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Hydrologic forecasting is increasingly being recognized as a tool to help mitigate the
impacts of extreme weather via the provision of early warning data to emergency 
preparedness personnel, watershed managers and agricultural producers, as well as
to businesses and the general population. Typically, the current generation of 
forecasting platforms revolve around surface-water-only modelling systems that rely
on simple routing schemes to estimate watershed contributions to stream flow. 
While these simplified platforms are functional in the sense that streamflow 
forecasts can be made quickly for a wide range of projected weather scenarios, they
fail to capture the essential physics governing water movement within the entire 
hydrologic cycle.  Hence, information that can be considered key to the 
understanding of flood genesis and propagation, including soil moisture cycling, 
groundwater levels and groundwater/surface water interactions, are lost from the 
analysis. This missing information precludes the establishment of an in-depth 
scientific understanding of potential flood behavior and associated risks. Further, 
the utility of these simplified platforms to address off-channel pluvial flood risks 
relevant to the agricultural sector is suspect.

While it can be argued that computational limitations have limited the development 
and deployment of more sophisticated forecasting platforms in the past, we are now
in an age where high-performance computing resources are commonplace.  
Accordingly, computationally intensive state-of-the-art integrated 
surface/subsurface hydrologic models can now be employed within the context of 
next-generation flood forecasting tools. Moreover, such integrated modelling 
platforms can now enable full hydrologic forecasting systems of off-channel flood 
impacts, groundwater levels and drought severity (of interest to the agricultural 
sector) in a scientifically defensible manner.

To demonstrate this advancement in hydrologic forecasting technology, we describe
a data assimilation and forecasting platform based on the HydroGeoSphere (HGS) 
model. HGS is a 3D fully-integrated surface/variably-saturated flow and transport 
model. The platform has been deployed for the 4000 km2 South Nation watershed 
located in Ontario, Canada. Currently configured to provide up to 14 day forecasts 
with 12- or 24-hour release frequencies, the HGS platform generates an ensemble of
projected stream flow, soil moisture, and groundwater conditions across the entire 
watershed for the specified forecast period using an ensemble of weather forecasts 
to drive HGS. The unstructured control-volume finite element mesh upon which the 
South Nation watershed model is constructed carries a high level of spatial 
resolution, with 30m to 125m maximum inter-nodal spacing along the 2700 km of 



surface water channels within the model domain, and a maximum of 375m inter-
nodal spacing in the off-channel regions of the domain. The subsurface component 
of the model extends across six soil and quaternary geology layers that each carry 
spatially distributed hydraulic properties. While providing a high level of physical 
realism at the watershed scale, the level of discretization employed in the South 
Nation watershed model poses computational challenges for field-data assimilation 
that make traditional ensemble-based filter methods difficult to implement within a 
real-time framework. To overcome these challenges, we employ methodology based
on Ensemble Variational Data Assimilation (EnVar) combined with a numerically 
efficient cost-function algorithm to query and update an evolving initial-conditions 
library.  Preliminary results generated by the HGS real-time forecasting platform, 
over a wide range of weather conditions, suggest that the forecast skill for 
streamflow rates can extend 4 to 5 days outward from the forecast release date. 
Evaluation of the soil moisture and groundwater forecast skill for the platform is 
ongoing, along with its response to extreme weather projections.

    

Figure 1. 3D representation of the model domain for which the HGS real-time 
simulation platform is demonstrated.


