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CLARENCE
CONDAMINE-CULGOA-

BALONNE

Floods are among the most common and 
deadliest natural disasters in Australia.

Coupled hydrologic-hydraulic forecasting models 
are essential tools in managing floods.  Hydrologic 
models predict the flow volume in the river system; 
hydraulic models convert this flow volume into 
inundation extents and levels.

Hydrologic and hydraulic models are affected by 
large uncertainties (e.g. model structure, 
parameters, input data).

Satellite remote sensing (RS) soil moisture and 
flood extent/level can be used to constrain the 
hydrologic and hydraulic models. 

STUDY SITES
The Clarence and the 
Condamine-Culgoa-
Balonne were affected 
by floods in 2011-12-13.

Fig 1. Study sites.

DATA ANALYSIS     
Remote Sensing-derived inundation 
extent and level 

An algorithm is being 
developed to improve the 
accuracy of RS-derived 
flood extent in densely 
vegetated areas.

Flood extents are overlaid 
on terrain data to provide 
RS-derived water level (RS-
WL). RS-data: Synthetic 
Aperture Radar (SAR).

HYDRAULIC MODELLING (LISFLOOD-FP)

Use of gauged data or RS-derived water 
level for model verification

The 2011 flood in the Clarence catchment was 
used as a case study.

The results of the hydraulic model were verified 
using:
a)10 gauged water level time series;
b)RS-derived water level (RS-WL) from 1 image 
acquired close to the flood peak.

Results

Table 2 – Performance metrics for the 2011 flood. 
Target values: NS = 1; RMSE = 0; PR =1; Δt = 0; WLS =0;  
WBT=0.

The results indicate that:
 RS-WL are pivotal for the detection 
erroneous predictions of flooded area;
 RS-WL can be used to verify predicted flood 
wave arrival time.

Conclusion (2)
RS-WL provide more coherent and explicative
ways of comparison than gauged data.
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This project investigates the use of remotely sensed soil moisture and inundation 
extent/level to improve the accuracy of operational flood forecast.

HYDROLOGIC MODELLING (GRKAL)

Assimilation of gauged data and RS soil 
moisture for streamflow forecast

A set of  synthetic experiments was conducted in 
the Condamine-Culgoa-Balonne catchment 
upstream of Warwick.

A data assimilation (DA) approach based on a 
fixed-lag ensemble Kalman smoother was 
implemented to constrain the hydrologic 
streamflow forecasts using:
a) RS Soil Moisture data (RS-SM DA);
b) gauged discharge data (Q DA);
c) RS-SM and Q data (Joint DA). GP

Results

Table 1 – Nash-Sutcliffe efficiency coefficient of stream-
flow predictions for an event in 2011(optimal value: 1)

Fig.4 – Ensemble streamflow prediction for an event in 
2011 (24 hours lead time).

The results indicate that:
 Q DA has larger impact than RS-SM DA in 
improving the accuracy of streamflow forecasting;
 Joint DA outperforms the single variable 
assimilation schemes (i.e. Q DA and RS-SM DA) for 
longer lead times.

Conclusion (1)
Including RS-SM information adds value to 
constrain hydrologic streamflow forecasting.

END-USERS STATEMENTS
“The outcomes from this research will provide information for us to use remotely sensed data to improve our flood forecasting service. This work will support 
the development of both probabilistic flood forecasts, and flood forecasts that provide much more detailed information on the impact of floods.” – Chris 
Leahy (Australian Bureau of Meteorology)
“This project makes use of Synthetic Aperture Radar data, that are increasingly used in flood mapping and becoming routinely available over Australia 
from new satellite sensors. Outcome of this project will not only assist near real time flood monitoring and modelling but also inform effective use of SAR 
data systematically across Australia.” – Yuan Fang (Geoscience Australia)

Nash-Sutcliffe 
efficiency 

Lead time
1-h 24-h 72-h

Open Loop 0.68
a) RS-SM DA 0.83 0.75 0.69
b) Q DA 0.93 0.78 0.72
c) Joint DA 0.93 0.84 0.75

Gauged data (Grafton) RS-WL
NS RMSE PR=WLM/WLG Δt=TM-TG WLS WFT

0.97 0.26 m 1.036 3 h 0.80 >0

Fig 5 – Gauged (G) and 
modelled (M) water level.

Fig 7, 8 – Modelled and RS-WL and flood arrival time.

Fig 6 –Modelled flood 
extent (red dashes).

Water Level Score 
(WLS) = 0.80

Wetting Front 
Time (WFT)

Overestimation of 
the flooded area

Overestimation of 
the flooded area

RS image time

M(TM ,WLM)
G(TG , WLG)

RS image time

Fig 2 – RS-derived flood 
extent (Surat, 2011).

Fig 3 – RS-derived WL. 

WL

FLOODED AREA:
VALIDATION DATA 
TRADITIONAL ANALYSIS
NEW ALGORITHM0 1



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


