
 

 

 

 Calgary Metropolitan 
Region Board 

  

 

Natural and managed capacity of 
regional water supply  in the Calgary 
Metropolitan Region  

 
  

 Submitted by: 
Dr. P. Kim Sturgess, C.M, P.Eng., FCAE 
Chief Executive Officer 
WaterSMART Solutions Ltd. 
605, 839 5th Avenue SW 
Calgary, Alberta T2P 3C8 
Kim.Sturgess@watersmartsolutions.ca 

  

 Submitted to: 
Jaime Graves 
Project Manager ς Intermunicipal 
Servicing 
Calgary Metropolitan Region Board 
305, 602 11 Ave SW 
Calgary, AB T2R 1J8 
jgraves@calgarymetroregion.ca 
403-213-6883 

  

 Submitted on: 
October 25, 2019 



Natural and Managed Capacity of Water Supply 

  
 

2 

 

9ȄŜŎǳǘƛǾŜ ǎǳƳƳŀǊȅ 

The Calgary Metropolitan Region Board (CMRB) has a mandate to complete a Growth Plan and Servicing Plan for 

the Calgary Metropolitan Region (CMR) by December 2020. As part of the Servicing Plan development, the CMRB is 

undertaking inter-related studies of five Complexities that were identified as part of the CMRB Water Roadmap. 

The complexities focus on existing water and wastewater servicing, demand management, natural and managed 

capacity of supply, regulation and policy, and water quality and a background report on stormwater. Natural and 

managed capacity of water supply is the focus of this complexity study, which documents a summary of learnings 

from existing literature to provide relevant guidance to the CMRB Growth Plan consultant on the topic of natural 

and managed capacity of regional water supply. 

Precipitation, in the form of runoff from snowmelt and rainfall, is the main source of natural water supply to the 

CMR, mostly coming from the Rocky Mountain headwaters. Peak runoff from snowmelt typically occurs in May and 

June, while rainfall can contribute to flow from June to August. Glacier meltwater is a key source of water in the 

late summer when snow and rainfall do not provide as much source water volume.  

Projected changes to precipitation as a result of climate change will impact the natural water supply of the region 

because precipitation is the major source of water supply. There are two significant ways in which precipitation is 

projected to change in the CMR and headwaters region:   

1. Timing throughout the year: climate projections for future conditions (roughly 2040s) indicate a 

trend toward more precipitation during the winter and less precipitation during the summer. 

Warmer air temperatures are projected to result in an earlier spring snowmelt. 

2. Variability (quantitative difference between high and low flows): greater variability is projected 

between months, with higher possibilities of extremely high or low flows in any given year.  

 

In general, climate change is likely to increase the frequency of low flow periods in all sub-basins in the CMR. 

Historical water supply studies also show long periods of low flows as part of natural variability. This indicates that 

regardless of climate change projections, water management strategies need to be designed around significant, 

multi-year droughts.  

 

Management of water supply in Alberta is enacted through legislation, licensing, infrastructure, and 

planning/operations coordination. In 2007, the Bow and Oldman sub-basins were closed to new applications and 

water conservation objectives were set for the mainstem and their tributaries. Many reservoirs have been 

constructed within and upstream of the CMR to manage supply, mitigate floods, produce hydropower, or some 

combination. Management options that may be available to the CMR as identified in previous work are described 

in Section 4.5 and include both structural and non-structural options.     

 

Section 5.1 of this report provides a description of high-level key considerations for the CMRB Growth Plan 
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consultant. These are the dominant themes that relate to future water supply management. They are broad, 

generalized statements for consideration in the planning process and include: 

¶ Water supply variability 

¶ Coordination among users 

¶ Planning for increasing efficiency 

¶ Risk and vulnerability 

¶ Work with existing initiatives 

¶ Low flows and wastewater 

¶ Systems approach 

¶ Diversity of storage and servicing 

All sub-basins in the CMR are expected to experience some degree of water quantity constraints in the next 30 

years due to projected changes in the natural and managed parts of the system. Generally, the headwaters have 

the lowest relative potential to experience constraints over the next 30 years with constraints increasing 

progressively downstream. Headwaters generally have fewer constraints as they have lower population levels, less 

development, and a proportionally greater volume of water to draw from. While most CMR municipalities fall 

within the highest level of constraint, it should be noted that these numbers are relative to other sub-basins in the 

study area and not absolute indicators of impending shortages. 

Addressing the various water supply constraints will require action and cooperation by numerous stakeholders in 

the region. Specific opportunities for consideration by the CMRB as they proceed with regional planning were 

extracted from the literature throughout the preparation of this report, and are summarized below and in the final 

section of this report:  

¶ Establish agreed-upon standards and timeframes for water-related municipal actions 

¶ Develop an overall water supply strategy 

¶ Work with a collaborative working group to identify specific opportunities for coordination of upstream 

releases and downstream uses, potentially identifying storage projects 

¶ Formalize water sharing agreements 

¶ Connect to academic researchers directly to promote applied research 

¶ Work with AEP through the Land-use Framework to enable headwater protection and integrated land use 

management 
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Acronyms 

Bow River Operational Model     BROM 

Calgary Metropolitan Region    CMR 

Calgary Metropolitan Region Board    CMRB 

General Circulation Model     GCM 

South Saskatchewan River Operational Model   SSROM 

South Saskatchewan River Basin    SSRB 

Western Irrigation District     WID 

Glossary 

Water availability: a term encompassing the supply of water, the demand for water, and access to water. 

Water yield: the volume of water that runs off an unregulated watershed to become streamflow at a certain point. 

Basin: any area of land where precipitation collects and drains off into a common body of water. 

Sub-basin: smaller basins included within the basins of larger streams or rivers.  
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1.0 tǊƻƧŜŎǘ .ŀŎƪƎǊƻǳƴŘ 

The Calgary Metropolitan Region Board (CMRB) has a mandate to complete a Growth Plan and Servicing Plan for 

the Calgary Metropolitan Region (CMR) by December 2020. The CMRB Regulation AR190/2017 sets out the 

objectives for the CMRB Servicing Plan, which includes facilitating the orderly, economical and environmentally 

responsible growth in the region. Once approved, the long-term Growth and Servicing Plans will guide regional 

land-use decision-making in the CMR. 

As part of the Servicing Plan development, the CMRB is undertaking inter-related studies of five Complexities that 

were identified as part of the CMRB Water Roadmap. Natural and managed capacity within the CMR is Complexity 

C, the examination of which will deliver a common set of resource information as a base assumption for Water 

Servicing Plan recommendations from the Water Table to the Intermunicipal Servicing Committee (ISC) and CMRB 

Board. For the purposes of this project, natural capacity refers to the natural hydrograph of watersheds and how 

they may respond to climate variability whereas managed capacity is related to the operation of water 

management structures (e.g. dams) and to water licences issued under the Water Act.  

Water availability and corresponding water supply for the CMR depends predominantly on a naturally variable 

surface water system that experiences changes in the magnitude and timing of flow within and between years. 

Current managed capacity addresses many of the issues relating to variability in the natural capacity of the system. 

However, changes to the hydrology of the headwater watersheds are anticipated due to changes in consumption, 

land-use and climate change. These changes will impact the natural capacity of the systems within the CMR and 

must be understood in order to make informed planning and management decisions as the region continues to 

grow. This report summarizes learnings from the existing and highly developed body of knowledge surrounding 

water supply to provide relevant guidance to the CMRB on the topic of natural and managed capacity of regional 

water sources. 

2.0 hōƧŜŎǘƛǾŜ 

This study provides background information about water availability for the CMR based on a review of relevant, 

existing literature. It provides a summary of the natural capacity and managed capacity of regional water sources 

with an emphasis on research in climate variability and possible impacts to the CMR.  

Specifically, this report: 

¶ Reviews and analyzes the list of reports supplied by CMRB (15) and supplemented by additional reports 

identified by WaterSMART; 

¶ Summarizes the status of water licences and current water use within the CMR watersheds; 

¶ Summarizes the regulatory and collaborative models used to support planning; 

¶ Compares planning models, highlighting which inputs require work for CMRB planning; 

¶ Summarizes the natural capacity outcomes of climate change, flood hydrology and related studies;  

¶ Summarizes the management options from existing literature for water availability, including risks and 
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benefits of each; 

¶ Summarizes and tabulates the high-level and specific constraints for CMRB members regarding access to 

water;  

¶ Graphically illustrates the natural capacity under climate change scenarios for a 30-year time horizon; 

¶ Graphically illustrates water-derived constraints on a watershed level in a map that identifies watersheds 

and reaches that may experience constraints within a 30-year period; and, 

¶ Identifies data gaps for quantifying water-derived constraints in the CMR. 

2.1 Assumptions and scope limitations 

This report integrates and builds on existing data, tools, and knowledge to improve the knowledge base and 

understanding of water supply constraints in the CMR. The analysis and conclusions throughout this report assume 

that the population and economy in the CMR will continue to grow and that water demand will increase. This 

report does not examine in detail water conservation and efficiency that can reduce per capita water demand; 

however, it does provide observations and opportunities relating to demand management due to their relevance 

to water supply management.  A more detailed analysis and recommendations of water demand for the CMR are 

dealt with in Complexity B Water Use and Conservation in the Calgary Metropolitan Region.   

This report focuses on water quantity, with only minor sections identifying water quality factors or options.  In 

addition, this report focuses on surface water supply; groundwater was not identified as part of the project scope 

and is only briefly discussed within this report.  On a regional scale, groundwater plays a significant part in water 

supply both within alluvial aquifers adjacent to surface water, as well as providing direct discharge during low flow 

conditions.  In addition, several communities and numerous households are dependent upon aquifer supplies. 

However, assessing the natural and managed capacity of groundwater supply for the region is a large project and 

could be conducted as a separate initiative. 

3.0 bŀǘǳǊŀƭ ²ŀǘŜǊ {ǳǇǇƭȅ wŜǾƛŜǿ 

3.1 Key background 

The main factor that determines how much surface water is available to CMR municipalities is the amount of 

runoff from snowmelt in the Rocky Mountains that typically peaks in May and June. Rainfall also contributes to 

flows, mostly in June. River flows are highly variable, both from season to season and from year to year. In the Bow 

River, for example, natural flows usually range between 30 m3/s and 300 m3/s but can be above and below this 

range.  

The CMR overlaps with three sub-basins of the South Saskatchewan River Basin (SSRB): the Bow River, Red Deer 

River, and Oldman River basins (Figure 1). This project examines water availability and management in the basins 

and reaches of the Bow River mainstem shown in Figure 2. These sub-basins and reaches are relevant to the CMR 

either by being part of the headwaters, by directly overlapping with the CMR boundary (also shown in Figure 2), or 

by being a significant downstream reach of the Bow River mainstem. The Little Red Deer sub-basin and the 

Rosebud sub-basin fall within the Red Deer basin. The Little Bow sub-basin falls within the Oldman River basin. 
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Figure 1. CMR boundary superimposed on the Red Deer, Bow, and Oldman River basins. 
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Figure 2. The CMR borders superimposed on the sub-basins and river reaches used in this report. 

 

3.2 Overview of natural supply  

The Bow River basin makes up the majority of the CMR, however parts of the Red Deer basin cover the north east 

and north west corners of the CMR, whereas the south east corner of the CMR is part of the Oldman River basin 

(Figure 1). Almost all sub-basins within the Bow River basin are of interest for the CMR. Those furthest west, 

including the Upper Bow, Kananaskis, and Ghost River sub-basins, do not fall within the CMR boundary but 

constitute the headwaters for the Bow River. Glaciers contribute a small portion of the total annual volume, 

comprising approximately 3% of the Bow River. However, they play a very important role in supplying water in the 

late summer, particulaǊƭȅ ŘǳǊƛƴƎ Ƙƻǘ ŀƴŘ ŘǊȅ ȅŜŀǊǎΣ ōȅ ŎƻƴǘǊƛōǳǘƛƴƎ ōŜǘǿŜŜƴ у҈ ŀƴŘ нл҈ ƻŦ ǘƘŜ .ƻǿ wƛǾŜǊΩǎ ǾƻƭǳƳŜ 

at that time (Bash & Marshall, 2014). During winter, the Bow River is heavily influenced by groundwater with 

approximately 20% of the annual flow coming from shallow groundwater (Bow River Basin Council, 2010). Water 

contributed to the river from these near-surface sand and gravel alluvial aquifers is called baseflow.   
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Only one tributary of the Oldman River, the Little Bow River, falls partially within the CMR. The Little Bow River is 

one of three prairie sub-basins in the eastern part of the Oldman basin. Peak flow is experienced in the early spring 

due to snowmelt in the headwaters (Oldman Watershed Council, 2010).  

Two of the sub-basins of the Red Deer River basin are partially within the CMR boundaries, those being the Little 

Red Deer River sub-basin and the Rosebud River sub-basin. The Little Red Deer River sub-basin experiences high 

streamflow early in the year due to spring snowmelt and subsequent peaks throughout the summer from high 

precipitation events. At its confluence with the Red Deer River, the Rosebud RiverΩǎ discharge rates are relatively 

constant throughout the year, with maximums occurring in spring (April) and minimums in fall (October). 

Approximately 38% of the total area does not contribute to drainage, due to flat topography and no runoff to 

major water bodies (Red Deer River Watershed Alliance, 2009). 

3.3 Hydrology 

The natural capacity of the source-water bodies in the CMR municipalities is monitored using recorded streamflow 

measured at hydrometric stations. Water Survey of Canada (WSC) is the national authority responsible for 

collecting real-time streamflow data from hydrometric stations. .ŜŎŀǳǎŜ Ƴŀƴȅ ƻŦ !ƭōŜǊǘŀΩǎ ǊƛǾŜǊǎ ŀǊŜ regulated 

(e.g., by dams and other structures), the Government of Alberta has developed estimates of what the streamflow 

data would look like without effects of man-made structures. These data are called naturalized flows and are 

currently available from Alberta Environment and Parks (AEP) for the period 1912 to 2009. Updated estimates for 

the period 2010 to 2015 are in progress as of the writing of this report.  

Measured streamflow data were used for this analysis to develop average water yield estimates based on actual 

conditions experienced in the sub-basins as a result of both natural supply and management activities. Future work 

could include a comparison of water yield based on naturalized flow with the values from this study to understand 

the impact of water management on the estimated natural capacity of the sub-basin. Based on the measured 

streamflow data, some generalizations and estimates regarding the water yield for each sub-basin are provided 

below.  

3.3.1 Estimating water yield in the CMR source watersheds 

In order to estimate water availability, annual runoff and water yield was calculated for 18 sub-basins in and 

adjacent to the Bow River watershed. Here we define annual runoff as the depth (area invariant) of water that 

flows out of a sub-basin over a full calendar year, which is expressed in mm/year. Water yield is defined here as the 

total volume of water that flows out of a sub-basin in a full calendar year, which is expressed in m3/year. Sub-

basins were delineated following the Bow River Basin Council (BRBC) regions which generally follow Water Survey 

of Canada hydrologic units. See Figure 2 for identification of these sub-basins. 

In order to determine runoff quantities from each of the 18 selected sub-basins, representative streamflow records 

were obtained from the Water Survey of Canada hydrometric stations (see full list in Appendix D: List of Water 

Survey of Canada hydrometric stations). If available, hydrometric stations were selected that corresponded to sub-

basin outlets (i.e. the furthest downstream point in the sub-basin) and runoff was estimated by scaling the mean 

annual flow by the gross drainage area of the sub-basin. However, in many cases no station was available at the 
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outlet. In these cases, runoff was estimated using regionally representative records, specifically: 

¶ Ghost River was estimated by summing 05BG010 and 05BG006 since no hydrometric station was available 

near the sub-basin outlet; 

¶ Fish Creek was estimated by deriving a scaling factor with the Fish Creek at Priddis and Fish Creek at Bow 

Bottom Trail hydrometric stations since the latter station (and sub-basin outlet) only contained three years 

of data; 

¶ Central Red Deer - Rosebud was estimated by averaging three hydrometric stations (05CE007, 05CE002, 

05CE005); and, 

¶ Western Irrigation District (WID) to Highwood was estimated by subtracting 05BL024 from 05BM002. 

In all cases, hydrometric stations that did not contain winter measurements were corrected (using an empirical 

scaling factor of 0.811) to account for the fact that winter streamflow is typically lowest, and therefore not 

accounting for this would lead to overestimates in sub-basins with only seasonal measurements. To estimate 

runoff (mm/year), the mean annual flow (m3/s) was scaled by gross drainage area at each hydrometric station. 

Water yield (m3/year) was then estimated by multiplying the runoff value by the drainage area of the sub-basin, 

which was often larger than the total of hydrometric stations used to estimate runoff, especially if the station was 

not located at the sub-basin outlet.   

In general, the foothills and mountainous areas of Alberta receive more precipitation, both snow and rain, than the 

prairie regions. This is highlighted in the following comparison of runoff volumes across the sub-basins in the CMR. 

Runoff was highest in the Upper Bow River, and generally along the most westerly, mountainous portions of the 

study area (Table 1). In these areas, high winter snowpack, lower evaporation rates, and glacial melt lead to high 

water availability. Conversely, runoff was very low along the easterly parkland reaches, most notably the Little Bow 

River, Rosebud, and Nose Creek where there is little precipitation and high evaporation rates. Water yield was 

highest along the Bow River at Cochrane, where a large drainage area collects substantial snowmelt runoff. 

Conversely, water yield was lowest in smaller, arid drainages such as Nose Creek, Fish Creek, and Jumpingpound 

Creek.  

In addition to providing a comparison between the sub-basins, the water yield calculations below could also be 

compared to water licence data annual allocations (expressed in m3/year). This comparison could provide an initial 

indication of the licence size relative to watershed capacity.  

Table 1. Runoff and water yield for each sub-basin considered in this study. Values were calculated for individual sub-basins 

and are not cumulative.  

Name 
Drainage Area 
(km2) Runoff (mm) Water Yield (m3/yr)  

Little Bow 7,480                11             79,759,199  

Bassano to Oldman River 
reach of the Bow River 

        24,975              108        2,707,169,480  
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Name 
Drainage Area 
(km2) Runoff (mm) Water Yield (m3/yr)  

Carseland to Bassano 
reach of the Bow River 

        19,674              121        2,373,426,193  

Elbow River           1,253              173           216,125,571  

WID to Highwood reach of 
the Bow River 

        11,511               225        2,586,239,537  

Highwood to Carseland 
reach of the Bow River         15,519               207        3,217,099,161  

Ghost River              937               219           204,794,375  

Nose Creek              988                 14             13,453,904  

Highwood River           4,008               156           623,732,970  

Bearspaw to WID reach of 
the Bow River 

          7,917               347        2,750,225,112  

Rosebud         10,168                 19           190,230,142  

Little Red Deer           3,725                 60           222,529,487  

Seebe to Bearspaw reach 
of the Bow River 

          7,791               415        3,231,413,035  

Fish Creek              447               118             52,820,346  

Sheep River           1,569               187           293,575,870  

Jumpingpound Creek              603                 99             59,605,499  

Upper Bow           4,207               535        2,252,524,534  

Kananaskis River              946               493           466,053,668  

 

The above water yield values are based on mean annual flow and therefore represent an average annual water 

yield. An assessment of the potential range of water yields for the CMR sub-basins was not included in this study; 

however, it is important to note that substantially wetter and drier periods have been recorded that would 

influence the annual water yield for each basin. An example of the natural variability in precipitation is shown in 

the total annual precipitation at Calgary Airport from 1885 to 2018 (Figure 3). Variability in climate conditions, and 

the implications of climate change on the natural variability are discussed in more detail in the next section.  
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Figure 3 Total annual precipitation at Calgary Airport from 1884 to 2018. Source: City of Calgary 

 

3.4 Climate change projections 

The potential natural capacity outcomes of climate change are discussed below in two sections. The first 

summarizes the relevant conclusions from previous studies, and the second provides the overall summary and 

picture of the projected trend of climate change for the CMR water supply.  

3.4.1 Key projections from the literature review 

Warmer air temperatures, changes in precipitation, retreating glaciers, and greater frequencies of extreme events 

will affect water quality and quantity in the CMR. Climate change is likely to increase the frequency of low flow 

periods in all basins (including the Red Deer, Bow and Oldman). If future water demand from (primarily) irrigation 

district expansion increases, this would create the potential for increased deficits to Water Conservation Orders 

(WCOs) and water users that are junior to irrigation district licences. This could include both irrigation and non-

irrigation water users. Changes in demand from non-irrigation water users is likely to be small relative to changes 

in irrigation water use demands (AMEC Earth & Environmental, 2009). 

A consensus has been expressed within a number of studies as follows (WaterSMART Solutions Ltd., Risk Sciences 

International Inc., Nodelcorp Consulting Inc., WSP Global Inc., & MMM Group Ltd., 2017):  
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¶ The rate of air temperature rise due to climate change in Canada has been twice the global average since 

1948, increasing at a rate of 1.6°C per century (Figure 4).  

¶ The rate of climate warming for the Calgary area is projected to intensify in the future, with the largest 

temperature increases occurring in the winter months. In terms of water quantity, climate change models 

predict increased frequency of short duration, high intensity storms, multi-year droughts and significant 

stress on water supplies. 

¶ The number of hot days is expected to increase substantially, which may drive higher irrigation demands 

and increased natural evapotranspiration. Days with a mean temperature above 29°C are projected to 

increase from an average of 9 days to 27 days by the 2050s. 

¶ Extreme weather events that could potentially overwhelm water servicing infrastructure are important 

considerations, and could impact service delivery, infrastructure design, and related planning and resource 

allocation within the CMR.  

¶ Annual average precipitation projections show little to no significant changes. However, the increasing 

trend in winter precipitation since 1900 is projected to increase slightly. 

 

Figure 4 Projected changes in surface temperature from the Canadian Climate Data and Scenarios (http://ccds-dscc-

ec.gc.ca/) 

 

Climate modelling suggests earlier snowmelt and spring freshet can be expected in future years (WaterSMART 

Solutions Ltd., 2016). The challenge created is that lowering reservoirs to manage flood risk depletes the water 

inventory required to overcome a drought. 



Natural and Managed Capacity of Water Supply 

  
 

16 

In their 2010 Study for Alberta Environment, Golder Associates predicted the following: 

¶ For the Bow basin specifically, increasing flows in winter months and decreasing flows in summer months 

with significant variability between months were projected (Figure 5). 

¶ The mean annual flow in the Bow River was projected to decrease by up to 18% by the year 2050. 

¶ Within the Oldman River basin, most model scenarios show increasing flows in winter months, decreasing 

flows in summer months, and significant variability between months (Figure 6).  

¶ The change in mean annual flow for the Oldman River was projected to vary widely including a potential 

increase of up to 9%, and a potential decrease of up to 15% in 2020 and up to 30% decrease in 2050. 

¶ For the Red Deer basin flows in both winter and summer months were projected to decrease but vary 

significantly between months (Figure 7).  

¶ The mean annual flow for the Red Deer River was projected to decrease by anywhere from 2% to 44% by 

the year 2050, depending on the model scenario.  

 

Figure 5 Forecasted effects of climate change for the 2050s on flows at Bow River at Calgary WSC. 
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Figure 6 Forecasted effects of climate change for the 2020s on flows at Oldman River near Monarch WSC. 

 

 

Figure 7 Forecasted effects of climate change for the 2020s on flows at Red Deer River near Sundre WSC. 

 


















































































































