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Drought and Excessive Moisture events across the Canadian prairies are becoming more common.  

In 2010, the Saskatchewan Watershed Authority (SWA) initiated drought and excessive moisture 

preparedness planning workshops to be delivered through four pilot workshops across the 

province.  The North Saskatchewan River Watershed (NSRW) was chosen as one of the four 

Watersheds to develop a Drought and Excessive Moisture Preparedness Plan for the Watershed. 

1.1 North Saskatchewan River Watershed Overview 
The North Saskatchewan River Watershed is comprised of the North Saskatchewan River and 

multiple tributaries including Battle River, Eagle Creek and Goose Lake ɀ an internal drainage basin 

located northeast of Rosetown (SWA, 2007; NSRBC, 2008).  The Saskatchewan area of the North 

Saskatchewan River Watershed covers approximately 41,000 km2 and is 1,367 km long (SWA, 

2007; NSRBC, 2008). Headwater tributaries include the Cline, Brazeau, Ram and Clearwater Rivers 

(NSWA, 2005).  The North Saskatchewan River flow is regulated by Bighorn Dam and Brazeau Dam 

(NSWA, 2005).  Ninety percent of water that flows in the North Saskatchewan River are from 

mountain and foothill streams (NSWA, 2005).  The North Saskatchewan River originates from the 

Saskatchewan Glacier found in the Columbia icefields in Alberta (NSWA, 2005). The North 

Saskatchewan River flows easterly through Alberta, then loops north through Edmonton, Alberta, 

then continues east flowing into Saskatchewan (NSWA, 2005).  Once entering Saskatchewan, the 

River travels southeast then shifts northeast near Langham, SK (NSWA, 2005; SWA, 2007).  The 

North Saskatchewan and South Saskatchewan rivers join at Ȱ4ÈÅ &ÏÒËÓȱ ÅÁÓÔ of Prince Albert.  The 

Saskatchewan River flows into the Nelson River System in Manitoba where it empties into Hudson 

Bay (NSWA, 2005; SWA, 2007). 

 

The North Saskatchewan River Watershed is divided into Four Watershed Planning Units ɀ Battle 

River, West, Central and East (Figure 1).  The NSRW includes (SWA, 2007): 

 51 Rural Municipalities 

 29 First Nations 

 100 Towns and Villages 

 Cities of Lloydminster, North Battleford and Prince Albert 

 A portion of Prince Albert National Park 
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Approximately 116,500 people occupy the NSRW and fifty percent of those depend on surface 

drinking water ( SWA, 2007; NSRBC, 2008).  Generally, groundwater supply is more stable than 

surface water; however, defining available groundwater supply is difficult and costly (ARWAC and 

SWA, 2006).  For a detailed 

background analysis on the North 

Saskatchewan River Watershed 

see the Preliminary Background 

Report: North Saskatchewan 

River Watershed at 

http://www.swa.ca/Publications/

Documents/N%20Sask%20River

%20Watershed%20April%2020-

07.pdf. 

Source water protection planning, 

and aquifer protection from 

extreme drought or excessive 

moisture events, is crucial in this 

area in order to manage and 

prepare for potential threats to 

the quantity and quality of 

groundwater and surface water.  

4ÈÅ ÁÒÅÁȭÓ ×ater quality and 

supply is threatened by external 

factors including climate change, water-demand growth, extended hydrological droughts, and 

excessive moisture events. 

 

 

1.2  What is Drought? 
Drought is considered to be one of the most complex, and subsequently, least understood of all 

natural hazards, affecting more people than any other hazard (Sivakumar  and Wilhite n.d., as cited 

in Hagman, 1984).  Drought originates from a reduction in the amount of precipitation over an 

extended period of time, resulting in a water shortage, usually a season or more in length 

(Sivakumar and Wilhite, n.d.).  Droughts are unique in their intensity, duration and spatial extent 

(Wilhite and Knutson, n.d.; Maybank et al. 1995).  Drought is a slow-onset, creeping natural hazard 

that is a normal part of climate; it results in economic, social and environmental impacts 

(Sivakumar and Wilhite, n.d., as cited in Wilhite, 2000; Maybank et al. 1995).   

There is a broad consensus that global temperatures are rising (IPCC 2007, SWA, 2005).  The 

implications for Saskatchewan are not yet well understood ɀ however, warmer winters, increased 

drought risk, and more extreme precipitation and temperature events are expected (Sauchyn and 

Kulshreshtha, 2008).  Water supplies may be affected resulting in reduced summer flow, increase in 

Figure 1.  North Saskatchewan River 
Watershed Planning Units 
(Source: Saskatchewan Watershed Authority, 2008) 

http://www.swa.ca/Publications/Documents/N%20Sask%20River%20Watershed%20April%2020-07.pdf
http://www.swa.ca/Publications/Documents/N%20Sask%20River%20Watershed%20April%2020-07.pdf
http://www.swa.ca/Publications/Documents/N%20Sask%20River%20Watershed%20April%2020-07.pdf
http://www.swa.ca/Publications/Documents/N%20Sask%20River%20Watershed%20April%2020-07.pdf
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frequency and magnitude of flooding and drought, and changes to groundwater recharge and 

discharge (SWA, 2005). 

 

The onset and cessation of drought is difficult to predict, as is the severity of a drought.  Human 

activities and a specific areas water supply characteristics influence sensitivities to drought in a 

given watershed.  Droughts can be categorized as meteorological, hydrological, agricultural or 

socioeconomic, each of which results in different impacts (Wilhi te, 1996; Maybank et al. 1995; V. 

Wittrock, personal communication, January 12, 2011).   Appendix I. describes each type of drought 

in detail.   

The greatest natural disasters in Canada (in terms of economic costs) have been attributed to 

drought, specifically the 1930s drought and 1999-2004 drought.  The 2001-2002 drought, which 

largely occurred in Saskatchewan and Alberta, resulted in a national loss of $6 billion in GDP and 

the loss of 41,000 jobs (Wheaton et al., 2008). 

Drought conditions can impact communities and individuals in a variety of ways.  In the North 

Saskatchewan River Watershed drought-related impacts include land degradation, water shortages 

and feed shortages, unstable economics (lower crop yields, crop damage/failure), soil moisture 

shortages and increased stress.  

Effective drought management has three major components (Sivakumar and Wilhite, n.d.): 

 Monitoring and early warning,  

 Risk and vulnerability assessment, and;  

 Preparedness, response, and recovery 

Previous attempts to manage drought have been borne from a reactive, crisis-management 

approach which inherently results in costly remedies (Wilhite and Knutson, n.d.).  The goal is to 

reduce drought vulnerability by identifying relevant impacts and assess their underlying causes. 

1.3  What is Excessive Moisture? 
Too much water is just as damaging as too little water, and may also negatively impact water 

supplies, agriculture and ecosystems (SWA, 2010).  Increased variability and changes in the 

frequency and severity of extreme events such as floods is also occurring.  A broad suite of 

management practices is required in preparing for such extreme events (Pittman, 2010a).  

 

Heavy precipitation events result in crop damage, soil erosion, and the inability to cultivate land.  

Excessive moisture can adversely affect the quality of surface and groundwater as well as 

contaminate water supplies.

1.4  About This Plan 
The North Saskatchewan River Watershed held workshops throughout the watershed during the 

month of March.  The goal was to identify the vulnerabilit y and resilience of various watershed 
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stakeholders through numerous workshop activities, including mapping areas within the 

watershed of highest concern, scenario-based discussion, and adaptation planning.  The workshops 

are an important element in preparedness, response, and recovery planning which will help to 

increase the North Saskatchewan River WatershedȭÓ capacity to deal with drought and excessive 

moisture events, and lead to more resilient urban and rural communities. 

This plan involves identifying issues and action items within the Watershed, then prioritizing each 

issue.  The purpose of the plan is to provide a strategic plan in dealing with Drought and Excessive 

Moisture for the North Battleford area, and offer a starting point for engagement throughout 

federal and provincial agencies. 

1.5  Planning Approach 
Representatives from local governments, individual licensees and users, agricultural producers, and 

urban and rural municipalities participated in the NSRW workshops.  The goal of the workshops 

was to share ideas, information and knowledge across multiple stakeholder groups to develop a 

preparedness plan for the watershed.  Various workshop activities were undertaken to facilitate 

vulnerability assessment and adaptation planning (Figure 2).  Ideas and knowledge obtained from 

the workshops were ultimately incorporated into  the plan. 



 

5 
 

Figure 2. Preparedness Planning Approach 
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Preparing for drought and excessive moisture events involves looking at the past and 

understanding where vulnerabilities lie.  Preparing for such events involves discussion during 

normal conditions, rather than at the onset of drought and excessive moisture events. 

 

The vulnerability  of any system ÉÓ Á ÆÕÎÃÔÉÏÎ ÏÆ ÁÎ ÁÒÅÁȭs exposure, sensitivity and adaptive capacity 

to an event, such as drought and excessive moisture, and ÉÔÓȭ capacity to cope, adapt, or recover 

from the impacts (Pittman et al., 2010; ICLEI 2010; Ford and Smit, 2004; Smit and Wandel, 2006).  

Understanding the .ÏÒÔÈ 3ÁÓËÁÔÃÈÅ×ÁÎ 2ÉÖÅÒȭÓ vulnerabilit ies will help decision makers in 

developing suitable adaptation actions (ICLEI, 2010). 

 

Exposure and sensitivity  of a system are virtually inseparable and are one component in assessing 

vulnerability (ICLEI, 2010; Smit and Wandel, 2006).  Determining the North Saskatchewan Riverȭs 

exposure-sensitivity involves asking questions to understand whether the area is subject to any 

existing stress and whether a drought or excessive moisture event will exacerbate that stress 

(ICLEI, 2010). 

 

Adaptive capacity refers to a system ÏÒ ÃÏÍÍÕÎÉÔÙȭÓ ÐÏÔÅÎÔÉÁÌ ÏÒ ability to plan for, cope, and adjust 

to changes and stresses with minimal disruption or additional cost  (ICLEI, 2010; Ford and Smit, 

2004; Smit and Wandel, 2006).  The ability to undertake adaptations is influenced by economic 

wealth, technology, equity of access to resources, knowledge and skills, and social capital and 

institutions  (Pittman et al., 2010; ICLEI, 2010; Smit and Wandel, 2006; Ford and Smit, 2004). 

Adaptive capacity varies from country to country and community to community (Smit and Wandel, 

2006).   

 

The North Saskatchewan Riverȭs capacity to cope with drought and excessive moisture events, 

varies over time in response to social, economic, political and future environmental changes (Ford 

and Smit, 2004).  An increase in the frequency of events, near the upper limit of the coping range, 

may decrease Á ÓÙÓÔÅÍȭÓ ÁÄÁÐÔÉÖÅ ÃÁÐÁÃÉÔÙ ÁÎÄ ÉÎÈÉÂÉÔ ÃÏÐÉÎÇ ÁÂÉÌÉÔÙȟ ÁÄÁÐÔÁÔÉÏÎ ÏÒ ÒÅÃÏÖÅÒÙ ÏÆ ÔÈÁÔ 

system (Smit and Wandel, 2006). 

 

By increasing the North Saskatchewan Riverȭs ÁÄÁÐÔÉÖÅ ÃÁÐÁÃÉÔÙȟ ÉÔȭs vulnerability to current and 

future drought and excessive moisture events will be reduced (ICLEI, 2010).  The goal of this 

analysis is to identify current and past exposures and sensitivities that the North Saskatchewan 

II 
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River has experienced.  Once these conditions have been identified, analystȭs and decision-makers 

can identify potential future exposures and sensitivities, and plan for, or respond to these 

conditions (Smit and Wandel, 2006). 

 

The following section features current vulnerabilities experienced within  the North Saskatchewan 

River, and are separated into four subsections: (1) participatory mapping; (2) drought and 

excessive moisture characterization; (3) scenario planning; and (4) information requirements of 

stakeholders. 

2.1 Participatory Mapping  
Maps and diagrams are an important part of any planning activity (IIED, 1991).  Participatory 

mapping is the creation of maps by local communities and stakeholders, with the involvement of 

organizations such as government, universities, and non-government organizations (IFAD, 2009).  

Generally, mapping and timeline initiatives are conducted by outsider groups and the maps created 

contribute to an outsiderȭs perspective (IFAD, 2009). 

Participatory mapping provides valuable visual representation of what stakeholders perceive as its 

place, and features they feel are significant (i.e. beaver dams, culverts, flooding activities, washouts 

etc.) (IFAD, 2009; IIED, 1991).  The process of participatory mapping contributes to community 

cohesion, and may stimulate stakeholders to engage in land and resource-related decision-making.  

This process raises awareness of land-related issues and ultimately empowers local communities 

and stakeholders (IFAD, 2009). 

Participatory mapping has proved to be an effective way for communities to demonstrate to 

ÅØÔÅÒÎÁÌ ÁÇÅÎÃÉÅÓ ×ÈÁÔ ÔÈÅ ÃÏÍÍÕÎÉÔÙ ÖÁÌÕÅÓȟ ÁÎÄ ÔÈÅ ÃÏÍÍÕÎÉÔÉÅÓȭ ÒÅÌÁÔÉÏÎÓÈÉÐ ÁÎÄ ÉÎÔÅÒÁÃÔÉÏÎÓ 

with the landscape (IFAD, 2009). 

During the mapping exercise with the North Saskatchewan River, participants were grouped and 

asked to identify areas and infrastructure previously affected by flooding and drought, and delegate 

areas of highest concern for future events.  Figures 3, 4 and 5 identif y areas throughout the 

watershed that stakeholders have identified are of concern, or particular importance. 
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Figure 3. East Planning Unit within the North Saskatchewan River Watershed, 

Participatory Mapping Exercise, March 2011 
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Figure 4. Central Planning Unit within the North Saskatchewan River Watershed, 

Participatory Mapping Exercise, March 2011 
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Figure 5. Battle River and West Planning Unit within the North Saskatchewan 

River Watershed, Participatory Mapping Exercise, March 2011 
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Table 1. Participatory Mapping Exercise for East, Central, Battle River and West Planning Units 
within the North Saskatchewan River Watershed, March 2011 
1 Beavers causing flooding in the area (spring fed) 23 Well flooded 

2 Too much water, wet areas impact haying 24 Oscar Lake ς if levels increase it may pose a problem 

3 Forty acres inaccessible due to high water levels 25 Road flooded in 2011 

4 Drought in 2002, large impact 26 Creek flooded Highway 40 

5 Dugout 27 Potholes cause access issues 

6 Lake system that is pastured 28 Converted hay into native prairie 

7 Lake dry since 2003 
  

8 Area received 9 inches of rain in 1996 
  

9 Precipitation divide 
  

10 Seeded to hay 
  

11 Lack of moisture is main issue, had to feed cattle all summer 
  

12 Lake overflows ς impacts to local infrastructure (roads, culverts) 
  

13 Good drainage, - in  2001 new dugout had to be dug  
  

14 Good drainage, not much lost to flooding 
  

15 Bushy, sandy area 
  

16 Poor access. Back roads flooded in 2010, no access to quarter. 
  

17 Well 
  

18 Marsh hay, poor feed. 
  

19 Goose Lake 
  

20 High water levels 2010. Sandy loam soils very dry during drought. 
  

21 Lake levels dropped since the 1920s 
  

22 Highway flooded in 2007 
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Areas identified on the North Saskatchewan River Watershed map include frequently flooded areas 

such as roads, pastures, and low-lying areas (Table 1). Many areas within the watershed are 

inaccessible due to high water levels (Table 1). 

 

2.2  Drought and Excessive Moisture Characterization for the North 

Saskatchewan River Watershed  
Wittrock et al. 2011 provided information to help characterize drought and excessive moisture 

events within the North Saskatchewan River Watershed.  This work compares and contrasts dry 

and wet patterns within the North Saskatchewan River Watershed, to aid in risk management and 

planning strategies for future extreme events. Table 2. compares the top ten extreme drought and 

excessive moisture events within the North Saskatchewan River Watershed between 1901 to 2005 

using both the Palmer Drought Severity Index (PDSI) and the Standard Precipitation Index (SPI).    

 

The Palmer Drought Severity Index (PDSI) is primarily a hydrological drought index which is used 

to quantify excessive moisture and drought.  Values are calculated based on soil water content, 

temperature data and daily/monthly precipitation information. PDSI values are beneficial as the 

ÖÁÌÕÅÓ ÈÁÖÅ Á ȰÌÏÎÇ-ÔÅÒÍ ÍÅÍÏÒÙȱ ÂÕÉÌÔ ÉÎÔÏ ÔÈÅ ÍÏÄÅÌ ÁÎÄ ÁÒÅ ÈÅÌÐÆÕÌ ×ÈÅÎ ÌÏÏËÉÎÇ ÁÔ ÌÏÎÇ-term 

trends (Wittrock et al., 2011).    

The Standard Precipitation Index (SPI) quantifies meteorological drought and is valuable in 

identifying emerging droughts earlier than the PDSI index, as previous moisture conditions are not 

taken into account.  SPI is generally used in short-term, month-to-month analysis. SPI does not 

incorporate temperature, which is critical when monitoring agricultural drought (Wittrock et. al., 

2011).  0$3) ÖÁÌÕÅÓ ÒÁÎÇÅ ÆÒÏÍ Ѕ -υ ɉ%ØÃÅÐÔÉÏÎÁÌÌÙ $ÒÙɊ ÔÏ Іυ ɉ%ØÃÅÐÔÉÏÎÁÌÌÙ 7ÅÔɊȢ  30) ÖÁÌÕÅÓ Òange 

ÆÒÏÍ Ѕ-ςȢυ ɉ%ØÃÅÐÔÉÏÎÁÌÌÙ $ÒÙɊ ÔÏ І ςȢυ ɉ%ØÃÅÐÔÉÏÎÁÌÌÙ 7ÅÔɊȢ 
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Table 2.  Top 10 Extreme Years.  Palmer Drought Severity Index (PDSI) and Standardized Precipitation 

Index (SPI) for the North Saskatchewan River Watershed (1901-2005 Agriculture Year) 

Palmer Drought Severity Index 
(PDSI) 

 
Standardized Precipitation Index (One Month Extremes) 

Drought Excessive 
Moisture 

 
Drought Excessive Moisture 

Year Value Year Value  Year Month Value Year Month Value 
1915 -7.5 1974 10.1  1961 August -3.7 1977 May 3.4 

1919 -7.3 1916 7.3  1967 May -3.7 1965 Feb 3.2 

1929 -6.8 1973 7.3  1952 Dec -3.7 1942 Jan 3.1 

2002 -6.3 1954 7.1  1995 Sept -3.4 1955 April 3.1 

1972 -6.0 1975 7.0  1964 June -3.3 2000 July 3.1 

2003 -5.7 1965 6.5  1974 Nov -3.2 1991 April 3.1 

1973 -5.6 1907 6.4  1980 April -3.2 1986 July 3.1 

1937 -5.5 1927 6.3  2002 May -3.2 1985 April 3.0 

1988 -5.5 1960 6.2  1988 April -3.2 1954 August 3.0 

2001 -5.5 2005 5.9  1928 January -3.2 1916 July 3.0 

   

Wittrock et al. (2011) incorporated new categories, (categories and values beyond the current PDSI 

and SPI scale) for extreme events within the North Saskatchewan River Watershed, as such extreme 

values were not represented in the current model.  Additional categories included were (see Figure 

6): 

 PDSI 6.0 to 7.0 (Extremely Exceptionally Wet) 

 PDSI  7.0 to 8.0 (Very Exceptionally Wet) 

 PDSI 8.0 to 9.0 (Completely Exceptionally Wet) 

 PDSI 9.0 to 10.0 (Utterly Exceptionally Wet) 

 PDSI 10.0 to 11.0 (Ultimately Exceptionally Wet) 

 PDSI -6.0 to -7.0 (Very Exceptionally Dry) 

 PDSI -7.0 to -8.0 (Extremely Exceptionally Dry) 

 SPI 3.0 to 3.5 (Very Exceptionally Wet) 

 SPI -3.0 to -3.5 (Very Exceptionally Dry) 

 SPI -3.5 to -4.0 (Extremely Exceptionally Dry) 

 

Figure 6 compares the wettest year (1974) and driest year (1915) within the North Saskatchewan 

River Watershed using the PDSI method for the agricultural year (September to August).  The 

wettest month (May 1977) was compared to the driest month (August 1961) using the SPI index.  

Wittrock et ÁÌȢȭÓ (2011) additional PDSI and SPI categories were overlaid on the North 

Saskatchewan River Watershed map (Figure 6).
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Figure 6. Comparison of North Saskatchewan River Watershed PDSI 
Wettest Year (1974) and Driest Year (1915) and SPI Wettest Month (May 
1977) and Driest Month (August 1961) 

bƻǘŜΥ !ǊŜŀǎ ƳŀǊƪŜŘ ǿƛǘƘ ŀƴ ŀǎǘŜǊƛǎƪ άϝέ ŀǊŜ 
categories arbitrarily created by the author. 
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