Assignment # 6 Steady State Model Calibration: Calibrate your model. If you want to conduct a transient
calibration, talk with me first. Perform calibration using UCODE. Be sure your report addresses global,
graphical, and spatial measures of error as well as common sense. Consider more than one conceptual model
and compare the results. Remember to make a prediction with your calibrated models and evaluate
confidence in your prediction. Be sure to save your files because you will want to use them later in the semester.
Suggested Calibration Report Outline
Title
Introduction
describe the system to be calibrated (use portions of your previous report as appropriate)
Observations to be matched in calibration
type of observations
locations of observations
observed values
uncertainty associated with observations
explain specifically what the observation will be matched to in the model
Calibration Procedure
Evaluation of calibration
residuals
parameter values
quality of calibrated model
Calibrated model results
predictions
uncertainty associated with predictions
problems encountered, if any
Comparison with uncalibrated model results
Assessment of future work needed, if appropriate
Summary/Conclusions
References
submit the paper as hard copy and include it in your zip file of model input and output
submit the model files (input and output for both simulations) in a zip file labeled:
ASSGN6_LASTNAME.ZIP

Overview of UCODE & Associated Codes

Modes that can be accomplished:

Forward Process Model run with Residuals
Conduct Sensitivity Analysis
Estimate Optimal Parameter values and associated linear uncertainty

Evaluate quality of the model

Estimate values of Predictions and associated linear uncertainty
Evaluate model linearity

Evaluate NonLinear uncertainty associated with
estimates of parameter values and predicted values

Auxiliary: Investigate Objective Function

See UCODE Manual
Chapter 1 for overview and description of manual contents
Chapter 2 for overview and program control
Also Chapter 4 Table 3




Overview of UCODE in Parameter Estimation Mode

1) manipulates application model input files and reads simulated values from
application model outputfiles

2) compares user-provided observations with equivalent simulated values
derived from the values read from the application model output files using a
weighted least-squares objective function

3) uses a modified Gauss-Newton method to adjust the value of user selected
input parameters in an iterative procedure to minimize the value of the weighted
least-squares objective function

4) reports the estimated parameter values

5) calculates and prints statistics to be used to
* diaghose inadequate data
* identify parameters that probably cannot be estimated
* evaluate estimated parameter values
* evaluate accuracy of model representation of processes
* gquantify the uncertainty of model simulated values

See UCODE Manual Chapter 2 for Flow Chart

See UCODE Manual Chapter 3 for general issues
related to using UCODE for Nonlinear Regression

In parameter estimation mode, UCODE performs inverse modeling,
using nonlinear regression. Sensitivities are calculated by
perturbation (many significant figures are needed)
or read from a process model output file.

Any application/process model or set of models
(pre/post processors)

Must have numerical (ASCII text) input and output files,
with numbers of sufficient significant digits

Estimated parameter can be a quantity in the input files, or one
used in conjunction with functions to calculate that quantity

Observations can be any quantity for which a simulated equivalent
value can be read or calculated from values in model output files
using additive/multiplicative functions

Prior information on estimated parameters also can be included




KEEP UP-TO-DATE on
New Developments
And

UCODE Software updates

USGS Software Web Site
http://water.usgs.gov/nrp/gwsoftware/

Also on the USGS general software page

BOOKMARK THAT PAGE!
DOWNLOAD AND INSTALL THE
LATEST version of UCODE

MODFLOW is our process model to be calibrated

MODFLOW-2000/2005 include:

6LO Global Process that controls overall program flow
GWF Ground-water Flow Process

OBS Observation Process

MODFLOW-2000 also includes:
SEN Sensitivity Process (slated for MF2005)
PES Parameter Estimation Process (being discontinued)




UCODE INPUT

Once we have a working forward model that runs in batch mode

Set up UCODE files and run the forward model through UCODE
to be sure everything is functioning properly.

NEVER bypass this step.

Follow input directions in the UCODE MANUAL
provided (review Chapters 1-3 for an overview,
Chapter 4 for how to execute UCODE, and
Chapter 5 for the general block format input
that is used throughout the UCODE input file.

OR USE THE NEW USGS code

MODELMATE TO SET UP UCODE FrLes

UCODE INPUT

We'll use a beta version of the soon-to-be-released ModelMate and a Tutorial
tailored to our class example to generate ucode files from MF2005 files
(** firstll download software, tutorial for our example, MFfiles-PreMM today's class web page)
It is easier to learn the input after you have a better idea of the process
So approach this with the idea of absorbing the gestalt vs the details

UCODE Manual Chapter 5, Table 4, IERIUILICIEECS .
OVERVIEW of INPUT BLOCKS

Ucode_main.in

Major‘ items of note General Inpu‘l’ Format (note these in main ucode input file on web page link):

- a # in column 1 specifies a comment and the line is not read by the code

- Input is specified in blocks, these are designated with a BEGIN and an
END

- Notice the Block Names, their order and whether they are required or
optional.

- Begin is followed by the block name and the format option for how the
input will be entered (keywords or table, or file format: the default is
keywords), and END is followed by the block name

- Blocks have keywords to identify the start of a new group of information

- Some input data are matrices which may be input as Standard or
Compressed format (see an example of the compressed format in the
Matrix Input Format section)




BLOCK NAMES

Or‘iginal Additional Default
Purpose Blocklabel column
Chapter, Purpose Blocklahel Defanlt mli grder
umn order Options No
Options No - _ Merge Files No
3 Define UCODE_2005  UCODE_Control Data No
e Merge_Files . No operation Reg_GN_Coutrols No
3 | Define UCODE_2005 UCODE_Centrol Data’ No Rez GN NonLinlut No
operation Reg_GN_Controls’ 34 No Model Command Lines No
Reg GN NonLinlnt™ No Parameter_Groups No
Model Command Lines No Parameter Groups For Prediction .‘:Io
3 arameter_Data Tes
Parameter_Groups No -

Define parameters

7 Define parameters Parameter_Data Yes
P Pa:axlleler_\'alu553 Yes
3
Desived_Parameters” Yes o e 2 N
. ‘ierval]cu_ TOUpS NO
Define gbsery: Obsemmlm_Cnoup)s T:IO Define observations Observation_Data Yes
efine abservations Observation_Data Yes Derived Observations Yes
g Derived_Observations Yes Prediction Groups No
Prediction_Groups No Define predictens Prediction_Data Yes
Define predictions Prediction_Data’ Yes pere B iadiction: ¥ee

Prior_Information Groups

Derived_Predictions Yes Define prior Prior_Informanon_Groups_For_Predicnol b

I Prior_Information_Groups No mformation meal Prios T
9 Define prior information = - . =
P Linear_Prior_Information Yes iear Prior Information For Predictip

Define variance-covariance Define variance-

matrices to weight groups ‘C\'De‘izll??nn:::ll':?fce, i
10 | of observations or prior Matrix_Files No ébign'ificnsp or prier Matrix_Files No

information with correlated information with

EITOTS. comelated emors

Inferact with process-model | Model_Input_Files Yes Interact with process-  Model Input Files Yes
1 0 = = ) o i ]

input and output files. Model_Output_Files Yes ];72‘3&1 Inputand output - RRTNIEREpR AT e
1 Run process model(s) using | Parallel_Control No Fam process model(s)  Parallel_Control Mo

_ Yes using multiple Parallel Fumers Tes
Processors

BLOCK FORMATS

Table 5. Blockformat options.

Blockformat  Prescribed input format

EEYWOEDS Bleckbody consists of a senies of lines of the form:
Eeyword=value
Under some circumstances there are resirictions on how the lines
are ordered; see the mput block instmetions.
If no blockformat 15 specified, KEYWOFEDS 13 assumed, but 1t 15
advisable to explicitly identify the block format to reduce errors.
Comments are allowsd ™

TAELE Bleckbody consists of a table of data that may have labels on the
columns and may be read from the mam mput file or from another
input file. Sze the text for additional information.
Comments are allowed nght after the BEGIN statement but not n
the rest of the input block.

FILES Blockbody consists of the pathname for one or more files.
Comments are allowsd '
To allow the format to be specified, the contents of each of the
listed files needs to begin with a
‘Begin Blocklabel [Blockformat]” line and end with an
‘End Blocklabel” line. The Blocklabel needs to be the same as in
the ‘Begin Blocklabel FILES block within which the files are
listed. See the section “Observation_Data Input Block™ for an
example.

* Comments are separate lines starting with a # m the first column No blank lines are

allowed within any input blocks.

~ Comments can be mserted anywhere within the mput block.




OPTIONS BLOCK
Chapter 6 (p52)

In:
ucodel

FILE: ep_Ucode_main.in

BEGIN Options
Verbose=0
END Options

Later, if UCODE is not running as
you expect, use 5

Notice other possible input items

Follow tutorial and see Ucode_main.in

('hapterl Purpose Blacklahel P mli
wmn order
C Options D No
Merge_l:dea} i No
4 Define UCODE_2003 UCODE_Control_Data’ No
operation Reg_GN_Controls” No
Reg_GN NonLinluf™* No
Model Command_Lines No
Parameter_Groups’ No
7 Define parameters Lot Jhi 33 Y:es
Parameter Values . Yes
Derived Parameters” Yes
Observation_Groups No
Define abservations Observation Data’ Yes
g Derived_Observations Yes
Prediction_Groups No
Define predictions Prediction_Data’ Yes
Derived_ Predictions Yes
. Prior_Information_Groups No
. e P Lmea_r_PIwr_hlfor_manoi Yes
Defme vanance-covanance
matrices to weight groups
10 of observations or prior Matrix_Files No
information with correlated
errors.
m Interact with process-model - Madel Input_Files Yes
input and output files. Model OQutput_Files Yes
2 Run process model(s) using  Parallel Control No
" multiple processors Parallel Runners Yes

UCODE_CONTROL_DATA BLOCK

Chapter 6 (p55)

In:

ucodel

FILE: ep_Ucode_main.in

BEGIN UCODE_CONTROL_DATA KEYWORDS
ModelName=antfarm
ModelLengthUnits=centimeters
ModelTimeUnits=seconds

sensitivities=no

optimize=no

DataExchange=yes

END UCODE_CONTROL_DATA

Later, other options will be of
interest, so notice other possible
input items

Follow tutorial and see

Ucode_main.in
('hapterl Purpose Blacklahel —— mli
umn order
Options No
Moo Files No
4 Define UCODE 2005 No
operation Reg_GN_Controls” No
Reg_GN NonLinfnf™* No
Model Command_Lines No
Parameter_Groups™ No
7 Define parameters et AaCy 3 Y:es
Parameter_Values . Yes
Denved_Parameters” Yes
Observation_Groups No
Define observations Observation_Data’ Yes
g Derved_Observations Yes
Prediction_Groups No
Define predictions Prediction_Data’ Yes
Derved_ Predictions Yes
Prior_Information_Groups No
. s P Linea_r_Prior_hlfo;mﬁtioi Yes
Defime variance-covariance
matrices to weight groups
10 of observations or prior Matrix_Files No
nformation with correlated
errors.
m Interact with process-model  Model_Input_Files Yes
input and outpu files. Model Output Files Yes
2 Run process model(s) using  Parallel Control No
-~ multiple processors Parallel Runners Yes




Model_Command_Lines BLOCK
Chapter 6 (p65)

Follow tutorial and see

Ucode_main.in

If a un-required block is skipped,
the defaults are used
BEGIN MODEL_COMMAND_LINES %

“Command=ep.bat*
purpose=forward

('haplerl Purpose Blocklahel Detault o :
umn order

Options No

) Merge_l:iles3 ) No

Define UCODE_2005 UCODE_Control Data” No

operation Rez_GN_Controls’ No

Reo GN NonTinlnt" No

qjédel Command Lié;Q No

Command Id=modflow PmmmL&w%j No
END MODEL_COMMAND_L INES 7 Define parameters Parameter_Data’ Yes
Parameter_Values . Yes
Denved_Parameters” Yes
The batch file should run all the Observation_Groups No
codes you want to run fOf‘ your Define observations Ohservation_Data’ ‘t:es
lib ti g Denved_Observations Yes
Calibration Prediction_Groups No
Define predictions Prediction_Data’ Yes
ALL SHOULD RuN AND Derived_ Predictions Yes
Prior_Information_Groups No
CLO SE WITHOUT . Shne yor oo Lineas_Prior_Information Veg
Defime varance-covarance
HU MA N INTERVENTION matrices to weight groups
10 of observations or prior Matrix_Files No
Latatatototod R EMO v E P A U s E information with correlated
ergors.
FROM EP o BAV****** 1 Interact with process-model - Model_Input_Files Yes
input and output files. Model Output Files Yes
2 Run process model(s) using  Paralle] Control No
" muluple processors Parallel Runners Yes

CommandId not used by UCODE at

this time

PARAMETER_GROUPS BLOCK

Chapter 7 (p68)
pval package

8

K1 0.01
K2 10.0
KVA 1.0
KVCB 1E-5
rchl 0.1
rch2 0.05
rch3 0.01
Kriv le-3

BEGIN PARAMETER_GROUPS KEYWORDS
groupname=Ks transform=yes adjustable=yes

groupname=RCH transform=no adjustable=yes
groupname=FIXED transform=no adjustable=no

END PARAMETER_GROUPS

Use groups to define common characteristics

NOTE Log Transforming Parameters:

* may help the problem converge more readily

('hapterl Purpose Blocklahel Default mli
wn order
Options No
Mergef)lesl . No
4 Define UCODE 2003 UCODE Control Data’ No
operation Reg_GN_Controls’ No
Reg GN NonLinlur™* Mo
Model Command Lines No
arameter_Groups™ No
7 Define parameters Lni U 3 Y:H
Parameter_Values’ Yes
Derived Parameters’ Yes
Observation_Groups No
Define observations Observation_Data’ Yes
8 Denived_Observations Yes
Prediction_Groups No
Define predictions Prediction_Data’ Yes
Derived_ Predictions Yes
Prior_Information_Groups No
- Definepror iaformation Linea_r_Pnor_hxfo;nanoﬁ Yes
Define vanance-covariance
matrices to weight groups
10 of observations or prior Matrix_Files No
information with correlated
efrofs.
I Tnteract with process-model Model Input_Files Yes
input and output files. Model Output Files Yes
5 Runprocess model(s) using Parallel_Control No
~ multiple processors Paralle] Runners Yes

* prevents parameter values from becoming negative
* allows specification of statistics on prior information to be in log space

Notice other possible input items




PARAMETER_DATA BLOCK Chapter 7 (p69) [ i

Ucode_main.in

BEGIN PARAMETER_DATA TABLE

nrow=8 ncol=7 columnlabels

paramname startvalue lowervalue uppervalue scalepval groupname

K1 0.01 0.001 0.1 0.000001 Ks

K2 10.0 1.0 100.0 0.0010 Ks

KVA 1.0 0.1 10.0 le-4 FIXED

KVCB le-5 le-6 le-4 le-9 Ks

rchl 0.1 0.01 1.0 le-5 RCH

rch2 0.05 0.005 0.5 5e-7 RCH

rch3 0.01 0.001 0.1 le-7 RCH

Kriv 1.E-1 1.E-2 1.E-0 1.E-5 Ks

END PARAMETER_DATA Chaptes’ Parpme Blocklabel :T{:‘:‘;:"
Na

NOTE: reasonable maximum & minimum does not %

affect the regression 8 %o

It is best to NOT impose limits on estimated
parameter values, but this can be done in UCODE

with the Constrain variable

Not constraining may yield unreasonable values,

Define parsmeters

Define cbwervations

Obrervation

- —
Obervation_Dara’

Preds ™

Y . Define predsctions )'nllininn-_l'hl;' Yes

that are valuable for identifying conceptual model Dt o e
errors, data errors, or insufficient info ? Demieebemie ol b b’ v
Only use constrain if the model will crash beyond n Ml Filec e
that value . -
vt procesv-mode] Model_Tuput_Files Ve

. o . . s amd ousput files. Mluedel O File: i
Notice other possible input items R seocessodelo g Pusle Coml S
w‘.rp OCESADTY. Paralle] Runners Yes

OBSERVATIONS

Chapter 8
. Ch 1 Pur Blocklabel Defnultrnl:
We use the simple approach of |- - - - amnaer
reading the observation in Vo Fi .
order from the MODFLOW s~ DefiaeUCODE 2005 UCODE Control Date’ No
Q operation Reg GN_Controls” No
_os file Reg_GN_NosLinfur™* No
Model C: d_Lines No
Parameter_Groups’ No
YOU can do Very Comp|ex 7 Define parameters Parameter_Dnta’l Yes
. . . H Parameter_Values Yes
extractions, involving searching S il =
for character strings and _ No
1_. I. d h oDEf].UE obseﬂatmush ->. &'954
counting lines and sapces suc . ne or the other o T Obscrvations -
that values can be extracted N Prlicion Crops v
. efine predictions ' 1l ¥
from ANY format of text file ’ Dese, Pritons Yo
9 Def formati Prior_Information_Groups No
. clife prior sniotmation Linear Prior_Information Yes
AISO You can make C0|Cu|a‘|'lons Define variance-covariance
g matrices to weight groups
from the ”.ems you ex‘h"ac.r 1.0 10 of observations or prior Matrix_Files No
Ob'raiﬂ Simulated equivalen""s information with correlated
errofs.
m Interact with process-model Model_Input_Files Yes
mput and output files Model Output Files Yes
P Run process model(s) using  Parallel_Control No
_ multiple processors Parallel Runners Yes




< 60cm

23.01 23.01 23.00 22.78 22.3922.09

1 2 3 4 5 6 7 8 9 10
iyv HI  H2 H3 H5 H6 H7 H9  HI0
23.00 23.00

n
EEEEEEEEEEEEEEEEEDR

[
»

Outflow from river =
7cm3/sec

Head Observations 95% confidence is 0.1 cm
HEAD

coff
coff
coff
coff
coff
coff .25
coff -0.25
coff O

eNeoNeoNeNoNo]

1 x=15 y=1.5 multilayer 23.01 cm column 1
2 x=7.5 y=1.5 layer 1 23.01 cm column 2
3 x=13.5 y=1.5 layer 1 23.00 cm column 3
4 x=19.5 y=1.5 layer 2 23.00 cm column 4
5 x=25.5 y=1.5 layer 1 22.78 cm column 5
6 x=33.0 y=1.5 layer 1 22.39 cm column 6
7 x=37.5 y=1.75layer 1  22.08 cm column 7
8 x=49.5 y=1.5 layer 1 22.99 cm column 9
9 x=55.5 y=1.5 layer 1 23.01 cm column 10 coff O

Flow Observation 95% confidence +/-5%
Outflow from river = 7.0cm3/sec




add to name file: data 22 ep._os
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RUN MODFLOW AND OBSERVE _os file

OBSERVATION_GROUPS BLOCK

Chapter 8 (p81)

BEGIN OBSERVATION_GROUPS
groupname=Heads
plotsymbol=1
groupname=R1V_flows
plotsymbol=2

END OBSERVATION_GROUPS

Use groups to define common
characteristics

We could extract some values but
not “use” them as simulated
equivalents, rather we might
calculate simulated equivalents with
those values

Notice other possible input items

Follow tutorial/see

Ucode_main.in

('hapter1 Purpose Blacklahel P mlE
wmn order
Options No
Merge_Fdee.} i No
4 Define UCODE_D005 UCODE_Control_Data’ No
operation Reg GN Controls” No
Reg GN NonLinlur™* No
Model Command_Lines No
Parameter_Groups™ No
7 Define parameters Parameter_Data \ Y:es
Parameter_Values Yes
Derived EazmmL Yes
Obsgrvation Grougs — Mo
Define abservations Observation_Data’ Yes
g 4 One or Derived_Observations Yes
the other Prediction_Groups No
Define predictions Prediction_Data’ Yes
Derived_ Predictions Yes
g Prior_Information_Groups No
. e o onion Linca_ripriorihxfo;matioi Yes
Define variance-covariance
matrices to weight groups
10 of observations or prior Matrix_Files No
information with correlated
errors.
1 Interact with process-model - Moadel Tnput_Files Yes
input and output files. Model Output Files Yes
n Run process model(s) using  Parallel_ Control No
N multiple processors Parallel Runners Yes

10



Follow tutorial/see Ucode_main.in

OBSERVATION_DATA BLOCK - Chapter 8 (p83)

BEGIN OBSERVATION_DATA TABLE o’ g gl
NROW=10 NCOL=5 COLUMNLABELS

obsname obsvalue statistic statflag groupname

h1 23.01 0.0025 var heads

h2 23.00 0.0025 var heads

h3 23.01 0.0025 var heads -
h4 23.00 0.0025 var heads R
hs 22.78 0.0025 var heads i I.One or
h6 22.39 0.0025 var heads ithe.ather
h7 22.08 0.0025 var heads :

h8 22.99 0.0025 var heads 1

h9 23.00 0.0025 var heads

Q1 -7.0 0.05 cv RIV_flows

END OBSERVATION_DATA TABLE

Follow tutorial/see Ucode_main.in

MODEL_INPUT_FILES BLOCK - Chapter 11 (p108)

BEGIN MODEL_INPUT_FILES

MODINFILE=ep.pval TEMPLATEFILE=ep_pval . jtf g’ Pupose Bockibd e
END MODEL_INPUT_FILES . T
. j  Defioe UCODE 205 t‘; YE,‘T s 1 D’ \\.
Any file names are OK opeaa N
No
No
I use jtf or tpl to help myself identify files . s &
T Parameter_Valoes' Yes
Yei
The modinfile must be what the process model i e lep »
expects to use j Deied Obneriahons ¥
Peedenon_Groups No
Dlefme muedictcnn, Prediction_Dan® Yes
Template files start with jtf and a symbol. - 1o
They are copies of process model input files Lisess o nforien Ve
with values where estimated parameters should | S Fis N

go replaced by parameter names from the . i

PARAMETER_DATA block bounded by the s T
symbol. Leave room for lots of significant g T %
- Paralle| Rummers Yeu

figur‘es multple rocessors




Follow tutorial/see ep_pval.jtp

Make your template files - Chapter 11 (p109)

Template files start with jtf and a symbol. They are copies of
process model input files with values where estimated parameters
should go replaced by parameter names from the
PARAMETER_DATA block bounded by the symbol.

Leave room for lots of significant figures

It is convenient to use the pval file because all of the parameters
we might want to estimate are there.

pval package é tf 0

8

K1 0.01 K1 @K1 @
K2 10.0 K2 @K2 @
KVA 1.0 KVA @KVA @
KVCB 1E-5 KVCB @KVCB @
rchl 0.1 rchl @rchl @
rch2 0.05 rch2 @rch2 @
rch3 0.01 rch3 @rch3 @
Kriv 1e-3 Kriv @Kriv @

Follow tutorial/see Ucode_main.in

MODEL_OUTPUT_FILES BLOCK - Chapter 11 (p111)

Chapter’ Purpose Blickisbel m‘::;‘fi
Options No
Mesge_Files' Na
45 Define UCODE 2005 UCODE Controd Dus’ No
BEGIN MODEL_OUTPUT_FILES et e
MODOUTFILE=ep._os N
INSTRUCTIONFILE=ep._os.jif X
category=obs Define paamaciers Yo
END MODEL_OUTPUT_FILES Deied Pumvte ]
. Define ohservanoes Oz 3 \.?.i
Any file names are OK 5 Do = 1
Peedenon_Groups No
Diefme predictionn, Predictisn_Data" Yes
The modoutfile must be what the file the - R
process model produces with the results you mlilele E
want to extract " i
1 ::
=




Follow tutorial/see ep._os.jif

INSTRUCTION FILE - Chapter 11 (p 113 115)

The way we have MODFLOW set up now we can use a
standard instruction file. Far more complicated
extractions can be made.

Jift @
StandardFile 1 1 10
H1

H2

H3

H4

H5

H6

H7

H8

H9

Q1

There is great flexibility to address most any situation
you encounter. Chapter 11 has much detail on this.

Batch file to run UCODE EXECUTE UCODE in a FORWARD RUN

Path-to-ucode-executable ucode-input-file root-calib-output root-pred-output

pause
See UCODE Manual Chapter 4 (p29)
for executing UCODE & associated codes

See What new files were created?
U°°de;':“§"‘?‘i’l‘:;-#“°”* Drag them into the text editor

- Read through their contents

VERY IMPORTANT USE YOUR COMMON SENSE

Have expectations for the results, question all aspects of the situation when
calculations do not match expectations

Fix Problems
If you do not have a pause in the batch file,
you may be confused about what might have gone wrong
6o to the command window
Type “cd” space and drag the model folder in, enter
Now drag the batch file in, enter
Note what is on the screen for clues to any problems

13



REMEMBER

When you run a code, you should expect that there will
be errors and be pleasantly surprised if there are
not. When you see an error:

1)look closely at the error message, try to understand
it, use any clue that may be provided (paths,
directories, file names, numbers) to explore it

2)check the directory to see what files were created
and view their contents, look at the dates and times
on files to determine what was created recently

3)delete outputs and try it again and look at the new
outputs

4)as Winston Churchill once said, "never, never, give
up". If you do not find the error, keep thinking and
experimenting to decipher the situation. Utilize “"show
me” skills.

EVALUATING OUTPUT

Notice any errors in the command window and read the file
to confirm everything is what you expected

The most common error is related to paths and file names
Next common error is improper substitution or extraction

Check that the UCODE input items are echoed correctly.
View the output (see Chapters 14 and 16)
fn.#uout & DataExchange files: fn._*

Note GWChart works for ucode _ files

Follow tutorial and use GWChart

14



Follow tutorial and use GWChart

EVALUATING OUTPUT
fn.#uout includes statistics, top portion of Fit Statistics Table 28

These reflect model fit
given the initial model configuration and starting values
USE GWChart for convenient viewing of files

Exceptionally large discrepancies between simulated and observed
values may indicate that there is a conceptual error either in the
model configuration or in the calculation of the simulated values

Fixing these now can eliminate many hours of frustration.

Data exchange files include residual informations at starting values
Table 31

It is essential for UCODE to perform correctly in the forward mode.

Proceeding with errors will result in an invalid regression and wasted
time.

Resolve any problems and continue

Due this week:

UCODE files set up using modelmate for your project and
preliminary analysis of output

Include the associated mtc file and the modflow files

15



Follow tutorial for sensitivity run / see ep_Ucode_main.in & Ucode_main_out.#uout

SENSITIVITY of the
SIMULATED EQUIVALENTS to the PARAMETER VALUES

Sensitivities serve two functions:
indicators of

importance of the observations to the estimation of
the different parameters

importance of each parameter to the simulated values
needed by the modified Gauss-Newton method to

determine parameter values that produce the best fit

The sensitivities are determined
as

[simulated(current b values)- ay 1 ayl ayl

simulated(perturbed b values)]/

[(current b's) - (perturbed b's)] 6b1 abz -———- ab \p
Y, 0Oy, .... 0,
imulated(b,)- simulated(b") _————

TR ob, b, . by

They form a 2D array (ND,NP)
i.e. -_—
(#observations x #parameters)

Notation: ' . ,
llg 2r::1y, single underscore 8y ND ay ND il ay ND

2D array, double underscore

16



Follow tutorial for sensitivity run / see Ucode_main.in & Ucode_main_out.#uout

Evaluate SENSITIVITY of the
SIMULATED EQUIVALENTS to the PARAMETER VALUES
ASimulatedEquivalent/AParameterValue
with perturbation sensitivities

! 1 i Default col-
UCOde 1 Chapter Purpose Blocklabel mn order®
Options No
Merge Files’ No
4 Define UCODE_2005 ICODE_Control Daty’ No
6 =
UCODE_Control_Data Block (p55) opein Rea. G Contols %
epe eae _ Reg_GN_NonLinlnt'* No
sensitivities = yes Model Command_Lines No
Parameter_Groups No
7 Define parameters Parameter_Data S Yes
H H H Pagameter_Values Yes
Choose printing options or default Puameie Ve ks
Observation_Groups No
. . . . Define observations Observation Data’ Yes
Notice other possible input items ; Desied Obsenatias Yo
Drediction Groups No
Define predictions Prediction_Data” Yes
Derived_Predictions Yes
9 Define pricrinformation Prior_Information_Groups Nv
Linear_Prior_Infc Yes

Define variance-covariance
‘matrices to weight groups
10 of observations or prior Matrix_Files No
nformation with correlated
errors

1 Interact with process-model - Model Tnput_Files Yes

input and output files Model Output_Files Yes
n Run process model(s) using  Parallel_Control No
~ multiple processors Paralle] Runners Yes

Follow tutorial for sensitivity run / see Ucode_main.in & Ucode_main_out.#uout

EXECUTE UCODE in the SENSITIVITY MODE

Look for the differences in the #uout file
What are the sensitivities?

Are there some parameters that will be difficult to estimate?
Dimensionless scaled sensitivity - 1 for each obs and parameter
dss = unscaledsens * ( PARAMETER_VALUE * ( wt**.5) )
Composite Scaled Sensitivities - 1 for each parameter
css = (( SUM OF THE SQUARED DSS ) / ND )**.5
Generally should be >1 AND

within ~ 2 orders of magnitude of the most sensitive parameter

Notice statistics are calculated for the starting parameter
values as if they were optimal
This can be useful if you want to regenerate the statistics for
an optimal parameter set
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Follow tutorial for sensitivity run / see Ucode_main.in & Ucode_main_out.#uout

See "Perturbation Sensitivities” starting on p15

Accuracy of Sensitivities Depends on:

number of accurate significant figures in extracted simulated values
(print many significant figures and extract them all)

magnitude of the simulated values
magnitude of the substituted parameter values

size of the parameter perturbations, for nonlinear parameters

What if Sensitivities are zero?

If more than a few sensitivities equal zero, it may indicate extracted
perturbed & unperturbed values are identical (given the significant
figures) or perhaps the model did not execute

See "What to Do When Sensitivities Equal Zero" (p37) of the UCODE
manual.

If sensitivities are zero for a Parameter:

If many other sensitivities are nonzero, observation is not very
important, NO corrective action needed

If all sensitivities are zero, corrective action is needed (if there
is a hydraulic reason for lack of sensitivity, do not estimate the
parameter)

If many sensitivities are zero, corrective action MAY OR MAY
NOT be needed

18



What if Sensitivities are zero?

Five possible corrective actions:

1) smaller solver convergence criteria can be specified in the application codes;
2) the extracted values can be printed with more significant figures in the
application model output file if the values are calculated with sufficient accuracy:
3) the datum of the problem can be changed or a normalization can be applied:
4) the perturbation for the parameter can be changed; too small perturbations
may result in negligible differences in extracted values, or differences that are
obscured by round-off error: too large may yield inaccurate sensitivities for
nonlinear parameters

5) the methods for coping with insensitive parameters discussed later can be
employed.

- Reconsider the model construction

- Modify the defined parameters

- Eliminate observations or prior information, if biased

- Adjust weights either for groups of, or individual, observations

Sensitivities calculated for the values of the parameters just prior to failure can
be investigated by substituting these parameter values as starting values in the
prepare file and executing UCODE with sensitivities=yes, optimize=no. (add
SenMethod=2 to also evaluate correlation)

Sensitivities for all intermediate sets of parameter values can be investigated by
setting IntermedPrint=sensitivities in the input file and executing UCODE again
with optimize=yes.

Follow tutorial for parameter estimation run/see Ucode_main.in & Ucode_main_out.#uout

Estimate Optimal Parameter Values & Associated Uncertainty
UCODE_Control_Data Block (p55)
optimize = yes

EXECUTE UCODE in the OPTIMIZE MODE
Have a look at the output to see the troubles
This is what you will need to do to get your projects going in the
future at work
The regression control defaults work OK in this case
In other cases use a Reg_GN_Controls Block (p60)

To override defaults, most commonly
BEGIN REG_GN_CONTROLS KEYWORDS
tolpar=0.01
maxiter=10
maxchange=2.0
stats_on_nonconverge=yes
END REG_GN_CONTROLS

Notice other possible input items
EVALUATING PARAMETER ESTIMATION OUTPUT
View fn.#uout
Consider Progress of the Regression Table 29 (p 178)
Parameter Statistics Table 30 (p179)
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Follow tutorial for parameter estimation run/see Ucode_main.in & Ucode_main_out.#uout

Read through the resulting files

VERY IMPORTANT: USE YOUR COMMON SENSE

Most common trouble is lack of convergence, or progress
toward it. Consider how to tackle that.

Have expectations for the results, question all aspects of
the situation when calculations do not match expectations

Fix Problems
Evaluate Results

What do you make of the estimated parameter values?
What of the confidence intervals?

EVALUATING PARAMETER ESTIMATION OUTPUT
OVERALL FIT, SUM OF SQUARED ERRORS

ND ' 2
s®) =Y aly - vi(0)]
i=1
CALCULATED ERROR VARIANCE (cev)

S(h)
ND — NP

cev =s’=

STANDARD ERROR sqrt(cev)

/.2
S=4S

Model Selection Criteria
MLOF / AIC / AICc / BIC / KIC
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The regression is not extremely sensitive to the weights, thus the casual
approach to their definition is not a problem

The weighting can be evaluated at the end of the regression by considering
the cev (calculated error variance)

smaller values of s 2 and s indicate a better fit

values close to 1.0 indicate the fit is consistent with the data accuracy as
described by the weighting

cev > 1 (eg 95% confidence intervals on cev completely above 1) indicates
the modeler globally underestimated the variances (i.e. the model does not
fit the observations as well as the variances assigned by the modeler would
reflect)

cev < 1 (eg 95% confidence intervals on cev completely below 1) indicates
the modeler globally overestimated the variances (i.e. the model fits
better than expected)

The 95% confidence intervals on cev are calculated using the ChiSq
distribution. Deviations from 1.0 are significant if 1.0 falls outside of the
confidence limits.

The modeler could adjust weights to obtain 1, but it is not necessary as
long as the cev is discussed along with the input variances

CONSIDER HOW THE PARAMETER UNCERTAINTY IS CALCULATED
Variance Optimal Parameters:

V@) = Sum of Squared Weighted Residuals [XTW X ]-1
#Observations - #Parameters - T

V() = cev [XTwX]!
b vector of optimal parameters (e.g. K,S,R,H,Q)
X sensitivity matrix
w weight matrix for observations

Results in NPxNP matrix, with variances on the diagonal

V() = (K KS KR KH KQ
SK S SR SH SQ
RK RS R RH RQ
HK HS HR H HQ

QK QS QR QH Q
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V(b) = cev [ XTWX ] 1=V(D)= (ol covl2 cou13
COV21 Var2 COV23
COV31 COV32 Var3

[NP x NP] = constant [NP x ND] [ND x ND] [ND x NP]

e.g. If NP=3 and ND=12 then V(b) is a 3x3:

VARIANCE (K)

VAR (K) = (X Q%EVAR )

Std Dev = VAR (K) 95 % Confid =K +/-2*StdDev

VARIANCE (H)

VAR(H) =(X" QEVAR)

Std Dev =.VAR (H) 95% Confid =H +/-2*StdDev
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CORRELATION (normalized variance)

.. COoV(,j)
CORR(i, )= WAR(i) *WAR(J)

j=1 ¢ e j=NP
i=1[ 11 12 e LNP |
° 21 22 e °

i=NP[NP1 42 NP3 NP,NP|

Corr = 1 CorKS CorkR CorkH CorkQ
CorsK 1 CorSR CorSH CorsQ
CorRK CorRS 1 CorRH CorRQ
CorHK CorHS CorHR 1 CorHQ
CorQK CorQS CorQR CorQH 1

Follow tutorial for parameter estimation run/see

Ucode_main.in Ucode_main_out.#uout and _files

As before view residual statistics / sensitivities
Using GWChart also
See previous items and more from
Tables 28 (p 176) and 31 (p 180)
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weighted residual

EVALUATING PARAMETER ESTIMATION OUTPUT

RESIDUALS

ws (weighted residuals vs simulated equivalents)
want narrow band around O
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EVALUATING PARAMETER ESTIMATION OUTPUT
RESIDUALS (if you include a root.xyzt file)
wxyzt (weighted residuals vs space [1D distance in this illustration])
want narrow band around O
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Extensive model analysis and development work
can be accomplished by analyzing residuals

Explore the rest of the data exchange files

Various sensitivity representations (sc sd s1 so su)

Parameter Information ( pc pasub)
his ob this obs
T '; 0bs e has
as leverage
e leverage and
influence
A typical _so
Sorting
exl. so
1 — © Use original order
i @ Largest values first
0.8
0.7 Items To Plot
5 & All
%nflﬁ  First N items
E 03 ¢ Last N items
3 04 N (number of items)
03
02
01
U — N oMM o MMM B o o o
sRSHESEBE S3alagz22
:%ﬁ%%é%%%zgg:z:s::
Cr)gnsewation or Prior Name
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If the PARAMETER ESTIMATION is successful:
Further EVALUATE RESULTS
with UCODE's Residual Analysis (p159 and on)
It only needs the data exchange files, but there is
optional input described in the ucode manual

Create batch file for residual_analysis OR run in ModelMate
Additional Residual Analyses can be obtained running

residual_analysis.exe >>> fn.#resan

VIEW RESULTS WITH GW_CHART
_nm - want normally distributed residuals
If not a straight line compare to realizations of residuals:
Uncorrelated _rd - if these look like your nonlinear nm plot
the cause is too few residuals
Correlated _rg - if these look like your nonlinear nm plot
it is OK, due to correlation in the regression

ALSO see rdadv of residual_analysis_adv.exe on next slide

Create a batch file to run residual_analysis_adv or run in ModelMate
View _rdadv in GW_Chart

to see the theoretical confidence limits on the weighted residuals

#resanadv

Mean Weighted Residual should be ~ O
Slope should be ~ 0

INTRINSIC NONLINEARITY << Sum of Squared Residuals
If large Corfac_plus correction factors may not be accurate

CED correlation of weighted residuals and means of synthetic residuals
PROB - probability that a correlation would be <= CED if the
residuals were normally distributed
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A typical _rdadv

exl. rdadv
= e 1
o)
——
gl5 | a—
=] e
2 %
&
Ros
=
A0
£
=05
=
S -1 [ E— ]
e

] Py
ﬂ".]_{ e

[
= T

-23 -2 -15 -1 -0.5 0 05 1 15

Weighted Residual

&)
<]
in

Back to:
EVALUATING PARAMETER ESTIMATION OUTPUT from
Residual_analysis fn.#resan _rc _rb

Cook'sD large values indicate observations that most influence all
estimated parameter values

DFBeta$S large values indicate observations important to individual
parameters

Do you understand why the flow observation is so important? What
would you be able to say about the parameter values without that
observation?
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A typical _rc

DFBETA STATISTICS

exl _re I:e;rlxls To Plot
2 " First N items
18 | © Last N items
16 -|{ N (number of items)
Dl.4
vil.2
4
ol
Shs
06
0.4
0.2
CHREgfRiREEE T
weo=S232885858338888¢%
2582225 =ZE %.:.:.:.:.:.:.s:
= = = =]
OBSERVATION NAME
A typical _rb
b Order of data
exl._t points and series
25fF EXPLANATION What to plot on X-axis
) CH_ # Observations
; © Parameters

Order of serlas In legend
= Original arder
% Order from *._sc file

Order of data points in plot

Cuitzal Vibus  Original order
Critical Vahue ¢ Largest first
Items To Plot
<Al
* First N items
 Last N items
HH Ei L § E 5 g ; 3 = N {(number of ltems)
mire ® 2 45 B DB - =
%%a_ﬁ‘;%zan Order of data
il 4 a exl._rb sl T
7 - points and series
OBSERVATION NAME What to plot on X-axis
% Observations
3 " Parameters
= Order of series in legend
E © Original order
& Order from *._sc file
-
5 Order of data points In plot
Ve " Original order
ﬁ Critical Value & Largest first
= Items To Plot
= - Al
A = First N Items
L T Last N items

hd08.283
hd03.

117 2| N (number of ltems)

hd08 1
b0, 55

hedZ 10
ad05.55
410,28

i
=
&

OBSERVATION NAME

2
flowe01.28




Typical #resan results

T T
ANALYSIS OF COOKS D
FCR PLOTTING, COOKS L[ STATISTICS ARE LISTEL IN THE _RC OUTPUI FILE

INFLUENTIAL OBSERVATIONS WITE COOKS [ > CRITICAL VALUE (4/(NOBS+MER)) = 0.114

OBS# OBSERVATION PLOT-SYMBOL COOK'S D
3 hd0l.283

10 hd03.1
11 hd03.283

0774E+00

ROEOR R R R R R

26 -hd08.28
27 hd09.ss 0.41209141E+00
2% hd0s.223 SLSOZETIOEH00 4yshtsbd kb ok hd ok kb d kb b A b Ak kA bbbk kb kb kb kA
ANALYSIS USING DFBETAS
NUMBER OF INFLUENTIAL CBSERVATIONS IDENTIFIED: 8

FOR PLOTTING, DFBETA STATISTICS ARE-LISTEL IN THE _RE OUTPUI FILE

PARAMETER NUMBERS ANC NRMES:

1 z 3 4 5
Q1s2 RCH_1 RCH_2 K_RE 551
& 7 8 2

BK 1 VK_CB s5_2 HE_2

INFLUENTIAL OBSERVATIONS WITE DFBETA >
CRITICAL VALUE- (2/ (NOBS+MPR) **0.5) = 0.33

PARAMETERS INFLUENCEL IDENTIFIELC BY #
PARARMETER NUMBER

CB5# IC PLOT-SYMBOL
3-hd01.283
4 hd02.33
10-hd03.1
11 hd03.283
12 -hd04.ss
23 -hd07.283
25 -hd08.1
26 -hdDE.283
27 hd09.ss

o

w0 e
O e R )
w1 w1 w
I R
Do e e 1| e
O e A
Do e e
I A I -
A w1 1w

FOR MR R R R

NUMBER OF INFLUENTIAL OBSERVATIONS IDENTIFIED: 9

EVALUATING PARAMETERIZATION
High parameter correlations calls for either
Additional data that will break the correlations
Or
Reparameterization

Barring the availability of additional data, consider
reparameterization e.g. USING DERIVED_PARAMETERS Block
As an example you could define
rch2=0.5*rchl and rch3=0.1*rchl
However, notice that the true values do not have those ratios

To evaluate if correlations are too high
try starting from different values
USE PARAMETER_VALUES Block
If results are the same (parameter values fall within one
standard deviation of those determined with different starting
values) correlation is not an issue
Thus parameters are being independently estimated




