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Module 14: Calibrating a RSM Sub-Regional Model using PEST
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Lecture 14: Calibrating a RSM Sub-Regional Model Using PEST

This lecture introduces the Parameter Estimation (PEST) Software.

For more detailed information, refer to the PEST User Manual, PEST: Model-Independent Parameter
Estimation. User Manual 5th Edition. Doherty, John. Watermark Numerical Computing. July, 2004.
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NOTE:

A copy of the PEST User Manual can be found in the $RSM/labs/lab13_PEST
directory.
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= Automated Parameter, Estimation software (PESiy given the
« Complexities of theimodel
« Large number.ofmodeliparameters
* Obseryation datainvolved
= PEST analysisiwas conducted by, creating/parameter.zones for
Aquifersconductivity,
Canal networkieakance
Canal network:Manning:s'n
Lumpedleakance for;WCDIcanals
Levee seepage coefficients
Conductance for the'tidallboundaries
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= Objective was'to minimizejthe,weighted|sum ofisquares
ofithe bias and IRMSE/calculated at.each observation
point.

Forrgroundwater:levels or'surfacewater.stages at:a given
site the calibrationiwas considered 'tolbesatisfactory: if

either:absoluteicriterioni(withini+1.0ffoot) orithe relative
criterion (at'least'withinithelevelloffaccuracy thatithe
SFWMM was validated) was met.

For:-flows; the criterion was thatithe:measured:and
computed monthlyflowvolumes need tobeofitheisame
directionand orderiofimagnitude:

The automated Parameter Estimation
approach was adopted because of the
complexity of calibrating the RSM with a
large number of model parameters that
should be calibrated and the large number
(>300) of observed time series that could be
used for calibration. To simplify the
parameter calibration, the parameters were
lumped into spatial “zones” which received
the same calibrated parameter value. This is
consistent with the uncertainty associated
with available parameter estimations. An
objective function was created that summed
the bias and root mean square error (RMSE)
at each flow and stage calibration location.

The files used in this lecture can be found in
the Palm Beach directory
($RSM/data/palmbeach). These files are
included for browsing because it is likely
that the student will need to review these
files during the lecture. The PEST manual is
also a useful document.
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SOUTH FLORIDA WATER MANAGEMENT DISTRICT . .
r . . wl The surface water management practices in
PalmiBEaGhiGountyRSMIDomain 3

Palm Beach County are complex, with both
primary and secondary canals and Water
' Ezmt?/esa; Q e _ Control Districts (WCDs) with maintained
regionallRSM " e e M water levels. The primary and secondary
model < NI H—] . .
systems provide both drainage and water
supply to the areas they serve. The
“maintained” systems are subject to water
level fluctuations depending on the flood
control or water supply functions they are

= Model domainjand
features

providing at any given time.

—— The primary canals in the model area
e i Pl ” 1 include Hillsboro canal along the southern
boundary, the L-40 and L-8 canals on the western boundary, the C-51, C-16 and C-15 canals. The only

primary canal where flow is routed or “floated” is the C-51 canal with an upstream reach. There,
historical flows were specified at the tailwater of the S5A structure (site name S5AE in DSS file),
stages specified at the headwater of the G124 structure, as with a downstream reach where flows
were specified at the tailwater of the G124 structure and a stage boundary condition at the headwater
of the S155 structure. For all other primary canals, historical stages were fixed for all segments.

The secondary canal system in Palm Beach County is a dense network of canals maintained by local
WCDs, which include Lake Worth Drainage District, the Acme Improvement District, the
Loxahatchee Groves WCD, the Indian Trail Improvement District, the Northern Palm Beach
Improvement District and the Seminole Water Control District.

The secondary canals and structures are modeled in RSM indirectly using WCD waterbodies and
watermovers. The WCD waterbodies use a lumped equivalent storage term for all secondary canals
within a WCD, which is maintained at a control elevation. The WCD watermovers interact with the
groundwater system through seepage watermovers, which can be calibrated to match the observed
water levels in secondary canals within the WCD waterbody. The WCD watermovers also interact
with the primary canal system using water control structure watermovers which are typically
genxweirs, to maintain the water level at the control elevation desired within the WCD.
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Several parameter zones were selected for calibration. Nine hydraulic conductivity zones were
derived from mesh conductivity values.

Two tidal general head boundary condition zones were established based on tidal data available at
the Palm Beach and Delray tidal stations.

Three levee seepage zones were created based on two zones for the L40 canal and a zone for the L8
canal.
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The surficial aquifer in Palm Beach County is an aggregation of the unconfined sand/shell aquifer and
the Biscayne aquifer. The system’s most productive zone is a northern extension of the Biscayne
aquifer, and is comprised primarily of highly solutioned limestone. The aquifer extends from the
Palm Beach — Broward county line to north of the M canal and pinches to the west around WCA-1.
For the purposes of regional simulation in RSM, the aquifer has been aggregated to a single layer and
given vertically averaged aquifer properties based on a number of pump tests available in the
DBHYDRO-WILMA database.
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The parameters to be estimated during calibration include canal leakance to the aquifer, Manning’s
roughness for the canals and conductance of the WCD waterbodies that represent the secondary
canals. Parameter values were estimated for all features within selected zones. The zones for canals
and WCD waterbodies are shown here. In total, 29 parameters were estimated. However, two were
found to be significantly correlated and thus the values were tied together by a proportionality
constant.
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a QG UTH FLORIDA WATER MAMNAGEMENT

PEST Oojactjva Funeton

weighted sum of cumulative bias and root mean square error (RMSE)
across all monitoring stations and state variables;

total number of monitoring sites;

weight assigned to data at site i that will be applied to bias;
weight assigned to data at site i that will be applied to RMSE;
cumulative bias at site i;

RMSE; = root mean square error at site i

The PEST calibration is conducted by using various linear techniques to minimize the objective
function. In the case of RSM, the objective function is based on the historical and simulated daily
stage values for canals and groundwater wells.
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a QG UTH FLORIDA WATER MAMNAGEMENT =

Running PEST

Running PEST requires three sets of files;
Instruction file (*.ins):

The instruction file provides the information for the location of the output values that are compared
to measured data for model optimization. For the Palm Beach County Model this is the residuals.ins
file.

Template file (*.tpl):

The template files are the same as the model input files that contain the parameters that are going to
be optimized, except the template files have the variable names substituted for the parameter values
in the template files. There are several template files because the parameters are located in several
XML files. The files are listed at the bottom of the control file palm_24.pst.

Control file (*.pst):

The control file (palm_24.pst) contains all of the parameter values used to control the operation of the
PEST model run.
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SOUTH FLORIDA WATER MANAGEMENT DISTRICT

PEST Conirel Fllas (eratlom 24k osib) RSM@-\Q}

Pest control file (.pst) used by the
“pestgen” utility the very first time.

pef
* control data Npar—no of parameters

i (gD oo OF R Npar- Number of parameters including

a
%9176 & ) Npargp-no of parameter groups

1 single point 1 1 1 =
2.0 0% booosos adjustable, fixed and tied. 39
30 9008 2 26(adj)+2(tied)+11(fixed).

0.01 4 0.0 3
1 1

* parameter groups
Pb_k relative 0. . switch 2.0 parabolic
pb_sc relative 0. -0 switch 2.0 parabolic
pb_canal n relative 0. - switch .0 parabolic

relative 0. .0 switch 2.0 parabolid

ey 5 By A There are 8 parameter groups including
pbwed 1o relative 0. . switch 2.0 parabolic . .« . .
pb_gnb Telative 0.01 0.0 switch 2.0 paraboli~ hydraulic conductivity, storage, Manning’s
* parameter data
bkl la factor L -06 1.70000008-07 1.0000008-03 pb k L
ey i & o e sl n, canal k/del, levee-seepage coefficient, the
pb_k3 log i o 5 1.000000e-07 1.000000e-03 pb k

ob k4 loa .5504784E-05 1.000000e-07  1.000000e-03 ob k Vegetation ET coefficients (kturf), lumped
canal conductance for WCDs, and the GHB
value for tidal boundary condition.

Npargp — Number of similar parameters
grouped together.

Multiplier converts
ft/day to ft/sec

For parameter groups, ‘relative’ means the increment used for calculation of forward differences will
be 0.01 times the current value.

The value for the lower increment, here set to “0.0”, is the smallest value by which the parameter can
be changed for calculating derivatives.

Switch means PEST can choose between forward and central differences for derivative calculations.
2.0 is the increment for the central difference over the forward difference.

Parabolic means a parabola is fitted through the three points used to calculate the central difference
and the derivative of the parabola is computed.

For each parameter, enter the current value, lower limit, upper limit and the group name.
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S 0OUTH

FLORHRI

WATER

Past Conrcral Sl

pb_canal kdé log
pb_canal kd7 log
pb_canal kd8 log

pb_18 kmd

pb_140n_kmd
pb_140s_kmd

log
log
loa

factor
factor
factor
factor
factor
factor

.007234BE-06
.617218B9E-04
.844278B9E-04
.187333BE-05
.7165577BE-05
.8328B971E-06

.000000e-08
.000000e-08
.000000e-08
.000000e-08
.000000e-08
.000000e-08

MANAGEMENIT

.000000e-03
.000000e-03
.000000e-03
.000000e-03
.000000e-03
.000000e-03

pb_canal kd
pb_canal kd
pb_canal kd
pb_lev kmd
pb_lev kmd
pb_lev kmd

kturfqgl
kturfg2
kturfqg3
kturfqg4

0.5400000
0.7500000

1.030000
0.8300000

1.000000e-01
1.000000e-01
1.000000e-01
1.000000e-01

1.500000e+00 kturf
1.500000e+00 kturf
1.500000e+00 kturf
1.500000e+00 kturf

fixed Ifactor
fixed factor
fixed factor
fixed factor

pbwcd lcl
pbwed lc2
pbwed le3
pbwed lc4
pb_ghbl

log
log
log
log
tied
tied

factor
factor
factor
factor
factor
factor

.3222125E-05
.0000000E-03
.299288B3E-05
.0000000E-08
.8329962E-04
.4337116E-04

.000000e-08
.000000e-08
.000000e-08
.000000e-08
.000000e-07
.000000e-07

.000000e-03
.000000e-03
.000000e-03
.000000e-03
.000000e+05

pbwecd lc
pbwed lc
pbwed lc
pbwed le
pb_ghb

ph.ghi2
pb_ghbl pb_k3
pb_ghb2 pb kil

* observation groups
ch bias

ch rms

sf bias

sf rms

sh bias

sh rms

wh _bias

wh_rms

* observation data

.000000e+05 pb_ghb

If there are parameters
tied enter here.

The information in the “parameter data” section controls the parameter estimation process in PEST.
A few of the key attributes of this file are as follows:

Enter ‘fixed” for a parameter which does not change during PEST runs.
Enter ‘log’ for parameters which change in orders of magnitude like hydraulic conductivity.

The tied or correlated parameters should be entered after all the other parameters have been listed in
this section.

Observation groups include both bias and root mean square error (RMSE) statistics for:
e groundwater stage or cell head (ch)
e canal stage or segment head (sh)
e Water Control District Stage (wh)

e canal flow or segment flow (sf)
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SOUTH FLORIDA WATER MAMNAGEMENT DIS

Past Concrol Sila

Initial values for the Weights for the
observation data observation data

wh_rms

* observation data
CH BOYWELL1 G RUN b
CH_BOYWELL2 G _RUN b
CH BOYWELL3 G RUN b
CH PB-1684 RUN b
CH PB1491 RUN b
CH PB1454 RUN b
CH_PB1495 RUN b
CH PB1515 RUN b
CH PB1639 RUN b
CH PB1660 RUN b
CH PB1661 RUN b
CH_PB445 RUN b
CH PB561 RUN b

0 0
0 0
0 0
0 0
0 0
0 1
0 1
0 1
0 1
0 1
0 1
0 1
0 1

sFwmd.gow

For calibration, 176 “observations” are used which include cell heads (CH), segment heads (SH),
segment flows (SF) and WCD heads (WH) including both bias and RMSE. Both bias and RMSE have
the same weight for stage data. Zero values for weights tell PEST not to use this observation in the
objective function. This is useful when configuring different PEST calibration runs.
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SOUTH FLORIDA WATER MANAGEMENT DISTRICT

B Observations and Weights

= The PEST documentation suggests that weights for each
observation should be inversely proportional to the standard
deviations of the observations - weights should be an
indicator of the accuracy or reliability of the data

If observations are of different types like stage and flow; the
weights assigned should reflect the magnitudes of the two
quantities

Weights should be chosen such that the contribution:to the
objective function for each measurement is equitable

sfwmd.gov

SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Weights for flows should reflect the magnitudes

% palm_24.pst - WinVi

SF_G124_NOV_r
SF_G124_OCT r

SF G124 SEP r

SF_S155_APR r

(2}
L}
(2]
|
o
o
H

)
Ll
0
=
o
a
H

SF_S155 MAY r
SF_S155_NOV_r
SF_S155_OCT r

sfwmd.gov

The flow monitoring sites were weighted
with lower values to account for the
magnitude of flow values. Again, due to the
uncertainty of the flow data reported as
pump logs for secondary WCDs, the
weights were much less in magnitude as
compared to the weights for primary canals
where flow is computed based on the
breakpoint data. The choice of weights for
PEST calibration took into consideration the
quality of the data. It was a trial and error
procedure involving many initial PEST
runs.

The flow values are much higher than stage
values and thus the weights for the flow
observations are high in order that the flows
and stages are similarly valued in the
objective function.

Hydrologic and Environmental Systems Modeling
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SOUTH FLORIDA WATER MAMNAGEMENT | a 1 I G

Past Conrerel Bila

SF_DEMAND SEP r 0.0000010
SF_DEMAND OCT r 0.0000010
SF_DEMAND NOV r 0.0000010
SF_DEMAND DEC r 0.0000010

* model command line

./run_it.sh

* model input/output

run calib pb 9kzones 9canalindex.xml.tpl run calib pb wcd wm weirs.xml

pb_levee-seepage.xml.tpl pb levee-seepage.xml

wcd waterbodies.xml.tpl wed waterbodies.xml

et kc quarterly.dat.tpl et kc quarterly.dat

tide wallghb 011506.xml.tpl tide wallghb 011506.xml

evap prop 10 04 05.xml.tpl.tpl evap prop 10 04 05.xml.tpl

residuals.ins residuals.out

* prior information

Efvrmd .. gow

Template files are used to define the input files whose parameters get updated by PEST. The
run_it.sh shell script runs the HSE along with Python scripts used in calculation of residuals. The last
part of the control file lists the command lines to run the RSM. A template file is used for each of the
parameter input files along with data files when the XML file has parameters which change with
every PEST run. In this run there are six template files.
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SOUTH FLORIDA WATER MAMNMAGEMENT DISTRICT

Tyolcal Tamolais Hle RSM

<transmissivity>
<indexed file="./input/cond-calib 9 zones.index">
<entry id="1">
<unconfined gms layer layer="1" file="./input/hyd con. mult="#pb kl
</entry>
<entry id="2">
<unconfined gms layer layer="1" file="./input/hyd con. mult="#pb k2
</entry>
<entry id="3">
<unconfined gms layer layer="1" -/input/hyd con. mult="#pb k3
</entry>
<entry id="4">
<unconfined gms layer layer="1" file="./input/hyd con. mult="#pb k4
</entry>
<entry id="5">
<unconfined gms layer layer="1" ./input/hyd con. mult="#pb k5
</entry>
<entry id="6">
<unconfined gms layer layer="1" ./input/hyd con. mult="#pb k6
</entry>
<entry id="7">
<unconfined gms layer layer="1" ./input/hyd con. mult="#pb k7
</entry>
<entry id="8">
<unconfined gms layer layer="1" ./input/hyd con. mult="#pb k8
</entry>
<entry id="9">
<unconfined gms layer layer="1" -/input/hyd con. mult="#pb k9
</entry>
</indexed>
</transmissivity>
<!-- Storage coefficient or specific yield for layer 1 -->

The template file is used to define place holders for the conductivity values for the 9 hydraulic
conductivity zones where the values are enclosed in double quotes. In this case before PEST runs, the
PEST program will replace the strings “#pb_k1#”, “#pb_k24”.... “#pb_k9#” with the current values of
the parameters.
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LORIDA WATER MANAGEMEN

Running PEST

PEST creates the input files for the RSM
model. The script run_it.sh runs the RSM
writes model input files and post-processes the results to create the
file containing the bias and RMSE values.

Input files PEST uses those values to estimate the
parameter values for the next iteration.
run_it.sh

Output files

reads model output files

SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Sexfot Runs HSE: . lesi RS Mﬁ»f;ﬁ":i:. Obtaining the optimfal set of parameter
a8 values from PEST will require many
iterations using the parameter upgrade
vector. Each iteration will require “n” runs.
To complete a calibration exercise, PEST is
run in parallel on a Linux processor cluster
with multiple CPUs and common RAM and
storage. A temporary directory is setup for
each processor. The directory includes the
input and template files and run_it.sh script.
This script runs the RSM implementation
and creates the necessary statistics (bias and
RMSE) for the objective function.
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SOUTH FLORIDA WATER MANAGEMEN

Ingut Fll2 Usael by Serioite Calley kit s\ Lhe residuals or the difference between
aes1guals 4 observed and model computed is calculated
Residuals calculated from the fetch_calib.ctl file used to specify the using a script which reads the DSS file of the
dss paihs of MRS N observed data and the path of the DSS file is
specified in the fetch_calib.ctl file.

SOoOUuUT L IDA NATER MANAGEMENT

While PEST is running, the objective
function, matrix condition number,
parameter sensitivities and Jacobian matrix

Meanitorlne] ins Preoc)ass ef PESE

Objective Ftnction can be viewed. The covariance/correlation

matrix and eigenvalues/vectors can be
viewed only after the PEST run is complete.

Jacobran Matrix
Covariance/Correlation Matrix
Eigenvalues/ergenvectors
Matrix:Condition NUmber,
Parameter;Sensitivities

Parameterivalues and/confidence intervals
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SOUTH FLORIDA WATER MAMNAGEMENT |

Qojaetive Funecion

= Objective function Phi should reduce with eachPEST run

Sum of Squares Phi with iteration for Palm_14 Run

Iteration

Check the Phi values in the PEST run record file by using the “grep” command.
For Palm Beach County Run 14, the biggest reduction in Phi was from iteration 6 to 7.

PEST Optimization is terminated when the objective function values are within 0.01 for the last 3
iterations.
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Jacobian matrix is the derivative matrix and
is the rate of change of the computed value
at the observation point with respect to the
parameter. Derivatives are calculated only
for adjustable parameters and not for fixed
or tied parameters. The simplest way to
calculate a derivative is to use the forward
difference method. This is done by adding
an increment to the current value, unless
the current value is at its upper bound, in
which case the value is subtracted. Central
difference gives more accurate derivative
values than forward difference, but requires
two model runs, and is required when the
objective function minimum is approached. The most time-consuming part of PEST is by far the

calculation of the derivatives.

DA WATER MANAGEMENT DISTRICT

- — The Jacobian matrix is used to calculate the
WasopIaniIV atixesage RSM

model response to changes in the
parameters and the parameter upgrade

Predicted model response to changes in parameters vectors.

J is an mxn matrix, J'J is an nxn matrix
which can be inverted. Inv(J’J)J’ is an nxm
matrix. b is the parameter vector of n values
and c is the vector of m model calculated
observations. Q is the diagonal matrix of
weights.
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SOUTH FLORIDA WATER MAMNAGEMENT | - |

Jaeooizain Wizt i

= PEST writes the jacebian values in binary form inte a file palm_24.jco

= Use jacwrit utility to convert the binary file to ASClIftext.

= Jacwrit palm 24.jce palm 24.jac.txt

pb ki pb k2 pb_k3 pb_k4 pb k5

pb k35 pb canal n2 pb canal n3 pb canal kdl pb canal kd2

pb _canal kdé pb canal kd7 pb canal kd8 pb 18 kmd pb_140n kmd
pbwed 1c3 pbwed 1cd

ch boywelll g run b

ch boywell? g run b

ch boywell3 g run b

.036907TE-D2
.404440E-03
.425836E-03
102177

.05%933E-02
.462005E-03
. 540965E-03
102062

.142588
. 365908E-02
.063635E-02 -4.426T721E-D2

.517201E-D2
. 352000

.496681E-D2
.210340E-D2

.S1T7201E-D2
. 356000

.50243T7E-D2
.279418E-02

9.952930E-D2
1.01500

3.
-0.
=il.

0.

97T7712E-02
430000
191587E-02

. 9594981E-02
. 427500
.203100E-D2

104710

-1.30000

==

344504E-02

.6T75131E-D2
. 240850
.162805E-02

. T03913E-02
239655
.168561E-02

.881480E-D2
270083
.292695E-02

.154964
5.238379E-03
.101108E-D2

.155252
5.2955944E-03
L112621E-02

.441463
LA42T602E-02
.055756E-02

291623 0.265718

Efvrmd .. gow 24

After converting the binary palm_24.jco file to text, use the text editor to view it.
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Jaecovian/Corralzition Mearirie Craonle OlUiEou: RSM &3

The RSM GUIlver 4.0.3 running on server: whqoomOLld

HecDsstue
sHaptiue
Open DX
| B et con Hydrograpt:
e parison Hydrographs
Waterbody_CAT
Waterbody_PLOT

lWaternover_CAT

Waternover_PLOT -
Google KHZ Animation Results Viewer

Transect Tool
File VYiew Cells Segments

Digitize ROI
Cell Colorflood Tools

r
Time Tools r -—4_._’\

Mowie

/

Segment Colorflood Tools ¥ Calibration

Ehange Flow Vector Grid Size Mdresreph

L Segment. viewer
R —— e Summary Statistics

sualization

Pest Visualization

PEST Calibration Results

Parameter: runber

Parameter: nunber
Correlationy nunber

Import Jacobian File Import Correlation File | ‘

gFwvermd . ow

The Jacobian/correlation matrix can be saved as a graphic output using the RSM GUI toolbar. Start
the RSM GUI and from Tools->Misc Tools->Pest Visualization->import Pest Jacobian/Correlation->
File-Save as PNG
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a O UTH FLORIDA WATEH M

Jaeaoian Meririsa Craonic OlutolUe

ac jacob.png - Windows Picture and Fax Viewer

Jacobian Matrix

observations|

parameters log(abs(sensitivity))

00 =0 | PR anr XEHH| @

The Jacobian values can be viewed graphically using the RSM GUI utility. This is used to identify
parameters and observations that are highly correlated and thus do not help obtain an optimal
solution.

Page 14.22 Hydrologic and Environmental Systems Modeling



RSM Training

Module 14: Calibrating a RSM Sub-Regional Model using PEST

HESM Instructional Materials for Training Purposes Only

DA

WATER

MANAGE

MENT DI

5OVt apGeViathi X H ydratl IciEon dU Gt VLY,

pb_k3

pb_k4

pb_k5

pb_k6

STRICT

RSM

pb_k7

pb_k1 0.0071936 | -0.0430110 | -0.0137700 | -0.0274780 -0.0425900
pb_k2 0.0117970 | 0.0130140 | -0.1550000 | 0.2484000 0.2942000
pb_k3 0.0467880 | 0.0032930 | -0.0766910 | 0.0155540 0.0426090
pb_k4 0.0032930 | 2.3330000 | -0.6096000 | 0.9954000 -1.1760000
pb_k5 -0.0766910 | -0.6096000 | 0.6329000 | -0.6192000 0.1448000
pb_ké 0.0155540| 0.9954000 | -0.6192000 | 3.1630000 -0.6184000
pb_k7 0.0426090 | -1.1760000 | 0.1448000 | -0.6184000 6.1580000
pb_k8 0.0412130 | -0.5532000 | -0.1785000 | 0.0794870 1.6980000

SoUuUT

-0.0162360

H LORI

-0.3164000

A WATER

(30VariancesVanninggsn

pb_canal_n2
pb_canal_n3 -0.0000756

0.01388:

0.1059000

M A K

-0.0156360

- pb_canal_n3

-0.0000756
0.0001539

0.2615000

Diagonal elements of the matrix are the
variances of the calculated results at the
observation points. Diagonal elements with
the largest variances are the ones with the
highest uncertainty. The parameters pb_k7
and pb_k6 have the highest variances.

The Manning’s n roughness values for the
two canal groups are not correlated.

Hydrologic and Environmental Systems Modeling
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LORIDA WATER MANAGE

(sOVatianGetiodGanaltky/del

- pb_canal_kd1 | pb_canal_kd2 | pb_canal_kd3 | pb_canal_kd4
. , 0]

pb_canal_kd1 0.7753000 |  0.698 .971600 _
canal_kd2 0.6988000 |  9.0580000 |  2.3910000 _
| TeEaiatas " "

(0]
-0
)
0

3.2010000
pb_canal_kd6 -0.0064404 0.3041000 -0.632500 0.3201000
pb_canal_kd7 -0.9746000 5.7090000 5100000 1.4090000

| .0223
[ 000
pb_canal_kd3 0.97160 _ 4088000

D 99 0
pb_canal_kd8 1.6850000 4.0560000 2.7540000 -0.2500000

pb_canal_kd4 0.0223180 -0.8400000 0.4088000 0.4453000
i e ey -

SOUTH FLORIDA WATER MANAGEMENT DISTRICT

Carr2laglon Corilalan:

= Parameter correlation is at least as impertant,as
examining|individual parameter sensitivities.

= Off-diagenal terms will range fromi-1 to 1, depending on
the degree oficorrelation.

~Valuesnearzero; arerdesirablerbecausertheyzindicate
absence of correlation:

= Valuesiclose:to/l or—1 are lessidesirable because they.
indicate theiparametersiare strongly: correlated.

There is a high covariance between some of
the canal-aquifer interaction terms (k/del).

Correlated parameters are parameters that
can be varied in groups with little effect on
model output and therefore little effect on
the objective function. If PEST is having
difficulty in reducing the objective function
in one of your models, check the degree of
parameter correlation. If you find that
parameters are strongly correlated, PEST is
providing valuable feedback on your
observation data that might not have been
noticed otherwise. Specifically, you've
learned that additional observations are
required to resolve the parameters. In
many circumstances, heads by themselves

are inadequate for resolving model non-uniqueness. You will have better luck in calibrating transport
models if you also have observations of flow and/or concentration.

Page 14.24
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LORIDA WATER MANAGEMENT JISTRICT

The graphic display of the correlation
coefficients created by the Rsmtoolbar
(corrln.png) shows the parameters that are
highly correlated, both positively and
negatively. The dark colored off diagonal
elements show very high correlations.

2
0

GraphiciDisplay, RSM!

EETEEE
ENTECEE NN
10 15 20

parameters

SOUTH FLORIDA WATER MANAGEMENT DISTRICT

A Open the PEST record file (palm_24.rec) to

Corrakiilan Ceasiilalaniss Wik Rl EWY RSM A% ) e
4 look at the correlation coefficients for
pb_ ki pb_k2 pb_k3 pb_ka parameters. The parameters pb_k1 and
pb_ k3 pb_canal n? pb canal n3 pb canal kdl .
pb_canal kd6 pb_canal kd7 pb_18_kmd pb_l40n_kmd pb_ghb2 are highly correlated as well as
pbwed lcd pb_ghbl L. .
ks v & T Eom pb_k3 and pb_ghbl. This is likely because
e e o3 pb_k1 is the groundwater conductivity
¥ SR associated with the general head boundary
1.000 . F .2952 .. . . .
0.1254 .9638E-02  0.4038 condition used in pb_ghb2, and similarly for
=0.2762 2 3 .6002E-02
Cides 4ses pb_k3 and pb_ghb?2.

.2512E-02 0.1412 .000 .1648
.2915 9.3478BE-02 2772 02 .9629E-02
.2035 - 5565E-02 . -1160
-1561 - 9711 -T77BGE-D2

.2581 0.2952 .1648 1.000
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s QUTH FLORIDA WATER MAMNAGEMENT

Corralacion Coafflglapies

Conductivity Zone 1 is correlated to
Tidal Zone 2

Conductivity Zone 3 is correlated to
Tidal Zone 1

Tie correlated parameters for the next
PEST run in the *.pst file.

Once correlated parameters are identified they should be tied together so they don’t degrade the
parameter upgrade vector.

Only tie parameters that have correlations with r > 0.9. Remember that tying parameters together
takes them out of the picture.
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SOUTH FLORIDA WATER MANAGEMENT

1 JENVEGLOTgan U= genvalles

Eigenvectors are actually;a way. te learn aboutiparameter,
correlation betweenimore thantwoe parameters;

Ifithe modellis insensitive.toja single parameter, the
eigenvector. corresponding to the largestieigenvaluewilllbe
dominated by a'single component; thisipertaining to'the
insensitive parameter:

However, ifithe eigenvectorhas a number ofisignificant

components rather thanione; it is anindication of insensitivity.

associated \with a group! of parameters (i€ parameter
orrelation);

Correlated parameters are those whose:eigenvector:
components are significantly’non-zero:

SOUTH FLORIDA WATER

PAarameterdinSensitl Vity,

b,

eigenvector

The eigenvectors and eigenvalues provide
useful information about which parameters
are important and which parameters are
causing problems in the calibrations.

The highest eigenvalue is the direction in
the parameter space where the estimation is
the weakest. The eigenvector components of
largest eigenvalue are dominated by a single
component. Normally the highest
eigenvalue is the most important because
this is the direction in parameter space in
which parameters are most poorly
estimated, i.e. the probability ellipsoid is
longest in this direction. Looking to the
eigenvector corresponding to the highest
eigenvalue, we can often see at a glance
what may be causing problems in parameter
estimation. If the model is insensitive to a

single parameter, the eigenvector corresponding to the largest eigenvalue will be dominated by a
single component, this pertaining to the insensitive parameter.

Hydrologic and Environmental Systems Modeling
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SOUTH FLORIDA WATER MAMNAGEMENT

Sicjanyvactors

A B s D E F G H 1 |J M TIUVWX| Y
1 Vector_1 |Vector_2 [Vector_3 |Vector_4 |Vector_5 |Vector_6 |Vector_7 [VeqV{VeVe V¢V V| Ve\ Ve VeV V|V{V|V¢VeqVector_2§Vector_26
2 |pb_k1 0.00106] -0.01502| 0.02812| 0.01283| -0.10890| 0.07930| -0.40900| ## |#| #|# [# #| | # | # | #[##] |#]##) -0.00794]| 0.00003
3 |pb_k2 -0.01055| 0.04339| -0.03352| -0.19410| -0.09856| 0.32270| -0.41520| ## |# | #|# [# #| | # | # | #[##] |#]|## 003890 0.01590
4 |pb_k3 0.00106| -0 02500| -0.02551| -0.08809| 0.01247| -0.16050| 010950|## [# | #|#|# #||# |8 |#|#|#| [#|##]| 000526] 000511
5 |pb_k4 -0.00038| 005027 0.01732] -0.19200| -0.19830| -0.04615| 005414 |##|# | #|#|# #||# | # | #|# #| |#] 4] 009435( -0.14670
6 |pb_k5 -0.00248| 0.00426| -0.03926| -0.02244| 0.05714| -0.09796| -0.01949|## |# | #|#|# #||# |8 | #|##] |#]##] -0.08122] 0.01743
7 |pb_k6 -0.00356| -0.01182| -0.00526| 0.07738| -0.00464| 0.08659| -0.02017 | ## |# | #|# [# H#| | ## | #[##] |#]##] 0.22460] -0.08676
8 |pb_k7 0.00178| 0.00927| 0.04842| -0.10090| 0.13300| -0.10360| -0.02257 | ## |# | #|# [# #| | # | #|#[##] |#|##) 0.02897| 0.33780
9 |pb_k8 -0.00710| -0.01026| -0.08904| 0.16520| -0.79220| 022920| 006201 |##|# | #|#|# #||# |8 | #|##] [#]##] 017190 012640
10 |pb_k9 0.00184| 002670| -0.00580| -0.16490| -0.05965| -0.21940| 011620|# [# #|#|# #||# |8 | #|#|#] |#]##] 000252 002264
11 |pb_canal_n2 | 0.06480| -0.93510| -0.26110| -0.18960| -0.02951| 0.00603| 0.02296|## |#|#|#|# #||# | # | #|##| |#|##| 000075 0.00525
12 |pb_canal_n3 | 0.99740| 0.07038| -0.00365| -0.00255| -0.00701| 0.00396| -0.00460 | ## |# | #|# |# #| | # | # | #[##] |#]##] 0.00125] -0.00040
13 |pb_canal_kd1 0.00495| -0.08564| 0.60650| -0.13270| -0.35550| -0.42760| 0.00705|## |#|#|#|# #| | # | # | #[##] |#]##) -0.16420] 0.00800
14 |pb_canal_kd2 -0.00107| 000714| 0.05703| -008588| 0.07159| 022060| 009501|##|# | #|#|# #||# |8 | #|##| |#]|##] -013660[ -027600
15 |pb_canal_kd3 -0.006837| 004193| 0.02456| -030930| -0.00429| 0.13830| 011330|## |# | #|#|# #||# | # | #|# #| |#]##] -023780[ -0.14350
pb_canal_kd4 0.02236| -0.24990| 0.54900| 0.48480| 0.12020| 0.44400 0.11450(#|# | #|#|# #||# | # | #|#|#| |#|##]| -0.03404| -0.02603
pb_canal_kd§ -0.00332| 0.03767| -0.07514| -0.17560| -0.20250| 0.13030| 0.03742|## |#|#|#|# #| | # | # | #[##] |#]##) -0.36390] -0.22300
pb_canal_kd 0.00367| 0.00702| 0.05014| -0.05874| 0.10850| 0.13920| 0.08769|## |#|#|#[# #| | # | # | #[##] |#]##) 0.01028] -0.01340
pb_canal_kdg 0.00208| -0 04676| -0.01149| 013470| -0.07007| 0.04089| -0.04539|## [# | #|#|# #||# | # | #|#|#| |#|##] -0.46920] 007655
21 |pb_I8_kmd 0.00119| -0.01618| 0.00913| 0.13650| 0.04766| -0.09023| -0.07808|## [# | #|# |# #||#|# | #|##| |#|##| -000718| -0.35410
22 |pb_l40n_kmd| -0.00131| 0.00343| -0.00564| -0.04225| 0.05195| 0.02466| 0.00634|## |#|#|#[# #| | # | # | #[##] |#]##) -0.34950] 0.23070
23 |pb_l40s_kmd| -0.00137| -0.01513| 0.04159| -0.05834| 0.04140| -0.05858| 0.03707 | ## |#|#|#[# #| | ## | #[##] |#] 8] 0.43240| -0.49110
24 |pbwed_lc1 0.00082| 004028| -0.03619| 005146| -0.21750| -0.11090| -0 20490 ## [# | #|# |# #||# |8 | #|#|#] |#]|##] -001261| -0.02244
25 |pbwcd_Ic2 0.00474| -005871| 0.45900| -054290| 0.05026| 0.18390| -0.03850(## [# | #|#|# #||#|# | #|##| |#]##] 015470 004708
26 |pbwed_lc3 0.00189| 0.01718| -0.03804| 0.05485| -0.11420| -0.04810| 0.68140(## [# #|#|# #||# | # | #|##] |#]##] 001474 0.00343
27 |pbwed_Ic4 -0.01405| 0.18060| -0.13110| -0.27830| -0.02357| 0.43220| 0.25040|## |#|#|#[# #| | # | # | #[##] |#]|##] 0.01886] 0.13060
28
29 [Max 099740 018060 060550 048480| 013300 044400 068140(##|# #|#|# #||# |8 | #|##] [#]|##] 043240 049690
30 |Min -0.01405| -0.93510| -0.26110| -054290| -0.79220| -0.42760| -0 41520|##|# | # # ## | #H# #|## | -046920( -0.49110
31 r
32 |Eigenvalues | 0.00001] 0.00015] 0.00040| 0.00229] 0.00479| 0.00886| 0.01218|##|# | #|#|# H#| | #H | #EH] 8 |24 52000§ 41.64000
33 [Ratio 8 06E+06 b

& Fverrmel . oW

36

Shown are the eigenvectors and eigenvalues for the Palm Beach County Model. The columns are the
eigenvectors. Vectorsl, Vector2 ... Vector26. The largest eigenvalue is 41.64 and the eigenvector
corresponding to this has 4 components shown in color. These groups of parameters are somewhat
insensitive. A similar pattern is seen for the next highest eigenvalue corresponding to 24.62
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DA WATER MANAGEMENT DI

Condition numbers indicate how well-
posed the calibration problem is.

= GENVAIUES

Ifithe ratio ofithe/highestito the/lowest eigen valueiis > 108 Large condition numbers indicate the

then there is astrong possibility that:PESTiis having matrix is ill-conditioned.
difficulty/calculating the parameteriupgrade vector;due to
parameterinsensitivity or.correlationt

The square rootiofitheratioisirelated lto the “condition
number® of:the'matrixithat: PEST mustiinvertiwhenisolving
for.theparameter. upgrade.

Palm'Beach | Case — Eigen|Values:

5-1655E-06—4+5424E ~04~A4-0455E+04—2L2877E-03—4-7866E-03—8-8631£-03
1.2184E-02  1.6076E+02, 1.6498E=02 2-.8623E-02 3-71B3E-02 4.A0B3E~02
5.0725E-02  6.4151E-02 O.1504E-02 0.1217, 0.2625 0-3577

0.7163 1.483 1.970 4939 72307, 21.40  24.62
41.64]

Ratio was 8.06e+06(107)—somewhatborderline:

SOUTH ORIDA WATER MANAGEMEN

If the condition number of a matrix is

Caonclitlon MIINYETS . .
around 1, it is well-conditioned.

If the condition number of a matrix is 105, it

Matrix Condition Numbers during = e is ill-conditioned.
PEST run ; 5

PEST has to work hard when a condition
Use the grep command to search for o x
‘CONDITION' in the palm_24.cnd file e number is large to find a solution.

The Condition numbers should
preferably be less than 104.
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DA WATER MANAGEMENT DI

It is important to review the parameter
sensitivities to identify those parameters
that are insensitive and thus inhibit the

= Parameter:sensitivity derived from;the Jacobian effectiveness of PEST to obtain a good
matrix.

P Al NELETISEN St VILY,

: - _ solution.
= Composite parameter;sensitivitiesiwritten toithe
palm_24.senfile.

= Relative composite sensitivity ofia parameter
obtamed by multiplying:itsicompositevalue by the
magnitude ofithe value'ofithe parameter;:

e The higher the number, the more sensitive
the parameter is. Exclude parameters at the
upper and lower bounds. The upper and
—— e e : v hal. Semsttivity lower bounds were defined in the control
file.

ParametergsSensitivity:

Page 14.30 Hydrologic and Environmental Systems Modeling



RSM Training HESM Instructional Materials for Training Purposes Only
Module 14: Calibrating a RSM Sub-Regional Model using PEST

SOUTH FLORIDA WATER MAMNAGEMENT | a 1 I G

Paramacar Sansitivicy

Sensitivity of Kzone parameters with PEST iteration for the PB RSM model.

Sensitivity

gFwvarmd . oW

Iteration

A plot of sensitivities with PEST iterations shows that the parameters are the most sensitive within
the first iteration and sensitivity changes with subsequent iterations.
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A WATER MAWNAGEMENT DISTRIC

All quantities are only approximate
because their calculation is based on
linearity assumption which is often not

Patameiersstatisticsianticonfidence vValues:  RSM

= At the end ofithe/REST run parametersstatistics:and

95% confidence intervalsiare reported. true. Regardless of the approximate

nature of this analysis, much can be
learned about the model, its
parameterization and its appropriateness

= High levels ofiparameter-uncertainty:
« Parameteriinsensitivity.

« Rarameter;correlations
for a specific application. Depending on

the use of the model, parameter
uncertainty due to high correlations
between parameters may not be a defect.
High correlations between parameters
are easily recognized from the correlation

matrix and the eigenvector eigenvalue
analysis. The test is to use the model for predictive analysis. If the predictions made by the model
are of the same type as the measurements used in the calibration process, and if the “stress
condition” imposed is no different from that which the model went through during calibration, the
effect of parameter correlation on model predictions will not be very large.

Parameter uncertainty caused by parameter insensitivity is often more of a challenge than
correlation.

u DA WATER MANAGEMENT DISTRICTY . .
- - %y Confidence values provide a useful means
PalametedGon idencallimits RSM/ ) . . )
%28 of comparing the certainty with which
Parameter Estimated value Lower 95% limit Upper 95% limit different parameter ValueS are estimated
pb_k1 5.42E-06 1.98E-06 1.48E-05 . . .
pb_k2 2.02E-04 313605 1303 [l by PEST. Parameters with tight confidence
pb_k6 3.06E-06 8.58E-10 LOE2 B Jimits are generally not correlated with
pb_k7 1.87E-05 2.07E-10 1.69059
pb_k8 5.40E-05 1.60E-07 18202 [l other parameters. For the Palm Beach
pb_k9 3:59E-06 9.49E-07 LWE% W County Model the parameters pb_k7,
pb_canal_n2 0.1 -0.135347 0.335347
pb_canal_n3 1.00E-02 1.48E-02 s4se-02 [ pb_canal_n2, pb_canal_kd5, pb_canal_kd7,
pb_canal_kd4 1.00E-03 4.65E-05 2.15E-02
pb_canal_kd5 1.87E-04 5.44E-10 64.0926 pb_canal_kd8 and the levee .seepage
pb_canal_kd6 8.81E-06 3.20E-08 236e-03 | parameters have large margins of
b |_kd7 7.93E-04 1.20E-11 52433.7 .
po_cang_ uncertainty.
pb_canal_kd8 2.22E-04 4.03E-11 1219.34
pb_18_kmd 5.41E-05 2.63E-12 1112.01
pb_140n_kmd 2.52E-05 2.05E-11 30.9524
e pb_[40s_kmd 4.19E-06 3.20E-14 548.779 [
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SOUTH FLORIDA WATER MANAGEMENT DIS
"__'-_.

3 i

- PEST Rastules: Grounelweicar wealls

SFRSM SFWMM
GW Stage Monitoring 1984-1995 1984-1995 Criterion
Site Bias RMSE Bias RMSE Met?

BOYNTON_WELL1 -0.61 0.83 n/a n/a yes
BOYNTON_WELL2 -0.64 0.72 n/a n/a yes
BOYNTON_WELLS -0.40 0.66 n/a n/a yes
PB445 -0.40 0.81 0.01 0.46 yes
PB561 -0.19 0.82 0.13 0.93 yes
PB683 -0.09 0.55 -0.66 0.93 yes
PB685 0.05 1.11 n/a n/a yes (marginally)
PB732 -0.14 0.51 -0.02 0.45 yes
PB99 -0.21 0.61 -0.09 0.66 yes
PB1491 2.65 3.36 1.02 2.37 no
PB1494 -0.73 1.07 0.39 0.75 yes
PB1515 -0.43 0.64 -0.18 0.52 yes
PB1639 -0.40 1.48 -0.21 1.34 no
PB1660 -0.53 1.05 0.97 1.24 yes

These are the results for the calibration statistics; bias and root mean-squared error, for the selected
wells for the Palm Beach County RSM implementation and the SFWMM. The RSM produced results
that are comparable to the SFWMM.
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LORIDA WATER MANAGEMENT DISTRICT

: oo PEST results for secondary canal stage
PEST Resiuliss Saconclany Gl Sitstefe RSM;‘Q@I y &

monitoring locations within the WCDs for
the time period 1984-1995. The RSM was
Secondary Canal able to produce results for canals that are

Stage SFRSM SFWMM b '
R 1984-1995 1984-1995 not available in the SFWMM.

50

Site in WCD Bias RMSE Bias RMSE | Criterion met?

WCD13.0 -0.12 0.43 n/a n/a yes

WCD16.0 0.17 0.46 n/a n/a yes

WCD8.5 -0.17 0.48 n/a n/a yes

WCD9.3 -0.47 0.68 n/a n/a

sfwmd.gaow

SOUTH FLORIDA WATER MANAGEME

There is only one primary canal in this
PEST Raulfis;

model, the C51 canal. The stage and canal
flow were within acceptable ranges. The
SFRSM SFWMM . . i K .
Primary Canal Stage | 19841995 A Criterion negative bias indicates that the calibrated
Monitoring Station | Bias RMSE i RMSE Met? .
SR a5 @ — yes model does not predict the peak flows well.
Primary canal flow The flow in the secondary system is
SFRSM SFWMM : :
bty Ganal Flow 19841005 19841995 calibrated against the water supply
Monitoring Station | Bias RMSE Bias RMSE Criterion Met? demands of the WCD. The hlgh bias may
S1% 387696 | 1021830 -3214.8L| 813151 _yes be caused by the limited model formulation
Cumulative Demand (cfs-days) for the WCD and the poor quality data

SFRSM SFWMM available for calibration.
WCD Flow Monitoring 1984-1995 1984-1995 Criterion
Site Bias RMSE Bias RMSE | Met?

SUMFLOW-WCD16.0 | 3885.03| 5071.46 |n/a n/a yes (marginally)

WO O

Primary, canal stage
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s QUTH FLORIDA WATER MAMNAGEMENT

Palmn Baaen Catpity RSV Calle)reitieins
SUTarY,

= [or groundwater levels or surface water stages the
calibration was satisfactory, ifi either criterion was met:

» absolute criterion (within £ 1.0/foot) or

 relative criterion (as good as SFWNMMicalibration)

= [or flows, the criterion was that the measured and

computed monthly flew; volumesineed to be of the same
direction and order of magnitude.

= After 22 PEST calibration runs all the calibration criteria
were met,

gFwvarmd . oW

The automated parameter estimation software PEST was used for the Palm Beach model calibration
given the complexities of the model and the large number of model parameters and observation data
involved. PEST analysis was conducted by creating parameter zones for aquifer conductivity, the
canal network leakance and Manning’s n, the lumped leakance for WCD canals, the levee seepage
coefficients and the conductance for the tidal boundaries. Objective was to minimize the weighted
sum of squares of the bias and RMSE calculated at each observation point.
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KNOWLEDGE ASSESSMENT

(pre- and post-lecture quiz to assess efficacy of training materials)

1. What are the two common components of objective functions used for calibrating RSM?
2. How are spatially distributed parameters implemented in RSM?

3. Which parameters are implemented in zones?

4. What are three primary files need to run PEST?

5. Within the PEST control file, what values are provided with each model parameter?
6. What values are provided with each observation?

7. What information is provided in the template files?

8. What processes are implemented in the run_it.sh script?

9. What information is in the fetch_calib.ctl file?

10. How do we view phi values and what do they tell us about the PEST run?

11. Why do we want to review the parameter correlation coefficients?

12. What do the eigenvectors tell us about the model parameters?

13. What does the condition number tell us?

14. Which are parameter sensitivities important to review?
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Answers
1. Bias and root mean squared error (RMSE).
2. The spatially distributed parameters are lumped together into “zones” of equal value.

3. Hydraulic conductivity, canal leakance, manning’s n, canal conductance, levee
seepage and tidal general head boundary conditions.

4. Control file, template file and instruction file.

5. The current value, lower limit and upper limit for parameter adjustment are provide for
each parameter.

6. The initial value and weight for including in the objective function.
7. The template files contain placeholders for parameters adjusted during calibration.

8. The run_it.sh script creates the et_kc template file, runs the RSM model and then runs
a script that calculates the bias and RMSE values for selected stations used by PEST.

9. The fetch_calib.ctl file identifies the times series DSS files and records that are used
by the calcStats.py program to calculate bias and RMSE.

10.The phi values can be extracted from the .rec file using the “grep” command. Phi
should decrease with each iteration or the PEST process is not improving the
parameter values.

11. The parameter correlation coefficients tell us which parameters are highly correlated
and side-tracking the PEST solution.

12. High values for parameters within the eigenvectors identify insensitive parameters.

13. The condition number tells how well posed the calibration problem is. If the value is
greater than 10’ PEST may not be able to solve the problem.

14. Insensitive parameters inhibit the PEST process.
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SOUTH FLORIDA WATER MANAGEMENT DISTRICT

RSM r"'ﬁ*

Callgraitirig e RSM SubReg orlzl]

Lab 14: RSM Calibration using PEST

Time Estimate: 2.5 hours

Training Objective: To investigate the use of PEST for calibrating the
RSM.

The Regional Simulation Model (RSM) can be calibrated using Parameter Estimation
(PEST) on a simple laptop or desktop Linux computer. However, typically the
calibration is conducted on an 80-node Linux cluster using the parallel PEST (PPEST)
methods.

This lab reviews the results of a complete PEST calibration and implements a PEST
calibration on the Biscayne Bay Coastal Wetlands (BBCW) RSM with five variables.

This is a simple exercise so that the student becomes familiar with the PEST
implementation. For more details, see the PEST Manual located in the
labs/1ab13_PEST directory.
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NOTE:

For ease of navigation, you may wish to set an environment variable to the
directory where you install the RSM code using the syntax

setenv RSM <path>
For SFWMD modelers, the path you should use for the NAS is:
/nw/oomdata_ws/nw/oom/sftrsm/workdirs/<username>/trunk

setenv RSM
/nw/oomdata_ws/nw/oom/sfrsm/workdirs/<username>/trunk

Once you have set the RSM environment variable to your trunk path, you can
use $RSM in any path statement, such as:

cd $RSM/benchmarks

Training files are currently located in the following directories:

INTERNAL_TRAINING

|__geographic
[ Ci11
|__rain+et
|__glades_lecsa
|__losa_eaa

|

|___ benchmarks
|____hpmbud

Files for this lab are located in the labs/lab14_RSM_PEST directory. Additional
materials in the directory include:

PEST User Manual (pestman. pdf)
BBCW7 .ppt

BBCW_13 Run_Report_ 021407 .doc
PEST _addendum_11.pdf
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Activity 14.1 Reviewing PEST Results for Biscayne Bay Coastal Wetlands
RSM

Overview

Activity 14.1 includes two exercises:

e Exercise 14.1.1. Review results of BBCW PEST run

e Exercise 14.1.2. Create statistics for BBCW PEST run
This activity is designed to review the files associated with a PEST run. Several PEST
runs were conducted for the Biscayne Bay Coastal Wetlands (BBCW) and examining
the directory content is useful to determine how the PEST runs were set up and to
analyze the outcomes.

Exercise 14.1.1 Reviews results of BBCW PEST run.

1. Go tothe BBCW RSM PEST model directory to investigate the results of the PEST
calibration: $RSM/data/BBCW/Final_Results BBW16_sensl

2. Find the PEST files and information to answer the following questions:

How many parameters are being estimated?
How many parameter groups are used?

What are the groups?

In what input files are the parameters located?
How many observations are used for calibration?
What kinds of data are used for calibration?

¢ How many of each?

HINT
g, The parameters being calibrated are in the template
files (*.tpl)

3. Plot the change in the objective function Phi.

e How many model runs were made?
o How many iterations were conducted?
e How many parameters were highly correlated?

HINT

-~

grep the values of “phi” from the *.rec file.

(grep -n phi bbwl6.rec)
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4. Plot the correlation coefficients using the RSM Graphical User Interface (RSM GUI)

tools.

HINT

-~

See Lecture 6 for use of RSM GUI.

5. Which observations are important to the calibration?

e Run“ldentpar” utility for PEST where 8 is the number of singular values to use:
identpar bbw_16.pst 8 outbase outfile.dat identfile.dat

o Import identfile.dat into Excel, transpose the values and plot a stacked bar
chart of the observation with the eigenvectors.
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Exercise 14.1.2 Create statistics for the PEST model run.

Look at the results from the PEST run. After obtaining the results from PEST, the
model was rerun with standard output: flowgages, global monitors and water budgets.
These data are useful for developing an understanding of the hydrology of the system.

Although the performance measures are constructed from model metrics, these cannot
be run with PEST because the resulting netCDF file is too large and the model would
take too long to run.

The post-processing from the RSM calibration runs produces goodness-of-fit statistics
between simulated values and observed data (canal and groundwater stages, and canal
flows) and results from the South Florida Water Management Model (SFWMM).We can
also compare the calibration statistics of the SFWMM simulations with the historical
data.

The statistics can be created using the command line jython (Java/Python) script or
through the RSM GUI. There are two commands for calculating the statistics:
calcStats. py that calculates the bias and Root Mean-Squared Error (RMSE) for
stage and flow time series, and makeP lots . py that creates the time series plots for
comparing runs.

1. Go tothe SRSM/data/BBCW/Final_Results BBW16_sensl directory.
2. RuncalcStats.py. (The file bbcw_fetch_94-00.ctl (Fig. 14.1) contains the

identification of the files and the time series to be used in the comparison.)
/opt/local/share2/bin/dssvue ../bin/calcStats 94-00.py ../bin/bbw_fetch 94-00.ctl

3. Create time series plots for the RSM PEST run.

Time series plots can be created using a command line script or through the RSM
GUL. Plots can be made of the RSM simulated heads plotted against historical data
and the SFWMM simulated data for the same time period.

Run makePlots_94-00.py in the . /BBCW/Final_Results_BBW16__
sensl/plots94-00 directory.

/opt/local/share2/bin/dssvue ../bin/makePlots 94-00.py ../bbw_fetch 94-
00 for_plots.ctl

4. Observe the results in this subdirectory.

e At which sites did the RSM produce better results than the SFWMM for this set of
parameter values?
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Figure 14.1 Contents of bbow_fetch_calibgh.crl control file
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In Figure 14.1, each line of the control file identifies a RSM model output dataset, the
corresponding historical data and the corresponding simulation results from the
SFWMM. The calcStats.py script will calculate the bias and RMSE between the RSM
simulated results and historical data, as well as between the SFWMM simulated results
and historical data. The following chart identifies prefixes used in the code:

Prefix Definition

SF Segment Flow
SH Segment Head
CH Cell Head

MODEL
STATION CH_F358
SFRSM: blas=0.01 rmse=0.24
SPWMM: bias--0.04 rmse=0.41

Stage (ft)

T T T T T T T T T T T
1984 14685 198¢ 1567 1988 1989 1990 1991 1992 1993 1994 1995

| 1484 | 1985 | 1986 | 1987 | 1988 | 1989 | 1990 | 1991 | 1962 | 1993 | 1454 | 1995
SFRSM COMPUTED Stage *  OBSERVED HIST _MOD1 Stage S HWNN JINULATED Sage

Figure 14.2 Typical time series graph of computed stage, observed historical stage and SFWMM simulated
stage created using the makePIlots.py jython script.
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Activity 14.2 Constructing a Simple BBCW RSM PEST run

Overview

Activity 14.2 includes one exercise:
e Exercise 14.2.1. Run BBCW PEST using a laptop or a desktop computer

In the next exercise, you will construct a simple PEST run for the Biscayne Bay Coastal
Wetlands (BBCW). There are two approaches for completing the PEST run:

e Using a laptop or desktop computer
e Using the South Florida Water Management District (SFWMD) Linux cluster:
dcluster?2

The PEST runs are typically run in parallel on the Linux cluster. However, as a training
exercise, the Linux cluster is not available.

Exercise 14.2.1 Run BBCW PEST using a laptop or desktop computer

5. Create a new pest subdirectory in the lab14 RSM_PEST/BBCW1 directory:
mkdir $RSM/labs/l1abl14 RSM_PEST/BBCW1/pest
6. Copy the following files from the SRSM/data/BBCW/pest/ sub-directory into the

BBCW1 directory:

Template file run_calib_bbcw.xml_tpl

Input files run_calib_bbcw.xml
canal _indexed attr_122706.xml
Ivspg BBCW_ 12212006 .xml
tide_wallghb.xml

hsel03 files* hse103

*this model runs an older version

of RSM hsel03.dtd

Instruction file residuals.ins

PEST control file bbcw_gh.pst

output residuals.out
run_it_ef.sh (copy this file from BBCW1

Batch file directory into the peSTt subdirectory for running

PEST and post-processing statistics for objective
function)
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7. Edit run_it_ef.sh and change the reference location of hsel103.

8. Editthe run_calib_bbcw.xmland run_calib_bbcw.xml _tpl files and
change the reference location for the hse103.dtd, rainfal l and refET files

9. Copy /bin directory to the Lab 14 directory:

cp —r $RSM/data/BBCW/pest/bin $RSM/labs/labl4 RSM_PEST/BBCW1
10. Copy Z Input directory.

cp —r $RSM/data/BBCW/pest/input $RSM/labs/labl4 RSM_PEST/BBCW1
11. Make an output directory. Which parameters will be calibrated in this run?

mkdir output

12. In the $RSM/ 1abs/1ab14 RSM_PEST/BBCW1/bin directory, check/edit the file
bbcw_fetch_cal ibgh.ch to make sure that the references to the input files on the
first line are correct.

13. Run the PEST check utility to ensure that the necessary files are okay.
pestchek bbcw_gh.pst

14. Run PEST from the batch file
pest bbcw_gh.pst

NOTE:

This PEST run will take approximately 2.5 hours to run on a Dell Latitude
D810 laptop with 2MB DDRR memory.

If there is insufficient time to complete the model run, the results can be
reviewed by copying the SRSM/data/BBCW/pest/bbcw_eT* files and
looking at the results.

bbcw_ef.rec -model run, correlation coefficients, objective function,
etc.

bbcw ef.par —final best fit parameter values

15. Evaluate the PEST results.

¢ Plot the Phi values and look at the convergence of the PEST calibration.
o Evaluate the eigenvectors: Is the ratio between the highest and lowest less than 10°?

HINT

-

Look at the eigenvalues at the bottom of the
bbcw_ef.recfile.
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e Are the parameters correlated?

HINT

-~

Look at the bbcw_ef.rec or bbcw_ef.mtt files.

¢ How much has the final parameter values changed from the initial values?
e What are the confidence intervals for the parameters?
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Answers for Lab 14.

Exercise 14.1.1

2. PEST answers:
e 95 parameters
e 5groups
e Parameter groups:
0 hydraulic conductivity
o0 levee seepage
o canal leakage coefficient
o wcd leakage coefficient
0 general head boundary condition conductivity
e input files for parameters:
o0 run_PEST_calib_bbw.xml.tpl
BBW _canal_indexed_attr.xml.tpl
BBW_levee_seepage.xml.tpl
BBW_tide_bc_wall_ghb.xml.tpl,
BBW_Northern_BC_Cell_ghb.xml.tpl, BBW_Western_BC_Wall_ghb.xml.tpl ,
bbw_wcd.xml.tpl
e 1042 observations
e CH —cell head (256); SH — segment head (66); SF — monthly segment flow (720)

O o0O0oo

3. See the plot in the PhiPlot.xIs file in the Lab14 RSM_PEST directory.
- 1840 model runs
- 16 iterations
- about 23 parameter pairs. Dark blue and dark red in Correlation matrix.

4. Correlation matrix:

7
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5. Important Observations:
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br Is_ds_9 [ T I]
md_Is_ds 7 ]
br_cl1l ghb 2 [T 11

c_lc_8005
md_Is md 5[ 17
bbw_kmult_4

c_lc_8037 gél _—
c_lc_8023 m eig2
br_Is_md_9 T 11 | O eig3
wcdlc_hollyw | O eigd
bbw_kmult_ZOE \ i m eig5
md_ls_md_?iﬂl] i | ‘ O eigb
bbw_kmult_77 | | | \ | R " elg?
1 | | | O eig8
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bbw_kmult_3 I-##’]ﬂ:l U eig12
md_Is_ms_47\ [ [ ] m B eigl3
bbw_kmult_14 | m eigl4
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¢ Ic_8035 | = ~ — " eigl6
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md_ls_ms_6 [IH [ [ 11 \ O eig19
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md_ls_ms_3L]] [ \ O eig22
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Exercise 14.1.2
4. Several sites including E146, E158, EPSW, EVER1, EVER2, F358, FROGP, G551, G553.
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Exercise 14.2.1

7. Calibrated parameters:
Kmult_1

Kmult_3

Kmult_4

Kmult_8

Kmult_10
Kmult_200
Transmissivity

11. Simple BBCW RSM PEST calibration

Phi Plot

180
160H/*
140
120

Phi 100

80 H_\_‘_‘\O—O—O—Q—O—O—O—O

60

40

20

o+t+~v——r+—++r—rr"r—"""1""1""1""1""T"T"T"T"TT
1 3 5 7 9 11 13 15 17 19 21 23

Eigenvalues ----- >
5.9048E-03 8.2884E-03 1.0089E-02 2.8936E-02 0.1428

Ratio: 70 very well conditioned for this example.

Parameter correlation coefficient matrix ----- >
None of the parameters are highly correlated.

kmult_ 1 kmult 3  kmult 4 kmult_ 8 kmult_10
kmult_1 1.000 -0.1860 -0.1565 0.2750 0.0615
kmult_3 -0.1860 1.000 0.0106  -0.0905 0.4792
kmult_4 -0.1565 0.0106 1.000 -0.4591  0.3207
kmult_8 0.2750 -0.0905 -0.4591 1.000 -0.2770
kmult 10 -0.0601 0.4792 0.3207 -0.2770  1.000
kmult 200 0.0272 -0.2036 -0.1277 0.1036 -0.4209

Initial versus Final values:
Initial value Final Estimate

0.4133

kmult_200
0.02722
-0.2036
-0.1277
0.1036
-0.4209
1.000
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kmult_1
kmult_3
kmult_4
kmult_8

kmult_10
kmult_200

Confidence limits:

Parameter

kmult_1
kmult_3
kmult_4
kmult_8
kmult_10
kmult_200

2.000000E-04
7.000000E-04
5.000000E-04
2.000000E-05
6.000000E-05
2.000000E-06

Estimated
value
4.406174E-05
3.494001E-05
4.905713E-04
1.863915E-05
1.331516E-05
2.314800E-04

4.4061738E-05
3.4940013E-05
4.9057131E-04
1.8639147E-05
1.3315163E-05
2.3148000E-04

95% percent confidence limits

lower limit

2.928304E-05
2.107575E-05
5.676425E-05
1.431565E-06
6.530047E-06
1.415146E-04

upper limit

6.629902E-05
5.792460E-05
4.239644E-03
2.426840E-04
2.715043E-05
3.786394E-04
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Index
=10 (U1 1=] S 6, 7,24, 35 XML oo, 46, 47, 49
attribute ... 11 flood ..o 4
BBCW, see also Biscayne Bay Coastal flood control..........ccccoeeveiiiiiii 4
Wetlands......... 39, 40, 41, 43, 46, 47, 51 110 )V 2 3,4,11, 13, 24, 34, 43
BC, see also input data - boundary ValUES ..., 13
CONAILIONS ... 49 flowgage.......cooeee 43
benchmark.........ooooovviiiiiiiii e, 40 genxweir, see also watermover................ 4
bias..... 3,11, 12, 16, 33, 34, 35, 38, 43, 45 (0] (=T o U UUTTR 18, 38, 41
Biscayne aquifer, see also aquifer............ 6 groundwater ........................ 4,8, 11, 25, 43
Biscayne Bay Coastal Wetlands, see also head.......coooevviiiiiiiiiieeen, 5, 11, 25, 38, 49
BBCW ..o 39, 41, 46 boundary condition .............. 5, 25, 38, 49
C111 MOodel...ccvveeeeeeeeeeeeeeeeeeeeee 40 HINT oo 41, 42, 47, 48
calcStatS.py .oooeeeeeeeveeeieiee e 38, 43, 45 historical data...................... 4, 8, 43, 44, 45
calibration 3, 5, 7, 8, 12, 13, 16, 29, 31, 33, how to
34, 35, 38, 39, 41, 42, 43, 47,51 FUN PEST ..o 47
PIrOCESS ...oviicieeie e 31 HPM e 40
StatisStiCS ..uvveee e, 33,43 water budget.........covviiiiiiiie 40
canal......ccccoevviiiiiieeinn, 4,7,8, 13, 34, 35 HSE ... 14
NEIWOIK ...vvvviiee e 35 hydraulic conductivity ........ 5,10, 11, 15, 49
canal, see also WCD . 4, 5, 6, 7, 10, 11, 23, hydraulic conductivity zones............... 5,15
24, 31, 34, 35, 38, 43, 44, 46, 49 initial head .............cvvvvvviiiiiiieennnn. 13, 38, 48
cell input data
heads........ccoooeviiiiiiii e, 12 boundary conditions........................ 4,10
cell, see also mesh............... 11, 12, 45, 49 FIOW e 13
coefficient ..... 10, 25, 35, 37, 38, 42, 47, 49 instruction file .............cevvveviiiinnnee. 9, 38, 46
conductivity value ..............eevvveveeeennee. 5,15 iterations............cc...... 16, 18, 31, 38, 41, 49
conductivity, see also hydraulic JAVA ..t 43
conductivity ............. 5, 15, 25, 35, 38, 49 Java/Python ......ccccoovveiiiiiiiiiiiieeeeeeeeees 43
confidence interval...............ccooovvvivinnnnnn.. 48 JYthoN.....ooo 43, 45
confidence limitS...........cccevvvvveeviiennnne. 31, 52 lake, see also waterbody...............eeveveeee. 4
control.......ccoeeeeeeeee. 4,9, 10, 14, 30, 44, 45 [eaKage......uvuieeeeeeeeeeece e 49
file.................... 9, 10, 14, 30, 38, 44, 45 [evee.....ccovvvvvvreiiiniinnnns 5, 10, 31, 35, 38, 49
correlation.... 17, 21, 24, 25, 31, 37, 38, 42, levee seepage, see also seepageb, 31, 35,
47,51 38, 49
correlation coefficient matrixX................... 51 [T P 16, 39, 46
(0= 1] o F= o [ 4 make, see makefile .......c.ccevveviiiiieinnnn. 47
DSSVUE....cooeeeiiee e 43 makePIlots.py, see also Python ........ 43, 45
eigenvalue...................... 17, 27, 28, 31, 47 MESH i 5
eigenvector......... 27, 28, 31, 37, 38, 42, 47 [T0T L= 39
environment variable ...................ccooo. 40 METIICS.ceeeeiiiiie e 43
(<11 (o] (U 3,11, 13, 33, 38, 43 model input, see input data....................... 9
BT 10 model output, see output data.......... 24,45
file format model parameters .........cccceeeeeeen.. 3, 35, 37
DINary ..o, 20 monitor
DSS .o 4,17, 38, 44 global.......o 43
NEtCDF ....vvvviiiiiiiiiiiiiiieeeeieeeeeeeeeeeeeeeeee 43 MSE ..ot 38, 43
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NOTE ..o 2,40, 47
objective function... 3, 8, 12, 13, 16, 17, 18,
19, 24, 37, 38, 41, 46, 47

output data ................. 9, 21, 43, 44, 46, 47
flow MONItOrS......ccoovveevvviiiiiiiee e, 13
water budget ... 43

parameter.. 1, 3,5, 7, 9, 10, 11, 14, 15, 16,

17,19, 22, 23, 24, 25, 26, 27, 28, 30, 31,
35, 37, 38, 39, 41, 43, 47, 48, 49, 51, 52
estimation.............cccceeeeeeeens 3,11, 27, 35
estimation, see also PEST .......... 1, 3,39
OIOUPS vttt 10, 41
SPACE ...eitiieeii e 27
performance measures.............ccccevvunne.. 43

PEST...1,2,3,8,9,10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 24, 25, 29, 30, 31, 34, 35,
37, 38, 39, 40, 41, 42, 43, 46, 47, 49, 51

control file........oooviiiiii s 37, 46
parallel ..., 39
run 11, 13, 14, 15, 17, 18, 37, 41, 43, 46,
a7
SIMPIE oo 46
PR 37, 38,41
plot.......cevvevreannne 31,41, 42, 43,47, 49, 51
PPEST ..ottt 39
PrefiX. . o 45
pump, see also watermover................ 6, 13
Python ..o, 14
rainfall ..o 40, 47
FEACKH ..ovviiiiiiiiiiiiii 4
reference
Doherty, JoOhn........ccoovvviiiiiiee e, 1
PEST Manual.........cccovvvviiiiniieiieeeeeiiins 3
Watermark Numerical Computing......... 1
reference ET, see alsOET...................... 47
Regional Simulation Model, see also RSM
............................................................ 39
residual..........ceeeveeeeeeeieeieennnnn. 9, 14,17, 46
RMSE............. 3,11, 12, 16, 35, 38, 43, 45
RSM
calibration.............cvveiiiiieeieien 43
calibration using PEST............cccceenne.. 39
implementation.............ccccceeeeeeenn.. 16, 33
PEST rUN ..o 43, 46

RSM GUI....ccovvvvviiiiiiiiiieieeee, 21,22,42,43

RSM, see also Regional Simulation Model
1,2,3,4,6, 8, 14, 16, 21, 22, 33, 34, 37,
38, 39, 40, 41, 42, 43, 45, 46, 47, 49, 51

SCrPt...ccoeeiiiiinnnn. 14, 16, 17, 37, 38, 43, 45

secondary canal, see also canal, WCD4, 7,
34

SEEPATE ..ueeirieeeii e 4,10, 49
segment
FOW cooviiiiiiii 11,12, 45, 49
head.........ccoeeiiiiii 11,12, 45, 49
segment, see also waterbody
SegmeNnt.....ccoovvvviiiiiiiiieiis 4,11,12,49
1< (=] 0|V PP 40
SFRSM....iii 44
SFWMM ... 33, 34,43, 44, 45
simulated heads...........ccooeeeiiiiiiiiiiinnnnn. 43
simulated results ...........ccceevvvvviiiiicennn. 45
South Florida Water Management Model,
see also SFWMM ..........ccoevvvvvviiieennn. 43
stage ............. 3,4,8,11, 12, 13, 34, 43, 45
data......ooeeeeeeeeeee 12
stage and flow time series, see also input
data......cooeeeeeeeeeee 43
statistics .....ooeevvvveeeiiiinnnnn, 11, 16, 41, 43, 46
SIUCTIUIE v 4
S1I76 e 44
SLIT7 oo 44
surface water.........cccceeeeevvviiii e, 4
template .......... 9, 14, 15, 16, 37, 38, 41, 46
tidal data..........oooovieiieiiiii e, 5
tiMe SEreS....ccvvvveeiieeieeeeeeeeen, 3,43, 45
tranSMISSIVILY .......vvviiieee e 51
uncertainty........cccoeeevvvviineeeenn. 3,13, 23,31
ULIITIES .o 10, 22, 42, 47
AV <Tod (0] (R, 16, 19, 26
Water Control District.............cccuenen. 4,11
water supply ... 4, 34
waterbody.........ccceeeeiiiiiiii e 4,7
WALEIMOVET ... 4
SEEPATE ... eeteeeiii et 4

WCD, see also Water Control District . 4, 7,
10, 12, 13, 34, 35, 49
well ..ol 8, 25, 29, 33, 34, 38, 45, 51
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