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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

Goal of this talk
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The role of objectives in model 
development

Possibilities for Big Lost 

Discussion / Brainstorm

Contents
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The Role of 
Objectives in 
Model 
Development
Why these things matter and why 
we should set them early
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Objectives are key to a focused modeling effort

Parameter 
Estimation

After Reilly (2001) TWRI 3,B8

Define 
problem

Develop 
mathematical 
model

Assessment 
of problem 
using model

Present 
results

Re-evaluation of 
the problem 
and objectives 
based on 
simulation 
results

Project 
completion

Develop 
conceptual 
model
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Let’s try to be specific

“A model that can help us 
understand groundwater 
resources and serve as a tool for 
water resource planning and 
management. “

What aspect of the resource do you 
want to understand? 
Groundwater levels? 
Changes in streamflow?
Are you afraid that doing some 
thing will impact these?
Where?
When?
…
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General vs. Specific

General Specific
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

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 X,Y 
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?

- …
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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.

General Head

Specified 
Flux

Specified 
Head

River

Drain

Stream Flow Routing
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Model Design Tradeoffs

Effort

RuntimeDetail Usability

Accuracy Stability

Greater complexity 
to get closer 
behavior of the 
natural system

Does complexity 
yield more accuracy 
OR does it hobble 
parameter 
estimation and 
degrade accuracy?

How easy/hard to 
understand and to 
use for different 
scenarios

Can we properly 
estimate parameters?
Uncertainty?
Test different 
designs?

How robust is the 
solver for this 
problem?
Is it fragile? Will 
changes cause non-
convergence?

Time / money to 
build and update
Will it prevent 
further use?

Model objectives tell us how to navigate these tradeoffs.  



1111

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

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

…
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Role of objectives in model development

…
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… back to Stephen



1717

Example Big 
Lost Model 
Objectives
And scenarios
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Timeline
Now – July 2025

Products
Groundwater flow model

Details to be decided and discussed with MTAC

Two Scenarios 
Details to be decided and discussed with MTAC

Model Report
USGS Scientific Investigation Report (SIR)

Data Release
USGS ScienceBase web page (www.sciencebase.gov)
Model
Scenarios
Input data
Scripts and tools for pre and post processing
Software tools for running scripts and other tools

Project Basics
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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; 
impact on surface water and 
groundwater flows

• Estimate rate of decrease in 
reservoir storage capacity

• Calculate timing and magnitude of 
future delivery reductions

• Assign reductions based on water 
rights priority

• Simulate supplementary pumping 
as needed and as allowed
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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 
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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

• Reduction of incidental recharge, 
drain return flows
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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
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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?
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Thanks!
Stephen Hundt
shundt@usgs.gov
208-387-1390

Jacob Knight
jknight@usgs.gov
520-670-3336

mailto:shundt@usgs.gov
mailto:jknight@usgs.gov

