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Background

Ã Computing advances have led to highly complex 
catchment hydrology models
Ä Simulation of the entire terrestrial hydrologic cycle ς

physically based

Ä Coupled overland flow, stream flow and groundwater 
flow

Ã Used in water resource management ςe.g. Li et al. 
(2008), Goderniaux et al. (2009), Werner et al. (2006)

Ã Model testing is inconsistent



Background

ÃChallenges of model testing

ÄNo analytical solution

ÄLab and field experiments are challenging

Ã Inter-model comparison

Ã Analysis of test cases is limited



P&H (2004) Test Case
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P&H (2004) Test Case

Ã Only minor previous testing
ÄRainfall in, stream flow out

Ã Catchment characteristics
ÄRainfall

Ä800 x 1000m catchment

ÄFree-flowing hillslope

ÄSandy loam soil and aquifer

ÄNo evaporation



Research Objectives

Ã Quantitative assessment of catchment processes

Ã9ȄǇƭŀƛƴ ǘƘŜ ƳƻŘŜƭΩǎ ƻǳǘŦƭƻǿ ƘȅŘǊƻƎǊŀǇƘ

Ã Test case improvement

ÄModified to add a reasonable element of reality

ÄResult of quantitative assessment



Ã MODHMS
ÄPhysically-based 

ÄFinite-difference solution

ÄFully-coupled or iteratively coupled

ÄSimulates all hydrologic cycle components

Ä3D variably saturated subsurface flow

Ä1D & 2D St Venant equations for channel and overland 
flows

ÄHead-dependent flux and weir equations

ÄAdaptive time-stepping package

Methodology



Diagnostics used in this study

Ã Hydraulic head vs. Time

Ã Soil moisture content vs. Time

Ã Infiltration rates vs. Time

Ã Overland flow depth

Ã Overland flow rate

Ã Overland flow direction

Ã Channel flow depth

Ã Channel flow hydrograph separation

Ã Exchange between aquifer, overland flow, channel



1. Analysis of P&H (2004) test case

Results



Ã Panday and Huyakorn (2004) outflow hydrograph 

P&H (2004) Test Case
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Baseflow component- P&H (2004)
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Overland flow to Channel

Q OUT OF MODEL

Segment 2

Segment 1

OLF1

OLF2

CHFUPSTREAM



Overland flow to Channel
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P&H (2004) test case has virtually no flow in the 
stream ςflow occurs along the bank!



2. Modifications to P&H (2004) test case

Results



Ã Embedded stream into landscape

ÃaŀƴƴƛƴƎΩǎ n in channel

Ã Modified weir coefficient (1 bank)

Ã Modified initial channel head

Results



3. Characterisation of the modified P&H (2004) test case

Results



Infiltration dynamics

Panday and Huyakorn (2004) Modified Verification Example
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Subsurface Saturation
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Hydraulic head dynamics
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Hydraulic head dynamics
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Overland flow to Channel
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Hydrograph Separation

Baseflow component- Modified
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Channel discharge hydrograph
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Conclusions

Ã Panday & Huyakorn (2004) verification example has 
non-physical characteristics
Ä A revised version was developed to overcome these issues

Ã Catchment processes present in the model

Ã Can explain discharge hydrograph in terms of 
catchment processes

Ã Provides a base case for improved inter-code 
comparison
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