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Table 1: Simulated water and nitrate-N dynamics for the period May 2008 to April 2009.  Setting up of the model 
required various parameters to be tuned to achieve the required water balance and rates of nitrification and 
nitrate uptake. Tuned values are shaded grey.

Conclusions
• The HYDRUS-wetland was adapted to simulate the salient 

processes governing water and nitrate dynamics at a hillslope
scale. This involved flow analysis to identify the quick- and 
slow-flow components of stream flow, and routing of slow-flow 
through HYDRUS as precipitation.

• Water and nitrate dynamics could be simulated during storms 
or annual periods if overland flow contributions were assumed. 

• Uptake of nitrate appeared to be the dominant nitrate 
mitigation process, rather than denitrification.

• This demonstrates the potential usefulness of including 
mechanistic soil processes in the simulation of catchment 
hydrogeochemistry. 

• More data on these types of fluxes at a hillslope or small 
catchment scale are needed to support further model 
development and validation.
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Figure 2: Observed flow (top left ) 13-19 May 2009 and its simulation (bottom left) using quick-flow analysis and 
the HYDRUS model. Measured (top right) and simulated (bottom right, solid line) concentrations of nitrate-N in 
stream water. Assumed concentrations of nitrate-N in overland flow (quick flow) are indicated by the broken line in 
the bottom graph.

Water Balance (mm) Nitrogen Balance (kg N ha-1 year-1)

Precipitation 572 Nitrification 154.1

Evaporation 0 Uptake 127.3

Transpiration 616 Denitrification 2.5

Overland flow 15 Seepage 0.0

Seepage 3 Soil nitrate-N 24.3

Soil Water -63

Runoff Coefficient (%) 3 Stream Nitrate-N (mg/L) 0.017

Introduction
Natural resource managers need quantitative information on the 
effectiveness of streamside management zones (SMZs) for 
protecting water quality. Here we (1) describe simulation of the 
processes that integrate nitrate and water dynamics at a hillslope
scale including nitrate concentrations and fluxes in stream water, 
and (2) describe limitations and desirable enhancements of the 
model and data.  Further details are available in Smethurst et al. 
(2011 and 2013).  

Methods
• 10 ha steep, low rainfall, low intensity grazing system, with 

native forest, pasture and an SMZ containing a young forest 
plantation (Fig. 1)

• HYDRUS-wetland module developed for simulating nitrate
dynamics in constructed wetlands. Pre- and post-processing for 
quick-flow and annual fluxes.

• Pools and fluxes of N measured were pasture N uptake, N 
mineralisation and nitrification, and N concentrations in rain 
water, soil water, soil leachate, and the watertable.

Figure 1: The study catchment  
with an SMZ containing a 
plantation of 4-year-old eucalypts 
and acacias planted in August 
2008. Additional SMZs are shown 
adjacent (left) and below the study 
catchment. The blue line 
approximately marks the 
catchment boundary. 
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Results
• During monitored storms, which lasted several days, nitrate-rich 

water in surface soil that built up during drier periods began 
entering the buffered stream a day or two after the storm 
commenced, and continued for a day or two after rain stopped, 
suggesting near-surface, preferential-flow processes (Fig. 2). 

• A method was developed for pre- and post-processing of 
rainfall and flow data for HYDRUS that accounted for overland 
flow and simulated early nitrate-N dilution during a storm (0.08 
to 0.01 mg/L) followed by an increase in nitrate-N concentration 
(0.01 to 2.4 mg/L) (Fig. 2). 

• Denitrification was predicted to occur throughout the hillslope in 
the saturated zone, but overall there was a negligible predicted 
annual rate of denitrification (2.5 kg N/ha/year) (Table 1). 

• Desirable model enhancements include overland flow, 
preferential flow, improved water balance when using a variable 
seepage zone, root types, diffusive nutrient uptake, area-based 
outputs, and reduced N turnover specification.

• Future studies would benefit from better spatial and temporal 
specification of soil and roots, and solute dynamics in overland 
flow.


