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Context



The modeling process

Define 
problem

Develop 
conceptual 
model

Develop 
mathematical 
model

Calibration

Assessment 
of problem 
using model

Apply 
results

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

Project 
completion

?
??

Define 
problem
• Literature 

review
• Preliminary 

analyses
• Data 

collection

Develop 
conceptual 
model
• Processes/ 

budget
• Boundary 

conditions
• Hydrogeologic 

framework
• Data collection

Develop 
mathematical 
model
• Choose model 

code
• Choose how to 

represent 
processes and 
boundary 
conditions

• Construct the 
model

Calibration
• History 

matching
• Sensitivity 

analysis
• Data 

collection

After Reilly (2001) TWRI 3,B8

Where we are
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Observation Targets 
and Residuals
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Calibration & 
Objective 
Function

I! ' 

I 

IJ ',._ 

~ 
I"\ ' 

l'I 

~ 

_, 

\ . 
\. 

_ , I 

observedi - simulatedi 

W· i weight 

objective function: <P --

., 

., 

---, . 
I 

I\. , 

' ~ } 

... 

j 

I 

I 

N ~ 

I 

.. 
... 

., .. 
,I 

I 

-.. ' ' 
"'~ .,, I 

',. 
~ -- I " ., 

I .. ;i, .. 

... I 

l ' .., 
- .._ r ' ., ...,. 

.., .... 
- i,.. .::n ,,., l", l'ii: 

I 

' ~ 

I 

" I 

' --;: 

~ 

~ 

l\. I 

--.._ I 

'll 

"'f' IY 
11/1 I 

(' 
liiiiii;;~,.... 

r 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 ... 

,,_ 
.. 

'\; .._ - ' 
I 

-- ... ' 

... ~! • 
~~ 

- ,.,, ,, -\_ ...__ -lo""' 
~'-

~ .l 
K 

' -
• ,a 

I ~ - I ,- - ,-~., ..... ,, - I I ll ~ 

I I I - . AU , _ ---. 1....:1! ' 

.... -~ ' 
, I 

f 
I 
~ -

' 

'(I I' 

,._-, r 
.... 

\ 
I I 

I 
1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 



6

Residuals

ri = observedi - simulatedi 

wi = weight 

objective function: <P = L wiri 
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TVGWFM 
Observation 

Types Observation Type Approximate 

Number

Water Levels 10,000’s

Drain Flows 100’s

Lowell Seepage 100’s

River Seepage 100’s

Temporal Differences 10,000’s

Vertical Water Level Differences 1,000’s

Net Water Budget Values* <10

Preferred Parameters* --



Observation Type Approximate 

Number

Water Levels 10,000’s

Drain Flows 100’s

Lowell Seepage 100’s

River Seepage 100’s

Temporal Differences 10,000’s

Vertical Water Level Differences 1,000’s

Net Water Budget Values* <10

Preferred Parameters* --

Why Weight?

Residual

10 ft ~1e6

1cfs 

(2,678,400 

ft3/mon)

~1e16

r-2 
l 
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Approaches to 
Weighting



Weight By: 
Measurement 

Error



Weight By: 
Measurement 

Error



Weight By: 
Number of 

Measurements

Managing tradeoffs
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Weight By: 
Spatial Density

Managing tradeoffs



Weight By: 
Spatial Density

Managing tradeoffs
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Weight By: 
Events or 
Behavior

Managing tradeoffs
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Weight By: 
Model 

Structural Error

Managing tradeoffs
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Weight By: 
Model 

Structural Error
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Managing tradeoffs
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*Water Balance 
Components

irrigation infiltration 
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*Water Balance 
Components

all pumping 
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Implementation



Weights ≠ ϕ

Observation Type Approximate 

Number

Water Levels 10,000 ‘s

Drain Flows 100’s

Lowell Seepage 100’s

River Seepage 100’s

Temporal Differences 10,000

Vertical Water Level Differences 1,000’s

Net Water Budget Values* <10

Preferred Parameters* --

Residual

10 ft ~1e6

1cfs 

(2,678,400 

ft3/mon)

~1e16w=1e-10 6



TVGWFM 
Balance?

objective function 

■ heads ■ temp diff ■ vert diff ■ drains ■ lowell 



TVGWFM 
Balance?

objective function 

■ heads ■ temp diff ■ ve 1rt diff ■ drains ■ low ell 



TVGWFM 
Balance?

objective f u net ion 

■ heads ■ temp diff ■ vert diff ■ drains ■ lowell 



Observation Type Approximate 

Number

Water Levels 10,000 ‘s

Drain Flows 100’s

Lowell Seepage 100’s

River Seepage 100’s

Temporal Differences 10,000

Vertical Water Level Differences 1,000’s

Net Water Budget Values* <10

Preferred Parameters* --

Any strong 
feelings?

- Number of measurements at location

- Spatial density

- Temporal density

- “Events”

- Structural error

- Preferred parameters

- Overall budget

- Others???



Thanks for listening!


