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Improving a continental hydrological model by 
enhancing its hydrological representation and 

implementing at 1km spatial resolution

Inclusion of 3 additional hydrological response units (HRUs)

The Australian Water ResourcesAssessmentLandscape(AWRA-L) model is a continentalhydrological model developed by the
CommonwealthScientificand IndustrialResearchOrganization(CSIRO)and Bureauof Meteorology(BoM)of Australiawhichis essentialin
providing consistentand reliable water resourcesassessmentsand accountsacrosscontinentalAustralia. Theoperational versionof the
AWRA-L modelprovidesestimatesof landscaperunoff,evapotranspiration,soilmoisture,and groundwaterrecharge/storageat a spatial
resolutionof 5kmgrids. Each5kmgrid is assumedto havetwo hydrologicalresponseunits(HRUs)– shallow-rooted vegetationand deep-
rootedvegetation. Toimprovethe landscapedynamicswithinthemodel,CSIROand BoMincreasedthenumberof HRUsfromtwo to five by
representingthe hydrologicalprocessesof the following: irrigated agriculturalareas,perenniallarge water bodies,and imperviousareas.
Thespatialresolutionof themodelwasalsoincreasedto 1kmgridsto improveitsapplicability for managementpurposesin localareas.
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• Open water evaporation
• Saturated soil, minimal 

infiltration (leakage)

• Rainfall becomes runoff or 
evaporation

• No infiltration and 
transpiration

• Similar to shallow-rooted 
vegetation 

• Irrigated water is added (from 
fixed allocation) when soil water 
is low during cropping season
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Deep-rooted vegetation Shallow-rooted vegetation

Comparison of results using Murrumbidgee as test basin

2 HRUs vs 5 HRUs

Maps for the additional HRUs (~5km)

Irrigated Area

Impervious Area

Large Water Bodies

Differences (2HRUs – 5HRUs)

Mean Annual Runoff (1970-2012)

Mean Annual Evapotranspiration (1970-2012)

Mean Annual Recharge (1970-2012)

Irrigated areas
Imperviousareas

Largewater bodies

Irrigated areas
Large water bodies

Impervious areas

Irrigated areas

Impervious areas
Largewater bodies

5 km vs 1 km

* Results shown are for irrigated areas; similar trends 
(smearing in coarse resolution) are observed in other HRUs.

Observed trends

A total of eight modelsetupsvarying the spatial layer inputs,climatologicalinputs,HRUsconsidered,and spatial resolutionswere runto
examinethe suitabilityof the modeldevelopments. Thenumericalexperimentswere runusingthe MurrumbidgeeRiver,oneof the widely
observedcatchmentsin Australia,as test basin. Thefigures below showthe comparisonfocusingon the impactsof HRUsand spatial
resolutions.

Statisticalcomparisonsfor the meansand medianNSEs,bias,and correlationwith runoff do not showsignificantchangeswith the increasein the
numberof HRUsor increasein the spatial resolutionof the model. Thisis expectedbecausemostof the gauging stationsin the test basinare
located in natural subcatchments(no irrigation, man-made reservoirs,or urban areas). Thecomparisonsabove, however,showthat the model
developmentsenabled the more explicit representationof hydrologicalprocessesin the three areas whichare importantfor water resources
management. Theimplementationof the modelat a finer 1kmspatial resolutionprovidesmorerealisticestimatesof the water balancewhichare
moresuitablefor usein catchmentand localapplications.
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Improving a continental hydrological model by 
enhancing its hydrological representation and 

implementing at 1km spatial resolution

Theimprovementsto the modelmay only be implementedin othercatchmentsin Australiaas well as for the entirecontinentif all spatial
data inputsto the modelare available. To ensurethe reliability and consistencyof the spatial data layers, the mostrecentand best
available data were usedto derive and regenerateall the AWRA-L spatial inputlayersfor the Australiancontinent. The48 inputspatial
layers to the improved 5 HRUAWRA-L model have been updated and made available at 5km and 1km spatial resolutions. The
climatologicalinputsfrom1970-2012 havealsobeenprepared to matchwiththespatialgridsof theAWRA-Lmodel.
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Updated spatial layers
Saturated Hydraulic Conductivity (1km)Relative Available Soil Water Storage (1km)

Soil Effective Porosity (1km)

Hydraulic Conductivity of the 
Unconfined Aquifer (1km)Groundwater Drainage Coefficient (1km)

Wind Speed at 2m (1km)Hypsometric Curve Value – 0th (1km)Reference Precipitation (1km)

Max Leaf Area Index – Shallow Rooted HRU (1km)

Vegetation Height – Deep Rooted HRU (1km)

Start of Irrigation Period (1km) End of Irrigation Period (1km) Slope (1km) Precipitation – Long term mean daily value (1km)

Significance
The updated input spatial layers are essential for
implementingthe improvedAWRA-L modelat any catchment
within continentalAustralia. Local catchmentswith a high
fraction of irrigated agriculturalareas, imperviousareas, or
large water bodieswill benefit the mostfrom theseupdates.
While thespatial layerswereprepared for usein theAWRA-L
model,they may also be usefulfor the developmentof other
large-scale hydrological models,especially those that are
seekingto implementmodelsat finer spatialresolutions.

AWRA-L 
spatial 
layer

Units Description
Source data used to derive the 
layers

KD MJ M-2 D-1 Incoming shortwave 
radiation

AWAP at 0.05o and resampled 
uniformly to 0.01o 

P Mm Precipitation (daily) ANUClimatefrom TERN (Michael 
Hutchinson) 

Tmax
oC Maximum 

temperature (daily)
ANUClimatefrom TERN (Michael 
Hutchinson)

Tmin
oC Minimum temperature 

(daily)
ANUClimatefrom TERN (Michael 
Hutchinson)

Climatological data

Total Water Requirement for Irrigation (1km)

New 5HRUs spatial layers

Combined impervious area mapping 
from Geoscience Australia (GA) and rock 
outcrop and urban mapping from Juan 

Guerschman

Combined Water Observation from 
Space (WOfS) data from GA  (better in 

eastern Australia) and water bodies 
mapping undertaken by CSIRO (better 

in western Australia)

Combined irrigated area mapping from 
GA and the CLUM data for MDB from 

Justin Hughes

From Advanced Very High Resolution 
radiometer (AVHRR) satellite derived 

fractions of recurrent photosynthetically 
active absorbed radiation (fPAR) 

(Donohue et al., 2008)

From Advanced Very High Resolution 
radiometer (AVHRR) satellite derived 

fractions of recurrent photosynthetically 
active absorbed radiation (fPAR) 

(Donohue et al., 2008)

Fraction of Impervious Area (1km) Fraction of Irrigated Area (1km) Fraction of Large Water Bodies (1km) Fraction of Tree Cover (1km) Fraction of Grass Cover (1km)
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