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Abstract Hydrologic model tested: MODHMS Spatial patterns of hydrologic variables
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We develop a flexible framework for testing distributed hydrologic 

models at the hillslopescale. The proposed method consists of 

generating a hydrologic dataset named ñhypothetical realitiesò using 

the extremely detailed Integrated Hydrology Model (InHM) on a zero 

order catchment. Simpler distributed hydrologic models can then be 

evaluated against the hypothetical realities, which represent an error-

free data set of hydrologic variables. We present here preliminary 

hydrologic modeling results with MODHMS and explore several model 

testing techniques.

Introduction

Numerous hydrologic models solve Richards equation for the variably 

saturated subsurface domain. However, scarcity of measured 

hydrologic states and variables and the scale discrepancies between 

observations and simulations pose a challenge in testing and 

evaluating such models. We use a synthetically generated dataset 

based on the 10.5 ha Tarrawarracatchment as a surrogate for 

measured hydrologic variables to test how well existing spatial models 

simulate the complex spatial hydrologic processes. 

The hypothetical reality is generated with InHMusing fine spatial 

resolution. Candidate models we explore will be tested at a range of 

coarser resolutions.

The Tarrawarracatchment

Grass cover (pasture),  0.5-1.5m deep soils overlaying bedrock.
On-going work

Our distributed model testing framework uses a combinatorial scheme 

that includes event based and continuous simulations, variable spatial 

and temporal scales, and variable levels of input information and 

observation data from the hypothetical realities. All tests will be 

conducted first without calibration then with a multi-objective automatic 

calibration to one or more watershed observations. We will develop a 

series of visual and quantitative measures of model performance 

using both point observations and spatial patterns. Test variables to be 

considered are: model element shape and scale, soil-hydraulic 

parameters, soil depth and initial conditions.

MODHMS (Pandayand Huyakorn, 2004) is a physically based fully 

integrated surface-subsurface model based on the USGS MODFLOW 

groundwater code for which additional modules have been developed 

to simulate 3-D variably saturated flow (Richards equation) and 2-D 

overland flow (diffusion wave approximation). 

During each series of distributed model tests, the first iterations will be 

conducted based on several rainfall-runoff events including dry and 

wet antecedent conditions and with low and high precipitation 

intensity. After the event-based simulations, we will conduct a series of 

continuous simulations that include several wetting and drying 

cycles, 3-5 years for calibration periods and 3-5 years for model 

verification.
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Figure 1 ïTarrawarracatchment, Australia - 30 cm depth integrated 

measured soil moisture states (Western and Grayson, 1998).

Testing period and data variability

Example MODHMS simulations 
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Figure 2 - Distributed model test framework components. Colored boxes 

give example conditions for one model test

Model input data: eleven years of half-hourly values of precipitation 

and potential evapotransiprationrates includes a wide range of 

hydrologic conditions.  
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Model evaluations will also be based on spatial patterns of soil water 

contents and saturated water levels. 

Figure 4 - MODHMS grid-based spatial elements generated for the 

Tarrawarracatchment 

In addition to MODHMS, the Penn State Integrated Hydrology Model 

(Quand Duffy, 2007), a physically-based model with TIN elements and 

a two-dimensional subsurface representation is currently being 

configured for the Tarrawarracatchment testing application. 

Figure 7 ïMODHMS simulated degree of saturation in the top 20 cm 

for  coarse (top), medium, and fine spatial resolution (bottom) for a)

water draining from a fully saturated domain on Jan 3, 1996 8:00 

PM, b)during a wet period on September 27, 1997 4:00 PM and c)

during a dry period on March 3 1997, 10:00 AM. These observations 

are consistent with the soil moisture patterns observed at Tarrawarra

during 1996 (Figure 1).

Figure 3 ïAnnual precipitation and PET during the proposed testing 

period

Figure 6 ïEleven-year MODHMS uncalibratedsimulated hydrograph 

demonstrating the range of climatic experience 
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Figure 5 ïEvent-based MODHMS uncalibratedsimulated 

hydrographs for 3 grid resolutions compared with InHMhypothetical 

reality base case, both generated with catchment-average soil 

hydraulic properties 
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