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Executive Summary 

Increasingly, water is being recognized as not solely a vital, but also a valuable commodity. 

Necessary to life, it is needed for ecological functions, as well as for important social and 

economic activities. In the various river basins, present water supplies are getting limited and 

further expansion of water availability may be a costly measure. As the future economic base in 

Saskatchewan River basins increases, leading to growth in population and industrial 

development, the competition for water could become even fiercer. Climate change may pose 

another threat to the region, partly through reduced water supplies and increased demand. The 

development of sounder water management strategies may become a necessity in the future, and 

such strategies will  require comprehension information on future water demand levels.  

Scope of Investigation 

This study was undertaken to estimate current (2010) water demand levels and to forecast them 

for the basin by types for 2020, 2040, and 2060. Water demand was estimated under three 

scenarios: baseline (or business as usual), climate change, and water conservation (adoption of 

water conservation measures) scenarios.  

Saskatchewan water resources are classified into 11 river basins, each of which was a subject of 

inquiry on current and future water demand. These investigations led to the preparation of five 

separate reports, prepared under the auspices of funding from the Saskatchewan Watershed 

Authority. The previous three reports were devoted a detailed investigations of QuôAppelle River 

Basin, South Saskatchewan River Basin, and North Saskatchewan River Basin, respectively. The 

remaining eight river basins are reported in this study.  They are referred to as ñselected river 

basinsò of Saskatchewan in this report. 

Methodology Overview 

The total water demand was divided into broad two classes of demands: One, which results from 

socio-economic activities, called direct anthropogenic (or just anthropogenic) water demand, and 

Two, that which is subject to natural and policy related factors, called indirect anthropogenic 

water demand.  

The first type of demand ï direct anthropogenic water demand, results from several types of 

economic and social activities. Some of these activities are related to production of goods, while 

others need water for sustenance and related social activities. The total water demand for a given 

type was estimated by applying water demand coefficients and scales of economic or social 

activity. Four major sectors of water demands were identified, namely agriculture, 

industry/mining, municipal/domestic, and recreation. Within each of these, individual activities 

were identified.   
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The second category of water demand included four types: evaporation, apportionment of water 

as subject to the Prairie Provinces Water Board agreement, meeting of instream water flow 

needs, and requirements for environmental protection/preservation.  

In this study, future water demands (for the years 2020, 2040, and 2060) were estimated for each 

watershed for the three above-noted scenarios. The Baseline Scenario assumed that trends based 

on past data will continue into the future. For the Climate Change Scenario, water demand was 

affected by changes in climate characteristics and by occurrences of extreme events. Water 

demand coefficients for any water demand related activity exposed to these conditions were 

adjusted for the future periods. The third scenario ï water conservation ï assumed that the 

province has developed a water conservation policy and measures have been adopted by various 

water users to reduce their demands. All modifications in water demand coefficients that result 

from the climate change or water conservation scenarios were based on a review of previous 

studies.  

In general, each water demand estimate has represented the product of the physical scale of an 

economic activity and its water demand coefficient. Since the water demand coefficient varies 

from one type of economic activity to another, careful identifications of such activities was done 

as a first step. The other consideration was to match the available information to a river basin 

level. This aim was accomplished by developing correspondence relationships between the river 

basin boundary and administrative boundaries of a region for which information is routinely 

reported. After determining the physical scale of an activity within the sector, the water demand 

coefficient was estimated. In some cases, these figures were based on trend analysis using past 

data. In other cases, they were based on industry related data on production.  

The projection of the physical activity for a water demand activity within a sector was made for 

the 2020 to 2060 period. In most cases, it was a simple projection of past trends. In some cases, 

the current situation was assumed to hold for the future periods. Still in other cases, industry 

based information was again used.  

Water Demand Estimates under Baseline Scenario 

Water demand in the Saskatchewan Selected River Basins was estimated for 2010 at 2,514,557 

dam
3
, of which direct anthropogenic demands accounted for 395,501dam

3 
(or 15.7% of the total). 

Decrease in gas and oil exploitation and production (especially in Missouri and Souris 

Watersheds), together with changes in the power generation sector (Souris Watershed) are the 

main forces behind the change in water demand.  This proportion is expected to slightly decrease 

in the future: by 2060, such activities will  account for 15.4% of the total water. By year 2060, the 

basin will experience a decrease of 2% in the total direct anthropogenic water demand (Table 

ES.1). The total water demand in these basins is drawn from two sources: water from within the 

river basin, and water received from other basins, called interbasin transfer (IBT). This situation 
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is observed only in the Saskatchewan River Basin, where two communities receive water 

through a pipeline that originated in the South Saskatchewan River Basin.   

Table ES.1: Water Demand in the Saskatchewan Selected River Basins, Baseline Scenario, 

2010-2060 

Sector 
Amount of Water Demand in dam

3
 

2010 2020 2040 2060 

Agriculture 300,599 303,206 306,807 310,804 

Industry/Mining 58,710 66,171 54,474 34,323 

Municipal (Domestic) 36,009 36,426 38,688 42,254 

Recreational 183 196 224 253 

Total Direct Anthropogenic Water 

Demand Excluding Interbasin 

Transfer (IBT) 

395,501 405,999 400,193 387,634 

IBT 104 99 97 95 

Total Direct Anthropogenic Water 

Demand Including IBT  
395,605 406,098 400,290 387,729 

Indirect Anthropogenic Water 

Demands 
2,119,056 2,119,056 2,119,056 2,119,056 

Total Water Demand Excluding IBT  2,514,557 2,525,055 2,519,249 2,506,690 

Total Water Demand Including IBT  2,514,661 2,525,154 2,519,346 2,506,785 

% Increase in Direct Anthropogenic 

Water Demand over 2010 

  
2.7% 1.2% -2.0% 

% Increase in Total Water Demand Over 2010 0.4% 0.2% -0.3% 

Hydroelectric Power Generation Water 

Release 
3,677,128 3,677,128 4,520,728 4,520,728 

         * Totals may not add precisely due to rounding 

 

As shown in Figure ES.1, total indirect anthropogenic water demand in the future was set equal 

to the 2010 level, since all these demands are related to availability of water, which in the future 

may be affected by a set of natural factors and policy changes. Over the 2010-2060 period, this 

amount was estimated to be 2,119,056 dam
3
. By 2060, total water demand in the basin would 

decrease to 2,506,690 dam
3
 ï shrinkage by of 0.3% of the 2010 level. 

The total direct anthropogenic water demand represents a sum of four types of socio-economic 

activities: (i) water required for agricultural production and related activities; (ii) water needed 

by industries and for mining; (iii) water demand by people living in various communities in the 

basin, collectively called municipal and domestic water demands; and (iv) water needs for 

recreational and related human activities. These water demands are expected to decrease over 
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time. In total, direct anthropogenic water demand in the basin will decrease to 388 thousand 

dam
3
 in 2060, compared to its present level of only 395 thousand dam

3
. As shown in Figure 

ES.2, much of this becoming can be credited to power generation and mining/industrial water 

demand, and within that amount, to oil and gas production. Agricultural and domestic water 

demands are expected to increase, but not by a significant percentile. 

 

 

Figure ES.1: Distribution of Total Water Demand in the Saskatchewan Selected River 

Basins by Major Categories of Demand, Baseline Scenario, 2010 ï 2060 

Figure ES.2: Trend in Water Demand for Anthropogenic Purposes by Type of Demand, 

Saskatchewan Selected River Basins, Baseline Scenario, 2010 ï 2060 
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As a result of varying trends over the 2010-2060 period, the composition of the total direct 

anthropogenic water demand will change. As shown in Figure ES.3, by 2060, agriculture will  

increase its share of the total to 80%, as opposed to 76% in 2010. Industrial and mining water 

demand share will  decrease from the present 15% to 9%. 

 

Figure ES.3: Distribut ion of Total Direct Anthropogenic Water Demand by Type of 

Demand in the Saskatchewan Selected River Basins, Baseline Scenario, 2010 and 2060 

 

In addition to the above set of water demands in these basins, certain amount of water is also 

needed to generate hydroelectric power. This amount is estimated for 2010 at 3.7 million dam
3
, 

increasing to 4.5 million dam
3
 by 2010.  

Water Demand Estimates under Climate Change Scenario 

As noted above, in addition to the baseline forecasts of water demand, in this study two other 

scenarios were chosen for making these forecasts. One of these scenarios is climate change. 

Climate change can have an impact both on water supplies (availability) as well as on water 

demand. However, in this study, the investigation was limited to water demand aspects. Even 

here, several difficulties were encountered in making these estimates. One such problem was the 

availability of information on the nature of climate change for the basin and on its impact on 

water demand. Therefore, the basis for making these forecasts is relatively weak, and more 

research information needs to be generated in the specific context of Saskatchewanôs situation. 

The following results are based on the limited, but current state of knowledge. 

The possible effects of climate change on the direct anthropogenic and indirect anthropogenic 

water demand activities in the Selected Saskatchewan River Basins are presented in Table ES.2.  
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Since indirect anthropogenic water demands are governed by natural changes in the water supply 

and by policy changes, these demands were made constant at their respective 2010 level, except 

for the evaporation losses. As supply of water under climate change becomes available, these 

estimates will  need to be revised.  

Table ES.2: Water Demand under Climate Change Scenario, Saskatchewan Selected 

River Basins, 2010 ï 2060 

Sector 
Amount of Water Demand in dam

3
 

2010 2020 2040 2060 

Agriculture 300,599 303,206 341,059 365,483 

Industry/Mining 58,710 66,171 55,082 35,114 

Municipal (Domestic) 36,009 36,426 39,617 44,364 

Recreational 183 196 229 265 

Total Direct Anthropogenic Water 

Demand Excluding IBT  
395,501 405,999 435,988 445,226 

IBT 104 99 99 100 

Total Direct Anthropogenic Water 

Demand Including IBT  
395,605 406,098 436,087 445,326 

Indirect Anthropogenic Water 

Demands 
2,119,056 2,119,056 2,224,976 2,330,927 

Total Water Demand Excluding IBT  2,514,557 2,525,055 2,660,964 2,776,152 

Total Water Demand Including IBT  2,514,661 2,525,154 2,661,063 2,776,252 

% Increase in Direct Anthropogenic 

Water Demand over 2010 

  
2.7% 10.2% 12.6% 

% Increase in Total Water Demand Over 2010 0.4% 5.8% 10.4% 

Hydroelectric Power Generation Water 

Release 
3,677,128 3,677,128 4,520,728 4,520,728 

* Totals may not add precisely due to rounding 

 

In addition, higher growing season temperatures will have a significant impact on the agricultural 

sector, as both crops and livestock will demand more water. The evaporation from water bodies, 

which is already a major indirect anthropogenic water demand, is one of the major increases that 

can be expected with climate change. The total water demand for direct anthropogenic purposes 

is expected to increase by 12.6% of its 2010 level.  

Water Demand Estimates under Water Conservation Scenario 

The effects of water conservation measures on the water demand activities in the Saskatchewan 

Selected River Basins are presented in Table ES.3. Agricultural and industrial adoption of water 
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conservation techniques and technologies has the greatest impact on the direct anthropogenic 

demand for water. However, the potential success of most water conservation measures is 

partially dependent on legislations and regulations that may be in place in the future.  

 

 

Table ES.3: Water Demand under Water Conservation Scenario, Saskatchewan Selected 

River Basins, 2010-2060 

Sector 
Amount of Water Demand in dam

3
 

2010 2020 2040 2060 

Agriculture 300,599 279,469 262,299 251,054 

Industry/Mining 58,710 62,312 49,752 30,685 

Municipal (Domestic) 36,009 41,521 43,412 45,909 

Recreational 183 195 221 245 

Total Direct Anthropogenic Water 

Demand Excluding IBT  
395,501 383,496 355,685 327,893 

IBT 104 99 96 92 

Total Direct Anthropogenic Water 

Demand Including IBT  
395,605 383,595 355,781 327,985 

Indirect Anthropogenic Water 

Demands 
2,119,056 2,119,056 2,119,056 2,119,056 

Total Water Demand Excluding IBT  2,514,557 2,502,552 2,474,741 2,446,949 

Total Water Demand Including IBT  2,514,661 2,502,651 2,474,837 2,447,041 

% Increase in Direct Anthropogenic 

Water Demand Over 2010 

  
-3.0% -10.1% -17.1% 

% Increase in Total Water Demand Over 2010 -0.5% -1.6% -2.7% 

Hydroelectric Power Generation Water 

Release 
3,677,128 3,677,128 4,520,728 4,520,728 

 * Totals may not add precisely due to rounding 

 

 

The total water demand for direct anthropogenic purposes is estimated to be 328 thousand dam
3
 

by 2060 ï a decrease of approximately 17% from the 2010 level. Relative to the baseline 

scenario, water conservation could reduce direct anthropogenic water demand by 15.4% of the 

baseline estimate in 2060 (Table ES.4). Much of this decrease will  likely occur through reduction 

in the agricultural, industrial, and plus mining water demands. 
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Table ES.4: Relative Change in Water Demand in the Selected Saskatchewan  

River Basins by Type of Demand under the Water Conservation  

Scenario Relative to Baseline, 2060 

Type of Demand 

Change (Decrease) in 

2060 level as % of 

2010 Level 

Agriculture -19.2% 

Industry/Mining -10.6% 

Municipal (Domestic and Industrial) 8.7% 

Recreational  -2.9% 

Total Direct Anthropogenic Water 

Demand 
-15.4% 

 

Water Demand by Source of Water 

Most of the water for various demands is either met through surface water or groundwater 

sources. In some cases, groundwater is used to supplement any periodic shortfalls in surface 

water availability. Unfortunately, data for total water demand by source of water are not very 

precise. Some information is available, but other estimates are based on assumptions. Estimated 

water demand by type is shown in Table ES.5. Based on these estimates, it appears likely that 

surface water demand will maintain its share of the total water demand in these basins. The 

proportion of surface water demand to total water demand remains fairly steady from 86.6% in 

2010 to 86.9% by 2060, as shown in Figure ES.4. 

 

Table ES.5: Distribution of Total Anthropogenic Within Basin Water  

Demand by Source of Water, Selected Saskatchewan River  

Basins, Baseline Scenario, 2010 - 2060 

Particulars 2010 2020 2040 2060 

Surface Water (dam
3
)  342,670 351,599 347,512 336,913 

Groundwater (dam
3
) 52,831 54,400 52,681 50,721 

Total Water Demand 

(dam
3
) 

395,501 405,999 400,193 387,634 

Groundwater % of Total 

Demand 
86.6% 86.6% 86.8% 86.9% 

 

 

Summary 

A minor decrease in the total water demand for various anthropogenic purposes is expected in 

the Selected Saskatchewan River Basins by 2060. These changes for the three scenarios and for 

the 2010 - 2060 period are shown in Figure ES.5.  
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(Figures in each bar are quantity of water demand in dam

3
) 

Figure ES.4: Proportion of Surface Water Demand to Total Anthropogenic 

Water Demand, Selected Saskatchewan River Basins, 2010 - 2060 

 

 
Figure ES.5: Direct Anth ropogenic Water Demand under Alternate Study Scenarios in 

dam
3
, Selected Saskatchewan River Basins, 2010-2060 
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Under baseline assumptions, this decrease is expected to equal 2% of the 2010 level. Under 

climate change, increases are expected, estimated to be 14.9% over the 2060 baseline water 

demand level. The adoption of water conservation measures by water users has the potential to 

reduce future water demand. Relative to the baseline scenario estimate, this reduction could be in 

the magnitude of 15.4%. However, the effectiveness of such measures will  depend heavily on 

any policy measures undertaken by the provincial government and other jurisdictions.   

The need for water conservation measures, including a demand for economic instruments has 

been suggested by the National Roundtable on Economy and Environment. The Roundtable also 

observes that ñRecognizing that accurate water forecasting requires improving how we measure 

and report water-quantity data; governments and industry should work collaboratively to develop 

appropriate measurement and reporting requirements on a sector-by-sector basisò (NRTEE, 

2012). 

This study exhibits a number of limitations. There are several data deficiencies related to factors 

that affect water demand. For instance, data on economic activities affecting water demand in the 

some northern river basins is poor; the impact of climate change on the basinôs water demand is 

a relatively unstudied subject; water conservation experience also suffers from similar 

deficiency. Also, this study treated each river basin as a single entity, although significant 

variability in the water demand may exist within a given basin. The identification of these water 

stress pockets should to be done in conjunction with water supply information under alternative 

scenarios.  
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Chapter 1 

Introduction  

1.1 Background 

Fresh water is our life line ï it supports our economic activity and sustains our society, and 

maintains our culture. It is therefore an essential element in the broad functioning of all 

economic activities and sectors. Although a common myth is that Canada is fortunate to have 

plentiful freshwater resources, in reality there is a mismatch. Most of the water is available in 

northern Canada where low or no population resides. The more populated areas of southern 

Canada have a relatively low availability of water, and this situation creates an increased need 

for effective water management. Parts of southern Saskatchewan face similar situations with 

respect to water availability. 

Water is a basic necessity of life and an essential natural resource for various sectors of the 

economy. As an important natural resource, water serves various purposes, including agricultural 

production, electricity generation, human consumption, industrial and commercial economic 

activity, and recreation, among others. In recent times, there has been increasing controversy and 

competition among various users of water as supplies are no longer meeting demands in some 

locations. This situation could be accentuated by future climate change, since there could be an 

increased need for water for irrigation. Economic development activities may also assert the 

same type of pressure on existing water supplies.   

Saskatchewan has both surface water and groundwater. Groundwater is a buried treasure 

(Nowlan, 2005). However, data and information on it remains very scarce (Rivera, 2005). For 

surface water, the province is divided into 29 watersheds, further aggregated into 14 drainage 

(river) basins.  

1.2 Water Management Issues 

Water is a limited resource globally, but in semi-arid regions, such as in parts of Saskatchewan, 

this problem is even more acute. At the same time, society is increasingly concerned about water 

quality and environmental issues in general, and with those related to water in particular. In the 

past, the major issue in water management was water availability. To assist with this, many 

traditional steps have been taken, including additional storage of water, reducing variability in 

river flows, and redirect and utilization of groundwater flows (Cohen et al., 2004). As sources for 

supply enhancement dwindle, water resource management is leaning towards demand 

management.  
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In the past decades, policies have been focused on supply management, but recently, there has 

been a transition from water-supply management to water-demand management in order to strike 

a balance between supply and demand, and ensuring efficient consumption of water. Studies 

have shown that with the past and present trend in competition for water demand in different 

locations, water demand will continue to increase as population increases and as alternative 

demands of water emerge. This study is relevant in the context of appropriate policy and 

planning on water supply and demand by policy makers. It is felt that such policies should be 

built on a better understanding of past and present trends of water consumption, climate change, 

population dynamics, migration, and changes in both socioeconomic and demographic 

characteristics of water consumers. This is important because the development of appropriate 

policies and programs requires good information on the current level of water demand by 

different users (Kulshreshtha, 1996). This study is therefore relevant for future planning and 

management of water supply systems in western Canada. 

Demand management involves ways and means to reduce wasteful water demand. Such 

measures are needed since, in some regions, available freshwater is in adequate to local demand, 

and diverting it from other regions is replete with economic and political problems. Similarly, in 

some areas, facilities to treat, distribute, and discharge water may also be in adequate to meet 

expanding demands. In fact, in a Saskatchewan Water Corporation survey conducted in 1994, of 

the 597 communities responding to the survey, 172 indicated that water supply is a constraint to 

their future economic growth (Kulshreshtha, 1994). Miller et al. (2000) suggest that rural water 

resources are also stressed in many ways, affecting rural development; it is now, and will 

continue to be, limited by a wide variety of water issues.  

The contamination of freshwater bodies is another critical issue in various parts of 

Saskatchewan. Run-off from farm land and nutrient loadings as a result of intensive agricultural 

practices lead to further deterioration of water quality for many demands. This further reduces 

water availability (both surface water and groundwater).  

In addition to the above issues, future water availability will  also be affected by climate change. 

The Intergovernmental Panel on Climate Change (IPCC) has indicated that among the most 

important impacts of climate change will be its effect on the hydrologic cycle and on water 

management systems (Ayibotele, 1992). For the Canadian prairies, Byrne et al. (2010) has stated 

that ñmuch of the western half of the continent is showing historical trends that suggest an 

increasing influence of the dry tropical climate. Consequently, we can expect negative impacts 

on all watersheds originating in the Rocky Mountains and on the western Prairiesò. Similar 

conclusions have been reported by Whitefield et al. (2004). At the same time, the demand for 

water is expected to increase with climate change, presenting a situation of conflict among water 

users. Resolving conflicts in water resources through proper demand management (demand of 
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appropriate economic, legal, and institutional mechanisms) has been proposed by the Dublin 

Statement in 1992 (See ICWE, 1992).  

Demand management has been recognized as a manner by which future water management 

should be considered along with traditionally used supply enhancement. Water demand 

management, according to Brooks and Peters (1988), is defined as ñany measure that reduces 

average or peak water withdrawals from surface or groundwater sources without increasing the 

extent to which wastewater is degraded.ò The starting point in this process is knowledge of 

current water demand. However, in order to develop sustainable water management, information 

on the future is equally important. As the NRTEE (2012) indicates, ñGovernments should 

develop new predictive tools such as water forecasting to improve their understanding of where 

and when water demands might increase. The information provided by forecasts will be 

important to inform water allocations and management strategies in the future.ò  

 

Of the fourteen river basins in the province, water demand in three of them ï QuôAppelle River 

Basin, South Saskatchewan River Basin, and the North Saskatchewan River Basin, was 

investigated in more detail and have been reported in Kulshreshtha et al. (2012a, 2012b, and 

2012c). This study is devoted to the remaining Saskatchewan river basins. 

1.3 Objectives and Scope of the Study 

This study was designed to estimate water demand in eight selected river basins of 

Saskatchewan.
1
 Water demand estimates are developed both for the current period (Year 2010) 

and for future time periods (Years 2020, 2040, and 2060). The estimation is done through a 

disaggregated approach/method. Both consumptive and non-consumptive water demands are 

included. Factors affecting demand included population (or physical activity requiring water), 

policy measures, and climate change.  

1.4 Organization of the Report 

The rest of this report is divided into 11 chapters. Chapter Two provides an overview of the 

study and regional disaggregation, along with a summary of methods for estimating and future 

                                                 

 

1
 Three river basins were excluded from this report -- QuôAppelle River Basin, South Saskatchewan River Basin, 

and North Saskatchewan River Basin, since they were a subject of separate reports. In addition, the most northern 

four basins were aggregated into a single basin, called Northern Basins.    
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current water demand in the basin. All current and future water demand estimates by various 

sectors in a given river basin are provided in a single chapter. These are arranged as follows: 

¶ Chapter 3 ï Souris River Basin; 

¶ Chapter 4 ï Missouri River Basin; 

¶ Chapter 5 ï Cypress Hills (North Slope) River Basin; 

¶ Chapter 6 ï Old Wives Lake Basin; 

¶ Chapter 7 ï Saskatchewan River Basin; 

¶ Chapter 8 ï Assiniboine River Basin; 

¶ Chapter 9 ï Lake Winnipegosis Basin; 

¶ Chapter 10 ï Northern River Basins. 

Following these chapters, a summary of these results is presented in Chapter 11. Pertinent details 

for each river basin are presented in appendices at the back of the report. Each of the above 

chapters includes an introduction to the basin, and details of various direct anthropogenic and 

indirect anthropogenic water demands. 
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Chapter 2 

Overview of Study Method of Estimation  

of Water Demand  
 

This chapter provides the scope of investigation and a review of methods for the estimation of 

water demand in the selected eight river basins of Saskatchewan. This explanation is divided into 

five sections. Section 2.1 provides the studyôs time periods for estimating water demand. This 

part is followed in Section 2.2 by brief descriptions of the locations of selected river basins, since 

a more detailed description is provided in each of the subsequent chapters. In Section 2.3 the 

method of estimation for current water demand is described, then followed in Section 2.4 by the 

method of estimation for future time periods. The last section (Section 2.5) includes a description 

of study scenarios and their implications for water demand level.   

2.1 Selection of Time Period of Study 

As noted in Chapter 1, water demand for the eight selected river basins of Saskatchewan was 

estimated for both current and future time periods. The current time selected was the year 2010. 

For the future, three representation times were selected: years 2020, 2040, and 2060.  

Future water demand was based on a number of assumptions that were necessary in order to 

develop these forecasts. All estimations were based on either available secondary data or on data 

received from Saskatchewan Watershed Authority. 

2.2 Location of the Study River Basins 

The eleven Saskatchewan River basins selected for this study are shown in Figure 2.1. Although 

in total there are 14 river basins in Saskatchewan, as noted in Chapter 1, three of these river 

basins were given more detailed estimations of water demand trends and were excluded from this 

report.  

Of the remaining 11 river basins, seven river basins were treated as separate single basins, while 

a new aggregated river basin, called the Northern River Basins, was created by amalgamating 

four northern drainage basins. These consisted of Churchill River Basin, Athabasca River Basin, 

Kasba Lake Basin, and Tazin River Basin. For all estimation purposes, these four basins were 

treated as a single entity. The remaining seven basins plus the Northern River Basins comprise 

the subject of inquiry in this report.  
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Figure 2.1: Map of Saskatchewan Showing Study River Basins  
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2.3 Overview of Methodology 

2.3.1 Nomenclature of Water Demand 

Water demand in a river basin can be described through various terms/concepts. In the literature, 

a variety of terms have been used, often synonymously, with water demand. However, it should 

be noted that water demand is an economic concept and unless water users pay a price for the 

water, adjusting their water demand in reaction to a change in its price (along with other 

economic indicators), water demand is a very distinct concept compared to the others. 

Furthermore, the estimation of water demand requires micro-level data under period of different 

price levels. Since such data were not available for this study, and collection of primary data was 

considered beyond the scope of this project, this study has estimated water demand in a special 

manner. If water users are paying a price for water, then their current water demand level is a 

point on the demand function.   

All water demands are either induced by economic (including social) activities, and thus could 

be directly related to humans. In this study, these water demands are called ñDirect 

Anthropogenic Water Demandsò. In addition, there may be several other types of demands 

which may be either indirectly related to human activity (for example, construction of reservoirs 

resulting in evaporation of water, or apportionment water demand determined by policy 

decisions) or determined by natural phenomenon. In this study, these water demands are called 

ñIndirect Anthropogenic Water Demands.ò  

Within each of these water demands, further classifications can be made. For example, some 

demands are consumptive in nature (where in all or some of the water used is lost and not 

returned to the original source), while others are non-consumptive demands (where in no water is 

lost).
2
 Examples of these two types of water demands are shown in Table 2.1.  

Conceptually, a total of 12 types of water demands in these basins can be identified -- eight 

direct anthropogenic
3
 and four indirect anthropogenic. Of the eight direct anthropogenic water 

demands, four can be classified as consumptive while the other four as non-consumptive, In the 

consumptive water demands, all or some part of the water is not available to other users 

(assumed to be lost and hence, called consumed). In contrast, in the non-consumptive water 

demands, the quantity of water is not affected after its demand. Indirect anthropogenic water 

                                                 

 

2
 However, water returned in some demands may not be in the same location. For example, water demand for hydro 

power generation is released at a different location downstream.  

3
 In the subsequent discussion ñdirect anthropogenicô is used synonymously with óanthropogenicô water use. 
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demands have two non-consumptive and two consumptive water demands. It should be noted 

that not all basins have all these demands.  

Table 2.1: Types of Water Demand in Selected Saskatchewan River Basins 

Consumptive Water Demand Non-Consumptive Water 

Demand 

Direct Anthropogenic Water Demands 

(1) Agricultural water demand: Further subdivided into five 

types: 

¶ Irrigation water demand 

¶ Crop Production related water demand 

¶ Stockwatering  

¶ Nurseries and Greenhouse water demand  

¶ Aquaculture related water demand  

(1) Recreation water demand 

(Active and Passive Water 

Recreational activities) 

(2) Industrial and Mining related water demand  

¶ Industrial (Manufacturing) related water demand, 

including Intensive livestock operations, Biofuel 

processing, and other agricultural processing (Not 

served by a municipal system) 

¶ Mining water demand for metal and non-metal mining, 

and for oil and gas production 

(2) Hunting water demand 

(Waterfowl) 

(3) Transportation related 

water demand  

(4) Hydroelectric power 

generation  

(3) Municipal and domestic water demand, which can be 

further divided into the following types: 

¶ Municipal water demand to include residential, 

manufacturing, commercial, and other water demands 

¶ Non-municipal domestic water demand 

¶ Farm domestic water demand 

¶ Other domestic water demand  

(3a)       Recreational communities and site maintenance 

(4) Thermal Power Generation water demand 

Indirect Anthropogenic Water Demands 

(5) Evaporation water demand (5) Instream water demand 

(6) Apportionment water demand (6) Environmental water 

Demand 

 

The major direct anthropogenic consumptive water demands in this study include water required 

by four sectors: Agriculture sector (to include agriculture and food production activities); 
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Industry/mining production (to include metal and non-metal mining, oil and gas production, 

power generation, and manufacturing); Municipal/Domestic sector (water demanded by people 

living in various types of communities); and Recreation (to include water use for maintaining 

sites for recreational purposes and for resort communities). The latter demand could be, in part, 

non-consumptive, since it may include water needed for various recreational activities including 

swimming, hunting (waterfowl), and camping, among others. Hydroelectric power generation 

requires water to be released to turbines where in no water is lost, as it is available further 

downstream to other users. This water demand is estimated, but not added to other water 

demands in the basin.  

Although most of these water users withdraw water from surface water bodies, a limited quantity 

of domestic, farm related, mining, and industrial water demand is obtained from groundwater 

sources. Many of these demands have a return flow, making water consumption smaller than 

total water intake. This return flow varies for various water demands. 

In addition to water demands for socio-economic activities within the basin, four of the types, 

called indirect anthropogenic demands are relevant. Most important among these are evaporation 

and apportionment water demands. The first one is associated with large water bodies (such as 

lakes, reservoirs, and even rivers and streams). The second water demand is directed by 

regulations and agreements. The consumptive indirect anthropogenic water demands include 

instream water needs, and water diverted to environmental projects.  

2.3.2 Overview of Method of Estimating Current Water Demand 

The total water demand for a given river basin in this study was estimated as a sum of two major 

categories: Direct Anthropogenic and Indirect Anthropogenic. The direct anthropogenic water 

demand represents a sum of four types of water demands: (1) Agricultural and related 

production; (2) Industry/Mining; (3) Municipal and domestic; and (4) Recreational purposes. 

Similarly, the indirect anthropogenic water demands are: (1) Evaporation water demand; (2) 

Apportionment water demand; (3) Environmental water demand; and (4) Instream water needs 

related water demand. 

Agricultural water demand includes a variety of water demands, mainly for irrigation, but also 

requirements by dryland farmers for crop production, livestock watering and other related 

demands for agriculture and fish production. On account of a lack of time series data on 

production and actual demand, total water demand was simply computed as a product of scale 

(physical measure such as area or size of activity) and an estimated water demand coefficient. 

The latter was estimated by the specific features of the demand in question. 

The total water demand for Industry/mining sector included several types of water demands as 

well. Included here were potash mining, oil and gas drilling, metal and other non-metal mining, 
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manufacturing, and power generation. Estimations were made by the scale of production times 

the respective water demand coefficient.  

Domestic water demand was estimated by disaggregating the population by place of residence. 

This led to development of several categories of communities. All communities within each 

basin were arranged in a hierarchical order in terms of the services provided.  This led to 

communities with municipal and non-municipal water distribution systems. The former included 

urban (cities and towns) jurisdictions with a municipal water distribution system. Municipal 

water demand includes a combination of water demands ï residential, manufacturing, 

commercial, and other service industries, public water demands, and other water demands. 

Available data did not permit a breakdown of this total water demand,
4
 so in this study, such a 

breakdown was not attempted. Large industrial users that do not receive water through a 

municipal system were excluded and treated instead as a separate category of water demand.  

Recreational water demand represents a sum of two components: One, water demanded by 

residents in the resorts or recreation communities, and Two, water demanded for maintaining 

parks and other recreational sites.  

The total indirect anthropogenic water use was a sum of four types of water demands, each of 

them estimated individually.  

2.3.3 Review of Literature 

The study methodology for a particular water demand was designed following a review of the 

literature. More details on this literature review are presented in Kulshreshtha et al. (2012a). A 

summary of this review includes a number of observations, including the following: 

¶ There have not been many Canadian studies reporting different types of water demand 

estimation.  

¶ Different types of methodologies are needed for different types of water demands. The 

choice of a particular approach depends, to a certain extent, on the scenario for the 

consideration, but largely on data availability.  

                                                 

 

4
 Information of this breakdown may be available at the municipal water utility level. Although this information 

could be collected from surveying each of these institutions, this was considered beyond the resources of this study. 

This work is left for future research in this area.  
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¶ Given the number of studies that have adopted various methodologies and the inherent 

limitations of each approach, the multivariate regression analysis approach and that 

employing water demand coefficients for forecasting water demand are most common.  

¶ The latter approach is more common where time series data are not available.  

Given that time series data on various determinants of water demand were not available, in this 

study the water demand coefficient method was followed. 

2.3.4 Correspondence between Administrative Boundaries and the River Basins 

In Canada, much of the secondary data are collected by administrative boundaries. Examples of 

these include rural municipalities, census divisions, census agriculture regions, towns, villages, 

and First Nations Reservations, among others. Since river basin boundaries do not always 

coincide with administrative boundaries, some basis of correspondence among these regions and 

the river basin is required. Under the strict assumption that economic activity is evenly 

distributed throughout the administrative region, the proportion of a river basinôs area in a given 

administrative region could be used to determine particulars for the river basin. This procedure is 

followed in this study.  

In order to develop the correspondence, a table showing the relationship among the various river 

basins and these administrative regions was created. The criterion employed was the physical 

area within each administrative region that fell within the river basin. Other details were assumed 

to be perfectly related to the physical area. This criterion worked well for those administrative 

regions that were wholly within the river basin. For those that were partially within the river 

basin, an overlay of the river basin map and the administrative boundaries map was applied. 

Proportions were based on a visual estimate of the area within the basin. The resulting tables for 

each basin are shown as appendices. These appendixes include relationships for census divisions, 

for census agricultural districts, and for rural municipalities.  

2.3.5  Methodology for Estimation by Type of Water Demand 

As noted above, direct anthropogenic water demand for a given river basin was estimated for 

four sectors: agriculture, industrial and mining, municipal, and recreation. Because of a limited 

amount of time series information on price and quantity of water demand, water demand 

functions could not be estimated. As the next best alternative, the estimation of current water 

demand in this study was based on a water demand coefficient multiplied by the level of 

economic activity in question. Methods were modified where time series data were available. 

The details on the methodology adopted for various types of water demands are provided in this 

section.  
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2.3.5.1 Agricultural Water Demand 

Agricultural water demand, in this study, was estimated in a disaggregated manner. The total 

agricultural water demand was divided into the following five types: (1) Irrigation water 

demand; (2) Stock watering; (3) Crop Production related water demand; (4) Nurseries and 

greenhouse water demand; and (5) Aquaculture related water demand. The specific methodology 

followed for each of these demands is described below. 

The total irrigation water demand requests a product of irrigated area and the average quantity of 

water used for irrigation. Since irrigation is a supplementary demand of water, precipitation and 

temperature (which is measured through the demand of evapotranspiration) play important role 

in determining the amount of water needed for a given crop. Since evapotranspiration varies 

from year to year, irrigation water demand also has yearly variability. Furthermore, in some 

basins, irrigation is provided through irrigation districts, as well as by producers having direct 

access to water. Private irrigators develop their own systems of water withdrawal from the local 

water body and of its delivery to the farm gate. Both of these issues were taken into account in 

estimating irrigation water demand for the basin. More details on this methodology are provided 

within each basin chapter.  

For the dryland crop production demand water is required primarily for herbicide application. 

This water demand was estimated by the crop mix in each of the eight basins, along with tillage 

practices, rotations followed, and average amount of water needed for such applications.  

The livestock water demand was estimated following the water requirements approach. Since 

water requirements for different types of livestock are dissimilar, a disaggregated approach was 

undertaken. This required information on the livestock inventory by type of livestock, which was 

obtained from Statistics Canada (2006 and 2011a) and from Agriculture Statistics of the 

Saskatchewan Ministry of Agriculture (2011b). These data included beef cattle, dairy, hogs and 

sheep for 2010 and were available at the Crop District (Census Agriculture Region) level.  Other 

livestock populations were obtained at the crop district level from Statistics Canada (2006).  

These data cover livestock raised on intensive livestock operations in Saskatchewan. These data 

were obtained from Sask Pork (2011) for hog operations, Saskatchewan Ministry of Agriculture 

(2008) for feedlot cattle and dairy operations, and from Saskatchewan Turkey Producers 

Marketing Board (2011) for turkeys producing operations.  The categories of hog, feedlot cattle, 

turkey and dairy production within a crop district were adjusted to the given river basin where 

the production took place.  

The location of cattle feedlots in Saskatchewan, along with the in stated capacity ranges were 

obtained from Saskatchewan Ministry of Agriculture (2008). These data were used to estimate 

feedlot capacity within a river basin. To estimate the number of cattle fed in the feedlots in a 

year, those with a stated capacity of 10,000 head or greater were multiplied by a factor 1.44 

(indicative of number of times these feedlots are filled) those feedlots with less than 10,000 head 
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capacity were assumed to be filled once.  The mid-range of the production capacity was used for 

feedlots with less than 10,000 animals.   

Provincial level data for greenhouse and nurseries were obtained from Statistics Canada (2010). 

According to this source, there were 145 greenhouse and 35 nurseries in Saskatchewan. The area 

of greenhouses in Saskatchewan has decreased from 235,254 m
2 
in 2007 to 187,626 m

2
 in 2010 -

- a decline of 20% (Statistics Canada, 2010). Bedding plants and potted plants are the in main 

products, along with the production of vegetables in approximately 12,000 of 187,626 m
2 

of 

greenhouse area in Saskatchewan. Saskatchewan crop district level data from Statistics Canada 

(2006) were employed to estimate greenhouse area in each of the basins. The water demand for 

greenhouse and nursery activities was estimated by the area in production and type of product.  

Water demand coefficients were obtained from Beaulieu et al. (2001) where research included 

water used for spraying as well as for cleanup.   

In general, there was a lack of information on aquaculture in the province and its various river 

basins. These water demands were obtained from other sources, if available. 

2.3.5.2 Industry/Mining Water Demand 

Industrial water demand in this study included all goods producing industries (excluding 

agriculture). This water demand covers mining operations and manufacturing. Manufacturing 

activities in the province are located either in communities with municipal water systems, or 

outside such centers. Since municipal/domestic water demand consists of the first type of 

manufacturing water demand, only the second type of water demand requires further estimation. 

In this type of water demand, power generation was added as a separate type. These are 

described briefly below. 

(1) For potash mining water demand, the estimation was done on a mine by mine basis. 

Estimated water demand coefficients were developed for each mine. Differences in the 

technology utilized for the milling process of the mines, along with the type of end 

product, were taken into account for the estimation of water demand level.  

(2) For oil and gas, the wells drilled and producing oil form the basis for water demand 

estimation. The nature of the technology for such process as was the deciding factor for 

the water demand estimation.  

(3) The estimation of water demand for metal and non-metal mining was done using a 

disaggregated, plant specific water demand.  

(4) Water demand for manufacturing is related to several factors -- type of manufacturing, 

source of water, and annual production level. Their water demand coefficients were 

estimated by taking into account these factors.  
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(5) Power generation water demand was estimated by type of power ï hydroelectric power 

vs. thermal electric power. The first is a large user of water, but the demand is non-

consumptive in nature. 

2.3.5.3 Municipal/Domestic Water Demand 

All the basin population resides in various types of communities ï cities, towns, and villages, or 

on farms and non-farm unincorporated settlements. Some of these communities have municipal 

water systems, while others do not.  

The total municipal/domestic water demand was estimated as a sum of six types: (i) Municipal 

water demand ï for cities and other jurisdictions where municipal water systems are in place; (ii) 

Domestic water demand ï for towns and other larger urban centers other than cities; (iii) Rural 

water demand ï for villages; (iv) Institutional water demand; (v) First Nationsô Reservationsô 

water demand; and (vi) Other domestic water demands ð to include farm and rural non-farm 

water demand, among others. The methodology for these water demands is described in this 

section.  

The total municipal/domestic water demand at a community level was a product of per capita 

water demand and population of that given community. Data on water demand and population of 

various types of communities were obtained from Saskatchewan Watershed Authority. The 

methodology for the estimation of municipal/domestic water demand was designed by estimating 

population for various communities, as well as their respective water demands on a per capita 

basis. Data for the period 1995 to 2009 were obtained from SWA. Trend analysis was 

undertaken, applying these time series data. Three types of trends were estimated: (1) Simple 

linear trend; (2) Non-linear trend using a quadratic model; and (3) Semi-log function with 

dependent variable in log form. In the case of per capita water demand, in addition to the trend 

variable, the population of the community was also used. The hypothesis was that as a 

community increases in size, its per capita water demand may decline since some of the common 

(public) water demands will be shared by more people.  

If the trend analysis did not produce a meaningful result, the average of the past five yearsô water 

demand level was used for current and future water demand estimation. For most communities, 

the 2010 population was estimated from Statistics Canada data (Statistics Canada, 2012a). In 

addition to the community level water demand, institutions were also included. These institutions 

covered hose that were not supplied water from a given municipal water distribution system.  

2.3.5.4 Recreational Water Demand 

Recreational (including tourism) water demand was a result of two types: non-consumptive 

water demand in surface water bodies, and consumptive recreational water demand. The first 

type is related to visitation by tourists (local and out of the region) to the basin facilities. It was 

assumed to be non-consumptive and therefore required no further estimation. The consumptive 
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recreational facility related water demand was further sub-divided into two parts: One, water 

used for maintaining the infrastructure on these recreational sites, and Two, water used by 

permanent residents of the recreational communities. The first type of water demand was 

hypothesized to be related to the number of residents and was estimated by a per capita water 

demand coefficient. The second type was hypothesized to be unrelated to the visitors and local 

residents. Much of this water demand is for maintenance of the park site, and/or administrative 

office demand. For this estimate, a time trend in total amount was estimated. If there was no 

trend in the level of water demand, the future amount was estimated as the past five yearsô 

average level.  

2.3.5.5 Indirect Anthropogenic Water Demands 

This water demand is not directly related to human activity, but arises from a combination of 

natural processes, policy decisions, and indirect contributions of humans. As noted above, this 

amount was a total of four water demands, as described below.  

(1) Net Evaporation Loss Estimation: It was based on the evaporation rate per unit of 

area and the area of the water body within a given basin. The area of the body of 

water and water depth to a great extent determine the differences in the amount of 

evaporation loss among surface water bodies. Shallow water bodies warm up 

faster in the spring relative to deeper lakes, while deeper bodies of water are 

generally ice-free for longer periods into the fall.  Streams generally break-up 

earlier and remain ice free longer than surface water bodies due to current flow.  

In southern Saskatchewan, the average annual evaporation is greater than the 

available annual precipitation. As a result, very little precipitation makes its way 

to stream flows.  

Evaporation generally takes place from large surface water bodies. According to 

the Atlas of Canada (see Natural Resources Canada, 2011), estimates of the mean 

annual lake evaporation in Saskatchewan varies from less than 50 mm in the 

northern part of the province to 800 mm in the extreme southern part.  

(2) Environmental Water Demand: This type of water demand was identified as that 

required to maintain/preserve some environmental goals of the society. Included 

in this are activities such as wetland preservation, and other environmental sites. 

One must note that some of the activities also attract visitors from the basin and 

beyond, and could be considered to be tourism related. However, available 

information did not provide enough tourism details, and thus all the water demand 

was allocated to environmental projects. Water demand for these various projects 

is highly variable, as spring runoff and water flows are the main sources of 
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recharge. For this reason, it is assumed that after the initial intake to fill the 

wetlands, a very small quantity of water is needed.  

(3) Apportionment Water Demand: This water demand is related to policy measures 

decided by the provincial and federal governments (and the U.S. government if 

the river or stream crosses the international boundary). The term ñApportionment 

Flowò is defined as flow that is subject to apportionment. Typically, this flow is 

equal to natural flow because natural flow at the boundary is subject to 

apportionmentò (PPWB, 1997). The administration of this water demand is done 

by the Prairie Provinces Water Board (or the International Joint Commission in 

the case of streams crossing the U.S. boundary), which was established in 1948 to 

ensure that water resources in the three Prairie Provinces are shared fairly. To this 

effect, the Provinces of Alberta, Saskatchewan, and Manitoba and the 

Government of Canada created the Prairie Province Water Board. In 1969, the 

four governments changed the operation of Prairie Provinces Water Board by 

signing the Master Agreement on Apportionment (MAA). This agreement 

established an intergovernmental framework to manage transboundary waters. 

This water demand applies only to those basins where rivers cross a provincial 

boundary or an international boundary.  

(4) Instream Flow Needs: Various rivers and their tributaries are habitats for a variety 

of fish and wildlife species. For such reasons, there may be recommended winter 

and summer base flows to maintain these habitats. Since these values differ from 

location to location, each basin is treated according to its own attributes.   

2.3.6 Return Flow and Water Consumption Estimation 

The methodology in Section 2.3.5 provides estimates of gross water demand ï equivalent to 

water intake. To estimate water consumption, one needs to take into account water returned to 

the original source. The latter is called return flow. Water consumption is simply the difference 

between the water intake and return flow. The return flow is generally associated with district 

irrigation projects, industries, and communities with water and sewer systems. Kulshreshtha et 

al. (1988) estimated these return flows as follows: 

 District Irrigation =   25% of the water intake 

Urban Communities =   68% of the water intake 

For manufacturing industries, Statistics Canada (2008a) has estimated the water used for 

Saskatchewan for 2005 and its discharge (return flow). Results are shown in Table 2.2. 

According to these estimates, 80% of the total water intake by manufacturing establishments is 

http://www.ppwb.ca/information/79/index.html
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returned to the source. In more recent (2009) estimates (see Statistics Canada 2010), 

manufacturing water consumption has increased to 45.3% of the water intake by 2009.  

The consumption rate (ratio of water intake) differs from product to product. Unfortunately, such 

detailed information is lacking for the province and for any of the river basins. Therefore, in this 

study, the same ratio of water intake to water discharged (returned to the source) was employed 

for all industries and all river basins.  

 

Table 2.2: Water Demand Criteria  in Manufacturing Industries,  Saskatchewan, 2005 

Water Demand Criteria  
Total Amount in 

2005 (dam
3
) 

Percent of Total 

Water Intake 

Water Intake 60,100  100.0 

Water Recirculation 6,400  10.6 

Water Retained in the Processed Goods or 

Lost 

5,700 11.9 

Water Discharge 48,000  79.9 
Source: Statistics Canada (2008a) 

For other water demand sectors, water consumption for a given demand was also estimated as 

total amount of water intake minus return flow. These ratios are shown in Table 2.3. The lowest 

proportion of water resulting as consumption comes from urban (municipal systems) water 

demand, followed by irrigation and manufacturing  

 

Table 2.3: Water Consumption Levels for Various Direct Anthropogenic Water Demands 

Water Demand Activity 

Group 

Anthropogenic Activity  Total Water Consumption 

as % of Water Intake 

Agricultural Water Demand  District Irrigation 75% 

Other Irrigation 100% 

Industrial Water Demand Potash Production 100% 

Oil and Gas Production 100% 

Manufacturing 20.1% 

Municipal/Domestic Water 

Demand 

Municipalities 32% 

Other communities 100% 

Institutions* 32% 

Recreation and Indirect 

Anthropogenic Water 

Demands 

 100% 

* Assumed to be drawing their water needs from a municipal system  
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2.4 Methodology for Estimation of Future Water Demand 

The future water demand in a given basin is somewhat of an extension of its past patterns, 

although some future changes may also play important roles in altering/determining these water 

demand levels. 

Since present water demand is directly related to the level of economic activities and/or 

population, future requirement will also be governed by these factors in a similar way. The only 

exception to this may occur if there is a significant change in the water demand coefficients for 

various activities. Two factors that can affect water demand coefficients in the future are:  

 

(1) Onset of climate change by 2030 or thereafter, and  

(2) Adoption of water conservation measures by water users.  

 

In this study, these events are considered, but as a scenario approach. More details on these are 

provided in Section 2.5. It should be noted that water demand levels in the future can also be 

altered by the state of water availability, leading to additional water conservation or the 

curtailing of certain types of economic activities.
5
  

2.4.1 Factors Affecting Future Water Demand Levels 

The future water demand in any region is a culmination of four types of changes/factors: 

economic activities; population and its distribution; water demand patterns/history (including 

conservation); and changes in the bio-physical system (such as climate change resulting in 

varying water availability). A rising level of population in a given river basin will  affect the level 

of water needed for various economic, sustenance, and social activities. Population is also a 

factor in determining the level of economic activities in the basin. Both of these factors are often 

very highly correlated.  

Nonetheless, the estimation of future water demand for various sectors has not been a very 

popular area of study except for municipal and/or domestic water demands. A complete review 

of these studies is provided in Kulshreshtha et al. (2012a). Although the review of the literature 

was helpful in identifying a suitable forecasting methodology; on account of the nature of data 

available, the methods developed were similar to those used for the current water demand. This 

methodology is described below for each of the four direct anthropogenic water demands and for 

the indirect anthropogenic water demands.  

                                                 

 

5
 Investigation of the implications of water supply on water demand patterns is not attempted in this study, and 

therefore, is left for future research. 
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2.4.1.1 Future Water Demand for Agriculture 

Agricultural water demand in the future will  be a result of continuation (with expansion if 

possible) of the current five sub-sectors that demand water. These include irrigation, pesticide 

spraying, livestock, greenhouses and nurseries, and aquaculture. The studyôs methodology for 

estimating these water demands for the three future time periods is described below.  

Irrigation:  For irrigation, the methodology for projecting water demand was similar in 

essence to that followed for current water demand. Two factors required further attention: 

expansion of irrigated area in the future, and possible changes in the water demand 

coefficients. The projected irrigated area in the basin was multiplied by the appropriate 

crop water demand coefficient. The potential expansion of irrigation was based on known 

irrigation schemes at the time of writing this report. In this estimation, the distinction 

between district and private irrigation was maintained. The future irrigation water 

requirements for crops were estimated by using ICDC (2008a) crop requirement data 

combined with an estimate of the growing season precipitation, plus seedbed moisture.  

Dryland Crop Production : The estimation of the basin area under various crops for 

2020 was based on the AAFC (2011a) Medium Term Outlook for 2017.  Crop areas for 

the major grains and oilseeds of wheat, durum, canola, flax, and specialty crops of canary 

seed, chick pea, field pea, lentils, mustard, and sunflower were forecasted in this study.  

The percentage change in area seeded to a given crop from 2010 to 2020 was applied to 

the area seeded at the water basin level in 2009 to arrive at the estimated 2020 seeded 

area. Although estimates for 2040 and 2060 have to consider relative net returns, given 

the yield and price of a commodity that will determine the area seeded, such forecasts 

were not available and not considered in this study.  The relative net returns will be 

affected mainly by the crop response to the climate conditions in 2040 or 2060, given the 

expenditure on developing new varieties and other adaptation measures.   

In addition to crop mix, a number of other factors can change the water demand for 

pesticide spraying in the basin. The majority of crop production in western Canada is 

small grains with cereal grains, pulses, and oilseeds comprising the majority of the 

seeded area.  The major trend in Saskatchewan crop production over the past 20 years has 

been the increased demand of zero tillage (Statistics Canada, 2006).  Associated with this 

trend has been the dramatic reduction in summerfallow and the greater diversity of crops 

grown.   

The water demand per acre was calculated as follows: (i) A per pass rate of 50 litres per 

acre plus a 1% factor for cleanout was used; (ii) This was multiplied by the number of 

pass times under different tillage systems; and (iii) The above was multiplied by the 
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number of acres in zero tillage or minimum tillage, along with plus the area in Chem 

fallow or Chem-Till Fallow.
6
   

Livestock: The estimation of the production of livestock for 2020 was based on AAFC 

(2011a) Medium Term Outlook for 2017.  Inventories of animals within the dairy, 

poultry, sheep, hog, and beef sectors, as well as laying hens for egg production were 

forecasted. Productivity growth rates for the various sectors are important in estimating 

the activity levels for the various sectors in 2040 and 2060. The continued 

industrialization of the production process for dairy, hog, poultry, and egg operations has 

implications for the number of animals needed to produce a given quantity of output.  For 

example mapping of the genome will allow for greater accuracy in selecting for desirable 

traits and in enhancing the traits that are related to productivity. Intensive livestock 

operations at present are able to implement these new technologies and to capture the 

increased productivity gains. Forecasts were based on a consideration of these factors.  

The type of livestock, their age, climate, feed, and location on farm (indoors/outdoors) all 

affect the uptake of water.  Water needs are generally associated with the rate of water 

loss, which translates into temperature being a main factor.  Generally, temperature has a 

greater effect on the water requirements of smaller animals than on those of larger 

animals. A grazing animalôs water intake is affected by the type of pasture and the time 

of year as affected by the weather and moisture content of the forage.   

Greenhouse and Nurseries: For nurseries and greenhouses, the water needs or 

requirement per plant was estimated and multiplied by the total number of plants per 

nursery. This figure was calculated for all the nurseries in the region, depending on the is 

sizes. If information was available, future area was estimated. In the absence of any 

information, the past trends were used as a guide.  

Aquaculture: Information on aquaculture, as indicated above, is very poor. If such 

information was available for a given basin, it was applied to the future period. 

Otherwise, the current level of activity was predicted to take place in the future.  

2.4.1.2   Forecasting of Industry/Mining Water Demand 

The methods used to forecast water demand for mining and manufacturing industries in the basin 

was based on a projection of new mines and industries that might be developed there in.  

                                                 

 

6
 These strategies involve spraying of summerfallow area by chemicals, replacing the need of tilling for control of 

weeds. 
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An attempt was also made to project the current operationsô levels of economic activity in the 

future. In addition, new industrial activity as a result of irrigation development in the basin was 

also included. These were called induced economic activities and consisted of several types of 

value added production: beef livestock (producing new heads of cattle and processing them in 

the province); pork livestock (producing and processing hogs); dairy production (coupled with 

additional dairy processing activity); vegetable processing (particularly potato processing); 

slaughtering and meat processing; and renewable energy (production of ethanol). 

2.4.1.3 Forecasting of Municipal/Domestic Water Demand 

Forecasts for municipal/domestic water demand are typically done by applying past trends in 

factors that have been shown to influence future water demand. Information on regulations, 

pricing, cost of supply, and public education were not available for estimating future water 

demand in the basin. As a crude approximation, future water demand was first approximated by 

the change in number of water users (measured as population). The total water demand was 

simply a product of projected population (2020, 2040, and 2060) for a given type of community 

and their respective water demand coefficient for a given point in time. The estimation of per 

capita water demand was based on regression analysis of trends in a given type of community in 

a given river basin.  Data on water demand and population were collected from the 

Saskatchewan Watershed Authority for the period 1995 to 2009 by type of community and for 

some institutions (SWA, 2010).  

2.4.1.4 Recreational Water Demand 

Future water demand for recreational communities was based on their trends in population and in 

per capita water demand. A trend analysis was undertaken for the water demand by recreational 

facilities.  

2.4.1.5 Indirect Anthropogenic Water Demands 

Four water demands that were included in this category are: Environmental purposes, Instream 

Needs, Evaporation losses from surface water bodies, and Apportionment purposes.  

The environmental water demand was based on future plans for environmental projects in a 

given river basin. Estimation of future instream flow needs was assumed to be the same as the 

current requirements. And evaporation was assumed to remain at the same level as the current 

evaporation water demand. The apportionment water demand was applied to those rivers that 

cross provincial or international boundaries. Since this water demand is dependent on supply, it 

was assumed to remain at the average of recent past periods.  
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2.5 Study Scenarios 

The water demand for each river basin was estimated under three study scenarios: (i) baseline 

scenario, (ii) climate change scenario, and (iii) water conservation scenario. The methodology 

followed for estimations of water demand under these scenarios is described below.  

2.5.1 Baseline Scenario 

A baseline scenario is generally used as a reference for comparison against an alternative 

scenario. Under this scenario, the economic/social system is assumed to be the same as described 

in the previous two sections. Water demand under the baseline scenario reflects the past trends 

and the best judgment of available. No major structural change in the economy is assumed to 

have taken place.  

2.5.2 Climate Change Scenario 

Climate change is highly relevant in any forecast of water demand in the future. The essential 

question is whether Canadians (and those in a given river basin) can manage a change in water 

resources that they put on their crops, run through their turbines, and pipe into their homes 

(paraphrased from Waggoner, 1990). Human-induced climate change is caused by the emissions 

of carbon dioxide and other greenhouse gases (GHGs) that have accumulated in the atmosphere 

over the last century or so. There is enough scientific evidence now that makes climate change 

serious and compelling (Stern, 2007).  

The major changes resulting from climate change as identified by the Intergovernmental Panel 

on Climate Change (IPCC) reports (Easterling et al., 2007) include the following: change in 

average temperature; change in the average precipitation; distribution of precipitation and its 

form (more in the form of rain and less as snow); occurrence of extreme events; and rise in sea 

level. According to Lemmen and Warren (2004), these changes would have significant effects on 

water resources: (1) changes in annual stream flow, possible large declines in summer rainfall, 

leading to shortage of supply; (2) increased likelihood of severe drought, increased aridity in 

semiarid zones; and (3) increases or decreases in irrigation demand and water availability. These 

situations may lead to significant concerns, and notable among these are (1) implications for 

agriculture, hydroelectric power generation, ecosystems and water apportionment; (2) losses in 

agricultural production, accompanied by changes in land use; (3) uncertain impacts on farm 

sector incomes, groundwater, stream flow, and water quality. The same study also notes that 

climate change may also affect water demand. In addition to population growth and wealth 

distribution, climate change may increase demand for water because of higher temperatures and 

drier conditions.  

In this study, two major changes resulting from climate change were included: (1) change for 

average temperature (and resulting evapotranspiration) and (2) increased frequency of extreme 
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events. Two types of extreme events are expected in the future: extreme dry events, called 

droughts (single period, back-to-back droughts and longer multi-period droughts), and extreme 

wet events (high rainfall and /or intense rainfall in a short period of time), resulting in floods in 

some regions.  

A review of literature was undertaken to assess the potential impact of climate change on water 

demand. Unfortunately, no such study was found for Saskatchewan or even for western Canada. 

This review was extended to North America and other jurisdictions. However, information 

adequate for making adjustments in water demand was still less than satisfactory. Nonetheless, 

this review suggested various implications of climate change on water resources. Impact on the 

water demand may come not only through a direct impact of climate characteristics, but also 

through indirect linkages. Two important indirect linkages concern water quality and water 

availability.  

Changes in water demand level in a given river basin were based on demand specific changes as 

suggested in the literature or by expert opinions. For example, agricultural water demand was 

based on moisture deficit. Accordingly, for livestock water demand, studies that have addressed 

this specific issue were consulted. Water demand for mining was also adjusted using expert 

opinion, where available.  

Another aspect of climate change is the predicted frequency of extreme events ï droughts and 

excessive rains. Based on the past crop yield records, it appears that during the last 50 years, 

there have been four major droughts ï 1961, 1988, 2001, and 2002 (Wheaton et al. 2005). Recent 

droughts and excessive moisture events can be considered harbingers of the extremes likely to 

occur. A precise forecast of droughts, though, is very complex, and some arbitrary decisions 

were necessary here.
7
 It was assumed that drought frequency by 2020 would remain unchanged 

(from the current 8%). As noted above, by 2090 drought frequency is expected to triple. A 

straight line projection was therefore used to predict the future frequency of droughts, estimated 

to be 13% by 2040 and about 18% by 2060.  

With respect to floods, no Canadian study was found that had predicted these events for the 

expected climate change. However, Drakup and Kendall (1990) state that large-scale spring 

ravine flooding is expected to decrease from an expected increase in winter runoff, as well as a 

decreased snowmelt and spring runoff. However, this effect could not be incorporated. 

                                                 

 

7
 This aspect of climate change requires some input from people whose expertise is climatology and climate change. 
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2.5.3 Water Conservation Scenario 

Provincially, through the Saskatchewan Watershed Authority and locally, through municipalities, 

efforts have been spent to make the water users aware of water shortages, and to convince them 

to adopt water conservation practices. This goal has been accomplished through several types of 

measures, including a switch to lower water demand appliances (ex, rebates for low flush 

toilets).  Programs of various types to educate the public about the demand of water have been, 

and are being, used. The urgency or force of the approach seems to depend on immediate supply 

side problems, (drought, and plant shutdown), among others. These factors influence adoption of 

water conservation and thereby affect water demand. However, predicting these changes is 

somewhat problematic without a comprehensive study on attitudes of the people and on their 

willingness to adopt water conservation measures; as well, research on regulations that may 

entice water users to adopt water conservation measures should be conducted. 

Much of the literature on water conservation is limi ted to the domestic water demand. A review 

of these initiatives is provided by CMHC (Undated). Water conservation experiences with other 

water demands have not been prolifically recorded in the literature. According to the Policy 

Research Initiative (2005), water recycling is an important characteristic of the industrial 

response to a price change (a popular water conservation measure). Water cost seldom accounts 

for more than one percent of the total cost of production in many industrial firms. Moreover, few 

studies have been done on the interaction of water price and the price of inputs other than water 

(Renzetti, 2002). Additional studies of cost structures of various types of industrial water users in 

Saskatchewan are needed.   

For agricultural water demand, empirical studies have shown that irrigation water demand is 

relatively unresponsive to price changes, as a given crop requires a certain amount of water in a 

given setting (Policy Research Initiative, 2005). It has been argued that demand for irrigation 

water will  remain inelastic until water costs rise substantially (Bazzani et al., 2004).  

In light of the large degree of uncertainty about the impact of water conservation programs and 

the rate of adoption, the approach chosen here was to select the conservation potential for each 

type of water demand. These results are shown in Table 2.4.  

In the following chapters, the results of water demand for the current and future time periods 

under the three study scenarios are presented for each basin.  
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Table 2.4: Reduction in Water Demand by Type of Demand, Resulting from Adoption of 

Water Conservation Practices, Saskatchewan Selected River Basins 

Type of Demand 
Maximum 

Potential 

Maximum 

Population 

Adopting 

measures 

Maximum 

Reduction in 

Water 

Demand 

Savings in Water 

Demand (Relative to 

Baseline Scenario) by 

2020 2040 2060 

Municipal Domestic 

(Community Water 

Demand)*  

43% 40% 17.2% 2.5% 7.5% 12.5% 

Non-Municipal 

Domestic Water 

Demand**  

-- -- -- 0.58% 1.16% 2.90% 

Commercial, Industry 

and Institutional Water 

Demand***  

   2.5% 7.5% 12.5% 

Recreational Water 

Demand 

   N.C. N.C. N.C. 

Irrigation Water 

Demand 

Estimated using efficiency improvements in water delivery system for 

a given crop mix 

 * Based on the experience of Kelowna, B.C. 

** Based on the experience of New Glasgow, Nova Scotia. 

*** Assumed to the level of water conservation for the municipal water demand 

N.C. = No Change 
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Chapter 3 

Souris River Basin (Saskatchewan Basin # 1)  

This chapter presents estimated water demand for the Souris River Basin, and the research is 

divided into seven sections. Section 3.1 presents the location of the basin within Saskatchewan 

and its salient features. Estimated water demand levels for agricultural, industry/mining, 

municipal/domestic, and recreational demands are presented in Sections 3.2 to 3.5, respectively. 

In Section 3.6, various indirect anthropogenic water demands are presented. The chapter ends 

with a summary of all water demands for the Souris River Basin.   

3.1  Overview of the Basin 

The Souris River Basin is located in the extreme southeast corner of the province. This basin 

houses two major cities, along with several towns, villages, and First Nationsô Reserves, besides 

other economic activities. This documentation is based on available secondary data.  

The Souris River Basin is one of the component water bodies of the larger Nelson River Basin, 

which in turn contributes to the Arctic Ocean through Hudson Bay. The Souris River Basin spans 

through two Canadian provinces and one American state.  Although the Souris River originates 

in the south-eastern part of the province (with headwaters near Cedoux, northeast of Weyburn), it 

enters into the U.S. (in the State of North Dakota), first travels south and then northwards, 

entering into the province of Manitoba. The river has a total length of approximately 700 km and 

it drains 61,100 km
2
. The Souris River originates in Saskatchewan, flowing past Estevan into 

North Dakota before travelling back north to join the Assiniboine River in Manitoba (University 

of Regina, 2006). Its major tributaries in the basin include Long Creek, Moose Mountain Creek, 

Antler River, Jackson Creek, and Plum Creek (Canada West Foundation, 1982). Another 

tributary of the river is the Pipestone Creek, which flows through the basin and joins the Souris 

River in Manitoba.  

The Souris River Basin is located in southeastern Saskatchewan, bounded at the east by 

Manitoba and by North Dakota in the south. In the province of Saskatchewan, the river drains an 

area of approximately 20,400 km
2
, and it is separated into two administrative units, Upper and 

Lower Souris (SWA, 2010). Figure 3.1 shows the Souris River Basin and its positioning in the 

province. There are six sub-watersheds encompassed by the Upper and Lower Souris: Long 

Creek, Moose Mountain, Canam (Upper Souris) and Pipestone Creek, Antler Creek, and Four 

Creeks (Lower Souris).  
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Figure 3.1: Map of Souris River Basin (Saskatchewan Portion)  

The Souris River Basin area suffers from severe variations in seasonal water flow, from no flow 

during some drought years, to flooding in other years. In order to ensure flood protection and a 

reliable water supply for the region, in the 1990s the Rafferty-Alameda Dam Project was 

developed (University of Regina, 2006). The project comprises Rafferty Reservoir, located near 

Estevan, on the Souris River and Alameda Reservoir, near Oxbow, on Moose Mountain Creek. 

Under this project, the Boundary and Rafferty Reservoirs were connected through a diversion 

channel, enabling water diversion from Long Creek into Rafferty Reservoir (SWA, 2012b). The 

reservoirs provide water for various purposes, from power generation ï at the Shand Power 

Station ï to water for recreational activities such as fishing, boating, hunting, and trapping. The 

Souris River also provides water for irrigation purposes.  

 

The Souris River Basin is located in a transition zone between grassland and continuous forest. 

From the standpoint of land cover, agriculture extends across the entire river basin; currently, 

more than 90% of the landscape is being used as cropland. Table 3.1 shows the land use in the 

Souris River Basin. Almost 95% of the basin land is used for agricultural purposes. 

 

The population of the basin in 2010 was estimated at 59,515 people, thus constituting almost 6% 

of the Saskatchewan population. More details are shown in Table 3.2. Although in terms of land 

use, the basin is primarily agricultural, the population is located mainly in the urban 

communities, as shown in Figure 3.2. The basin houses two cities ï Weyburn and Estevan, three 

towns, 40 villages and four First Nationsô Reserves. The two cities within the basin house 42% 



Present and Future Water Demand in Selected Saskatchewan River Basins                         Kulshreshtha,  Nagy and Bogdan 

 

August 2012  28 

 

of the basinôs total population. About a third of the basin population resides in non-urban 

communities (farms, villages, and other non-farm communities). First Nationsô population is a 

small proportion of the total in the basin, as only 1,774 people of First Nations ancestry live 

within it (which constitutes only 3% of the total population).  

 

 

Table 3.1: Land Use in the Souris River Basin 

Land Cover Area Area (km
2
) 

% of Total 

Area 

Total Area 20,400 100.0% 

Evergreen Needleleaf Forest Area 8 0.0% 

Mixed Forest Area 368 1.8% 

Shrubland Area 193 0.9% 

Grassland Area 309 1.5% 

Cropland and Cropland with Woodland 

Area 
19,361 94.9% 

Other Land Cover Area 161 0.8% 

Source: Statistics Canada (2000); SWA (2005A); University of Regina (2006). 

 

 

 

Table 3.2: Estimated Population of Souris River Basin By Type  

of Communities, Selected Years  

Community 
Population 

1995 

Population 

2010 

Change % 

2010 over 

1995 

Estevan       10,965        12,876  17.4% 

Weyburn        9,886        11,782  19.2% 

Towns > 1000        5,377         6,858  27.5% 

Towns < 1000        5,265         6,074  15.4% 

Villages        6,578         6,027  -8.4% 

Total Non-Rural Population 38,071 43,617 14.6% 

Rural Non-Farm Note 1        1,144  -- 

Rural Farm Note 1       12,980  -- 

First Nations             -           1,774  -- 

Total River Basin 38,071*      

38,071*  

      59,515 NC 
Note 1 These populations could not be estimated. 

* Excludes rural farm and non-farm population in 1995. 

NC Values in these columns are not comparable. Therefore, change is not calculated. 

Source: SWA (2010), and Statistics Canada (2012a) 
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Figure 3.2: Distribution of Population in the Souris River Basin by  

Type of Communities, 2010 

 

 

In addition to agriculture, there are several other major water users in the basin. Mining 

production occurs mainly in the form of coal mining, and oil and gas production, mainly around 

the city of Estevan. Manufacturing activities include only an ethanol plant. In terms of power 

generation, there is no hydroelectric production in the basin, but major power generation takes 

place by the thermal generation method. 

 

As noted in the previous chapter, direct anthropogenic water demand in the Souris River Basin 

was estimated for the four major sectors ï agriculture, mining/industrial, municipal/domestic, 

and recreation. In addition, indirect anthropogenic water demands were estimated and added to 

the direct anthropogenic water demand to obtain a calculation for the basin.  

 

The first step in estimating various types of economic/social activities was to identify areas 

within the basin. Correspondences between administrative boundaries and the basin boundaries 

were developed using an overlay of various maps on a river basin map. These are shown in 

Appendix A (In Table A.1 for various census divisions, in Table A.2 for census agriculture 

districts, and in Table A.3 for rural municipalities). These estimates are based on available 

secondary data. In the next five sections, the water demand estimates for the Souris River Basin 

are presented.  
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 3.2 Agricultural Water Demand 

3.2.1 Overview of Agriculture Sector in the Basin 

Agriculture in the Souris River Basin comprises a combination of crops; cereals account for half 

the crop area in the Souris River Basin, with oilseeds comprising 33%.  The area under irrigation 

is 5,543 acres, mostly done through private irrigation. No district irrigation projects have been 

listed for this basin. Of the total area under irrigation, only 12.4% of their area is served for a 

centre pivot system of irrigation (Table 3.3).  The remaining area is served by low cost irrigation 

methods.   

Table 3.3: Area under Irrigatio n in the Souris River Basin by Type 

of System, 2010 

Irrigation System Area  Percent 

Wheelmove 958 17.2% 

Pivots 688 12.4% 

Linear - 0.0% 

Misc. Sprinklers 1,026 18.4% 

Surface 505 9.1% 

200 mm Backflood 513 9.2% 

Misc. Backflood 1,849 33.2% 

Remainder 25 0.4% 

Total Irrigated Area  5,563 100.0% 

Source: Saskatchewan Ministry of Agriculture (2011a) and the SWA (2011b). 

 

In terms of livestock, poultry production is not a significant livestock sector in the Souris River 

Basin, only accounting for 1.2% of Saskatchewanôs production. Beef cattle production is the 

main livestock activity, with annual feedlot output of about 1/3 of the annual calf crop.  

Approximately 8% of the cattle feedlots in Saskatchewan are in this basin.  The hog sector 

accounts for only 5.3% of the breeding sows and 2.9% of the market hogs in Saskatchewan.  The 

dairy sector is also quite small, with only 3.7% of the provinceôs dairy cattle in 2010. Although 

other types of animals are raised on the farms, their numbers are relatively small (Table 3.4). 

The area of greenhouses in the Souris River Basin for 2010 was estimated at 2.3 acres. No other 

aquaculture related activity was reported in this basin.  
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Table 3.4: Estimated Livestock Population in the Souris River Basin, 

by Type of Animals, 2010 

Livestock Type 

Number 

in 2010 Livestock Type 

Number in 

2010 

Total Cattle and Calves Other Livestock 

Bulls 7,537 Bison       5,520  

Milk Cows 1,077 Horses     20,501  

Beef Cows 153,567 Goats       1,279  

Milk Heifers 94 Llamas          406  

Beef Replacement Heifers 23,432 Bees       2,291  

Feedlot 19,401 Deer          185  

Calves 143,858 Poultry and Egg Sector 

Hog Sector Laying Hens       8,776  

Sows       4,536  Pullets     10,063  

Suckling Pigs     98,785  Broilers     50,157  

Weaned Pigs     46,606  Other Poultry          613  

Growing Finishing Pigs     46,606  Turkeys (M)          226  

Boars          173  Turkeys (F)          151  

Sheep Sector Sheep Sector 

Rams 247 Breeding 1,175 

Ewes 4,996 Slaughter 3,742 
Source: Statistics Canada (2011a), Saskatchewan Ministry of Agriculture (2011b),  

Sask Pork (2011), and the Souris Turkey Producers Marketing Board (2011). 

 

Using the methodology described in previous basin reports for Saskatchewan, current (2010) 

water demand levels for various activities related to agricultural water demand were estimated. 

This was followed by projecting water demands for three time periods: 2020, 2040, and 2060. 

For all four time periods, the agricultural water demand was estimated for three study scenarios: 

Baseline, Climate Change, and Water Conservation scenario. These results are presented in this 

chapter.  

Agricultural water demand was disaggregated by five types of demands; and estimates were 

made for each of these types. In this section, their presentation is divided into the same five 

sections as noted earlier ï Irrigated crop production, Dryland crop production, Livestock, 

Greenhouses and Nurseries, and Aquaculture.  

3.2.1 Total Agricultural Water Demand 

In this section, all different types of agricultural water demands are summarized in this section 

for the three study scenarios. On account of their small amount, the greenhousesô, nurseriesô, and 

aquaculture water demands were combined into a single category.  
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3.2.1.1 Total Agricultural Water Demand ï Baseline Scenario 

The projected water demand for the agriculture sector for the baseline scenario in the Souris 

River Basin is presented in Table 3.5.  Crop water demand (irrigation and pesticide spraying) is 

the biggest component of which water demanded for irrigation is expected to account for 71% of 

the agricultural sectorôs water demand in the Souris River Basin in 2060.  The dairy and beef 

cattle sectors are the next biggest component of water demand. By 2060, the basin could 

experience an increase in water demand by 9.3% -- from 16 thousand dam
3
 to 17 thousand dam

3
. 

Distribution of the total demand for the study period is shown in Figure 3.3. Irrigation dominates 

the total agricultural water demand in the basin.  

 Table 3.5: Agricultural  Water Demand in the Souris River Basin for the Baseline Scenario, 

2010 ï 2060  

Activity  
Water Demand in dam

3
 for  

2010 2020 2040 2060 

Irrigation 11,442 11,516 11,682 11,876 

Livestock 4,326 4,608 4,762 4,896 

Pesticide 155 155 153 153 

Other  Agricultural (Greenhouses, 

Nurseries, and Aquaculture) 
28 29 30 31 

Total Agricultural Water Demand 15,951 16,307 16,627 16,957 

%  Change over 2010 Level   3.3% 6.2% 9.3% 

 

 

Figure 3.3: Agricultur al Water Demand in the Souris River Basin, 2010-2060,  

Baseline Scenario by Type of Demand 
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3.2.1.2 Total Agricultural Water Demand ï Climate Change Scenario 

Climate change, through elevated average temperatures and higher droughts frequency, will 

impart a significant increase in the water demand for agricultural purposes. In the Souris River 

Basin, this water demand will increase to 19.9 thousand dam
3
, which is 24.8% higher than the 

2010 levels. Compared to the baseline scenario, the possible climate change impact by 2040 will 

represent an increase by 10.9% in agricultural water demand. By 2060, an increase in this water 

demand by 17.4% is likely (Table 3.6). 

Table 3.6: Agricultural  Water Demand in the Souris River Basin for Climate Change 

Scenario, 2010 ï 2060  

Activity  Water Demand in dam
3
 for  

2010 2020 2040 2060 

Irrigation 11,442 11,516 13,323 14,485 

Livestock 4,326 4,608 4,920 5,227 

Pesticide 155 155 160 166 

Other Agricultural (Greenhouses, 

Nurseries, and Aquaculture) 

28 29 30 31 

Total Agricultural Water Demand 15,951 16,307 18,432 19,909 

%  Change over 2010 Level   2.2% 15.6% 24.8% 

% Change over Baseline Scenario   0.0% 10.9% 17.4% 

 

3.2.1.3 Total Agricultural Water Demand ï Water Conservation Scenario 

The potential adoption of water conservation offers a way to reduce agricultural water demand in 

the basin. These results are shown in Table 3.7. Under this scenario, the total agricultural water 

demand in 2060 could be almost 14.3 thousand dam
3
, some 15.5% lower than predicted levels 

for the baseline scenario.  

Table 3.7: Agricultural  Water Demand in the Souris River Basin for Water Conservation 

Scenario, 2010 ï 2060   

Activity  Water Demand in dam
3
 for  

2010 2020 2040 2060 

Irrigation 11,442 10,542 9,876 9,488 

Livestock 4,326 4,608 4,612 4,739 

Pesticide 155 155 138 76 

Other (Greenhouses, Nurseries, and 

Aquaculture) 

28 29 30 31 

Total Agricultural Water Demand 15,951 15,334 14,656 14,334 

%  Change over 2010 Level   -3.9% -8.1% -10.1% 

% Change over Baseline Scenario 0.0% -6.0% -11.8% -15.5% 
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3.2.2   Source of Water for Agricultural Activities  

Depending on the location of the particular water demand, some of these demands have to be 

satisfied from surface water bodies, while others may be filled from drawing groundwater. In this 

section, the total agricultural water demand from these two sources is estimated.  

3.2.2.1   Source of Water for Agricultural Activities under Baseline Scenario 

Agriculture utilizes both surface as well as groundwater. However, this dependence on surface 

water is different for livestock vs. for crop production, as shown in Table 3.8. Crop production is 

primarily dependent on surface water, as in 2010 almost 95% of the water is supplied from such 

sources. Livestock water demand is dependent on both ground and surface sources in almost 

equal proportions. In 2010, this proportion of surface water to total water demand was estimated 

to be 48%, while the remaining 52% was obtained from groundwater sources. For all agricultural 

demands, 81% of the water is obtained from surface water bodies (Table 3.9).   

Table 3.8: Agricultural  Surface Water Estimates by Type of Demand, Souris River Basin, 

Baseline Scenario, 2010 ï 2060  

Type of water demand Amount of Water in dam
3
 in  

2010 2020 2040 2060 

Livestock 

Dairy and Cattle 1,912 2,044 2,114 2,177 

Hog Sector 12 13 13 14 

Sheep 7 8 8 8 

Other Livestock 134 135 135 135 

Poultry and Egg 3 4 4 4 

Total Livestock Surface Water Demand 2,067 2,203 2,274 2,338 

% of Total Water Demand 47.8% 47.8% 47.8% 47.7% 

Crop 

Irrigated 10,870 10,944 11,110 11,304 

Pesticide 124 124 122 122 

Greenhouse 6 6 6 6 

Total Crop Surface Water Demand 10,999 11,073 11,238 11,433 

% of Total Water Demand  94.6% 94.7% 94.7% 94.8% 

 

Table 3.9: Agricultur al Water Demand by Source of Water in the Souris River Basin, 

Baseline Scenario, 2010 ï 2060  

Particulars Amount of Water in dam
3
 in 

2010 2020 2040 2060 

Total Agriculture  Water Demand 15,951 16,307 16,626 16,957 

Groundwater 2,885 3,032 3,114 3,186 

Surface Water 13,066 13,276 13,513 13,770 

Surface Water % of Total  81.9% 81.4% 81.3% 81.2% 
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3.2.2.2   Source of Water for Agricultural Activities ï Climate Change Scenario 

Results for the climate change scenario are presented in Table 3.10. Water withdrawals from 

surface water bodies in 2060 may increase from 13.8 thousand dam
3
 (under the baseline 

scenario) to 16.5 thousand dam
3
 under this scenario. This amount is 20.1% over the baseline 

scenario. Climate change will  also increase the dependence of agriculture on surface water 

bodies slightly, as now 81.9% of the total agricultural water demand is withdrawn from this 

source.  

Table 3.10: Agricultural  Water Demand by Source of Water in the Souris River Basin, 

Climate Change Scenario, 2010 ï 2060  

Particulars 
Total Water Demand in dam

3
 

2010 2020 2040 2060 

Total Agriculture  Water 

Demand 
15,951 16,311 18,432 19,909 

Groundwater 2,885 3,032 3,202 3,367 

Surface Water 13,066 13,279 15,231 16,543 

Surface Water % of Total 81.9% 81.4% 82.6% 83.1% 

3.2.2.3   Source of Water for Agricultural Activities ï Water Conservation Scenario 

The probable distribution of total water demand by source of water under the water conservation 

scenario is presented in Table 3.11. Hence, the amount of surface water demand appears reduced 

from the baseline scenario. The amount of surface water demand is reduced from 13,770 dam
3 
in 

2060 under the baseline scenario to only 11,249 dam
3
 ï a reduction of 18.3% from the baseline 

level.  

Table 3.11: Agricultural  Water Demand by Source of Water in the Souris River Basin, 

Water Conservation Scenario, 2010 ï 2060  

Particulars 
Total Water Demand in dam

3
 

2010 2020 2040 2060 

Total Agriculture  Water 

Demand 
15,951 15,334 14,656 14,334 

Groundwater  2,885 3,032 3,031 3,086 

Surface Water 13,066 12,302 11,625 11,249 

Surface Water % of Total  81.9% 80.2% 79.3% 78.5% 
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3.2.3 Agricultural Water Consumption  

A part of the total water demand by agriculture is returned to its original source. The 

methodology for estimating water consumption was described in Kulshreshtha et al. (2012a), and 

the projections for agricultural demands in the SRB under the three study scenarios are 

presented. 

3.2.3.1 Agricultural Water Consumption ï Baseline Scenario 

Not all water removed from a water body (source) for agricultural purposes is lost. In fact, a 

portion of the agricultural demands is returned to the original source,
8
 the Souris River Basin 

under the baseline scenario suggests the estimates that are presented in Table 3.12. In 2010, the 

agriculture in the basin consumed 13.1 thousand dam
3
 of water, most of which was from surface 

water bodies. By 2060, it is estimated that their level will increase to 14 thousand dam
3
 of water. 

The consumption of water falls from 79.1% to 77.5% of the total water intake.  

Table 3.12: Water Consumption for Agricultural Demands by Source of Water, Souris 

River Basin, Baseline Scenario, 2010-2060  

Particulars 
Total Water Consumption  in dam

3
 

2010 2020 2040 2060 

Total Agriculture Water Consumption  13,090 13,428 13,706 13,987 

Groundwater 2,742 2,893 3,067 3,148 

Surface Water 10,349 10,535 10,639 10,840 

Total Consumption as  % of Water Intake 79.1% 78.5% 77.6% 77.5% 

 

3.2.3.2 Agricultural Water Consumption under Climate Change Scenario 

Water consumption for agricultural purposes under the climate change scenario is presented in 

Table 3.13.  As the amount of water required for district irrigation increases under this scenario, 

so does the consumption level. By 2060, agricultural activities are predicted to consume 12,969 

dam
3
 of water annually. The return flows as a proportion of total water intake under this scenario 

are slightly higher than those for the baseline scenario. 

3.2.3.3 Agricultural Water Consumption ï Water Conservation Scenario 

Under the assumption that irrigators and other agricultural water users adopt water conservation 

practices, the total water consumption will decrease to 12.1 thousand dam
3
 by 2040 and 11.9 

                                                 

 

8
 This return flow may be contributed at a different location than the water intake location. Thus this amount of 

water is not available to other users at intake location. However, it may be available to downstream users. 
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thousand dam
3
 by 2060 (Table 3.14). By 2060, water consumption levels will  be 91.3% of the 

2010 level ï a reduction of 7.7%. Water consumption by 2060 would be almost three quarters of 

the total water demand. 

Table 3.13: Water Consumption for Agricultural Demands by Source of Water, Souris 

River Basin, Climate Change Scenario, 2010-2060  

Particulars Total Water Consumption  in dam
3
 

2010 2020 2040 2060 

Total Agriculture Water Consumption  13,090 13,432 15,101 16,288 

Groundwater  2,742 2,894 3,148 3,319 

Surface Water 10,349 10,538 11,953 12,969 

Total Consumption as  % of Water Intake 79.1% 78.5% 79.2% 79.6% 

 

Table 3.14: Water Consumption for Agricultural Demands by Source of Water, Souris 

River Basin, Water Conservation Scenario, 2010-2060  

Particulars Total Water Consumption  in dam
3
 

2010 2020 2040 2060 

Total Agriculture Water Consumption  13,090 12,698 12,187 11,962 

Groundwater  2,742 2,905 2,991 3,055 

Surface Water 10,349 9,793 9,196 8,908 

Total Consumption as  % of Water Intake 79.1% 77.1% 75.5% 74.5% 

 

3.2.4 Summary of Agricultural  Water Demand 

In the Souris River Basin, agriculture is a prominent industry and a major water user. Much of 

the demand is taken for crop production (through irrigation and pesticide spraying by dryland 

farmers) and for livestock production. In addition, smaller amounts of water are also required for 

greenhouses, nurseries, and aquaculture. As shown in Figure 3.4, the total agricultural water 

demand in the basin is estimated to increase from 15,951 dam
3
 in 2010 to 16,957 dam

3
 by 2060 ï 

change by 6.3% of the 2010 level.  Climate change would bring forth further elevations in these 

levels.  Under the climate change scenario, agriculture could demand 19,909 dam
3
 of water by 

2060.  The adoption of water conservation measures could bring a reduction in the level of water 

demand to 14,334 dam
3
 per annum.   

In the Souris River Basin, most of the agricultural demands will withdraw water from surface 

water bodies.  In the future, surface water will  constitute a higher proportion of this total 

demand.  However, not all of the water withdrawn is lost, since a portion of it is returned, 

particularly from irrigation districts.  It is estimated that the present 82% of the water withdrawn 

by agriculture is consumed; this level will remain unchanged by 2060.  However, a more 

aggressive adoption of irrigation by private irrigators may perhaps reduce this proportion.  



Present and Future Water Demand in Selected Saskatchewan River Basins                         Kulshreshtha,  Nagy and Bogdan 

 

August 2012  38 

 

 

   Figure 3.4: Trend in Total Agricultural Water Demand in the Souris  

River Basin under Study Scenarios, 2010-2060 

 

3.3 Industry/Mining  Water Demand 

The major Industry/mining activity in the Souris River Basin is a combination of several sources. 

Although there is a small water demand for coal mining, as little as for oil and gas production, 

water is also used for power generation and for manufacturing. In this section, industry/mining 

(including power generation) activitiesô water demands are described. Manufacturing in this 

explanation includes only those establishments that do not receive water from a municipal water 

system. The other manufacturing establishments are included under the municipal/domestic 

water demand estimated in the next chapter.   

This section is divided into three sub-sections: Section 3.3.1 provides an overview of the sector; 

followed by Section 3.3.2, which describes the total mining/manufacturing (including power 

generation) water demand, while section 3.3.3 addresses sources of water.  

3.3.1 Overview of the Sector 

Mining : Coal mining in the basin is undertaken mainly for supplying the needs of the 

Saskatchewan Power Corporation (SaskPower) thermal power generation plants at Boundary 

Dam and Shand.  In this process, coal is burned for producing electric power. Lignite coal 

production in this basin accounts for 70% of Saskatchewan production, and is thus one of the 

reasons for the power plants locations. A water demand coefficient of 25.1 dam
3
 per tonne of 

coal was estimated from production and water demand data. In October of 2011, one coal mine 

began operations, producing activated charcoal. No estimate of water demand for this activity 

was available, and therefore, it is excluded from the estimates provided in this report. 
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Oil and Natural Gas: With the advancement in fracking
9
 technology, the Bakken field, which is 

located mainly in the Souris River Basin (Saskatchewan portion), has become a significant user 

of water for this basin.  Oil and gas activity in this basin consists of approximately 39% of the 

vertical wells and 64% of the horizontal wells drilled in Saskatchewan in 2010 (Saskatchewan 

Ministry of Energy and Resources, 2011). 

Manufacturing : The main manufacturing activity in the Souris River Basin that demands water 

outside of the municipal system is the ethanol plant at Weyburn.  This plant used 147 dam
3
 of 

water in 2010. Cement plant operations, along with two private water supply businesses, are the 

other water demand activities in this basin.  

Power Generation: SaskPower has two thermal electricity power plants in the basin -- one at 

Boundry Dam and one at Shand, with total installed capacity of 1,104 MW and a water demand 

in 2010 of 23,164 dam
3
.  The water demand for these two plants is the main Industry/mining 

demand for water in this basin.  There is also a 5 MW heat recovery electricity generation plant 

at Alemeda and a wind farm at Moosomin, with a capacity of 27 MW.  However, neither facility 

demands water in the generation of electricity.  Carbon capture and storage to meet GHG 

reduction targets at the coal-fired power plants will result in a drop in the net electricity output.  

A reduction in efficiency of 25% is expected for the type of carbon capture planned by 

SaskPower (Finkinrath, 2011).  The relative price of electricity from alternative generation 

sources to coal fired generation (with or without carbon capture) or a price on emissions will 

determine the mix of electricity produced.  The net generation capacity of existing coal plants 

can be reduced by up to 25% as the carbon capture technology is implemented (Finkinrath, 

2011). Significant reinvestment or retirement decisions at the Boundary Dam plant have to be 

made by 2020 and for Shand by 2038 (SaskPower, 2011a).  Since the coal-fired plants supply 

most of the base load in Saskatchewan, and alternative electricity generation options are not base 

load, coal fired plants to 2040 will still be a significant factor; however, most of the capacity will 

be phased out by 2060. Details on the plans for the replacement were not available at the time 

this report was written. 

3.3.2 Summary of Industry/Mining  Water Demand 

The industrial and mining water demand by sector is presented in Sections 3.3.2.1 to 3.3.2.3 for 

baseline, climate change, and conservation scenarios, respectively.  Power generation activity 

currently has the largest water demand among the various sectors in the Souris River Basin 

because electricity generation requires coal and entails a significant user of water.  However, this 

                                                 

 

9
 According to the Wikipedia (2012), fracking is the propagation of fractures in a rock layer by a pressurized fluid. It 

is also known as induced hydraulic fracturing, hydrofracing, or simply fraccing. 

http://en.wikipedia.org/wiki/Stratum
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dominance may change if the current coal fired electricity generation capacity is replaced by 

alternative sources. 

3.3.2.1 Total Industry/Mining Water Demand ï Baseline Scenario 

The industrial and mining water demand by sectors is presented in Tables 3.15 for the baseline 

scenario. The total water demand for these purposes is estimated at 28,920 dam
3
 during 2010. 

This level will decrease to 13,046 dam
3
 by 2060, primarily as a result of the decline in oil and 

gas production.  At present, power generation demands 80% of the total water for this sector 

(Figure 3.5); the replacement of coal fired electricity plants by other electricity generation 

alternatives will  also have a significant impact on water demand. The other demands, particularly 

by oil and gas production, will  become a relatively unimportant water demand as the fields 

mature.  

Table 3.15: Total Industry/ Mining  Water Demand in the Souris River Basin, Baseline 

Scenario, 2010-2060  

Activity  Water Demand in dam
3
 

2010 2020 2040 2060 

Coal 222 222 222 142 

Oil and Gas 5,215 7,002 4,201 1,050 

Manufacturing 319 307 291 272 

Power Generation 23,164 23,164 23,164 11,582 

Total Basin Water Demand 28,920 30,696 27,879 13,046 

 

 

 

 

 

 

 

 

 

Figure 3.5: Total Industry/ Mining Water Demand in the Souris  

River Basin, 2010, Baseline Scenario 
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3.3.2.2 Total Industry/Mining Water Demand ï Climate Change Scenario 

Climate change may impact the total water demand for the Industry/mining sector by slightly 

increasing the water demand levels, as shown in Table 3.16. The total water demand under this 

scenario is higher by 1.7% of the baseline water demand level in 2040 and 3.6% higher by 2060. 

Power generation still is the dominant demand in the total mining/industrial sector. 

 

Table 3.16: Total Industry/Mining  Water Demand in the Souris River Basin, Climate 

Change Scenario, 2010-2060  

Activity  Water Demand in dam
3
 

2010 2020 2040 2060 

Coal 222 222 222 142 

Oil and Gas 5,215 7,002 4,201 1,050 

Manufacturing 319 307 297 283 

Power Generation 23,164 23,164 23,628 12,046 

Total Industry/Mining  Water Demand 28,920 30,696 28,348 13,521 

% Change from Baseline Level  0.0% 0.0% 1.7% 3.6% 
  

3.3.1.3 Total Industry/Mining Water Demand ï Water Conservation Scenario 

On account of several water conservation measures available to the Industry/mining sector, its 

water demand level may be reduced from the baseline scenario. Results are shown in Table 3.17. 

These changes will  be observed by 2020, when water demand for this sector is estimated at 

28,477 dam
3
, which is 7.2% lower than that estimated under the baseline scenario. By 2060, 

there is a potential to reduce this water demand by 14.6%, to only 11,143 dam
3
. The relatively 

lower reduction under the water conservation scenario is results from a lack of decrease in the 

water demand for power generation. Thus, water conservation measures do offer a good potential 

for reducing water demand except for power generation. Much depends on the adoption of 

practices which are decided by other factors, the most important of which is the total cost of 

water to the water user. If the cost is low, little attention is paid to reduce water demand level.  

 

Table 3.17: Total Industry/Mining  Water Demand in the Souris River Basin, Water 

Conservation Scenario, 2010-2060  

Activity  Water Demand in dam
3
 

2010 2020 2040 2060 

Coal 222 218 218 139 

Oil and Gas 5,215 5,952 3,571 893 

Manufacturing 319 301 286 267 

Power Generation 23,164 22,006 20,848 9,845 

Total Industry/Mining  Water Demand 28,920 28,477 24,922 11,143 

% Change from Baseline Scenario 0.0% -7.2% -10.6% -14.6% 
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3.3.3 Industry/Mining  Water Demand by Source of water 

The water demands by source for each industry sector for the baseline, climate change, and 

conservation scenarios are presented in Tables 3.18 to 3.20. The importance of surface water 

does not change under any of the three study scenarios. Under the baseline scenario, the surface 

water demand is 80% of the total in 2010, and it increases to 90% by 2060 under the same 

scenario. For other scenarios, the proportion of surface water to total use does not change 

appreciably. 

 Table 3.18: Industry/Mining  Within Basin Water Demand in the Souris River Basin 

by Source of Water, Baseline Scenario, 2010-2060  

Sector 
Source of 

Water 

Amount of Water in dam
3
 

2010 2020 2040 2060 

Coal 
Surface 161 161 161 81 

Groundwater 61 61 61 61 

Oil and Gas 
Surface 0 0 0 0 

Groundwater 5,215 7,002 4,201 1,050 

Manufacturing 
Surface 44 45 46 47 

Groundwater 274 262 245 225 

Power Generation 
Surface 23,164 23,164 23,164 11,582 

Groundwater 0 0 0 0 

Total Basin Water Demand for 

Industry/Mining   

Surface 23,370 23,371 23,372 11,710 

Groundwater 5,550 7,325 4,507 1,337 

Surface Water as % of Total 

Demand 
  80.8% 76.1% 83.8% 89.8% 

 

Table 3.19: Industry/Mining  Within Basin Water Demand in the Souris River Basin by 

Source of Water, Climate Change Scenario, 2010-2060  

Sector Source 2010 2020 2040 2060 

Coal 
Surface 161 161 161 81 

Groundwater 61 61 61 61 

Oil and Gas 
Surface 0 0 0 0 

Groundwater 5,215 7,002 4,201 1,050 

Manufacturing 
Surface 44 45 47 49 

Groundwater 274 262 250 234 

  Surface 23,164 23,164 23,628 12,046 

Power Generation Groundwater 0 0 0 0 

Total Basin Water Demand for 

Industry/M ining  

Surface 23,370 23,371 23,836 12,175 

Groundwater 5,550 7,325 4,512 1,346 

Surface Water as % of Total Demand   80.8% 76.1% 84.1% 90.0% 
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Table 3.20: Industry/Mining  Within Basin Water Demand in the Souris River Basin, by 

Source, Water Conservation Scenario, 2010-2060 

Sector Source 2010 2020 2040 2060 

Coal 
Surface 161 158 158 79 

Groundwater  61 60 60 60 

Oil and Gas 
Surface 0 0 0 0 

Groundwater 5,215 5,952 3,571 893 

Manufacturing 
Surface 44 44 45 46 

Groundwater 274 257 240 221 

Power Generation 
Surface 23,164 22,006 20,848 9,845 

Groundwater 0 0 0 0 

Total Basin Water Demand for 

Industry/Mining   

Surface 23,370 22,209 21,051 9,970 

Groundwater 5,550 6,268 3,871 1,173 

Surface Water as % of Total Demand   80.8% 78.0% 84.5% 89.5% 

 

 

3.3.4 Water Consumption for Industry/Mining  Sector 

A large quantity of water used by the Industry/mining sector is lost. These estimates are shown 

in Tables 3.21 to 2.23 for the three study scenarios. Under the baseline scenario, about 21% of 

water intake is lost in their sectorôs production, although over time, by 2060 this proportion is 

reduced to 13% of the total water intake. The proportion does not change appreciably from the 

baseline scenario to the other two study scenarios.  

 

 

Table 3.21: Industrial Water Consumption , Souris River Basin under Baseline  

Scenario, 2010-2060  

Industry  Water Demand in dam
3
 

2010 2020 2040 2060 

Coal 50 50 50 32 

Oil and Gas 5,215 7,002 4,201 1,050 

Manufacturing 300 289 276 258 

Power Generation 602 602 602 301 

Water Consumption 6,167 7,943 5,130 1,641 

Water Intake 28,920 30,695 27,878 13,046 

Water Consumption as  % of Water 

Intake 
21.3% 25.9% 18.4% 12.6% 
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Table 3.22: Industrial Water Consumption, Souris River Basin under Climate  

Change Scenario, 2010-2060 

Industry  Water Demand in dam
3
 

2010 2020 2040 2060 

Coal 50 50 50 32 

Oil and Gas 5,215 7,002 4,201 1,050 

Manufacturing 300 289 282 269 

Power Generation 602 602 614 313 

Water Consumption 6,167 7,943 5,147 1,664 

Water Intake 28,920 30,695 28,348 13,521 

Water Consumption as % of Water 

Intake 
21.3% 25.9% 18.2% 12.3% 

 

Table 3.23: Industrial Water Consumption , Souris River Basin under Water  

Conservation Scenario, 2010-2060 

Industry  Water Demand in dam
3
 

2010 2020 2040 2060 

Coal 50 49 49 31 

Oil and Gas 5,215 5,952 3,571 893 

Manufacturing 300 283 272 254 

Power Generation 602 572 542 256 

Water Consumption 6,167 6,856 4,434 1,434 

Water Intake 28,920 28,477 24,923 11,144 

Water Consumption as % of Water 

Intake 
21.3% 24.1% 17.8% 12.9% 

 

3.4. Municipal Water Demand 

The population of the Souris River Basin resides in various types of communities ï cities, towns, 

and villages, as well as on farms and non-farm unincorporated settlements. Some of these 

communities have a municipal water system, while others do not. Each type of community was 

examined for its respective water demand. Each of these was treated separately. 

3.4.1. Overview of Estimation 

Total municipal/domestic water demand was estimated as a sum of the individual communitiesô 

water demand levels. For each community type, the total water demand was a product of per 

capita water demand and population of that community. The data on water demand and 

population of various types of communities were obtained from Saskatchewan Watershed 
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Authority (SWA, 2010). A list of communities, ordered by type, was developed. This is shown in 

Appendix A (Table A.4). This methodology was similar to that employed for the QuôAppelle 

River Basin Report (see section 3.6 in Kulshreshtha et al. 2012a).  

Souris River Basin houses two cities, Estevan and Weyburn. The urban population accounts for 

more than half of the entire population of the basinï 63% to be more precise. The total 

population of the Souris River Basin was estimated at 59,515 people. The rural population 

accounts for nearly 34% of this figure with most of the rural inhabitants residing on farms. Table 

3.24 presents variables that affect the domestic water demand in the Souris River Basin.  

Table 3.24: Estimated Variables Affecting Domestic Water Demand in the Souris 

 River Basin, 2010 

Category 
2010 

Population 

Water 

Demand per 

capita in m
3 

Proportion of Surface 

Water to total water 

demand 

Estevan       12,876  188.46 94.79% 

Weyburn       11,782  161.87 94.79% 

Towns > 1000        6,858  139.46 30.04% 

Towns < 1000        6,074  127.66 29.11% 

Villages        6,027  116.66 52.17% 

Rural Non-Farm        1,144  116.66 52.17% 

Rural Farm       12,980  116.66 52.17% 

First Nations        1,774  111.60 50.00% 

Basin Total 59,515 -- -- 
 Source: SWA (2010) 

The water demand per capita was one of the coefficients utilized to estimate future water 

demand. Large urban centres recorded higher per capita water demand, whereas the lowest water 

demand per capita levels belonged to the First Nationsô communities. A partial explanation for 

these differences is the multipurpose demand in larger urban centers. These centers have 

relatively more manufacturing and commercial establishments that demand water. According to 

Environment Canada (2011), for communities with a population between 50 and 500 thousand, 

only 60% of the water used is expanded for residential purposes. The rest is used for 

manufacturing, commercial, firefighting, and other civic demands. However, given that this type 

of data were not available for each town and city in the Souris River Basin, this study considers 

all these demands as if combined into a single demand, resulting in a slightly higher per capita 

water demand for the large urban centers.   

Regarding water sources for domestic water demand, Estevan and Weyburn are served by 

surface water bodies, whereas for towns, surface water represents only 30% of the total water 

demand. Rural and First Nationsô communities rely equally on both surface and groundwater. 
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Each of these water demands was estimated for the baseline, climate change, and water 

conservation scenarios.  

3.4.2. Estimating Future Municipal Water Demand 

The first step in estimating municipal water demand was forecasting the population of the Souris 

River Basin. The regression analysis (ordinary least squares) method was used to forecast the 

future population (see Table A.5 in Appendix A). Out of three tested models ï linear, curvilinear, 

and logarithmic regression ï the most suitable one was chosen to predict future values. The 

selection was made based on the estimated coefficients, as well as on reasonable levels, of the 

forecasts. In the cases where time did not show a statistically significant trend, a different 

approach was applied; the past five year average level of population was used to represents the 

future time periods. The methodological steps undertaken were the same as for the QuôAppelle 

River Basin population projections (for details, see Section 4.5 of the QuôAppelle River Basin 

Report in Kulshreshtha et al., 2012a). 

The population in the Souris River Basin is expected to modestly increase from its current levels 

of 59,515 to 64,630 by 2060 ï growth of approximately 14% (Table 3.25). The results also 

indicate an increase in the size of urban communities, whereas rural population is expected to 

diminish by nearly 27% by 2060. Relatively speaking, the major growth is expected for the First 

Nationsô communities, estimated to increase by more than twofold. The second phase in 

forecasting future water demand was estimating the water demand per capita coefficients. 

Regression analysis was carried out to determine the effect of population and time on per capita 

water consumption over time. The estimations were done individually for each type of 

community located in Souris River Basin. These results are presented in Table A.6 of the 

Appendix A.  

Table 3.25: Population Projection for Communities, Souris River Basin for  2010-2060 

Category Population Change in 2060 

Population as % 

of 2010  

2010 2020 2040 2060 

Estevan 12,876 14,017 16,299 18,581 44.30% 

Weyburn 11,782 11,829 11,924 12,020 44.30% 

Towns > 1000 6,858 7,341 8,410 9,635 16.69% 

Towns < 1000 6,074 6,115 6,199 6,284 7.09% 

Villages 6,027 5,779 5,313 4,885 -18.94% 

Rural Non-Farm 1,144 1,030 915 801 -30.00% 

Rural Farm 12,980 11,682 9,346 9,086 -30.00% 

First Nations 1,774 2,080 2,709 3,338 136.19% 

Total Basin 

Population 

59,515 59,873 61,115 64,630 13.70% 
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In order to estimate the future water demand per capita, for each type of community, two types 

of factors were included: Trend over time, which could be reflective of water conservation and 

other factors,
10

 and size of the community. Only Estevan and larger towns indicated an effect of 

size of the community. For the rest of the population centers, the last five-year (2005-2009) 

average water demand was utilized as the per capita water demand for 2010, 2040, and 2060 

(Table 3.26). 

Table 3.26: Adjusted Domestic Water Demand Coefficients 

(m
3
/capita) for Baseline Scenario, Souris River Basin 

Community 

Type 

Water Demand per Capita (m
3
) 

2010 2020 2040 2060 

Estevan 188.46 188.46 188.46 188.46 

Weyburn 161.87 161.87 161.87 161.87 

Towns > 1000 139.46 129.10 108.81 89.46 

Towns < 1000 127.66 127.66 127.66 127.66 

Villages 116.66 116.66 116.66 116.66 

Rural Non-Farm 116.66 116.66 116.66 116.66 

Rural Farm 116.66 116.66 116.66 116.66 

First Nations 111.60 111.60 111.60 111.60 

 

3.4.2.1. Municipal Water Demand under Baseline Scenario 

For the baseline scenario, estimates were calculated and were based on a simplifying assumption. 

The hypothesis was that past trends will continue in Souris River Basin. However, future water 

consumption estimates for these communities require more accurate forecasts of population 

change and of changes in their potential acceptance of water conservation technology. The 

expected values for water demand under the baseline scenario are presented in Table 3.27. The 

total water demand is expected to increase by nearly 14% by 2060, from 8,623 to 9,215 dam
3
.  

3.4.2.2. Municipal Water Demand under Climate Change Scenario 

The total water demand for domestic purposes under the climate change scenario, represents a 

product of the adjusted water demand coefficient and the population as employed for the baseline 

scenario (see Table A.7 in Appendix A).  

                                                 

 

10
 Based on the simple analysis of these communities, these other factors could not be identified. A community by 

community study of reasons for the decline is required. 
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Table 3.27: Estimated Municipal/Domestic Water Demand for the Souris River Basin, 

Study Scenarios, 2010 - 2060 

Category 

Total Municipal/Domestic 

 Water Demand in dam
3
 

Change in 2060 as 

% of 2010 Level 
2010 2020 2040 2060 

Baseline Scenario 

Estevan 2,427 2,642 3,072 3,502 44.3% 

Weyburn 1,907 1,915 1,930 1,946 44.3% 

Towns > 1000 956 948 915 862 -25.1% 

Towns < 1000 775 781 791 802 7.1% 

Total Urban Domestic Water Demand 6,066 6,285 6,708 7,112 28.0% 

Villages 703 674 620 570 -18.9% 

Rural Non-Farm 133 120 107 93 -30.0% 

Rural Farm 1,514 1,363 1,090 1,060 -30.0% 

Total Rural Water Demand 2,351 2,157 1,817 1,723 -26.6% 

First Nations 198 232 302 373 136.2% 

Other Domestic Water Demand 8.81 8.30 7.36 7.36 -16.5% 

Total Municipal /Domestic Water Demand 8,623 8,682 8,835 9,215 13.9% 

Climate Change Scenario 

Estevan 2,427 2,642 3,145 3,677 51.5% 

Weyburn 1,907 1,915 1,977 2,043 51.5% 

Towns > 1000 956 948 937 905 -21.4% 

Towns < 1000 775 781 810 842 12.4% 

Total Urban Domestic Water Demand 6,066 6,285 6,869 7,467 34.4% 

Villages 703 674 635 598 -14.9% 

Rural Non-Farm 133 120 109 98 -26.5% 

Rural Farm 1,514 1,363 1,116 1,113 -26.5% 

Total Rural Water Demand 2,351 2,157 1,861 1,810 -22.9% 

First Nations 198 232 310 391 148.0% 

Other Domestic Water Demand 8.81 8.30 7.54 6.86 -22.2% 

Total Municipal /Domestic Water Demand 8,623 8,682 9,047 9,675 19.5% 

Water Conservation Scenario 

Estevan 2,427 2,576 2,841 3,064 26.3% 

Weyburn 1,907 1,867 1,785 1,703 26.3% 

Towns > 1000 956 942 904 837 -27.3% 

Towns < 1000 775 776 782 779 4.0% 

Total Urban Domestic Water Demand 6,066 6,161 6,313 6,382 14.6% 

Villages 703 670 612 553 -21.3% 

Rural Non-Farm 133 119 105 91 -32.0% 

Rural Farm 1,514 1,355 1,077 1,029 -32.0% 

Total Rural Water Demand 2,351 2,144 1,795 1,673 -28.7% 

First Nations 198 231 299 362 129.3% 

Other Domestic Water Demand 8.81 8.25 7.27 6.34 -28.1% 

Total Municipal /Domestic Water Demand 8,623 8,544 8,414 8,424 -3.9% 
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The underlying assumption in this scenario was that climate change will increase the water 

demand per capita coefficients by 2.4 % by 2040 and 5% by 2060. The details on the 

methodology of incorporating climate change into the water demand per capita coefficient can be 

found in section 5.2 of the QuôAppelle River Basin Report (See Kulshreshtha et al., 2012a). 

Water demand levels under this scenario are also presented in Table 3.27. Under a climate 

change scenario, it is expected that the 2060 level will increase by 12% from 8,623 dam
3
 in 2010 

to 9,675 dam
3
 by 2060. 

3.4.2.3. Municipal Water Demand under Water Conservation Scenario 

The estimation of domestic water demand under a water conservation scenario for the Souris 

River Basin was similar to that followed for the climate change scenario. Adjusted water demand 

coefficients were calculated to estimate the total water demand and are shown in Table A.8 of 

Appendix A. Methodological details on including water conservational measures into the water 

demand per capita coefficient can be found in section 5.3 of the QuôAppelle River Basin Report 

(Kulshreshtha et al., 2012a). Results for this scenario are shown in Table 3.27. Since the 

population will be employing water conservation measures, this scenario is expected to produce 

a reduction in total domestic water demand. The total domestic water demand in 2060 is 

expected to be 8,424 dam
3
, nearly 3.9% lower than 2010 level. 

3.4.3. Municipal Water Demand Summary 

A summary of total municipal/domestic water demand for the 2010 - 2060 period under the three 

study scenarios is presented in Figure 3.6. Under climate change in 2060, the basin will 

experience a 5% increase in municipal/domestic water demand, whereas under a water 

conservation scenario, a reduction of 9.6% is possible.  

 
Figure 3.6: Total Municipal /Domestic Water Demand for the Souris  

River Basin Under Study Scenarios, 2010 ï 2060 
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3.4.4. Source of Water for Municipal /Domestic Water Demand 

Municipal/domestic water demands are served both by surface water bodies and by underground 

aquifers. A summary of this water demand for the baseline scenario is shown in Table 3.28. 

Almost 69% of the total water demand is supplied by surface water bodies, and it is assumed to 

increase by 2060 to 73%.  

Table 3.28: Total Municipal /Domestic Water Demand by Source, 

Souris River Basin 2010 - 2060 

Particulars 
Water Demand in dam

3
 

2010 2020 2040 2060 

Total Surface Water Demand 5,947 6,073 6,346 6,742 

Total Groundwater Demand 2,676 2,610 2,489 2,473 

Total Water Demand 8,623 8,682 8,835 9,215 

Surface Water % of Total Water 

Demand 
69.0% 69.94 71.8% 73.2% 

 

3.4.5  Water Consumption for Municipal /Domestic Water Demand 

Not all water withdrawn (also called intake) is lost, because part of it is returned into the original 

surface water bodies. Although some water may be returned to groundwater sources, the 

knowledge of aquifer recharge rates and related information are relatively poor; therefore, it is 

typically assumed that all groundwater withdrawn is lost. The total consumption of water for 

municipal/domestic purposes is shown in Table 3.29. The details on methodology were presented 

in Section 2.3.6. Water consumption simply represents a difference between water intake and 

return flow.  

Table 3.29: Water Intake and Consumption for Municipal/Domestic Water Demands, 

Souris River Basin, Study Scenarios, 2010 ï 2060 

Particulars 
Water Quantity in dam

3
 

2010 2020 2040 2060 
  Baseline Scenario 
Total Water Intake  8,623 8,682 8,835 9,215 
Water Consumption 4,490 4,400 4,266 4,372 
Consumption as a % of Intake 52.1% 50.7% 48.3% 47.4% 
  Climate Change Scenario 
Total Water Intake  8,623 8,682 9,047 9,675 
Water Consumption 4,490 4,400 4,368 4,590 
Consumption as a % of Intake 52.1% 50.7% 48.3% 47.5% 
  Water Conservation Scenario 
Total Water Intake  7,992 8,023 8,099 8,304 
Water Consumption 4,284 4,181 4,024 4,059 
Consumption as a % of Intake 53.6% 52.1% 49.7% 48.9% 



Present and Future Water Demand in Selected Saskatchewan River Basins                         Kulshreshtha,  Nagy and Bogdan 

 

August 2012  51 

 

The total water consumption under the baseline scenario for 2010 was estimated at 4,490 dam
3
, 

which is about 52% of the total water withdrawn. Thus, 48% of the water withdrawn is returned 

to the original water source in some shape.
11

 By 2060, the amount of water consumed decreases 

slightly to 47% of the total water intake. Under the climate change and water conservation 

scenarios, although consumption levels do change, their proportion to total water demand does 

not change considerably.  

 3.5 Recreational Water Demand 

3.5.1. Overview of Estimation 

This water demand has two components: one, a variable level of water demand related to people 

living in recreational communities, which is determined by the number of people and their 

respective water demand level; and, two, a fixed level of water required to maintain park 

facilities. Unfortunately details on the second type of water demand were not available (no 

community was found to meet this criteria). Therefore, analysis was undertaken by using total 

water demand by the recreational sites.  

Souris River Basin houses several recreational sites, amongst which are included two provincial 

parks: Moose Mountain Provincial Park and Cannington Manor Provincial Historic Park. Table 

3.30 shows all the recreational sites located within the river basin. Moose Mountain Provincial 

Park was the third most visited park in the province in 2009, based on permit analysis. Their park 

had 276,430 visitors in 2009, an increase of 39% over its 2004 visitation rates (SaskParks, 2009). 

Cannington Manor recorded relatively modest visitation rates in 2009 ï approximately 3,050 

visitationsï which were 27% lower than in 2004.  For the other recreational sites, there is no 

available data on visitation rates.  

Table 3.30: Recreational sites located in the Souris River Basin 

Recreational Site Type Recreational Site Name 

Provincial Historic Park Cannington Manor  

Provincial Park Moose Mountain  

Regional Park Moosomin  

Historic Site Roche Percee  

Recreation Site Souris  

Regional Park Woodlwan  

 

                                                 

 

11
 Cities with a municipal water and sewer system have facilities to treat this water before releasing it to a given 

surface water body. Whether all towns have similar facilities needs further investigation. 
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In terms of water demand, in 2010, the total water demand for recreational purposes at Moose 

Mountain Provincial Park was 41,604 m
3
. Compared to 2004 levels, the total water demand was 

reduced by 27% (SWA, 2010 and 2009).  There was no information available on water demand 

for the other recreational sites located in the Souris River Basin. The future water demand for 

Moose Mountain Provincial Park was estimated by regression analysis.  

3.5.2. Estimating Future Recreational Water Demand 

Recreational sites require water for maintenance and for supporting visitor services. In the 

following sections, results for the three scenarios are presented. 

3.5.2.1. Recreational Water Demand under Baseline Scenario 

This water demand is shown in Table 3.31. The current demand for recreational purposes is 

41.60 dam
3
, and it is expected to decrease by nearly 51% in 2060. The future projection of 

visitors is a complex exercise, since many factors can affect these levels. One of the major 

factors among these is the size of the water bodies at these sites, and other quality-related 

aspects. However, the quality of a site deteriorates as congestion to a site increases, unless 

infrastructure and other facilities are improved accordingly. The size of the water body is also 

related to changes in the hydrological regime of the region. Such projections were considered 

beyond the scope of this study. 

 

Table 3.31: Estimated Recreational Water Demand for the Souris River Basin, Study 

Scenarios, 2010 - 2060 

Scenario 

Total Municipal/Domestic 

Water Demand in dam
3
 

2060 as % 

of 2010 

Level 

Change 

%from 

Baseline 
2010 2020 2040 2060 

Baseline Scenario 41.60 37.39 28.95 20.52 -50.7% -- 

Climate Change Scenario 41.60 37.39 29.65 21.54 -48.2% 5.0% 

Water Conservation 

Scenario 
41.60 37.16 28.60 19.92 -52.1% -2.9% 

 

7.5.2.2. Recreational Water Demand under Climate Change Scenario 

Urban and rural recreation, scenery, wildlife habitat, and fisheries are all strongly affected by the 

quantity and quality of water, and all of these are affected by climate change (Cooper, 1990). 

Hydrological droughts result in low stream flows and low lake levels. These conditions will 

likely reduce some of the recreational activities, such as boating and sport fishing, among others. 

Drought conditions may also place some restrictions on recreational activities (open fires for 

campers), and cause a loss of proximity of water from the beach area, among other possibilities. 

These activities may also be reduced.  






































































































































































































































































































































































































































































































































































































































































































