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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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Work since last meeting



Reminder:
NY Canal

Flow into 

Aquifer

Flow into 

Canal

Positive QR/Vindicates 
flow into aquifer 1------

Negative QR/Vindicates 
flow into river 



Parameter value

lower

bound

upper

bound‘best guess’
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Reminder:
Diagnostic 

(Monte Carlo) 
Plots
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Reminder:
Diagnostic 

(Monte Carlo) 
Plots
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Troubleshooting:
Model Structure
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Troubleshooting:
Model Structure

?
?

? ?
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MODFLOW

(solving flow equations)

INPUT
(adjustable and non-

adjustable properties 

and boundaries)

OUTPUT
(heads and flows at 

grid cells)

Write input files with 

calculated parameters

Calculate new parameter 

values

objective function good

MODEL

Observation Data

DATAPEST

Calculate Objective 

Function

objective function too high

Troubleshooting:
PEST ‘mechanics’

PEST 
~lodel-lndepend ('nl Param<'fer Estimation 

l lser l\la 1111al r a rl I : 

PEST. SEN'SAN a nd Global Or timi~t" rs 
(S..i-1D b~-ofl'fST""P!-'-'..,..-r...at,-wob-) 

~ Wmermt>rk .V11111encal Co111p111111g 



Troubleshooting:
PEST ‘mechanics’ Pilot point 

parameter 

files
HK, VK, 

SS value 

grids

Pilot point 

interpolation 

routines

Interpolati

on settings

Template 

Files

Boundary 

Stress 

Time 

Series 

Files

Irrigation 

Demand Supply 

Routine

Irrigation 

Parameter 

Files

parameter 

replacement 

routine

Irrigation 

Supply 

and 

Demand 

Data

Modflow

Package 

Files

Template 

Files

parameter 

replacement 

routine

Template 

Files

parameter 

replacement 

routine

Writing MODFLOW 

input files

PEST 

Algorithm: 

Parameter 

Adjustment

MODFLOW
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MODFLOW

(solving flow equations)

INPUT
(adjustable and non-

adjustable properties 

and boundaries)

OUTPUT
(heads and flows at 

grid cells)

Write input files with 

calculated parameters

Calculate new parameter 

values

objective function good

MODEL

Observation Data

DATAPEST

Calculate Objective 

Function

objective function too high

Troubleshooting:
PEST ‘mechanics’

PEST 
~lodel-lndepend ('nl Param<'fer Estimation 

l lser l\la 1111al r a rl I : 

PEST. SEN'SAN a nd Global Or timi~t" rs 
(S..i-1D b~-ofl'fST""P!-'-'..,..-r...at,-wob-) 

~ Wmermt>rk .V11111encal Co111p111111g 



Troubleshooting:
PEST ‘mechanics’

Instruction 

file

Lowell 

boundary 

fluxes

Head 

processing 

routine

Cell-by-

cell head 

files

Instruction 

Files

Output 

extraction 

routine

Instruction 

File

Reading 

MODFLOW Output 

Files

PEST 

Algorithm: 

Calculate 

Objective 

Function

MODFLOW

River 

boundary 

fluxes

Drain 

boundary 

fluxes

Output 

extraction 

routine

Output 

extraction 

routine

Instruction 

File

Instruction 

File

Processed 

heads

Setting 

files

Vertical and 

temporal 

difference 

calculation

Output 

extraction 

routine

Output 

extraction 

routine

Setting 

files

Processed 

Head 

Difference 

Files



Manual 
Adjustments

parameter 1
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Manual 
Adjustments



Trying It All 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* --

- Number of measurements at location

- Spatial density

- Temporal density

- “Events”

- Structural error

- Overall budget

- Others???

V vi-----+----
v~ ~ ----+-~ --
V 
V 

i------------: 

V x i---------.::! 
V v .____-~ 
V 
X 
X 
X 
X 
X 



Taking a Step 
Back: subset of 

targets

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* --

- Number of measurements at location

- Spatial density

- Temporal density

- “Events”

- Structural error

- Overall budget

- Others???

Simplified ->
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Taking a Step 
Back: psuedo-
steady-state
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Current calibration 
status*
*ugly, but preliminary



Residual 
Summary
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Residual 
Summary
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Residual Maps
le7 LOO 
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Residual Maps hd residuals in layer 1 
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Residual Maps hd residua ls in layer 2 
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Residual Maps hd residua ls in layer 3 
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Residual Maps hd residua ls in layer 4 
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Residual Maps hd residua ls in layer 5 
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Residual Maps hd residua ls in layer 6 
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Phi Proportion 
Maps

weight 

objective function: cp 
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Phi Proportion 
Maps
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Phi Proportion 
Maps
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Phi Proportion 
Maps
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Phi Proportion 
Maps
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Phi Proportion 
Maps
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Phi Proportion 
Maps

le8 

3.0 

hd phi in layer 6 

2.5 

2.0 

1.5 

1.0 

0.5 

hd in layer 6 
proportion of group phi 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 



Causes? Layer 1 
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Upcoming efforts



Check 
Observation 

Validity 
(manually)
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Troubleshoot 
Model Structure
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Troubleshoot 
Model Structure
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Troubleshoot 
Model Structure
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Troubleshoot 
Model Structure
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Troubleshoot 
Model Structure
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Troubleshoot 
Model Structure

Layer 6 
wel-pu mp_irr 



Troubleshoot 
Model Structure



Adjust Weighting lell 
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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* --

- Number of measurements at location

- Spatial density

- Temporal density

- “Events”

- Structural error

- Overall budget

- Others???

Add Back Periods 
and Observations



Thanks for listening!


