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Scope
 We are not discussing major rivers (North and South Saskatchewan 

and their tributaries, the Battle, Souris etc.)
 Not talking about flooding caused by rivers going over their banks
 We are talking about very small scales

– Small stream basins (few 10s of km2)

– Individual fields

– Individual sloughs or small complexes

– Road crossings



Problem
 Flows and flooding in Canadian Prairies are changing due to the 

effects of changes in climate, land use and drainage
 Tools are needed to help plan development of infrastructure

– Culverts and small bridges in grid roads and highways

– Drainage 

 Tools are also needed to evaluate risks to existing infrastructure



What is needed?

● Tools are needed to give answers to very local questions, such as:

– “What will be the changes to downstream 5-year return 
period flows if I drain these sloughs in this field?”

– “Will this road crossing be adequate in 50 years?”

– “Has upstream drainage increased the probability of flooding 
on my property?”

● Local questions need very local answers, based on local 
conditions

● Need answers which can assess the changes in return-period 
flows and/or flooding



Return period flows
● Return period flows are used to design infrastructure

– Return period flows are often estimated from the distribution of 
historical gauged flows

● Changes in land use and climate mean that we can’t use old return 
period values any more

– https://www.science.org/doi/10.1126/science.1151915

● Need new tools specifically
designed for the 
Canadian Prairies

https://www.science.org/doi/10.1126/science.1151915


Prairie historical annual inst. flood peaks
all WSC uncontrolled prairie basins < 1000 km2



Smith Creek drainage
map by Stacey Dumanski



Smith Creek annual flow volumes
Dumanski et al., 2015



Why can’t we use existing models?

● Hydrological models – calculate components of the water cycle

● Hydraulic models – simulate local flows overland, through culverts etc.

● Models developed in the rest of the world don’t work in the prairies

– Most models are developed in warmer places (US, Europe) 
● Based on rainfall but majority of the runoff in the Canadian 

Prairies has been due to snow melt
● Can’t simulate our complex hydrology (blowing snow, infiltration 

to frozen soils)
● Can’t incorporate the effects of climate change on our cold 

processes

– Don’t simulate effects of storage in depressions (sloughs)



Why can’t we use existing tools? (cont’d)
● There are hydrological models developed for the prairies (CRHM, MESH)

– Do a very good job of simulating prairie runoff and other components 
of the hydrological cycle

● However, they don’t simulate detailed local hydraulics

– i.e. individual sloughs, culverts, gates, drainage channels

● Hydrological and hydraulic models can’t give return-period values on 
their own

– They estimate the flows/flooding on a given day, not the probability 
of a particular flow or flooding



Why can’t we use existing tools? (cont’d)
● Building and running detailed hydrological models for individual basins is 

very slow, expensive and requires unique skills

– The Smith Creek study took many people several years to complete

– Cost hundreds of thousands of dollars

– Researchers don’t have the time to do detailed runs in every basin

● We need a tool which is simple, and cost-effective

● Tool needs to be usable by consultants and government agencies

● Parts of the tool may need to be run many times for design purposes



A new tool
● We can combine existing tools to create a new tool for the prairies

● Uses a prairie hydrological model (CRHM) to calculate runoff, evaporation and 
rainfall

– Can simulate effects of changes in climate

– Models are being developed for typical prairie basins by Prairie Water

● The outputs from the hydrological model can then be used by a hydraulic 
model which can simulate local conditions

– Simulates individual sloughs, drainage ditches, roads, culverts, gates etc

– Can simulate changes in drainage

● By running both models for a long period of time, we can calculate the 
changes in return-period flows and flooding due to changes in climate 
and/or land use



New tool cont’d
● The hydrological models developed by Prairie Water will be run for long 

time periods all over the prairies by Prairie Water

– Will be run using historical weather data and future climate 
simulations

– The model outputs (rainfall, evaporation, upland runoff) will be made 
available on the internet

– Models only need to be run once

● The hydraulic models will use standard programs 

– Already used and very well understood by consultants and government 
agencies

– Can be run iteratively for designing infrastructure, using the same 
outputs from the hydrological model as inputs



Summary
● Changing climate and land use mean that we cannot use the past as 

guide to the future

● Current models cannot be used to do detailed design of Canadian Prairie 
infrastructure and analyses of effects of changes in climate and drainage

● We need a new set of tools

● The new tools can be based on CRHM models developed by Prairie Water 
and existing hydraulic modelling programs

● The tools will require development work and testing before they can be 
used operationally
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