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Motivation:
RiverWare models may be highly parameterized

- Models may represent multiple physical processes and/or policies

- Parameters may be uncertain, difficult to measure, or altogether
unknown

- Reach routing parameters

- Policy parameters

- Water user min./max. efficiency
- Reach gain/loss coefficients

- Canal seepage

- Groundwater object parameters (hydraulic conductivity, conductance, specific yield,
etc.)

- ...and many more...



Motivation

- “Traditional” approach - Hand-calibration
- Time consuming, lots of clicking

- Difficult to understand overall system response without in-depth
analysis

- Automated calibration

- Can quickly see system response through multi-objective problem
formulation — Time Saving!




PEST: Overview
Parameter ESTimation*

- Open-source parameter estimation software package
- Model independent

- Widely used in surface and groundwater modeling
- Multiple search algorithms available (GML and SCE-UA)

- Will work with ANY model that can be executed through the
command line

- Your “model” can be a script that calls the actual “model”

- Input/Output read/written by PEST must be text (may require pre-/post-
processing)

- 1) www.pesthomepage.com



Interfacing with RiverWare
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Interfacing with River\Ware:
Main components of PEST

- Control file: configuration, set parameters, observations

- Template file(s): tell PEST how to generate parameter
files used by your model (RiverWare)

- Instruction file(s): tell PEST how to understand the
output generated by your model



File Edit Search View Encoding Language Settings Macre Run Plugins Window ?
cHHE LB skt EE S 1EZELICEDNR EIE
Bl mymodelpy £3. (5 costunction pst £ | Elsceout dat 3
psf

* control data
norestart estimation
21 101

2 1 single point 1 0 O
10.0 2.0 0.03 0.01 10 —— Configuration variables (see
3.0 2.0 0.001
01 manual)
30 0.01 3

1 1 1

* parameter groups
roze relative 0.01 0.00 switch 2.0 parabolic Set parameters

* parameter data initial/upper/lower range
al none relative 0.5 -5.0 5.0 rose 1.0000 0.0000 1

bl none relative 0.5 -2.0 8.0 rose 1.0000 0.0000 1

* pbservation groups

ohagzonn Set Observation Data

* phservation data ) X
cosen 0.0 1.0 ohagroun € (can be time series )

* model command line

mymedst - RY. €<
* model input/output

rose_a.tpl a_val.data Template files (how PEST can
rose_b.gpl b_val.data read/write your parameter files)

rosen val.ins rosen val p.data

* prior information \ Instruction files (how PEST can

read your model output)

Mormal text file  length : 589 lines: 26 Ln:25 Col:31 5el:0]0 Dos\Windows UTF-8 w/o BOM IMNS

Call your model




Interfacing with River\Ware: How PEST can
read/write your model parameters/output

Model Parameter File > PEST Template File

Tells PEST how to write your parameter files

a val.data -

File Edit Format View Help

1.00

RiverWare

Uses a unique
delimiter to find
the parameter




Interfacing with River\Ware: How PEST can
read/write your model parameters/output

Model OUTPUT File » PEST Instruction File

Tells PEST how to read your output

File Edit Format View Help File Edit Format View Help
Etart_date: 2013-06-01 01:00 ~ it @& o~
end_date: 2013-06-30 24:00 B 7 'crbpl! [
tﬁMEStEp% 1 HOUR qi Ecrgpgi
units: cfs lcrbp3!
scale: 1.000000 11 tcrbpa!
# Series Slot: CR Below Parker qi ;E:Epg;
iggg'gg 11 Ecrbg?f
7647432 11 !'crbp8!

) 11 'crbpg!
7630.77 11 'crbpl0!
7610.06 11 !'crbpill! i
< |

RiverWare PEST



Interfacing with RiverWare

ChlUsersiJoh Ri... =
File Edit 5Search ¥iew Encoding Language Settings Macre Run
Plugins Window I X
cHEHE S a4 Wik ||t x| ”
B un_rw_model+dl 22 Load the parameters
1 OpenWorkspace C:\\Users\\JohnCrawven'\“Docume
S (DMI) generated by
a2 ¥ Invoke the DMI to load the par = PEST’ etC
4 InvokeDMT sseipalams
5
& #fEvaluate BiverWare € Run the mOdeI
7 StartController
a
5  $#Produce= the putputfile
10 ImvokeDMT gcaloutpui
11 Produce output through
12 $#olose RBRiveWars
i DMI to be evaluated
14
1| 1 | r

Ln:5 Col:1 Sel:0]0 Dos\Windows UTF-8 w/o BOM INS



Single Objective Example Routing Model

- Minimize Sum of the ;."“‘M;Mf 2l 809 2 EEEe Ao -
Squared Errors | A

- Obs. v. Simulated Parker omm

- Hourly model

Parker Damto CRBIwP rker Routing

- Kinematic-Improved
reach routing method

He dgtR ck Dam

- 3 Parameters
- Manning’s Roughness N CRB&‘WP her Loca Inflow
- Reach Length
- Bottom Width

CR Below Parker Gage

b &
RQUVEriare



Single Objective Example: Routing Model

1) Define objective function = here minimize sum of squared
errors

2) First guess
- Estimate length and width from survey data/GIS
- Look up a Manning’s N value from literature

3) Parameter bounds
- Estimate parameter bounds, literature, available data

4)  Build PEST files

- Control/Template file(s)/Instruction file(s)

5) Build RCL Script and Input/Output DMI



Single Objective Example: Routing Model

R2 =0.83
Routing Model: Observed vs. First Guess

20000

18000

16000 -

14000 -
712000 - . : :
£16000 | Calibration on 1 month (hourly)
= 8000 e Model run: ~2 seconds
= oo | « Total time: ~10 minutes (300

—CR Below Parker Gage Observed
2008 T  =—CR Below Parker Gage First Guess runs)

\"" fbl’.‘ b"" «"" q”" \I'.. “bl". %”" «l'.. ql". \I'.‘ (bl’.. 03"'. «/'.‘ gl".
S N P 0 N N & o e oo Y
FFFFFEFFEF I FEFFEEEEE
Date

R2=0.97
Routing Model: Observed vs. Calibrated

20000

18000 i

16000 - . 1 + Multiple reaches
oo * Benefits:
5 10000 , » Let calibration loop over all
E 6000 | ﬂ s reaches
L 4000 ——CR Below Parker Gage Observed e NO intervention req_ bes|de

2000 = CR Below Parker Gage Calibrated

0 . - set-up (1-2 hours)

\I" (bl“ bl" «I". ql“' \l"’ %I"’ b"" «l" ql" \l‘ rbl" bl' «l Ql'
Q" .0 O O O N N N N N Y Y L LY
Date
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Example: TRWD monthly longterm planning model
b 1715 5] i P

'Fru!.l:ﬂnﬁ
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EM Outlet Demand Tap

EMC Balancing Reservoir

Westside WTP

to Westside WTP  Wedtside WTP Tap

EMC 1

Booster Pump Station

>

to EM COutlet Demand

EM Outlet Demand

fd Configuration.Eagle ... | = || (=] || 12 |
File  Edit FRow Column

View

Eagle Mountain Trigger Levels

Value: 0

Pool Elevation Discharge

feet mgd
0 0.00 150.00
1 643,10 150.00
2 645,10 100.00
3 647,10 75.00
4 700,00 0.00

Shaow: Description

INSEERN =

Eagle Mountain  Eagle Mountain Diversions

WF Trinity Reach 2

Vorth Worth Diversions

WF Holly Diversion  WF Trinity Reach 3

WF and CF Confluence

Holly WTP Res

-

Holly WTP CF Holly Diversion :F Trinity Reach
1



Example: Operations Model “Optimization”
Objective Function Components?

- # of months that system spills
- Total volume spilled

- # of months Eagle Mountain Pipeline is over 50 MGD

- Total East Texas Pumping volume
- Total volume of East Texas Pumping above 211 MGD

- East Texas Pumping
- Total Variance
- Summer Variance (June — September)
- Variance calculated over the past 11 months

1) R. Smith 2014 - CADSWES



Resu ItS Calibrated model

rarely pumps >
: 50 MGD
EM Outlet Pumping
160 // //
140 / /
120

€0 | n I / —— Orig_EMOutlet
40 i = Calib_EMOutlet

400
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300 [
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- 6 Parameters

ReSUItS - 8 piece objective function

- Convergence ~9 hours

Calibrated

# of months system spill

Total Volume Spilled [af] 3,026,389 2,914,218 -3.8%

# of Months EM Pumping > 50 MGD 52 6 -760%
Total East Texas Pumping [af] 85,517 82,502 -3.7%

Total Volume of El\zjll(sstge[:lgs Pumping > 211 23.115 18,246 21%
East Texas Pumping Total Variance 8,886 7,721 -13%
Average Summer Variance 2,573 2,187 -18%
Average 11 month moving variance 8,778 7,140 -23%

- Pumping variance reduced
- Eagle Mountain Pumping > 50 MGD significantly reduced

- No adverse impacts on the system
- Optimized policy parameters plugged into daily forecasting model




Summary

- Fully automated calibration/parameter estimation is possible
- Works well with single or multi-objective problems

- Allows modeler to explore influence of parameters, parameter
ranges, and system response quantitatively

- Time savings!

- Challenges
- Need good estimates of parameter range
- Still need parameters that make sense!
- What is/isn’t included in your objective function matters!
- Weighting of objective function components is fairly subjective
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