% Calibration +20%
Water Environment
Federation
the water quality paophs”
53
14000
W Parameter Set #1 W Parameter Set #2
% E 12000 Parameter Set #3 Parameter Set #4
2 % 10000
> E
p] ‘n% 8000 7
3 £ 000
o o
£?
E S B
£ 8 4000
0
. . 2008 2011 2012 2013 2014
* Findings
N . I “ ”
—No single parameter set represents "worst case
for all conditions
—Computational time is a concern
Water Environment
Federation
the water quality paophs”
54
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Yellowstone R. Bounding Calibration/
Generalized Sensitivity Analysis

177 different parameter sets were identified that
resulted in an “acceptable” calibration

* Numeric nutrient criterion scenario runs
conducted to evaluate instream pH in response to
ten different hypothetical TP concentrations

Water Environment
Federation
the water quality paopis”

O
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Yellowstone R. Bounding Calibration/
Generalized Sensitivity Analysis

» 177 results per concentration allows frequency
distributions to be assessed

pH (s.u.)

0 200 40 60 80 100 120 140 160 180
TP (ug/l)

Water Environment
Federation
the water quality paopis”

O

56

4/2/2019

28



Yellowstone R. Findings

* Models with fast execution times are amenable to more
rigorous application of uncertainty techniques

—Generalized sensitivity analysis with more parameters
considered or one-at-a-time Bayesian

—Better suited to evaluate Type | and Type Il error

Water Environment N
Federation Water
the water quality paopls’ ‘ ¥ Research
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Fountain Lake Phytoplankton Model

* Dynamic spreadsheet model developed to assess
management options for controlling algae in a lake receiving
wastewater discharge

* Applied Markov Chain Monte Carlo (MCMC)

—Shuffled Complex Evolution Metropolis algorithm was
implemented in MATLAB

—Tested resources required for different amounts of uncertain
parameters

Water Environment
Federation ( : Water
the water quality paople” *5ed

58
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Wearbor of Decuonces

Fountain Lake MICMC

* Time to convergence depends upon number of parameters treated

as uncertain

One parameter: 100 iterations

B
U (176)

* Feasibly applied to only to simpler models

Two parameters: 400 iterations

Five parameters: 5000 iterations

vas

Kebase {1/m)

TR L

5§ 100 20400 0 0204 0 05 1
Umax kebase Is " vas

Water Environment _
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Revi fu tainty Analysis Method
Summary
Sensitivity | o Simple to apply. « Does not provide useful Insufficient to serve as a stand-
Analysis * Should be conducted as part of information on model alone method for uncertainty
standard modeling practice. uncertainty. assessment, but useful for
identifying important
parameters.
First Order | « Manageable computational « Requires prior knowledge of Potentially suitable if parameter
Variance requirements. parameter uncertainty. uncertainty is well characterized
Analysis * Considers combined effect of * Assumes linear response and model response to
multiple uncertain parameters. between parameter change and | uncertainty is linear.
model results.
One « Considers ability of uncertain « Excessive computational Potentially suitable for models
Parameter parameter values to describe requirements for models with | with shorter execution times.
ataTime observed data. long execution times.
Bayesian * Does not consider correlation
structure between acceptable
input values.
Bounding * Considers ability of uncertain * “Worst case” parameter set can | Potentially suitable for models
Calibration parameter values to describe be difficult to define, and may where worst case parameter set
observed data, including not exist. exists and can be readily
correlation structure. * Provides no assessment of Type | identified.
« Lower computational llerrors.
requirements.
Generalized | o Considers ability of uncertain « Impractical to identify all Suitable if limited to assessment
Sensitivity parameter values to describe acceptable parameter of most important parameters.
Analysis observed data, including combinations.
correlation structure. « Decision as to what represents
an “acceptable” calibration
introduces some subjectivity.
Full « Considers ability of uncertain « Impractical to sample entire Potentially suitable for models
Bayesian parameter values to describe range of parameter with limited number of
Approaches observed data, including combinations parameters and/or shorter
correlation structure. execution times.
Markov « Considers ability of uncertain « Requires computer coding to Best suited for research
Chain parameter values to describe implement. applications, or models with very
Monte Carlo observed data. « Impractical computational short execution times.

wmr Emrianment * More sﬂ\c\ent than standard times for complex models. ‘
Federatior Bayesian approaches. Water
the water quality pasple’ Research
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Model Uncertainty Finding #3

* Computationally tractable approaches (sensitivity
analysis, first order variance analysis) provide limited

information

* Approaches that consider ability of parameter values
to describe observed data are computationally
impractical for highly parameterized models

* “Worst-case” parameter set varies with environmental
conditions

Water Environment
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“Practical” Uncertainty Analysis

* Builds off of typical modeling best T
practices *} ‘ ‘ } ‘
ey . . [ \
1. Con.duct model sensitivity ana!y5|s . !
2. Define “acceptable” model calibration

calibration process

4. Supplement acceptable parameter sets as
practical

5. Conduct scenario evaluations using all
acceptable parameter sets

Water Environment
Federation
the water quality paopis”

3. Maintain a model run log during VNG ——
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Requirements for Regulatory Acceptance

* “How good does a model need to be (or how much
data is required) for it to be accepted?”

* Addressed in two ways
—Interviewed regulatory staff from six States

—Reviewed common factors for “accepted” model
applications in model inventory

Water Environment N
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Findings on Regulatory Acceptance

* Formal protocols for assessing the quality of modeling are not
applied on a widespread basis
—Steps are being made

* Confounding factors
—Variation in data requirements across endpoints and water body
types
— Difficulties in quantifying model uncertainty
—Lack of protocols for incorporating uncertainty in decision making

* Presence of external review panel facilitates model acceptance

Water Environment
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T et . Daci' Research

64

4/2/2019

32



Regulatory Acceptance Recommendations (Pt. 1)

* Consider inclusion of peer review input at project
outset for potentially contentious situations

» Apply model prior to data collection to assess spatial
and temporal requirements

Water Environment
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Regulatory Acceptance Recommendations (Pt. 2)

* Include consideration of uncertainty during decision-making
to assess likelihood of requiring nutrient targets that are:
—too lenient to protect the designated use
—more stringent than necessary to protect the designated use

Water Environment
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Monitoring Recommendations

o Alt h ou g h ”O nes | e %@W Data Requirements

odel Forcing Functions

d Oes n ’t fit a I |” Monitoring station(s) at upstream boundary (or boundaries, for a branched system).
’ Spatial Coverage Monitoring station at each tributary or point source that the scoping model indicates will change instream concentration
't H of any state variable of concern by more than a predetermined amount (e.g. 1%). If economically feasible, samples
I I I 0 n I O rl ng above and below the mixing zone of major inputs should be collected.

Sufficient to capture any important temporal variability in forcing functions:

recommendations - If dissolved oxygen is an endpoint of concern, continuous dissolved oxygen and temperature at all boundaries where

Temporal Frequency the diel signal from the source propagates throughout the model.

a re p rOVI d e d fo r * Three to four sampling periods per independent survey event for other forcing functions, unless observed variability

dictates more frequent sampling.

d iffe re nt Wate r Temporal Extent Duration of sampling should be longer than time of travel from upstream to downstream boundary.

Loads of all nutrient forms and organic carbon represented as state variables in the selected model framework.

b 0 d t e S Sampling Parameters . i B
y yp Dissolved oxygen, temperature, flow, suspended solids, conductivity.

Ambient Calibration Data

Stations located with sufficient resolution to capture any significant (e.g. >10% change) gradient in important state
variables as predicted by the scoping model.
Spatial Coverage Stations located no more than 0.5 days travel time apart in absence of spatial gradients.

Additional stations located corresponding to any significant resource areas of concern.

Sufficient to capture any important temporal variability in forcing functions:

+ Continuous dissolved oxygen and pH, if these are endpoints of concern.

* Three to four sampling periods per independent survey event for other calibration parameters, unless observed
variability dictates more frequent sampling.

Number of Events Minimum of two independent survey events representative of critical (or near critical) environmental conditions.

Key Processes

Sediment oxygen demand, if dissolved oxygen is an endpoint of concern.

Water Environment
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Consideration of Uncertainty

* Use uncertainty analysis results to examine the risks associated
with requiring nutrient targets that are:

—too lenient to protect the designated use
—more stringent than necessary to protect the designated use

* Depending on uncertainty method used, can either examine:

Range of results Probability of each type of error
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Summary of Key Findings

* More data does not translate into improved model
performance*

* Quantity of data necessary to support a model varies widely
* Methods to accurately define uncertainty are not easily applied
* Regulatory requirements for amount of data/model

performance are not clearly defined

*For most commonly used calibration metrics
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Project Benefits

* Guidelines developed summarizing data requirements to
support models for different endpoints and water body types

* Practical method proposed for conducting uncertainty
analysis on complex models

* Guidance developed on maximizing likelihood of model
acceptance
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Federatiorn C kvl
the water quality paople” eS5earc

70

4/2/2019

35



Questions for Our Speakers?
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[=] Questions
\\ e Submit your questions
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Thank you!
For additional information, contact:
Lola Olabode
lolabode@waterrf.org
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