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Goal of this talk

Asking you to help choose modeling objectives
That are specific enough to guide model design

We'll try to explain why they are important and
why earlier is better
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The Role of
Objectives in
Model

Development

Why these things matter and why
we should set them early




Objectives are key to a focused modeling effort

\ Define Develop Develop Parameter
problem conceptual mathematical Estimation

// model model
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Let’s try to be specific

“A model that can help us What aspect of the resource do you
understand groundwater want to understand?
resources and serve as a tool for Groundwater levels?
water resource planning and Changes in streamflow?
management. “ Are you afraid that doing some
thing will impact these?
Where?
When?
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General vs. Specific

General

Model's can have long lives with
unexpected applications. We should ensure
the model is adaptable.

Can simulate SW/GW interactions

Can simulate impact of new wells

Won't be too hard to adapt for
contaminant transport
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Specific

Specific objectives will require the model to
include certain features. $$% is being spent
to build this model now. Why?

If we add a large new production well
next to the Big Lost River, how will it
impact streamflow? What is the timing
of the impacts?

A new municipal well is proposed at XY
and will pump at a rate of X. What is the
maximum drawdown at this other well?
In what month does it occur? What if the
well were located elsewhere?




Model Design Tradeoffs

Complexity can be necessary to accurately simulate aspects of the physical system, but it comes at a
cost. Let's only add
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Level of Complexity Chosen to Meet Objectives

Don't add complexity for the sake of realism. Add only as needed to enable model to meet objectives
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Model Design Tradeoffs

Model objectives tell us how to navigate these tradeoffs.

Detail Usability Runtime

Greater Complexity How easy/hard to Can we proper|y

to get closer understand and to estimate parameters?

behavior of the use for different Uncertainty?

natural system B scenarios Test different
designs?

Accuracy Effort Stability

Dpes complexity Time / money to How robust is the
yield more accuracy build and update solver for this

OR does it hobble Will it prevent problem?
parameter further use? Is it fragile? Will

zstlm?jtlorﬂ Clalel ) changes cause non-
egrade accuracy? convergence?
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Model Design Tradeoffs

Models are simplifications, in which errors are inevitable. Improving one aspect of the model may
harm another. Model objectives tell us how to navigate these tradeoffs.
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Jake’s turn...




We didn’t come to these conclusions on our own.
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Guest Editorialf

Modeling: Picture Perfect or Abstract Art?

by John Doherty' 2

In o landmask paper, Froeze ot al. (1090: Fiseze,
RA.J. Mussmann, L. Sith, T, Sperliog, and B. James.
al 1A frumework

ysis:
Ground Water 28, no. 5/738-766) discussed the role of
modkls in eavircamental decisica-making. A decision
must addsess the fact that something bad may happen.
We may be willing to pay o price Lo seduos the Hkeli-
bood of its cocurrence. How muich we are prepared to
piy depends on the cast of its cccumence, and on the
amcunt by which it likelibood can be reduced thiough
preepive manngement.

of modeling in this process i to assess like-
oot T o ot e s wih predicting the

So why do we ot embrace medels as tools for encap-
sulating our knowledge and quantifying, our ignomace?
One reason is that human beings have always wanted to
e e us f e vl of e wer e, I purss-

this time-honored endeavor, complex modsls are the
‘current prophetic tool of choice. However, complex mod-
el are cumbersome: they tak too long to sua; hey teeter
‘on the brink of numerical instability; and their cutputs are

thatem moopizie Suq)]nnw&h o0 o oties b,

Future. Modeling should
of our ignorance rather than a clrim to knowledge that
we do not passass. When it makes a prediction, a model
cannol. promise the sight answer. Howerver, if properly
omisicled 8 mode cn proniastha e it e g

ith proper tun-
b mmrmt;ulxmymﬁdd dnlulm!llhmxmnynm
capas of exiacing informaticn fo that dal, Bt the
seceptacies inio which that information flow:

it seoptucte for aaper Kowladgs sy o viguo

the uncertainty fimi
Contenc. Dirionaly oo it sbwld) bo 12 sarom 23
possible. given local expent knowledge and the informa-
tion content of site-specific data. EXiractica of masimum
information from that data during the history-matching
proosss through which uncertaiaty limits are constrained
Iacough cepiicaicn of istorca syem behic s thre-
fore an integmal part of the proces
Thene conedecaions it i 4 ouce sppuent hak
if @ model s 1o atmin it decisioa-support potential it
canaot b e on s . Tosad it e “dancs” with
il sophisicued situars tes parameter
i woceraaty e, Topene these v
plcklgﬂmul steve to endow the modaling process with
the ability 1o encapsulate that which can be kown of a

eveatualities neither over-estimated nor given insufficient
recogaitioa.

Nathonal Cente for Groundwater Fesearch and Traning,
Finders Unversty, Austalls ety @azemallcom.au

Watermare Numerteal Computng, Brcuane, ArsTal
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Tt is obvious that ther is a tension bhere. T follows

that a site-specific compromise hetween model

and comglexity must always be found if the modeling
i imal basis for decis

at a particular location, in relation 1o a particular isue.

imagine ity to look
Learning how to define and locate the optimal com-
promie teinom cocnpleity i oue of the

nmnhlynmmdmyfm:mﬂnmmunkmnmu
asy to discredit 3 model that does nol sasemble &
ture from a geclogical teatbock, milwhnxﬂlmmcupl
‘one that eatails incisive abstraction, otwith
latzer’s demonstrable n extracting atoasion
from often expeusively acquired) site data. However, a
model deserves criticism only when it fiils (o achieve
o caly i that i hu 1 gt o claic—quuntifcaton
of upcertainty a0d maximum reduction of unceraaty
theough optimal processing of environmental data. “Pic-
ture perfect” farely equates to optimality in either sespect.

Editor's Note: Opinions expressed ase the muthor's and
not necessarily thoss of the Nationsl Ground Water
Association.

Vol. 48, No. # - GROUND WATER- July-fugust 2011 455
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Technical Commentary/

Role of objectives in model development

Forecast First: An Argument for Groundwater

Modeling in Reverse

by Jeremy T. White

Introduction

Numerical groundwater models are important compo-
of groundwater analyses that are used for making
eritical decisions related to. the management of ground-
water resources. In this support role, models are often
constructed to serve a specific purpose that is o provide
insights, through simulation, 2 specific func-
tion of a complex aquifer system thal cannot be observed
directly (Anderson et al. 2015).

For any given modeling analysis, several model
input datasets must be prepared. Herein, the datasets
i o sl the Kencal cndiions e relered
to as the calibration model, and the datasets required

unobserved aspects of the groundwaler system may
simulaicd by the forccast model—the outputs of inferest
from the forccast model reprosent the purposs of the
modeling analysis. Unfortunaicly, the forccast model,
necded to simalate the purpose of the model;
is sccmingly an fterthouzhi —calibration is wheee the
majority of time and cffort are cxpended and calibration
is usually completed before the forccast model > even
constructed. Hercin, | am proposing a new groundwaier
modcling workflow, referred (o as the “forccast firsi”
workflow. where the forccast model is constructed at an
carlics stage in the i analysis and the outputs
of interest from the forecast model are cvaluated during
subscquent tasks in the workflow

The Traditional Workflow for Groundwater
Modeling Analysis

Groundwater modeling analyses typically follow
with little deviation, the progression shown in Figure 1A.

1S, Gl Sy Teas Water Ssncs Cets, st T

TRTSH: jwhite@usgegov
Ao impocstgeont: Asinpl g of e motcing
workfiow, putting the forecast fo the forefront, will improve

o ey sné Chen .
Reccived May 2017, sccepted June 2017
© 2017, National Ground Wate Aesociation.
doi- 10111 Vgt 12558

This groundwater modcling workflow focuses on his-
tory matching—ihat is, reproducing what is already
known—but affords many oppartunities to overlook cle-
ments important to the model's purpose. For example,
during conceptual model development, practtioners may
need to decide how to concepalize surface waler fea-
turcs 1 a simple head-dependent flux boundary condition
sufficient? Or should & more rigorous represenlation be
used? Although others have demonstrated the importance:
of surface water system representation in certain model-
ing analyses (c.£.. Mitchell-Bruker and Haitiema 1996).
here 1 am concemed with how the surface water sysiem
representation may affect the purpos of the model. In the:
iradiional modeling analysis workllow, ihis decision is
the calibration

s be revisited during model c.lhhm\lzm; several
factors may infiuence the choice of how to conceptualize
surface water features. For example, the surface water sys-
tem reproseat sy b chosen on the basis of model
run time. A novie racitioner may cheose 1 eprscrt
the surface watcr system by speculating how it may affect
the calibration process. An expericnced practitioner may
choose to represcnt the surface water system by spect
ins o the suface watcs ssers may alfct e kel
purposc. Unfortunately. even the experienced practitioner
e ety o expert udgments s ot porsble o directy
evaluate how the surface system representation may affect
the simulated forecast(s) because in the traditional work-
flow, the forecast model has not yet heen constructed
(Figure 1A)

Following construction. of the calibration model
datasets, some form of calibration is undertaken, & process
where model inpuis arc adjustcd until the model out-
pats acceptably match historical sysiem conditions. Most
moden. m: alyses will employee some form of
formal parameicr cstimation. At the start of the param-
eter cstimation process. model inputs must be e
eterized.” that is, identificd as uncertain and,
“eced for adwment. Fartermore,  obeive fonc.
ton, represnting hov the el chaud cepoduce the
past, must be formed (Anderson et al. 2013
of parameterization. and obiestive function cemlanon

%
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We didn’t come to these conclusions on our own.
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Role of objectives in model development

(A)  traditional workflow

start analysis mlh general
understanding of purpose

undertake calibration

build forecast model(s) datasets
({mostly from calibration datasets)

uncertainty analysis

&
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(B)

forecast-first workflow

start analysis with general
understanding of purpose

underiake calibration
(whilc monitoring forccasts)

uncertainty anal

Groundwater

Technical Commentary/

Forecast First: An Argument for Groundwater

Modeling in Reverse

by Jeremy T. White

Introduction

Numerical groundwater models are important compo-
nents of groundwater analyses that are used for making
eritical decisions related to. the management of ground-
water resources. In this support role, models are often
constructed to serve a specific purpose that is o provide
insights, through simulation, related 1o a specific. func-
tion of a complex aquifer system thal cannot be observed
directly (Anderson et al. 2015).

For any given modeling analysis, several model
input datascts must be prepared. Hercin, the datascts
required to simulate the historical conditions are referred
to as the calibration model, and the datasets required
to simulate the model’s purpase are refermed o as the
forecast model. Future groundwater conditions o other
unobserved aspocts of the sroundwaler system may b
simulaicd by the forccast model—the outputs of inferest
from the forccast model reprosent the purposs of the
modeling analysis. Unfortunaicly, the forccast model,
ncoded to simulate the purposc of the modeling analysis,
is sccmingly an fterthouzhi —calibration is wheee the
majority of time and cffort are cxpended and calibration
is usually completed before the forccast model > even
constructed. Hercin, | am proposing a new groundwaier
modcling workflow, referred (o as the “forccast firsi”
workflow. where the forccast model is constructed at an
calier stage in the modeling analysis and the outpuis
of interest from the forecast model are cvaluated during
subscquent tasks in the workflow

The Traditional Workflow for Groundwater
Modeling Analyss

Groundwater modeling analyses typically follow
with little dnvutmn, the progression shown in Figure 1A

5 Gl S e S G Mk

s e s
Dﬂcrsmremml.wmmem:nngevmrnmehn;

workow, o . Bevcat e e Tochon, W T
modeling eficency and effectvencss.

Reccived May 2017, acepied Junc 017

© 2017, National Ground Wate Aesociation.
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This groundwater modcling workflow focuses on his-
tory matching—ihat is, reproducing what is already
known—but affords many opportunities to overlook ele-
ments important to the model's purpose. For example,
during conceptual model development, practtioners may
need to decide how to concepalize surface waler fea-
turcs 1 a simple head-dependent flux boundary condition
sufficient? Or should & more rigorous represenlation be
used? Although others have demonstrated the importance:
of surface water system representation in certain model-
ing analyses (c.£.. Mitchell-Bruker and Haitiema 1996).
here 1 am concemed with how the surface water sysiem
representation may affect the purposc of the model. In the
irdiions modeling sy wockfo, i decsin ix
calibration
un raay b evited duing ndel cabraion; seves
factors may infiuence the choice of how to conceptualize
surface water features. For example, the surface water sys-
tem reproseat ay be choscn on the basis of model

run time. A novice practitioner may choose to fepresent
the surface water system by speculating how it may affect
the calibeation proccss. An experienced practitioner may

ing how the surface water system may affcct the modcl's
purpose. Unfortunately, even the experienced practitioner
must rely on expert judgment; it is not passible to directly
evaluate how the surface system representation may affect
the simulated forecast(s) because in the traditional work-
flow, the forecast model has not yet heen constructed
(Figure 14).

Following construction. of the calibration model
datasets, some form of calibration is undertaken, & process
where model inpuis arc adjustcd until the model out-
puts acceptably maich historical system conditions. Most

iodern modeling analyscs will employee some form of
formal parameicr cstimation. At the start of the param-

sclected for adjustment. Furthermare, an objective func-
tion, representing how the model should reproduce the

past, must be formed (Anderson et al. 2015). The tsks
of parsmeterization and objostive function formulation

60 Vol 55, No. 5-Groundwater-September-October 2017 NGWAorg

15



... back to Stephen
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Example Big
Lost Model

Objectives

And scenarios
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Two Scenarios

Details to be decided and discussed with MTAC




Disclaimer

We have not decided anything yet. These are presented only as
examples. Our aim is to get the conversation started by providing some
specific ideas that may garner feedback.
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Reduced Mackay
Storage Capacity

Reservoir storage loss due to infill; 1400
impact on surface water and
groundwater flows

1200

Estimate rate of decrease in
reservoir storage capacity
Calculate timing and magnitude of R
future delivery reductions

Discharge, in cubic feet per second

Assign reductions based on water
rights priority

. . ._iamuar;,-' March May June August Octobe December
Simulate supplementary pumping
as needed and as allowed

WY - .} We
EXPLANATION %
Stream/River. Year - D
— - Hydrographic ® 1870-1923 i 1
Cetvgory= Nichols)

Intermtent S 0. ‘Tieservou L

Badies of Water
Big Lost River SysanvRline © 1947-1965
Canal/Ditch ___ Hydrographic O 1966 1981
Stream/River. Category o 1982-1989
Hydrographic Perennial

Category = & 2 i
Ephemeral




Climatic shift

Climatic shift from ‘norm’ to ‘new
norm’; impacts of surface water flows
and gw levels

Representing earlier runoff

Lower soil moisture

Increased ET

EXPLANATION

© Cities
State Highway

Big Lost River
Canal/Ditch
Stream/River:
Hydrographic
Category = Ephemeral

Stream/River:
Hydrographic
Category =
Intermittent
Stream/River:
Hydrographic
Category = Perennial

Irrigated Lands (2016)
o Wells




Shift of
Agricultural
Practices

Change in practice or area of
agriculture; impacts on surface water
flows or gw levels

Modification of farming
techniques

Expansion of irrigated area
Change in crop types

Modernization of equipment to
prevent excess irrigation

. . . . EXPLANATION
Reduction of incidental recharge, B O ciies Stream/iver:
o g x State Highway __ Hydrographic
drain return flows g Catogory &

Big Lost River
Canal/Ditch

Intermittent
Stream/River:

Stream/River: Hydrographic
~ Hydrographic Category = Perennial

Category = Ephemeral Irrigated Lands (2016)
o Wells




Water Call

Curtailment of junior gw rights;
impacts on water availability to
senior rights

Hindcast and/or forecast
streamflow capture calculation

Run model with and without
individual groups of wells to
calculate discharging from wells
being sourced from stream/canal
seepage

EXPLANATION
© Cities Stream/River: Year

State Highway i .ngfW'Bl”“ ® 1870-193
ategory =

Badies of Water itk © 124194

Big Lost River SyanvRline © 1947-1965

Canal/Ditch ___ Hydrographic O 1966 1981

Stream/River. Category O 1982-19%9

Hydrographic Perennial
Category =
Ephemeral




Discussion /

Brainstorm
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Summary and Questions

Summary:
A model can't do everything
Objectives drive design decisions
We should choose objectives early

What do you think?
Any ideas of objectives or scenarios?
Did you dislike any of the objectives or scenarios that we mentioned?

What do you want from us?
More suggestions?
Other examples?



Thanks!

Stephen Hundt
208-387-1390
Jacob Knight

520-670-3336
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