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Overview

1. Why is flood model calibration important?

2. Data input considerations

Å Calibration data types

Å Calibration data accuracy

Å Model input quality control

3. Model design 

Å User decisions impacting calibration accuracy 

Å Case study examples

4. Model calibration reporting

Å Types and common summary statistics 



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 Manningôs n and bend losses etc.

Calibrate model to multiple historic 
events 

Various event magnitudes
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Refine model inputs within acceptable parameter 
bounds

Small magnitude historic 
event

Moderate magnitude 
historic event

Major magnitude historic 
event

Other significant historic 
events
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LinkedIn Discussion

ñIn 2013 Seqwater undertook a study of the Brisbane R which calibrated a suite of flood 

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  Iôve adopted this approach in 100s of models and 1000s of events 

throughout Australia.

Itôs easy to calibrate an event but far more difficult to calibrate a model.ò

Terry Malone (April 2020) ïex 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



What is a reasonable cost for model calibration, relative to the total project 

budget during a standard flood study?

1. I donôt have enough hands-on calibration experience to answer this question

2. 10%

3. 20%

4. 30%

5. 40%

6. 50%

LinkedIn Discussion

Model Calibration Cost? 

The upfront cost of calibration is far less than 

the potential follow-on costs/damages resulting 

from inaccurate uncalibrated modelling



Modelling



Systematic consideration of all potential sources of error is key to 

developing an accurate flood model

1. Data Issues

ÅRecorded flood calibration data 

ÅBoundary condition inputs

ÅModel geometry inputs

2. Model Build / User Error

ÅModel input data interpretation

ÅModel design

Potential Sources of Calibration Error

3. Software Assumptions / 

Applicability

ÅHydrology model

ÅHydraulic model



Calibration 

Data



ÅSurveyed peak flood levels

ÅMaximum height gauges

ÅWater marks on buildings

ÅDebris lines

ÅContinuous water level 

gauges

ÅVelocity gauging

ÅAnecdotal evidence

ÅFlood extent aerial imagery

Calibration Data Types

Counties, Catchment 

Management Authorities, 

Councils, Cities take note!

Å Collection and 

cataloging of these 

data immediately after 

an event is preferred

Å Interagency 

coordination is 

beneficial



ÅUnderstand peak level reliability 

(1 = high, 2 = medium, 3 = low)

Calibration Data Preparation

Peak Flood Level Data

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



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

ÅUnderstand peak level reliability 

(1 = high, 2 = medium, 3 = low)

Calibration Data Preparation

Peak Flood Level Data



ÅUnderstand peak level reliability 

(1 = high, 2 = medium, 3 = low)

Calibration Data Preparation

Peak Flood Level Data

High 

velocity 

zone

Low 

velocity 

zone

0.5m

0.5m



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

ÅUnderstand peak level reliability 

(1 = high, 2 = medium, 3 = low)

Calibration Data Preparation

Peak Flood Level Data

If surveying levels marked on a 

building from a past event, check the 

structure has not been raised since 

the flood!



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

ÅUnderstand peak level reliability 

(1 = high, 2 = medium, 3 = low)

Calibration Data Preparation

Peak Flood Level Data



ÅUnderstand peak level reliability 

(1 = high, 2 = medium, 3 = low)

ÅCommon sense check

ÅRegional continuity

ÅDEM verification 

Calibration Data Preparation

Peak Flood Level Data

Is Direct Rainfall (Rain-on-Grid) Accurate? ïPhillip Ryan

www.tuflow.com/library/webinars



ÅConfirm gauge datum (not AHD):

ÅInland gauges can use a local 

datum to offset base elevation

Calibration Data Preparation

Water Level Gauges



ÅConfirm gauge datum (not AHD):

ÅInland gauges can use a local 

datum to offset base elevation

ÅCoastal gauges can use Lowest 

Astronomical Tide (LAT) as datum 

for navigation purposes

Calibration Data Preparation

Water Level Gauges

Boat 

Draft

Chart depth + tide level (LAT datum) = available depth for boat draft



ÅConfirm gauge datum (not AHD):

ÅInland gauges can use a local 

datum to offset base elevation

ÅCoastal gauges can use Lowest 

Astronomical Tide (LAT) as datum 

for navigation purposes

ÅCheck gauge history

ÅLocation change?

ÅDatum change?

Calibration Data Preparation

Water Level Gauges



ÅUseful for derivation of rating 

curve for initial review of flow 

estimates from the hydrology 

model

ÅWarning: Donôt assume the 

rating curves youôre provided 

are correct. Check metadata

ÅUpper limits of rating?

ÅRange of uncertainty?

Calibration Data Preparation

Velocity Gauging
Rating 

Cross-section Area missing      

From rating!

Wrong



ÅBe aware of hysteresis effects

ÅMultiple velocity gauging / flow 

calculation at different times 

during an event are a useful 

though rare calibration dataset 

for a hydraulic model

Calibration Data Preparation

Gauge Rating Curve

River Flow Gauging



Model Inputs 

and 

General Model Design 

Considerations



ÅUse real recorded data. DO NOT 

use design event rainfall as an 

input for calibration!

ÅVerify recorded data quality 

before using

ÅWere all gauges operational for 

the whole event?

Å Cumulative Rainfall check

Å Compare daily / tip bucket totals

Model Input Data Preparation

Rainfall Data

Which two gauges failed during this event?



ÅUse real recorded data. DO NOT 

use design event rainfall as an 

input for calibration!

ÅVerify recorded data quality 

before using

ÅWere all gauges operational for 

the whole event?

Å Cumulative Rainfall check

Å Compare daily / tip bucket totals

Model Input Data Preparation

Rainfall Data

Plot Cumulative Data

Investigate unexpected horizontal lines



Confirm topography data accuracy 

by validation using secondary 

datasets

Model Input Data Preparation

Topography Data



Common Airborne Laser Data 

(ALS or LIDAR) survey limitations

ÅPoor ability to penetrate water

Model Input Data Preparation

Topography Data



Model Input Data Preparation

Topography Data

ZOOM

Thoughts on the quality of this data?



Model Input Data Preparation

Topography Data

Hillshade symbology is useful for spotting ALS data errors



Bridge openings sometimes 

missing or misrepresented in 

LiDAR

Model Input Data Preparation

Topography Data



Enforce ridge hydraulic controls using breaklines

Model Input Data Preparation

Topography Data

With ridge breaklines ṉ No ridge breaklines ṋ



Enforce ridge hydraulic controls using breaklines

Model Input Data Preparation

Topography Data

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

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

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


Enforce ridge hydraulic controls using breaklines

Model Input Data Preparation

Topography Data

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)

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

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


Enforce ridge hydraulic controls using breaklines

Model Input Data Preparation

Topography Data

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)

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

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


Enforce ridge hydraulic controls using breaklines

Model Input Data Preparation

Topography Data

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 == )

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

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


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

Model Input Data Preparation

Landuse Data



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

Model Input Data Preparation

Landuse Data

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


TUFLOW QGIS Plugin - Pipe Integrity Tool

Å Snapping check and correction

Å Pipe direction

Å Continuity

Model Input Data Preparation

Other Major Geometry Inputs

>13,000 pipes = QA Challenge



Model Input Data Preparation

Model Cell Size Selection

10m 20m 40m 

Result Convergence Testing: 

2D Cell Size Selection for Accurate Hydraulic Modelling

www.tuflow.com/library/webinars  



(After) 2020 Flood, Murwillumbah

Model Input Data Preparation

Site Visit / Meet and talk to the locals

(After) 2007 Flood, Newcastle



Case Study 

Demonstration 1



ÅFlood model calibration                                           

(1 event only)

ÅExternal inflows (provided)

ÅLanduse data

ÅNational Land Cover Database (provided)

ÅUsed data from aerial photography instead

Å5m DEM topography provided

ÅCorrected data error at two upstream bridges

ÅAdded ridge breaklines

Å53 peak flood level marks (provided)

USA Region 9 FMA Challenge 2

Overview

OUT

OUT



USA Region 9 FMA Challenge 2

Process Workflow

Calibration Activity Modelling Task Simulation Details

Step 1:

Define Model Extent

Broadscale model simulation 100m resolution model 

1 minute runtime

Step 2:

Initial Model Input 

Corrections

ÅLand use (Manningôs n)

ÅTopography

Step 3:

Result Convergence Test 

for Cell size Assumptions

10m, 15m, 20m, 30m, 50m, 100m cell 

resolution simulations 

<30m cell resolution is appropriate

Step 4:

Calibration Refinement 

30m resolution model 3 minute runtime

11 refinement iterations required

Step 5:

Final Calibration Simulation

15m resolution model 20 minute runtime



Impact of correcting bridge 

opening topography error

USA Region 9 FMA Challenge 2

Model Correction Example



USA Region 9 FMA Challenge 2

Model Correction Example

Legend

0.0

Surveyed Flood Mark

Recorded Peak Level (m) 

Modelled Peak Level (m) 

Difference (m)

0.0

0.0

Modelled Peak Flood Level 

(m) 



USA Region 9 FMA Challenge 2

Model Correction Example

Legend

0.0

Surveyed Flood Mark

Recorded Peak Level (m) 

Modelled Peak Level (m) 

Difference (m)

0.0

0.0

Modelled Peak Flood Level 

(m) 


