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Final Report Summary: AgriRisk Project No: 37432-ARI-IAR-2015 

HydroGeoSphere Modelling Platform Development for Assiniboine River Basin  (ARB) 

Objective 
The Assiniboine River Basin (ARB), which extends from South Western Manitoba into South 
East Saskatchewan and North Dakota (Figure 1), has been particularly hard hit by floods (2011 
and 2014) and drought (early 2000`s) during the last 20 years. Forages and grasslands can 
provide hydrologic benefits to agricultural landscapes in the form of flood and drought resiliency, 
and thus help reduce flood damages incurred by agricultural producers. However, the net 
overall impact of forage and grasslands on hydrologic resiliency has never been quantitatively 
evaluated at the scale of the ARB. 

Accordingly, this project set out to quantify the impact that forages and grasslands could have 
on the hydrologic characteristics of the ARB, and in turn support the concept of utilizing forages 
and grasslands for their ecosystem goods and services potential in agricultural ecosystems and 
to increase agricultural resiliency under the threat of increasingly variable climate conditions. 

	

Figure	1.	Location	of	the	Assiniboine	River	Basin,	its	three	major	sub-basins,	and	the	Birdtail	watershed. 

Methodology 

A series of fully-integrated groundwater-surface water simulators were constructed using the 
HydroGeoSphere (HGS) model (Figure 2) for three different spatial scales of interest within the 
ARB. These scales were: (1) full-basin at 150,000 km2, (2) the three major sub-basins 
(Qu’Appelle, Souris, and Sub-Assiniboine) at 40-60,000 km2, and (3) the Birdtail Watershed at 
7000 km2 (Figure 1). The intention of building and applying models constructed at different 
scales is to demonstrate that different hydrologic/land management questions can be addressed 
at different scales, with higher-resolution smaller-scale models providing more local level 
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insight. A graphical depiction of the 3D models for the basin and sub-basins, along with the 
modelling framework across different spatial scales is presented in Figure 3. 

	

Figure	2.	HydroGeoSphere	(HGS)	model	highlights,	including	the	key	hydrological	processes	which	it	considers	(left),	as	well	
as	general	HGS	background	information	(right). 

These simulators were then utilized for proof-of-concept scenario analysis designed to test the 
impact that forages and grasslands can have on river flow rates and soil moisture levels under 
different extreme climate scenarios that have been recently experienced in the ARB. Scenarios 
included different land cover configurations for the basin that included adding forages and 
grasslands in the riparian corridors, the agricultural lands proximal to rivers and streams, and 
agricultural lands distal to the rivers and streams. The hydrologic impact of forages and 
grasslands were also quantitatively compared to the impact of topographic depression storage 
(i.e. prairie potholes) on the ARB`s hydrologic behavior.  

Model Construction 

The HGS models for the Assiniboine River Basin (ARB) are composed of three dimensional 
(3D) finite elements, for which an assembly of LegoTM blocks provides a good analogy. In total, 
there are approximately 800,000 of these elements in the full basin model spread evenly over 7 
layers, which provides spatial resolution that ranges from 150 m to 4000 m, with the higher 
resolution elements located along the rivers and streams, and in areas with complex 
topography. In each of the three sub-basin models, there is approximately the same number 
(800,000) of elements, however, the elements are spread across a smaller geographic area, 
and hence the spatial resolution reaches as high as 50 m. Within the surface layer of the model 
there is over 22,000 km of surface water features resolved, where flow rates are reported at the 
locations of 30+ existing real-time flow gauging stations.  
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Figure	3.	Graphical	depiction	of	the	HydroGeoSphere	models	constructed	for	the	Assiniboine	River	Basin	
(bottom),	and	the	Qu'Appelle,	Sub-Assiniboine,	and	Souris	sub-basins	(top	row).	

The subsurface component of the models are divided into specific layers to represent different 
subsurface materials, with there being 3 soil layers (from the surface to 1 m depth) that carry the 
unique infiltration and water retention characteristics of 522 different soil compositions. 
Underlying the soil layers are 2 surficial geology layers (from the base of the soil profile to the 
bedrock), and multiple bedrock layers (Figure 4). Groundwater flow within the bedrock layer has 
been configured so that the effects of a much larger (than the Assiniboine Basin) regional flow 
system are imparted into the ARB model.  

Across the top surface of the model, landuse is resolved down to 250 m resolution, with the 
major land class groups including deciduous and mixed forests, wetland, cropland, grassland, 
and water surface. Also configured into the both the basin and sub-basin scale models are the 
ARB’s most important surface water management features, including the Lake Diefenbaker 
inflow, the Portage Diversion, and the Shellmouth, Rafferty, Alameda, Des Lacs, Lake Darling, 
and J. Clark Salyer dams. 

While there is considerable complexity within the model structure, certain components have 
been designed with adaptability in mind. In particular, the land use configuration and daily 
climate forcing data can be readily changed using GIS raster data manipulation, while the soil 
hydraulic properties can be manipulated with a basic text editor.   
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Figure	4.	Three	dimensional	framework	of	the	Assiniboine	River	Basin	hydrostratigraphic	layers.	

Model Performance 

Upon completion of the model construction process, the performance of the HGS models was 
evaluated by assessing how well simulated river and stream flow rates, and groundwater levels, 
compared against measured flow rates and groundwater levels. The time interval of primary 
interest for this model validation phase was 2009 – 2015, which encompasses both the 2011 
and 2014 flood years. By ensuring the models could accurately reproduce flood conditions, as 
well as average-to-dry conditions with a high degree of spatial and temporal resolution, 
confidence is instilled in the models ability to perform credible scenario analysis. An additional 
consideration incorporated into the assessment of model performance was the uncertainty and 
variability induced into the HGS modelling through the historic climatology data that was used to 
force the HGS models. Accordingly, multiple climatology datasets from leading international 
meteorological organizations were used for the HGS simulations, and comparisons of the 
impact of the respective datasets on HGS model output were made. An example of simulated 
vs. measure river flow rates at a location near the outlet of the ARB is present in Figure 5. Such 
a comparison was made for approximately 30 evenly distributed locations across the basin. 
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Figure	5.	Measured	(05MH005	Obs)	vs.	simulated	Assiniboine	River	flow	rates	downstream	from	Brandon	Mb.	CaPA,	MERRA,	
and	NLDAS	reflect	HGS	simulation	results	produced	with	leading	Canadian	(CaPA),	and	US	(MERRA,	NLDAS)	historic	weather	

reanalysis	datasets.	

Results 
The HGS models were demonstrated to be capable and effective tools to quantify how land 
management practices (including the impact that forages and grasslands have on soil properties 
and on the overland movement of water) can impact on the hydrologic behavior of agricultural 
watersheds and river basins. The models were also used to evaluate the large scale impact of 
agricultural land drainage on the hydrologic behavior of the ARB, through proof-of-concept 
scenario analysis. 

In particular, the models consistently showed that the agricultural lands in the immediate vicinity 
of the streams and rivers (i.e. riparian zones) have the strongest influence on peak flow rates 
under flood conditions. In these locations, increasing the surface roughness, such as with 
grassland and/or woody vegetation, can significantly reduce downstream peak flow rates. 
Comparatively, lands further away from the streams and rivers have a progressively diminished 
influence on surface water flows, however, factors associated with how these lands hold and 
infiltrate water do have measurable impact on flood genesis. 

Soil properties were also found to significantly influence the hydrologic characteristics of the 
ARB. When the permeability of the soil was increased to a level that could be reasonably 
achieved by utilizing forages and grasslands to improve soil health and structure, flow rates in 
the streams and rivers were reduced under both flood and drought conditions. Thus indicating 
that improving soil health can help retain valuable moisture in the fields during dry conditions, 
and also buffer peak flows during flood conditions. As expected, prairie potholes were also 
shown to have a noticeable influence on hydrologic behavior, with an increase in depression 
storage (potholes) leading to a reduction in river flow rates. 

In terms of relative hydrologic influence of the lands beyond the immediate riparian zone (i.e. 
the prairie plains which are predominantly managed under row crop agriculture), the greatest 
reduction in river flow rates was derived from soil health, followed by surface roughness (i.e. a 
robust forage/grassland field surface), and then depression storage. For example, sensitivity 
tests that were conducted on a 15,000 km2 area within the western part of the Souris sub-basin 
showed that increasing the soil permeability had the greatest relative influence on flood peak 
flow, followed by surface roughness, and then depression storage. 
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Figure	6.	Comparison	of	how	topographic	depression	(prairie	pothole)	storage	in	regions	distal	(grey	–	‘non	contributing’)	and	
near	(red	–	‘contributing’)	to	rivers,	as	well	as	how	flow	obstruction	(i.e.	land	surface	cover	such	as	forages	and	grasslands)	in	

the	‘contributing	area’,	can	potentially	influence	peak	river	flow	rates	during	conditions	equivalent	to	the	2011	flood. 

Outreach and Extension 
As part of the stakeholder outreach and education associated with the project, extensive 
communications and knowledge dissemination activities were designed into the project plan to 
ensure that the findings were transferred into the public domain and into the hands of producers 
and other decision makers. 

The MFGA HydroGeoSphere project also utilized an extensive project management team and 
steering committee to disperse updates, knowledge, key messages and outreach to the core 
audiences represented by the many stakeholders across the region. Throughout the course of 
this work, these audiences were kept informed of the progress of the model via the project 
meetings which occurred quarterly. 

The MFGA project was aided by marketing and communications support including four 
workshops (totalling approximately 150 key stakeholders combined attendance) held in 
Winnipeg (2), Brandon and Regina (Feb 13,2018). As well, the project communications team led 
and produced two MFGA Aquanty Grasslander Magazines (Winter 2016, Spring 2018) over the 
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course of the project to help communicate the values, science, technology and key personnel of 
the project for greater uptake of the model (Figure 7).  

MFGA project communications also was supported by day to day activity via a project twitter 
account (180 followers), website page, facebook page, media and cross-pollination of 
communications by partners and stakeholders. MFGA was an active presenter-exhibitor at 
events where stakeholders gathered including most recently: Manitoba Beef Producers AGM, 
Manitoba Forage and Grassland AGM, Manitoba Conservation Districts Association AGM, 
Assiniboine River Basin Initiative Conference (Regina), and Nature Conservancy of Canada 
Restoration Workshop.  

	

Figure	7.	Grasslander	magazines	produced	in	order	to	help	disseminate	information	and	findings	from	the	project	to	a	large	
and	diverse	stakeholder	base	(copies	available	from	MFGA	upon	request). 

Key Deliverables 
From a hydrologic modelling perspective, this project committed to the construction, validation, 
and proof-of-concept application of HGS models for the Assiniboine River Basin, the three major 
sub-basins with the Assiniboine River Basin, and one watershed. These tasks were completed, 
and the deliverables met were as follows: 

1) Basin Scale HGS model with validation statistics, and application demonstration utilizing 
multiple climatology datasets to assess and quantify uncertainty imposed into hydrologic 
simulations because of variability in historic weather data. 

2) HGS model for the Assiniboine River sub-basin with validation statistics, and application 
demonstration where spatially distributed soil and land use characteristics associated with 
forages and grasslands were evaluated for their impact on flood and drought response. 
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3) HGS model for the Qu’Appelle River sub-basin with validation statistics, and application 
demonstration where spatially distributed soil and land use characteristics associated with 
forages and grasslands were evaluated for their impact on flood and drought response.  

4)  HGS model for the Souris River sub-basin with validation statistics, and application 
demonstration where spatially distributed soil and land use characteristics associated with 
forages and grasslands were evaluated for their impact on flood and drought response.  

5) HGS model for the Birdtail watershed with validation statistics, and application 
demonstration that includes: 

• Proof-of-concept scenario analysis of hydrologic impacts associated with landuse 
change over time. 

• Hydrologic impacts of incorporating more forage and grasslands (10% and 20% 
increase) in either a single region or in a randomly distributed pattern across the 
watershed. 

• Influence of riparian landcover on flood propagation through the watershed. 

6) Results visualization and dissemination: 

Beyond the hydrologic modelling, another key deliverable was to construct a web-based data 
visualization tool for displaying the modelling results to a non-scientific audience (Figure 8). The 
work associated with this activity included processing the HGS model output into data formats 
compatible with standard Geographic Information Systems and in the design of map and time-
series data viewers. The web-based visualization tool was constructed by ISM Canada (an IBM 
company), Regina, SK.  

Note that the results from the Birdtail Watershed modelling activities are presented on the web-
based visualization tool, available through MFGA.net 

Performance Measurement 
Progress on the project was continuously monitored over its 25 month duration by the project 
management team (PMT) which consisted of representatives from Manitoba Forage and 
Grasslands Association, Assiniboine River Basin Initiative and Aquanty, who met monthly via 
teleconference. Beyond the monthly PMT meetings, an extended project steering committee 
consisting of the PMT plus stakeholder representatives from Keystone Agricultural Producers, 
Agricultural Producers Association of Saskatchewan, Manitoba Beef Producers, Manitoba 
Conservation Districts Association, Upper Assiniboine River Conservation District, Brandon 
University, Assiniboine Community College, Manitoba Sustainable Development, Manitoba 
Infrastructure, Manitoba Agriculture, and the Town of Virden met quarterly at Brandon University 
for half-day steering meetings. Because of this extensive project oversight and communication 
amongst the project team, the project maintained its course, all of the key deliverables were 
met, and stakeholders and agricultural organizations had a high degree of participation.  
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Figure	8.	Landing	page	for	the	web-portal	developed	and	hosted	by	ISM	Canada	(an	IBM	company)	to	communicate	
information	and	geospatial	insights	from	the	MFGA	ARB	project. 

The results from the project clearly demonstrate that forages and grasslands can play a strong 
role in the hydrologic behavior of agricultural systems in the Canadian Prairies, and that utilizing 
forages and grasslands to improve soil structure and to increase soil permeability can help build 
agricultural resiliency. It also showcased that science, technology and mainstream 
communications outreach can be synchronized for greatest success. 

Next Steps 
Due to the complexity of the model to the average producer/stakeholder/land manager, MFGA 
is engaging and rolling out a staggered outreach strategy to engage stakeholders on a 
continuing basis, including focus groups that will ensure the model is as effective as possible on 
first view/access. MFGA continues to use this feedback to market/promote the uptake of various 
model-run scenarios.  

MFGA is now working to submit proposals for future phases of work with the ARB models and 
to continue model development in order to provide solid science-based support for agricultural 
land management strategies that can have far-reaching positive implications for all parties in the 
ARB. 

Potential Model Applications 
The HGS models have been built with the idea that land use change scenarios can be readily 
incorporated into future simulations in order to test the influence of land cover on the hydrologic 
behavior of the Assiniboine River Basin and its three major sub-basins. Additionally, the 
hydraulic properties of the surficial soils can also be readily changed, thus providing opportunity 
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to evaluate how agricultural soil health initiatives could provide secondary benefits towards 
hydrologic endpoints. From the perspective of rural municipalities and urban areas across the 
basin, there is opportunity to utilize the models ability to zoom in to localized regions for detailed 
flood risk analysis linked directly to the larger basin behavior.  

It is also important to note that although the models are currently configured to simulate the 
historic hydrologic behavior of the basin, the weather scenarios used to drive the simulations 
can be swapped out much like the land cover and soils data. This infers that any number of 
potential future climate or extreme weather scenarios can be evaluated for possible influences 
on the basin’s hydrologic behavior, with the acknowledgement of course that such analysis 
carry considerable uncertainty.  

Finally, it is also important to recognize the quantitative and physically-based nature of the HGS 
model analysis, such that detailed insight on hydrologic indices (such as river flow rates) can be 
gleaned in a gaugeable manner from the different scenario analysis. This type of functionality 
makes the HGS models ideal tools for helping to evaluate (and quantify) the large scale 
ecosystem goods and services value associated with land and soil management across the 
Assiniboine River Basin.  

Given that the first phase of the project has only extended across 25 months, not all of the 
above opportunities have thus far been investigated. However, with the basic models now fully 
constructed, it can be considered that the ‘heavy lift’ has been made and subsequent 
applications will be able to leverage this extensive effort.  

 
 

	


