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Hydraulic Model Calibration
to Historical Events
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Overview

1. Why is flood model calibration important?

2. Data input considerations
A Calibration data types
A Calibration data accuracy
A Model input quality control

3. Model design
A User decisions impacting calibration accuracy
A Case study examples

4. Model calibration reporting
A Types and common summary statistics
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Why is Model Calibration Important?

Agencies commissioning projects and modellers building models have a duty of
care to end users (the community) that flood modelling is fit for purpose




Why is Model Calibration Important?

Flood model results can be
incredibly convincing!

Calibration is the only true way
to verify that the models we
develop are an accurate

representation of the real world
situation

How wrong is your flood model?
www.tuflow.com/library/webinars
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Calibration Workflow

Confirm input data accuracy
Calibration data and model inputs

Develop base model with appropriate
features

Cell size, hydraulic control breaklines, industry
standard Manningés n a

Calibrate model to multiple historic
events

Various event magnitudes

g TUFLOW

Refine model inputs within acceptable parameter

Check model performance

bounds

Y

Small magnitude historic
event

A 4

Moderate magnitude
historic event

Major magnitude historic
event

A 4

Other significant historic
events

[

Iterate until desired accuracy

:

achieved

.
w7 BMT



LinkedIn Discussion

Aln 2013 Seqwater undertook a stwudy of the
hydrologic models to 35 flood events dating from 1893. An objective method of

determining model parameters was developed which included data quality, rating

reliability, event magnitude, peak ratio, volume ratio and goodness of fit (Nash-
Sutcliffe)é | 6ve adopted this approach in
throughout Australia.

| tds easy to calibrate an event bud far mo

Terry Malone (April 2020) T ex SEQ Water, Sun Water, BoM

Calibration of a model to multiple historic events is important to ensure a model can perform
adequately for a range historic event magnitudes
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LinkedIn Discussion

Model Calibration Cost?

What is a reasonable cost for model calibration, relative to the total project
budget during a standard flood study?

1.1 dono6t hav e-orecalibratignexpariantedts answer this question
2. 10%
3. 20% The upfront cost of calibration is far less than
4 30% the potential follow-on costs/damages resulting
from inaccurate uncalibrated modelling
5. 40% \_ )
6. 50%
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Modelling



Potential Sources of Calibration Error

Systematic consideration of all potential sources of error is key to
developing an accurate flood model

1. Data Issues 3. Software Assumptions /
A Recorded flood calibration data Applicability
A Boundary condition inputs A Hydrology model
A Model geometry inputs A Hydraulic model

2. Model Build / User Error
A Model input data interpretation
A Model design
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Calibration
Data



Calibration Data Types

A Surveyed peak flood levels
A Maximum height gauges
A Water marks on buildings
A Debris lines

A Continuous water level
gauges

AVelocity gauging
A Anecdotal evidence
AFlood extent aerial imagery

g TUFLOW

Counties, Catchment

Management Authorities,

Councils, Cities take no

A Collection and
cataloging of these

te!

data immediately after

an event is preferred

A Interagency
coordination is
beneficial

/

Identifying and Preserving High-Water Mark Data

Chapter 24 of
Section A, Surface-Water Techniques

Book 3, Applications of Hydraulics

Techniques and Methods 3-A24

US. Department ofthe Iterior
US. Geological Survey

.
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Calibration Data Preparation

Peak Flood Level Data

AUnderstand peak level reliability
(1 = high, 2 = medium, 3 = low)

g TUFLOW Identifying and Preserving High Water Mark Data (USGS, 2016)



Calibration Data Preparation

Peak Flood Level Data

AUnderstand peak level reliability
(1 = high, 2 = medium, 3 = low)

Debris snags (sometimes called “trash snags™ or “flood
trash™ in urban settings) are formed when coarse debris col-
lects on an obstruction in the water, such as a structure, pole,
fence, guy wire, tree, boulder, or bush (fig. 23). Note that some
piles may be taller than others, leading to a large amount of
uncertainty regarding the actual peak water surface. Large
pileups can result from deposition of new matenals at different
stages as the water recedes. Conversely, the pileups may also
result from swift flow forcing new material on top of older
material. When swift flow encounters obstructions, water may
run up higher on the upstream side of the object and draw-
down lower on the downstream side, as shown in figure 24,
This can also cause coarse debris to pile up higher than the
flood peak surface, so these piles should be assigned a suitably
large uncertainty or remain unused.

g TUFLOW Identifying and Preserving High Water Mark Data (USGS, 2016)



Calibration Data Preparation

Peak Flood Level Data

AUnderstand peak level reliability
(1 = high, 2 = medium, 3 = low)

Debris snags (sometimes called “trash snags™ or “flood
trash™ in urban settings) are formed when coarse debris col-
lects on an obstruction in the water, such as a structure, pole,
fence, guy wire, tree, boulder, or bush (fig. 23). Note that some
piles may be taller than others, leading to a large amount of
uncertainty regarding the actual peak water surface. Large
pileups can result from deposition of new materals at different
stages as the water recedes. Conversely, the pileups may also
result from swift flow forcing new material on top of older
material. When swift flow encounters obstructions, water may
run up higher on the upstream side of the object and draw-
down lower on the downstream side, as shown in figure 24,
This can also cause coarse debris to pile up higher than the
flood peak surface, so these piles should be assigned a suitably
large uncertainty or remain unused.
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Calibration Data Preparation

Peak Flood Level Data

AUnderstand peak level reliability J |
(1 - h|gh, 2 - medium’ 3 = IOW) . .‘g'rUnreIirabietain line
(0 surveying levels marked on a h |
building from a past event, check the o
structure has not been raised since | }
Good: seed li
\ the flood! y ood: seed line

Figure 5. A stain line on a wood door that has absorbed
floodwater. Note the seed line below the stain line, indicating the
true high-water elevation at this location and the amount that
could be overestimated because of porous material wicking.

g TUFLOW Identifying and Preserving High Water Mark Data (USGS, 2016)



Calibration Data Preparation

Peak Flood Level Data

AUnderstand peak level reliability
(1 = high, 2 = medium, 3 = low)

Mud line identification presents several pitfalls that can
be avoided with proper awareness. The “Paria River, Anzona”
narrative illustrates some of these pitfalls. High-velocity,
high-sediment-load rivers can paint lines on structures such as
bridge piers; however, the lines may generate misleading high-
water marks because of waves, pileup, and drawdown gener-
ated by the structures themselves (fig. 22 ). Hydrographers
should note the variability in mud-line elevations on a large
structure, especially in the upstream to downstream direc-
tion, before determining 1f the mud lines should be used as
high-water marks. If highly-variable mud lines must be used,
recording the measured amount of variability 1s important, as
described 1n the Evaluation section of this manual For smaller
obstructions where runup is evident on the upstream side and
drawdown 15 evident on the downstream side, a mark can be
assumed halfway between the two extremes.

As with wash lines, care should be taken with mud lines
to watch for receding soil saturation that may masquerade as Figure 21. A rapid-water mud line of a different color than the
mud lines and underestimate the actual peak water surface. Fisig o Sofkmom, Fovmsianh by dow Mason.

g TUFLOW Identifying and Preserving High Water Mark Data (USGS, 2016)




Calibration Data Preparation

Peak Flood Level Data

[ Model Area
@ Stream Gauge

AUnderstand peak level reliability Sl 8 srncen

O Grade 2 Mark
@ Grade 3 Mark

(1 = high, 2 = medium, 3 = low) [ ' .
ACommon sense check i

A Regional continuity
A DEM verification

s=<TU Is Direct Rainfall (Rain-on-Grid) Accurate? i Phillip Ryan
FLOW www.tuflow.com/library/webinars



Calibration Data Preparation

Water Level Gauges

—_
N

AConfirm gauge datum (not AHD): y
A Inland gauges can use a local 1: /7 iy
datum to offset base elevation . / T
: / |
5 / AAAA‘AAAAAAA‘A N
/( K ‘AAA‘“
° A~ AAA‘A
4 2e® AA AAAAAJ;
3 A‘A A Recorded Data (Gauge Datum)
2 AA e Recorded Level (mAHD)
! AA —2D Model Result (mAHD)
0 Aaa ‘ ‘
@ @ =] = Time.‘: han o o o

Y

AL TUFLOW o .



e

e | N b “  PORT OF

Calibration Data Preparation CiusSEy/eR s R L
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AConfirm gauge datum (not AHD):

A Inland gauges can use a local
datum to offset base elevation

A Coastal gauges can use Lowest
Astronomical Tide (LAT) as datum
for navigation purposes
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Calibration Data Preparation gy MACLEAN GAvaE
:\ 3 Examples of Conversions
Water Level Gauges = 1) Ui P Rt
m —ei5d [T T
. EJE’ E:s _E_ 15.&.2? Tl;lhr:y'" ]lTl?U%’ 22:
AConfirm gauge datum (not AHD): 1 ul 3 [lelepos |7 | 2
e el P e
A Inland gauges can use a local T e e I B
= PExTY :'-EM.-FJ.mu LEVEL I Go6T Fo T f -
datum to offset base elevation s =
| .
A Coastal gauges can use Lowest — — 3
. . == Eroan tevec iereis [ 7] 3
Astronqmlgal Tide (LAT) as datum _.;f:__mnm_mm. i p—y
for navigation purposes i —| 3 e Postegar
- f— "1 [ . ]
ACheck gauge history 4 —h= Gerty_ngimser
i — ICY ' Facany
A Location change? — :T = 7 20.5. 74
Y ol = Zeno Stampasn Darom.
A Datum change? =y g
— avae Qaisea 210 an -840 Netaes
_____ :.._;;..___,_:_____,_-..___..-._.---h__
OLD GAUGE NEW GAUGE

Metric
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Calibration Data Preparation

Velocity Gauging

AUseful for derivation of rating
curve for initial review of flow
estimates from the hydrology
model

AWar ning: Donodot a
rating curves VYo
are correct. Check metadata

A Upper limits of rating?
A Range of uncertainty?

g TUFLOW
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Calibration Data Preparation

Gauge Rating Curve

River Flow Gauging

ABe aware of hysteresis effects o

AMultiple velocity gauging / flow @ e —
calculation at different times E 7 ZOW — o
during an event are a useful 6 y = T m 2009ADCP Data
though rare calibration dataset ;;_',5 /’. /é ﬁ —:::y11995603§:cco;::d~:dd
for a hydraulic model G4 - —— Jun 1967 Recorded

7
3 // // Jan1959 Recorded
/ // Mar 1946 Recorded
2 , ——Jan 1968 Recorded
——Jul 1962 Recorded
1 —— Apr 1962 Recorded

0 5000 10000 15000 20000

Flow (m3/s)
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Model Inputs
and
General Model Design
Considerations



Model Input Data Preparation

Rainfall Data

AUse real recorded data. DO NOT Which two gauges failed during this event?
5 . | 25
use design event rainfall as an
iInput for calibration!

AVerify recorded data quality
before using

AWere all gauges operational for
the whole event?

N
o

=
u

Rainfall (mm)

[
o

w

A Cumulative Rainfall check Ll NV
_ ) 0 5 10 15 20 25 30 35
A Compare daily / tip bucket totals Time (Hours
BEA BB EC D NEENFEG EH H| m)
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Model Input Data Preparation

Rainfall Data

AUse real recorded data. DO NOT
use design event rainfall as an
iInput for calibration!

AVerify recorded data quality
before using

AWere all gauges operational for
the whole event?

A Cumulative Rainfall check

300

250

200

150

100

Cummulative Rainfall (mm)

w1
o

A Compare daily / tip bucket totals

g TUFLOW

Plot Cumulative Data

Investigate unexpected horizontal lines

5 10 15 20 25 30 35
Time (Hours)
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Model Input Data Preparation

Topography Data

Confirm topography data accuracy
by validation using secondary
datasets

20%

Accuracy calculated by
subtracting ALS elevation from |+
benchmark survey data
(429 samples)

18%

16%

14% 1-i-

12%

10%

8% 1-i-

Sample Occurence (%)

6%

4%

2%

0% Wi iaiminl al A, i na; i
-05 04 -03 02 01 0 0.1 02 03 04 05
ALS Data Accuracy (m)
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Model Input Data Preparation

Topography Data
Common Airborne Laser Data .
(ALS or LIDAR) survey limitations

APoor ability to penetrate water

Eren

Cross Section

5.0
DRE
0.0

=2.5

Meters

-5.0

=75

-10.0

o] 100 200 300 400 500 600
Meters
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Model Input Data Preparation
Topography Data

\ Aty | :‘ ;g,,

-
|

.

A TUFLOW Thoughts on the quality of this data? Famr



Model Input Data Preparation
Topography Data

= TUFLOW Hillshade symbology is useful for spotting ALS data errors



Model Input Data Preparation

Topography Data

Bridge openings sometimes
missing or misrepresented in
LIiDAR

g TUFLOW




Model Input Data Preparation

Topography Data

Enforce ridge hydraulic controls using breaklines

- With ridge breaklinesn = |’ Noridge breaklinesn | 1

~ARTUFLOW 7 BMT



Model Input Data Preparation

Topography Data

Enforce ridge hydraulic controls using breaklines

Q) "Untitled Project — QGIS.

If no survey data: T e
: . @V ZM B £ - | R & R B iameEavYy » B
1. Draw ridge breaklines manually SEET E- Iy BX e

(2d_zsh_empty)
2. Set line parameters:
1. dz = sample interval
2. Shape_width = inspection radius
3. Shape Option = process option

= TUFLOW https://wiki.tuflow.com/index.php?title=ASC to ASC (P emT



https://wiki.tuflow.com/index.php?title=ASC_to_ASC#Extract_Breaklines_from_DEM

Model Input Data Preparation

Topography Data

Enforce ridge hydraulic controls usmg breakllnes

If no survey data:

1. Draw ridge breaklines manually
(2d_zsh_empty)

2. Set line parameters:

1. dz =sample interval

& OATUFLOWAModels\2019_FMA_Cha M

Edit Search
HG o

2. Shape_width = inspection radius e R

'CCR_2011_1ft_a.flt

3. Shape Option = process option

3. Run ASC to_ASC utility
(-brkline function)

Satch file length : 88 fines -2 n:1 Coli40 Pos:40 Windows (CRLF)  UTF-8

s

AL TUFLOW https://wiki.tuflow.com/index.php?title=ASC to ASC (o BMT



https://wiki.tuflow.com/index.php?title=ASC_to_ASC#Extract_Breaklines_from_DEM

Model Input Data Preparation

Topography Data

Enforce ridge hydraulic controls using breaklines

Q "Untitied Project — QGIS b
Project Edit View Layer Settings Plugins ™ Vectpr Baster Database Web Mesh Progessing Help

If no survey data: DEBRRE 0S2ANPP AABSLEOR WEE*Z= 9 - T-
. . R@QV: AWM B £/ - I e S R ~“BeaEdCilodvbEE/Y - B
1. Draw ridge breaklines manually Sl 5= -y XX

HrE-R-5

(2d_zsh_empty) =
2. Set line parameters: e
1. dz = sample interval | E R, _
2. Shape_width = inspection radius e
3. Shape Option = process option

3. RunASC_to_ ASC utility
(-brkline function)

Coordrate

_a TUFLOW https://wiki.tuflow.com/index.php?title=ASC to ASC o .



https://wiki.tuflow.com/index.php?title=ASC_to_ASC#Extract_Breaklines_from_DEM

Model Input Data Preparation

Topography Data

Enforce ridge hydraulic controls usmg breakllnes

If no survey data:

1. Draw ridge breaklines manually
(2d_zsh_empty)
2. Set line parameters:
1. dz=sample interval
2. Shape_width = inspection radius
3. Shape Option = process option

3. Run ASC to_ASC utility
(-brkline function)

4. Add new files to TUFLOW model
(Read GIS Z Shape ==

= TUFLOW https://wiki.tuflow.com/index.php?title=ASC to ASC o .



https://wiki.tuflow.com/index.php?title=ASC_to_ASC#Extract_Breaklines_from_DEM

Model Input Data Preparation

Landuse Data

DO NOT trust free online datasets without reviewi

Layers o8
¢ B® T -FAL

W - FMA T2 SGS 020m 012 DEM M
= ¥ () 2d_mat_T2_NLCD_001_R

ng them carefully first!

o

il B
V| [l Barren Land (Rock/Sand/Clay)
v [ cultivated Crops
! [] Deciduous Forest
| [ Developed, High Intensity L
VI [ ] Developed, Low Intensity
V! || Developed, Medium Intensity
V| || Developed, Open Space
VI || Emergent Herbaceous Wetlands
V! || Evergreen Forest
V| || Grassland/Herbaceous
VI [ ] open Water
VI [ Pasture/Hay
vI I shrub/scrub
v! [l Woody Wetlands
v
| I orthophoto

"_I

sy
AL TUFLOW o [y



Model Input Data Preparation
Landuse Data

@® LA

DO NOT trust free online datasets without reviewing them carefully first!




Model Input Data Preparation

Landuse Data

Industry standard values: https://wiki.tuflow.com/index.php?title=Industry Modelling_Guidelines

® ~ Tuflow

< 2> G |6

Main page
Recent changes
Random page
Help

Tools
What links here
Related changes
Special pages
Printable version
Permanent link
Page information

x [l

https://wiki.tuflow.com/index.php?title=Main_Page

dviciiil 1 aev

AL TUFLOW

TUFLOW Wiki Homepage

This Wiki contains information relating to the flood and coastal simulation software TUFLOW Classic and TUFLOW HPC (Heavily Parallelised Compute). It is designed to be used in conjunction with the TUFLOW Manual &,

Forum & and Website &

TUFLOW

« How to install TUFLOW

« How to configure a licence

« How to build a TUFLOW model

(tutorials)

« How to run a TUFLOW model

« Free pre/post-processing utilities
TUFLOW Benchmarks

« TUFLOW Solution Accuracy Benchmarks

« Computer Hardware Speed Benchmarks
Best Practice Guidance

« Webinar Recordings

» Other Useful Modelling Guidance

TUFLOW Set-up and use

Tutorial Models (TUFLOW Classic and HPC)

« Tutorial Model Introduction

« Module 1 (2D only)

» Module 2 (1D Culverts)

« Module 3 (2D Topography
Updates)

+ Module 4 (1D Channel / 2D
Floodplain)

« Module 5 (Scenario / Logic
Control)

» Module 6 (Modelling Bridges)

» Module 7 (Urban Pipe Modelling)

« Module 8 (Direct Rainfall Modelling)

» Module 9 (Multiple Domain 2D-2D Model)

» Module 10 (Managing Multiple Events)

« Module 11 (Dam Break Modelling)

& Madula 14 (Pumn Madellina in 2D)

TUFL Troubleshooting

Error/Warning Message Database

» About This Database

* Oxxx TUFLOW Messages
o 1xxx TUFLOW Messages
o 2xxx TUFLOW Messages
o 3xxx TUFLOW Messages
» 9xxx TUFLOW Messages

o TUFLOW Check Files
o TUFLOW Forum &
» support@tuflow.com &’



https://wiki.tuflow.com/index.php?title=Industry_Modelling_Guidelines

Model Input Data Preparation
Other Major Geometry Inputs

TUFLOW QGIS Plugin - Pipe Integrity Tool
A Snapping check and correction
A Pipe direction

A Continuity




Model Input Data Preparation
Model Cell Size Selection

il EEENNENP I §) a
[ Lo IIIII"IIHI il i
] M EEF ==

1]

Result Convergence Testing:

2D Cell Size Selection for Accurate Hydraulic Modelling
www.tuflow.com/library/webinars

L TUFLOW
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Model Input Data Preparation
Site Visit / Meet and talk to the locals

REDUCE
SPEED




Case Study
Demonstration 1



USA Region 9 FMA Challenge 2

Overview

A Flood model calibration
(1 event only)

A External inflows (provided)

A Landuse data
A National Land Cover Database (provided)
A Used data from aerial photography instead

A 5m DEM topography provided
A Corrected data error at two upstream bridges
A Added ridge breaklines

A 53 peak flood level marks (provided)

g TUFLOW



USA Region 9 FMA Challenge 2

Process Workflow

Calibration Activity Modelling Task Simulation Details

Step 1: Broadscale model simulation 100m resolution model

Define Model Extent 1 minute runtime

Step 2: ALand use (Manningés n)

Initial Model Input A Topography

Corrections

Step 3: 10m, 15m, 20m, 30m, 50m, 100m cell <30m cell resolution is appropriate

Result Convergence Test resolution simulations
for Cell size Assumptions

Step 4. 30m resolution model 3 minute runtime
Calibration Refinement 11 refinement iterations required
Step 5: 15m resolution model 20 minute runtime

Final Calibration Simulation

75
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USA Region 9 FMA Challenge 2

Model Correction Example

Impact of correcting bridge
opening topography error

o)
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USA Region 9 FMA Challenge 2

Model Correction Example

Legend

Modelled Peak Flood Level
(m)

Il 200 11.40

10.5000 V11.15
12,0000 -0.24

13.5000

Il 5000

\/ Surveyed Flood Mark
0.0 Recorded Peak Level (m)
0.0 Modelled Peak Level (m)
0.0 Difference (m)

10.40
\/10'24
-0.16 5
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USA Region 9 FMA Challenge 2
Model Correction Example

Modelled Peak Flood Level
(m)
Il 50000
10.5000
12.0000
13.5000

Il 5000

\/ Surveyed Flood Mark
0.0 Recorded Peak Level (m)
0.0 Modelled Peak Level (m)
0.0 Difference (m)
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