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ABSTRACT

Saskatchewan is a land of extreme climatic conditions. It is commonplace in this province to
have both drought and excessive moisture events, sometimes occurring in the same year,
sometimes are multi-year events. Droughts tend to develop slowly but can progress to cover
wide areas and multi-year. Excessive moisture events are usually dramatic and can occur very
suddenly. The switch from drought to excessive moisture can occur quickly. The drought of
2008-2010/excessive moisture 2010/2011 is a good example of going from severe drought in
spring (March/April) of 2010 to extreme excessive moisture conditions two months later (May
2010). Four watersheds are examined for their extreme drought and excessive moisture events of
the last 100 year: Milk River, Moose Jaw River, Old Wives Lake and Upper Qu’Appelle River
Watersheds. Communities and their economies are usually impacted by these occurrences and
adaptation measures have been implemented to offset the negative ones and also augment the
positive impacts. These strategies are examined to help determine advances or different
possibilities in adaptation possibilities and solutions.

Each watershed had its own extreme excessive moisture and drought years but some years were
common in all four watersheds. For example, 1988 ranked within the top two years of extreme
drought in all four watersheds with the Palmer Drought Severity Index while 1907 was
categorized in the top two for excessive moisture for all four watersheds using the same index.

Recommendations were developed including:

e Improved information about extremes, their patterns and impacts to assist with design
and implementation of effective adaptation strategies.

e Examination of the 2010 and 2011 excessive moisture patterns and compare with historic
and future projected patterns.

e Water use demand should be related to drought and excessive moisture extremes.

e Expansion of this 100 year examination of drought and excessive moisture to the rest of
Saskatchewan’s watersheds.

e Undertake trends analysis to determine onset/decrease of extreme drought and excessive
moisture events.
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BACKGROUND AND INTRODUCTION

Saskatchewan is a land of climatic extremes. It is commonly either too dry or too wet and the
impacts of these events are far reaching affecting most facets of prairie life. In addition, both
droughts and excessive moisture events can occur in the province at the same time resulting in
adaptation challenges. The hydro-climatic variability in Saskatchewan is a major threat to water
security, especially the extreme fluctuations between drought and excessive moisture.
Understanding the uniqueness of each extreme event helps to further develop adaptation
strategies to cope with and benefit from the next event.

With the highly variable and changing climate, as indicated by the drought to excessive moisture
period of 2008-2011, the frequency of severe drought and excessive moisture events is expected
to increase. It is estimated, with a 90 to 99% probability of occurrence that, the frequency of
extreme precipitation events will likely increase in the future (IPCC WGI 2007). In addition, all
Global Climate Models project future increased summer continental interior drying and
associated risk of droughts (IPCC 2001). Also, the area affected by drought will likely increase
with a 66% probability of occurrence (IPCC WGI, 2007). Recently, Min et al. (2011)
demonstrated that the observed increase in heavy precipitation for the 1951-1999 period over the
Northern Hemisphere land areas can be attributed to human-induced increases in greenhouse
gases in the atmosphere. They also concluded that projected future changes in precipitation
extremes may be under-estimated.

Therefore developing pro-active adaptation strategies is a necessity because it will decrease the
cost, disruption and necessity of reactive adaptation strategies. Improved information about
extremes, their past and future patterns and impacts is required to design and implement effective
adaptation strategies.

As part of the Prairies Regional Adaptation Collaborative (PRAC) project, the Saskatchewan
Watershed Authority and the Saskatchewan Research Council are working with local watershed
groups to further develop the watersheds drought and excessive moisture preparedness plans at
the watershed level. The characterization of past drought and excessive moisture events can help
understand historic risks associated with extreme events and help to test ways to become better
prepared for future extremes with pro-active adaptation strategies. This project also assists the
Saskatchewan Watershed Authority’s goal of water security by working with communities to
identify potential water threats and ensure protection of the province’s water resources.

This report includes six sections ranging from explaining the reasoning for using the various
datasets to determining the patterns of drought and excessive moisture of the 10 most extreme
years. The impacts of the most of recent extreme years are examined and examples of the
adaptation strategies implemented are explored followed by a conclusion and recommendation
section. Appendices are also included containing the top 10 extreme years of drought and
excessive moisture tables and maps of the most extreme year for each of the four watersheds.
Presentations for each watershed were prepared and are included in the final appendix.
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PURPOSE AND OBJECTIVES

The purpose of this report is to provide information for improving the planning and preparation
process for various watersheds located in Saskatchewan in regards to drought and excessive
moisture (DEM). By focusing on four specific watersheds, this report will assist watershed
stewards with current and future watershed planning. The objectives are:

e Develop databases of drought and excessive moisture indices for four selected
watersheds (Milk River, Moose Jaw River, Old Wives Lake and Upper Qu’Appelle
River);

e Characterize drought and excessive moisture patterns for each watershed, drawing upon
methods developed with the Canada Drought Research Initiative (DRI) network, for
example;

e Contrast and compare drought and excessive moisture patterns of the watersheds and of
the province;

e Consider the implications for impacts and adaptations;

e Coordinate with other related projects for community vulnerability assessment and
drought/excessive moisture preparedness planning;

e Document the methods and results in report, and

e Develop presentation for selected watersheds.
DATA AND METHODS

The best database to use to characterize the extreme drought and excessive moisture patterns for
Saskatchewan watersheds was determined by Wittrock et al (2011a) by way of a literature
review. They found that various Canadian Agencies such as Environment Canada, Agriculture
and Agri-Food Canada, and Saskatchewan Ministry of Agriculture monitor drought and
excessive moisture conditions. These agencies track these patterns through very large area
analysis and that creates difficulty in planning for extreme drought and excessive moisture
events for smaller areas.

Measured climate station data are not uniform in time or space in Saskatchewan thus creating
potential gaps in the analysis. A gridded dataset is more beneficial when examining individual
watersheds, especially for those watersheds that have only one or possibly no long term climate
stations. The Canadian Drought Research Initiative project (Meinert et al. 2010) compared
observed station data with three different gridded data sets (ANUSPLIN, CANGRID and the
Climate Research Unit Time Series 2.1 (CRU)). They found the ANUSPLIN dataset compared
best to observed station data and provided best spatial coverage. The ANUSPLIN dataset is on
an approximate 10 km resolution covering the 1901-2005 time period. It consists of historical
monthly surface grids of total precipitation and average maximum and minimum temperature
generated using thin plate smoothing splines (Hutchison 2004, McKenney et al. 2006). Meinert
et al. (2010) then calculated the monthly Palmer Drought Severity Index (PDSI), PDSI Z-value
and Standardized Precipitation Index (SPI) for each grid.
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Developed by Palmer (1965), the PDSI is a meteorological drought index utilized to evaluate
periods of wet and dry conditions. The index is useful for longer-term (seasonal to annual)
applications particularly for agriculture and hydrologic one (Bonsal and Regier 2007, Guttman
1998). The calculation of PDSI requires precipitation information from both the current month
but also from previous months (Guttman 1998) thus giving a long-term memory of previous
moisture conditions. The PDSI Z-value measures short-term drought. It represents the moisture
anomaly for the current month without utilizing antecedent conditions (Keyantash and Dracup
2002). The PDSI Z-value has been used to track soil moisture changes (Quiring and
Papakryiakou 2003) and thus may be preferable to PDSI for agricultural applications Akinremi
et al. (1996). The Standardized Precipitation Index, developed by McKee et al. (1993) is used to
monitor moisture supply conditions. The purpose of SPI is to have a single value so that regions
can have precipitation levels compared with each other (Meinert et al. 2010). Guttman (1998)
found the 12-month SPI had a strong correlation with PDSI values. The classifications for
drought and excessive moisture for PDSI and SPI are characterized in Table 1.

Table 1 PDSI and SPI Classifications (Palmer 1965, McKee et al. 1993)

Classification PDSI SPI
Drought Exceptional <-5 <-2.5
Extreme >-5.0to-4.0 >-2.5t0-2.0
Severe >-4.0to0-3.0 >-2.0to-1.5
Moderate >-3.0to -2.0 >-1.5t0-1.0
Mild >-20to-1.0 >-1.0t0 -0.5
Near Normal >-1.0to 1.0 >-0.5t00.5
Excessive Moisture | Mild 1.0to<2.0 0.5t0o<1.0
Moderate 2.0t0<3.0 1.0to<1.5
Severe 3.0to<4.0 1.5t0<2.0
Extreme 40t0<5.0 20to<2.5
Exceptional >5.0 >2.5

PDSI and SPI indices were utilized by Bonsal et al. (2011) and Wheaton and Nicolichuk (2010).
Bonsal et al. (2010) tracked the life cycles of droughts. The indices have also been utilized to
understand the physical characteristics and dynamic space-time processes associated with
extreme events (Wheaton and Nicolichuk 2010).

The methodology for database development utilized in this report is the same as a previous
companion report (for Swift Current Creek, North Saskatchewan River, Assiniboine River and
Upper Souris River Watersheds) (Wittrock et al. 2011). The PDSI, PDSI Z-values and SPI
values were extracted for each selected watershed. Watershed boundaries were supplied by the
Saskatchewan Watershed Authority. The data analyzed include monthly and yearly durations
focusing on the September to August period, that is, the agricultural year. The ten most extreme
drought and excessive moisture months and years were then selected and ranked for each
watershed. The extreme value is a point value within the grids of the entire watershed.
Depending on the watershed size, the extreme drought or excessive moisture event could be
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occurring on one side of the watershed but near normal conditions may be observed on the
opposite side.

The data was then imported into SURFER a GIS package (Golden Software 2010). The four
watersheds were evaluated based on the above listed indices, time period, spatial pattern and
spatial extent to explore the characteristics and patterns of the excessive moisture and drought
events.

The databases used for the DRI work by Meinert et al. (2010) cover the 1901-2005 period. In
order to obtain more recent information, Agriculture and Agri-Food Canada and Environment
Canada information is utilized to extend the analysis to include the drought of 2008-2010 and the
excessive moisture years of 2010-2011.

The SPI and PDSI values are compared with spring wheat productivity for each of the four
watersheds to examine effects on agriculture. Yield information was obtained from the
Saskatchewan Ministry of Agriculture (2011) for the period of 1938-2009. Yield data are not
available pre 1938. The yield data were averaged across each of the watersheds on a yearly basis.
The 10-year production average was then calculated for the 2000-2009 period. These values
indicate the impact of excessive moisture and drought on production. Other factors also influence
crop yields including technological improvements, farm management strategies, disease and
insect information.

Presentations (Appendix 3) were developed for each of the watershed groups. The presentations
were developed to assist the Saskatchewan Watershed Authority and the individual watershed
planning groups with determining when the drought and excessive moisture extremes occurred
historically, how exceptional they were, what impacts were the result of the extreme and how the
watersheds adapted to the drought and excessive moisture events.

Study Area

The study area consists of four Saskatchewan watersheds (Figure 1) including Milk River,
Moose Jaw River, Old Wives Lake and the Upper Qu’Appelle River. This complements the
work completed by Wittrock et al. (2011) when the Swift Current Creek, North Saskatchewan
River, Assiniboine River and Upper Souris River were examined.
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Figure 1 Watershed Map of Saskatchewan Highlighting the Four Study Area Watersheds
(modified from SWA 2011)

Three of the four watersheds examined in this report are located in the Palliser Triangle (Milk
River, Old Wives Lake and Moose Jaw River). The Palliser Triangle is categorized as the driest
part of the Canadian Prairie Provinces (Figure 2). As such, some of the longest, most intense
drought events have been reported to be in this region (Lemmen and Dale-Burnett 1999,
Sauchyn 2010). The Upper Qu’Appelle watershed is the only one of the four not completely
located within the boundaries of the Palliser Triangle. However, both floods and droughts have
been experienced in this region, most recently the drought of 2001-2002 (Wheaton et al. 1998),
the drought of 2009 and winter 2009-2010 (Wittrock et al. 2010) and the recent excessive
moisture years of 2010-2011.
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Figure 2 Palliser Triangle in the Canadian Prairies (Lemmen and Dale-Burnett 1999)

All the watersheds have unique topography, climate and river systems. These results in
challenges for best management and adaptation to the challenges each watershed endures. To
assist with this challenge, watershed groups have been and are planned to be established in the
province with one of their objectives being to assist with the protection of the quantity and
quality of source waters (Swift Current Creek Watershed Advisory Committee and SWA 2009).
Thus far, the Moose Jaw River Watershed Advisory Committee and the Upper Qu’Appelle River
and Wascana Creek Watershed advisory committees have completed source water protection
plans for their watersheds (Moose Jaw River Watershed Advisory Committee and SWA (2006),
Upper Qu’Appelle River and Wascana Creek Watersheds Advisory Committees and SWA
(2008)). The Old Wives Watershed Association (OWWA) was formed at the end of 2010
(OWWA ND) and is in the beginning phases of the process. As far as the author can discover,
there has not been a formal watershed association formed on the Saskatchewan portion of the
Milk River Watershed.

Moose Jaw River Watershed

The Moose Jaw River Watershed is located in the south central portion of Saskatchewan (Figure
3) and is approximately 9,360 km? in size (Saskatchewan Watershed Authority and Moose Jaw
River Watershed Advisory Committee 2005a). The river is formed by spring runoff and flows
into the Qu’Appelle River system. The Moose Jaw River Watershed is made up of the Moose
Jaw River (southeast side of watershed) and Thunder Creek (northwest portion of watershed).
The Avonlea Reservoir is the only major reservoir in the watershed and is able to retain 6,400
dam’® of water at full supply level (SWA and Moose Jaw River Watershed Advisory Committee,
2005). The river’s outflow is into the Qu’Appelle River System (Saskatchewan Watershed
Authority and Moose Jaw River Watershed Advisory Committee 2005a).

The Moose Jaw River watershed is located Palliser Triangle. The city of Moose Jaw, located in
approximately the center of the watershed, has an annual average annual temperature of 4°C
with January average temperature of -13.7°C and a July average temperature at 19.4°C with the
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averaging period of 1971-2000. Moose Jaw’s extreme maximum temperature of 41.7°C occurred
on August 6, 1949 and the extreme minimum temperature of -45.6°C happened on January 23,
1943. Moose Jaw’s average annual precipitation amount is 270.1 mm with the majority
occurring in the May to September period, approximately 66% of the yearly precipitation (Data:
Environment Canada 2011).

A background report was completed for the Moose Jaw River Watershed in 2005 (SWA and
Moose Jaw River Watershed Advisory Committees 2005a, 2005b). It examines the watershed
characteristics including topography and soils, ecology, land use, demographics, economic
activities, industry, water resources and current watershed management strategies.

Figure 3 Moose Jaw River Watershed (SWA and Moose Jaw River Watershed Advisory
Committee 2005a)

Old Wives Lake Watershed

The Old Wives Lake watershed is also located in the south central portion of Saskatchewan, west
of the Moose Jaw River Basin. It is approximately 16,8500 km® in size (SWA ND). This
watershed is considered to be a “closed basin” which means in average precipitation years,
surface water does not leave the watershed. Surface water accumulates in water bodies including
Old Wives Lake, Chaplin Lake, Reed Lake, Thompson Lake and Twelve Mile Lake among
others. The surface water in the watershed generally flows with spring runoff and high rainfall
events.

SRC Publication No. 13022-1E12 7



March 2012 Land of Extremes — Saskatchewan Style

Figure 4 Old Wives Lake Watershed (SWA 2008)

The watershed has two long-term climate stations located at Chaplin and Gravelbourg plus
several others located just outside the watershed, including Assiniboia, Shaunavon, Swift Current
and Stewart Valley (Table 2). Based on the 1971-2000 averages, Chaplin, in the northeast corner
of the watershed, is the coldest with a January average temperature of -13.0°C followed closely
by Assiniboia, located just outside the southeast corner of the watershed. The warmest portion of
the watershed is in the Gravelbourg area with an average July temperature of 19.0°C. The entire
watershed can have a temperature fluctuation throughout the year of 80°C or more. The coldest
recorded temperature was observed at Gravelbourg at -48.9°C in February 1936. Gravelbourg
tied for the warmest at 42.8°C with Chaplin and Assiniboia but all three extremes were measured
in different years (Chaplin June 1990, Gravelbourg July 1937 and Assiniboia July 1938).

The two climate stations located within the watershed have the greatest average annual amount
for the 1971-2000 period of precipitation in the form of rain ranging from 264mm in
Gravelbourg to 282mm in Chaplin. When the climate stations outside of the watershed are
included in the analysis, Stewart Valley, on average, receives the most amount of precipitation
(409mm) while Swift Current receives the least (353mm) (Table 2).

A few publications have examined all or portions of the Old Wives Lake Watershed (Thomson,
2010, Wood River Riparian Authority, 2010 and Thomson, 2011). A more comprehensive

watershed background report is planned.
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Table 2 Climatic conditions for the Old Wives Lake Watershed based on the 1971-2000
averaging period (Data: Environment Canada 2011)

Temperature (°C) Precipitation
(Average yearly
totals)
Station January | January | January July July July | Extreme | Extreme | Rainfall | Snowfall
Average | Average Daily | Average | Average Daily | Maximum | Minimum (mm) (cm)
Daily Daily | Average Daily Daily | Average (for (for
Maximum | Minimum Maximum | Minimum period of | period of

record) record)

Chaplin -8.0 -17.8| -13.0 25.6 11.9 18.8 42.8 -47.2| 281.9 90.9
(June (Dec
1900) 1916)
Gravelbourg 7.4 -17.5] -12.5 26.7 11.4 19.0 42.8 -48.9| 263.5 118.3
(July (Feb
1937) 1936)
Assiniboia -1.4 -183| -12.9 26.0 11.1 18.6 42.8 -43.9| 291.6 104.1
(July (Jan
1938) 1916)
Shaunavon -5.8 -16.2| -11.0 25.8 10.5 18.2 39.0 -42.2| 263.4 121.1
2 (June (Dec
1988) 1977)
Swift -7.6 -17.0| -124 24.8 11.3 18.1 38.9 -42.0| 260.8 92.2
Current (Aug (Dec
CDA 1961) 1983)
Stewart -7.0 -17.1) -12.1 25.4 11.6 18.5 39.5 -41.0| 318.5 90.6
Valley (June (Feb

1988) | 1996)

Upper Qu’Appelle River Watershed

The Upper Qu’Appelle River Watershed is located in the south central portion of Saskatchewan
(Figure 5). It covers approximately 23,440km”> (Upper Qu’Appelle River Watershed and
Saskatchewan Watershed Authority 2007). The river flows southeastward and ultimately joins
the Assiniboine River. The watershed contains several large lakes including Lake Mountain
Lake, Buffalo Pound Lake and Eyebrow Lake (Upper Qu’Appelle River Watershed and
Saskatchewan Watershed Authority 2007).

SRC Publication No. 13022-1E12 9



March 2012 Land of Extremes — Saskatchewan Style

Figure 5 Upper Qu'Appelle River Watershed (Upper Qu'Appelle River Watershed and
Saskatchewan Watershed Authority 2007)

Seven climate stations are scattered throughout the watershed. Based on the 1971-2000 averages,
January average daily maximum temperatures range from -9.5°C on the southern side (Lumsden)
of the watershed to -12.4°C on the northern edge (Humboldt). The January average daily
minimum temperatures are all in the -20 to -25°C range. The July average daily maximum
temperature variation is similar to January’s with Lumsden being the warmest on average
(26.4°C) and Humboldt having the lowest at 23.9°C. Davidson has the coolest July average daily
minimum temperature at 10.7°C. Four of the seven climate stations have reported daily extreme
maximum temperatures at or more than 40.0°C and all have extreme daily minimum
temperatures below -40.0°C. Lumsden has recorded both the extreme high temperature of

43.3°C in Lumsden in July 1941, and the extreme low temperature of -47.8°C in January 1950
(Table 3).

The watershed receives on average for all seven climate stations about 380 mm of total annual
average precipitation (Table 3). Approximately 80% of the moisture comes in the form of rain.
Colonsay generally receives the least amount of precipitation (344.4 mm), while Watrous gets
about 90 mm more on an average annual basis (434.5 mm).
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Table 3 Climatic conditions for the Upper Qu’Appelle River Watershed based on the 1971-
2000 averaging period (Environment Canada 2011)

Temperature (°C) Precipitation
(Average yearly
totals)
Station January January | January July July July Extreme | Extreme | Rainfall | Snowfall
Average | Average | Daily Average | Average | Daily |Maximum | Minimum | (mm) (cm)
Daily Daily | Average Daily Daily | Average
Maximum | Minimum Maximum | Minimum

Lumsden -9.5 -21.0 -15.2 26.4 12.0 19.2 433 -47.8 1 2934 79.8
(July (Jan
1941) 1950)

Raymore -11.8 -21.9 -16.9 24.7 11.6 18.2| 38 (July| -45(Jan| 302.9 77.4
1988) 1972)

Nokomis -11.8 -22.5 -17.2 25.0 11.2 18.1 41.7 -46.7 | 303.2 55.8
(July (Jan
1941) 1943)

Humboldt -12.4 -22.5 -17.4 23.9 10.9 17.4 39.0 -43.0| 313.8 73.7
(June (Dec
1988) 1992)

Colonsay -10.6 -20.3 -15.4 24.7 12.4 18.6 40.0 -47.0| 280.2 64.2
(June (Dec
1988) 1992)

Watrous -11.7 -21.8 -16.8 24.8 114 18.1 39.5 -43.0| 348.3 86.2
(June (Jan

1988) | 1997)

Davidson -11.5 22.1 -16.8 253 10.7 18.0 42.2 -46.8 | 278.0 87.6
(June (Jan
1941) 1943)

The Upper Qu’Appelle River Watershed committee has completed a Source Water Protection
Plan and Background Report. These reports examine various watershed characteristics including
soils, vegetation and land use as well as various economic factors including agriculture and
tourism (Upper Qu’Appelle River and Wascana Creek Watersheds Advisory Committees and
Saskatchewan Watershed Authority 2007 and 2008).

Milk River Watershed

The Milk River Watershed encompasses a total drainage area of 61,640 km” in two provinces
(Alberta and Saskatchewan) and Montana (Milk River Watershed Council Canada 2011).
Saskatchewan’s proportion includes tributaries of the Milk River including Lodge Creek, Battle
Creek and Frenchman River (Figure 6). These three tributaries originate in spring snow melt and
extreme summer rainfall events. Lodge Creek, Battle Creek and the Frenchman River have a
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gross drainage area of almost 30,000 km® (Wingert p.comm. 2012). Several reservoirs (e.g.,
Eastend Reservoir, Nashlyn Dam, Middle Creek Reservoir) have been constructed in the
watershed and are utilized for a variety of purposes including having water available for
irrigation and ensuring Canada meets its requirement to the US under the Boundary Waters
Agreement (Wingert p.comm. 2012).

Figure 6 Milk River Watershed (Milk River Watershed Council 2011)

The Saskatchewan portion of the Milk River Watershed has two climate stations within its
boundaries (Frontier and Cypress Hills) with Shaunavon and Mankota located just outside the
watershed (Table 4). The average January temperatures range from -9.5°C at Cypress Hills to
-13.6°C at Mankota. The average daily maximum January temperature is -5.8°C at both Frontier
and Shaunavon. While the average daily temperature ranges from -15.6°C at Cypress Hills to
-19.8°C at Mankota. The average daily July temperatures are in the 10°C range for minimum
average temperatures to the mid 20°C for average daily maximum temperatures. All of the
stations have had temperatures below -40°C with the coldest temperature of -43.3°C recorded at
Mankota in January 1969. The warmest was also recorded in Mankota at 41.0°C in June 1988.
Both Shaunavon and Cypress Hills also recorded their most extreme high temperatures in 1988.
Shaunavon’s was also in June but Cypress Hills extreme maximum occurred in May of 1988.

On an average annual basis, Frontier, Mankota and Shaunavon receive rainfall amounts in the
250 to 275mm range, while Cypress Hills records about 100 mm more. This indicates the
influence of elevation on precipitation amounts. This comparison is similar when snowfall levels
are compared with Frontier and Mankota in the 80 to 90 cm levels, while Shaunavon on average
receives 121 cm and Cypress Hills records 100 cm more (Table 4).
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Table 4 Climatic conditions for Milk River Watershed based on the 1971-2000 averaging
period (Environment Canada 2011)

Temperature (°C) Precipitation
(Average yearly
totals)
Station January January | January July July July Extreme | Extreme | Rainfall | Snowfall
Average | Average | Daily | Average | Average | Daily | Maximum | Minimum | (mm) (cm)
Daily Daily | Average Daily Daily | Average
Maximum | Minimum Maximum | Minimum
Frontier -5.8 -17.2 -11.5 26.8 10.7 18.8 38.5 -43.0| 2715 82.6
(Aug (Feb
1984) 1996)
Mankota -7.3 -19.8 -13.6 26.8 10.1 18.5 41.0 -43.3 | 2533 87.1
(June (Jan

1988) |  1969)

Shaunavon -5.8 -16.2| -11.0 25.8 10.5 18.2 39.0 -42.21 2634 121.1
2 (June (Dec

1988) 1977)
Cypress -3.4 -15.6 9.5 22.5 8.2 15.4 40.5 -41.5| 3484 2584
Hills (May (Dec

1988) |  1983)

DROUGHT AND EXCESSIVE MOISTURE PATTERNS

While all four watersheds are south of the 53™ parallel, all have different extreme excessive
moisture and drought years and different spatial patterns associated with the extreme years. The
ten most extreme drought and excessive moisture years for each watershed are presented in
Appendix 1. The spatial patterns of the most extreme drought and excessive moisture years are
located in Appendix 2. This section is separated into two time periods. The first examines the
four individual watersheds for the ten most extreme PDSI and SPI drought and excessive
moisture years for the 1901 to 2005 period using the ANUSPLIN data set. The last section
examines the most recent drought and excessive moisture years for 2009-2011 using PDSI and
SPI information supplied by Agriculture and Agri-Food Canada (2011). It is recommended that
the whole period of record (1901-2011) be classified to determine the driest to wettest trends but
this is beyond the scope of the current project.

Moose Jaw River Watershed
PDSI

Four of the most severe drought PDSI values occurred pre-1940 (Appendix 1, Table 1.1). These
occurrences were in the latter half of the most extreme ten years. The next major drought events
occurred in 1958, 1959 and 1961. If crop yields are also included in the analysis, the 1961
drought, ranked 5™ in extreme droughts with a PDSI value of -6.0, was the worst drought for the
region and had an average 63% decline in wheat yields. Three extreme drought years occurred in
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the 1980s with 1988 being the most severe drought year with a value of -6.7. Spatial variability
across the watershed was minimal (Appendix 2, Figure 2.1) with most of the watershed being in
the PDSI range of -7.0 to -6.0. This broad drought pattern indicates the wide coverage of the
drought beyond the watershed. The northwestern corner of the watershed was a little less
extreme with a PDSI value of -6.0 to -5.0. The drop in wheat yields for 1988 was about 54%
decline from the 2000-2009 ten year average wheat yield of 24 bushels/acre. The year with the
lowest crop production was in 1961 with a decrease in crop production of more than 60%.

The PDSI 10 most extreme excessive moisture years for the agricultural year (September to
August) shows that three of these years occurred pre-1910 (Appendix 1, Table 1.1) with the most
extreme years in 1907 (PDSI of 8.2) and 1909 (PDSI of 7.0). There is greater spatial variability
with excessive moisture conditions (Appendix 2, Figure 2.1). The northwestern portion (8.0 to
9.0 PDSI) of the watershed in the Thunder Creek portion of the watershed was much moister
than the southeastern portion (3.0 to 4.0 PDSI). The 1950s were also wet years with 1951, 1954
and 1955 having PDSI values in the 5.8 to 6.8 range. The wheat yields were all lower than the
2000-2009 averages, although 1955 was very close to average. 1954 had a drop of wheat yield of
more than 75% indicating that the excess moisture levels had a negative influence on agricultural
production (Appendix 1, Table 1.1). Negative effects of wet years on yields also occur indirectly
through diseases, for example. Additional indirect effects of dry years include effects of pests
such as grasshoppers, for example.

PDSI Z-Value

The PDSI Z-values indicate how quickly and how much an area switches from being in a
drought situation to excessive moisture and vice versa. The early 21* century is a good example
of this with 2001 calculated as being the third most extreme drought with a PDSI value of -4.7.
An extreme switch occurred in 2002 with a PDSI Z-value of 10.0 and then another dramatic
switch in 2003 (PDSI -4.4) with return to drought conditions. The impact on wheat yields in all
three years was below normal yields with 2001 and 2003 report 12% below normal yields and
2002 almost 8% below normal wheat yields for the Moose Jaw Watershed (Appendix 1, Table
1.2). The most extreme year of going towards drought conditions was calculated to be 1961 with
a PDSI Z-value of -5.7 and a 63% drop in wheat yields compared to the 2000-2009 ten year
average of 24 bushels/acre. No spatial variability appears to exist in this extreme year with the
entire watershed indicating values in the -5.0 to -6.0 PDSI Z-value range (Appendix 2, Figure
2.2).

The most extreme PDSI Z-value excessive moisture year of 2002 (Appendix 1, Table 1.2) shows
considerable variability across the Moose Jaw River watershed ranging from 2.0 to 3.0 in the
southeast side (classified as moderate (Table 1)) to a high of 9 to 10 in the central northwest
corner (Appendix 2, Figure 1.2). This designation is well above the 5.0 level that is generally the
highest level for PDSI and is classified as “exceptional” (Table 1).

SPI One-month Extremes

The one-month Standardized Precipitation Index (SPI) gives a snapshot of an extreme drought or
excess moisture event for a much shorter period. The extreme one month SPI value addresses the
question: What month was the most extreme SPI for the 1901 to 2005 period? This analysis
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provides information regarding the seasonality of extreme events and is significant in terms of
impacts and preparing for or adapting to future impacts.

The Moose Jaw River Watershed’s most extreme excessive moisture month occurred in October
of 1998 with a SPI value of 3.2 (Appendix 1, Table 1.3). This extreme month did not have any
influence on wheat yields. The spatial variability that month shows the watershed ranged from
2.0 in the southeast and northwest portions to the extreme high of greater than 3.0 in the north
central portion (Appendix 2, Figure 2.3). The driest month in the watershed was in August of
1961 with a SPI value of -3.4 (Appendix 1, Table 1.3). This year was an extreme drought year as
indicated earlier in the PDSI and PDSI Z-value (Appendix 1, Table 1.1 and 1.2) with August
1961 having the least amount of moisture. The crop yield for that year reflected this low value
with a 63% decrease in wheat yield as compared to the 24 bushels/acre 2000-2009 averaging
period. Little spatial variability for SPI 01 1961 is indicated in Appendix 2, Figure 2.3. The
southern half of the watershed is somewhat less extreme than the northern portion.

On a seasonal examination of monthly extremes, the one-month drought episodes occur most
often during the spring months (March, April, May) followed by winter (December, January,
February). The summer period (June, July, August) had two years (1961 and 2001) reporting
extreme drought months in august with only one fall period (September, October, November)
indicating extreme drought. Excessive moisture one-month extremes occur most often during the
summer period followed by winter and spring (Appendix 1, Table 1.3). The timing of the one
month SPI values has implications on for spring runoff, and ease of harvest, for example. A wet
fall can cause a challenge for harvesting a crop while a dry fall usually results in easier and better
quality harvest.

SPI 12-month Extremes

The SPI 12-month top ten extreme drought years range from values of -1.7 (1959 and 1945),
categorized as a severe drought to -3.2 (1929). Unlike PDSI, only two of the 10 years occurred
pre-1940 (1929 and 1937). All of the SPI 12-month drought analysis indicates considerable crop
loss ranging from almost 25% below average in 1984 to almost 66% below average in 1949
(Appendix 1, Table 1.4) when compared with the 2000-2009 average of 24 bushels/acre. The
spatial variability for the 12-month SPI for moisture deficit conditions in 1929 show that the
southeast and the extreme northeast tip had values ranging from -2.0 to -2.5 categorized as
extreme with the rest of the watershed in the exceptional range (-2.5 to -3.5) (Appendix 2, Figure
2.4).

The excessive moisture top ten extreme SPI 12-month years occurred four decades in the 100
years including the 1901-1910 period, the 1950s, the 1970s and the 1990s with the 1950s and
1990s both having three years in the top ten (Appendix 1, Table 1.4). The SPI 12-month values
ranged from 1.7 (1951, 1976, 1954) categorized as severe to 2.4 or extreme (1907). The crop
yield ranged from being very good with 1976 having 32% above average to extremely low as in
1954 with 78% below average compared to the 24 bushels/acre for the 2000-2009 averaging
period. The spatial variability of 1907 (Appendix 2, Figure 2.4) shows that the southeast part of
the Moose Jaw River watershed had near normal condition with the northwest being the moistest
with values ranging from 2.0 to 2.5.
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Old Wives Lake Watershed
PDSI

The Old Wives Lake watershed is located in what is considered to be one of the driest regions of
the Canadian Prairies. Similar to Moose Jaw River watershed, four of the driest years occurred
pre-1940. Three of the driest years were in the 1980s with 1988 being classified with the most
extreme PDSI value of -6.4, followed very closely by 1937 which also had an extreme PDSI
value of -6.4 (Appendix 1, Table 1.5). The PDSI values ranged from -5.1 in 1959 to -6.4 in 1988.
Six of the ten most extreme years had PDSI values greater than -5.5. The spatial variability of
1988 shows the northeastern section of the watershed the most extreme, while the southwest was
slightly less intense with values ranging from -4.0 to -5.0 but still classified as extreme drought
conditions (Appendix 2, Figure 2.5). Crop yields are usually extremely low with values of less
than 50% below average when compared to the 25 bushels/acre in the 2000-2009 averaging
period. The only year with near normal wheat yields was 1981 (Appendix 1, Table 1.5).

PDSI excessive moisture years for the Old Wives Lake watershed indicate the 1950s tended to
be a relatively moist decade with 1951, 1954 and 1955 all having exceptional PDSI values.
However, it was calculated that 1907 and 1909 had the most extreme PDSI values with 1907
having a value of 8.5 (Appendix 1, Table 1.5). The spatial variability of 1907 is quite dramatic
with the western portion of the watershed rating in the 3.0 to 4.0 or severe while the northeastern
portion in the 8.0 to 9.0 level (Appendix 2, Figure 2.5). Crop yields in excessive moisture PDSI
years are highly variable. The lowest was in 1954 with wheat yields being reported more than
50% below average while yields in 2004 were almost 30% above average when compared with
the 2000-2009 averaging period of 25 bushels/acre (Appendix 1, Table 1.5).

PDSI Z-Value

The PDSI Z-values of Old Wives Lake watershed continued the display that was indicated in the
Moose Jaw River watershed with extreme years fluctuated from drought to moist (2001 to 2004).
The variability is quite dramatic with 2001 having PDSI z-value of -4.7, switching in 2002 to
8.8, back down to drought in 2003 with a value of -4.0 and back to excessive moisture in 2004
with a value of 5.9 (Appendix 1, Table 1.6). This switching between drought and excessive
moisture also occurs in 1967 (-4.0 drought), 1968 (5.8 excessive moisture) and 1970 (-3.6
drought).

The most extreme PDSI Z-value drought year was 1961 with a value of -5.4. The wheat yields in
1961 are the lowest for the top 10 drought PDSI Z-value years at nearly 80% below the 2000-
2009 average (Appendix 1, Table 1.6). There is only minor spatial variability for 1961 PDSI Z-
value with the north and northeast portion of the watershed reporting the lowest (exceptional)
values with the rest of the watershed in the extreme range of between -4.0 and -5.0 (Appendix 2,
Figure 2.6).

A PDSI Z-value of 9.5 was calculated for the most excessive moisture year of 1993. The crop
yields in this year were report to be nearly 20% above normal (Appendix 1, Table 1.6). The
spatial variability of 1993 PDSI Z-value is relatively high with five categories but all classified
in the exceptional range because all values are greater than 5 (Table 1). The southern edge was
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the “lowest” with a PDSI Z-value in the 5 to 6 range with the northwest region having the
highest PDSI Z-value in the 9.0 to 10.0 range (Appendix 2, Figure 2.6).

SPI One-month Extremes

The SPI one-month top 10 extremes for drought show that all but two occurred since 1960. The
most extreme SPI one month occurred in June 1974 with a SPIO1 value of -3.5 with a drop in
wheat yield of more than 25% when compared with the 2000-2009 averaging period (Appendix
1, Table 1.7). The spatial variation for June 1974 (Appendix 2, Figure 2.7) shows that the mid-
eastern side of the watershed was the driest or severe drought with the western edge classified as
being in a “mild” drought event (Table 1).

On a seasonal basis, summer had the greatest number of SPI one-month drought occurrences
followed equally by spring and winter. No fall SPI one month drought occurrences in the top ten
extremes were in the Old Wives Lake watershed for the 1901-2005 period. Most of the drought
years had below normal yields except 2005 when the drought month was in February and a yield
of 13% above normal was reported and in March 1978 with an above average whet yield of
almost 12% (Appendix 1, Table 1.7).

The top 10 SPI one-month excessive moisture extremes show that six of the ten have occurred
since 1970 with the most extreme SPI one-month excessive moisture happening in July 1993
with a SPIO1 value of 3.4 with wheat yields were almost 20% above normal (Appendix 1, Table
1.7). The spatial variability indicates that most of the watershed is in the severe to extreme
categories with the southeastern side of the Old Wives Lake watershed in the exceptional
category (Appendix 2, Figure 2.7).

The seasonality of excessive moisture for SPI one-month has spring having the most occurrences
(4) followed by fall (3), summer (2) and one occurrence in winter. The years of 1978 and 1986
both showed excessive moisture extremes in September which could have resulted in a
challenging harvest period in terms of the crop being dry enough to get it off the field in high
quality. However, both these years reported above normal wheat yields when compared against
the 2000-2009 averaging period with 25 bushels/acre (Appendix 1, Table 1.7).

SPI 12-month Extremes

The 10 most extreme 12-month SPI values for the Old Wives Lake Watershed for drought range
from -1.8 in 1967 to -3.2 in 1929. Five of the top 10 drought years calculated for SPI 12-month
were also in the top 10 drought years calculated for PDSI including 1929, 1988, 1961, 1937 and
1984 (Table 1.8 and 1.5). All of the SPI 12-month drought years reported below normal wheat
yields ranging from 9.5% below normal in 1971 to an extreme of 87.8% below normal in 1949
(Appendix 1, Table 1.8). The spatial pattern for the SPI 12-month shows that the eastern side of
the watershed was in the exceptional range (lower than -2.5) while the western side is classified
as a severe drought (-1.5 to -2.0) (Appendix 2, Figure 2.8).

The SPI 12-month, ten most extreme years for excessive moisture range from 1.6 in 1951 to 2.5
in 1907 (Appendix 1, Table 1.8). The wheat yields were highly variable with excessive moisture.
For example, in 2004 with a SPI 12-month value of 2.1, wheat yields were 28% above average
but in 1954 with a SPI 12-month value of 1.7, the wheat yields were 51.6% below average
(Appendix 1, Table 1.8). Eight of the top 10 excessive moisture years are the same for both SPI
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12-month (Appendix 1, Table 1.8) and PDSI (Appendix 1, Table 1.5). Both indicate 1907 as the
most extreme for excessive moisture conditions with a value of 2.5 in SPI 12-month. The spatial
patterns are similar as well with the northeastern side of the Old Wives Lake watershed
calculated as extreme excessive moisture values in the 2 to 2.5 range with the western side in the
mild to moderate excessive moisture category (Appendix 2, Figure 2.8).

Upper Qu’Appelle River Watershed
PDSI

The Upper Qu’Appelle River Watershed is outside the boundaries of the Palliser Triangle.
However, it also has a prairie continental climate and as such is subject to drought and excessive
moisture events.

The PDSI drought values indicate two main groupings for drought events. The first is pre-1940
when five extreme drought events occurred. The second was in the late 1950s and 1961. The
most extreme drought year was 1961 with a PDSI value of -7.0. The wheat yield losses that year
were in excess of 70% (Appendix 1, Table 1.9). All of the PDSI drought years, where
information was available, indicate below average wheat yields. The spatial variability for PDSI
1961 shows the eastern and northern eastern edge of the Upper Qu’Appelle River watershed had
the lowest PDSI values ranging, or worst droughts from -6.0 to -7.0. The south and southwestern
edge had PDSI values in the extreme drought range (-4.0 to -5.0) (Appendix 2, Figure 2.9).

All of the top ten years in the PDSI excessive moisture for the Upper Qu’Appelle River
watershed are in the exceptional excessive moisture category. The early 1950s dominated the 10
most extreme PDSI excessive moisture years with four years in this ranking (1951, 1953, 1954
and 1955). All four of these years reported below average crop yields compared with the 2000-
2009 averaging period. The most extreme PDSI excessive moisture value for all four watersheds
was found to be in the Upper Qu’Appelle River Watershed with a value of 9.9 in 1954. This year
reported a crop loss of more than 75% of normal yields (Appendix 1, Table 1.9). The spatial
variability of the years shows the entire watershed was in exceptional excessive moisture
conditions but the most extreme side was the east central region with PDSI values ranging from
9.0 to 10.0 (Appendix 2, Figure 2.9).

PDSI Z-Value

Like the other watersheds, PDSI Z-value in the Upper Qu’Appelle River watershed shows that
conditions can switch from drought to excessive moisture in a very short time frame. In this
watershed it shows up in the 1960s with 1966 in excess moisture, 1967 classified as drought, and
1968 classified as excessive moisture. The switch occurs in 1970s with 1972 in drought and 1974
classified as excessive moisture. More recently was the first part of the 21% Century with 2001
classified with the 3" lowest PDSI Z-value, 2002 with the highest Z-value, 2003 and 2005
(Appendix 1, Table 1.10).

The lowest PDSI Z-value was calculated for 1961 with a value of -5.9 (Appendix 1, Table 1.10).
The entire watershed was in moisture deficit conditions at the same level. No spatial variability
appears (Appendix 2, Figure 2.10). The below average wheat yield calculated at more than 70%
below average also indicates the moisture deficit conditions were wide spread (Appendix 1,
Table 1.10). The PDSI Z-value in 2002 was 13.1. Unlike the moisture deficit conditions, the
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spatial variability for PDSI Z-value was extensive. The extreme value is located in the south
centre of the Upper Qu’Appelle River watershed and decrease rapidly to the edges. The northern
edge of the watershed had excessive moisture conditions rated as extreme (4.0 to 5.0 range),
much lower than the exceptional value (13.0 to 14.0) (Appendix 2, Figure 2.10).

SPI One-month Extremes

As explained earlier, the one-month SPI values give a snapshot of extreme events over a short
period. It is also important to consider the timing of that one month SPI value. For example, SPI-
01 most extreme drought month was calculated to have occurred in December 1952 with a value
of -3.9. Another December with an extremely low SPI-01 value was calculated to have occurred
in December 1954, the same year that had the highest PDSI excessive moisture value (Appendix
1, Table 1.11 and Table 1.9). This illustrates that even though an entire year may be considered a
moist or dry year, individual months or seasons can be the exact opposite.

It is the timing of these extreme months/seasons that are important for society. For example, five
of the top ten months/years of SPI drought occurred in the fall. This may have assisted the
agricultural community with harvest management conditions. Three years had low SPI-01 values
in winter and one each in summer and spring with values ranging from -3.1 in 1908 to -3.9 in
1952. The SPI-01 excessive moisture seasons show summer as the predominant season followed
by spring, fall and winter with SPI values ranging from 2.7 in 1959 to 3.3 in 1983.

Both maps of the extreme drought and excessive moisture years indicate some variability
throughout the watershed (Appendix 2, Figure 2.11). The majority of the watershed in the SPI-
01drought conditions shows the majority of the watershed is in the exceptional drought zone but
this zone ranges from -2.5 to -4. The northern edge of the watershed is in the extreme to severe
category of drought for December 1952. July 1983 excessive moisture pattern shows the
majority of the watershed in the exceptional range for excess moisture with values greater than
2.5. The northern edge of the watershed was drier categorized in the moderate excessive
moisture range (1.0 to 1.5).

SPI 12-month Extremes

The SPI 12-month values for the Upper Qu’Appelle River watershed top ten extreme years for
drought and excessive moisture correspond to the PDSI top ten values. Four of the ten years in
the SPI 12-month extreme drought correspond to PDSI drought conditions (1961, 1937, 1958
and 1988). The SPI 12-month most extreme drought year was 1961, the same as PDSI
(Appendix 1, Tables 1.12 and 1.9). The spatial pattern is also relatively similar. The entire
watershed is categorized in the exceptional range but the north eastern side of the watershed is
the driest with a value of -3.7 (Appendix 1, Table 1.12 and Appendix 2, Figure 2.12).

More than half of the SPI 12-month excessive moisture condition years correspond to the PDSI
excessive moisture conditions. These corresponding years include 1954, 1907, 1923, 1991, 1951,
1974 and 1953. Both SPI and PDSI’s most extreme excessive moisture year were calculated to
be 1954 with a SPI value of 2.8 or exceptional and PDSI value of 9.9 (Appendix 1, Tables 1.12
and 1.9). The spatial pattern was also similar but the SPI values were not as extreme. The
northern half of the Upper Qu’Appelle River watershed is classified in the exceptional range
with values ranging from 2.5 to 3.0. The rest of the watershed had lower excessive moisture
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values calculated with the southern portion of the watershed having a rating of severe (1.5 to 2.0)
and moderate (1.0 to 1.5) excessive moisture conditions (Appendix 2, Figure 2.12).

Milk River Watershed
PDSI

The Saskatchewan portion of the Milk River watershed is located in the extreme southwest
corner of the province (Figure 1) and is in the heart of the Palliser Triangle (Figure 2) and as
such historically had extreme drought conditions. Five of the top ten extreme drought PDSI
values are calculated to be pre-1940 with 1919 having the lowest PDSI value at -6.6. This
extreme year was followed closely by 1988 with a PDSI value of -6.5 (Appendix 1, Table 1.13).
All of the PDSI drought values are in the exceptional drought range with 1984 having a PDSI
value of -5.5 and 1919’s low of -6.6. During the low PDSI values, where data is available, the
wheat yields were extremely low ranging from nearly -47% below average in 1984 to more than
94% below average in 1949 (Appendix 1, Table 1.13). The spatial variability of the Milk River
watershed shows the entire watershed the southeastern portion of the watershed was in extreme
drought conditions (-4.0 to -5.0) while the rest of the watershed was in exceptional drought
conditions with the northwest corner the most exceptional with values in the -6.0 to -7.0 range
(Appendix 2, Figure 2.13).

The PDSI excessive moisture top ten values ranged from 5.8 in 1955 to 7.9 in 1927. These are all
in the exceptionally wet category. Wheat yields are highly variable in excessive moisture
situations. For example, in 2004 the wheat yields were almost 40% above normal but in 1955
they were nearly 16% below normal based on the 2000-2009 averaging period (Appendix 1,
Table 1.13). The spatial pattern for 1927 is quite variable, although more than half the watershed
is in the exceptional PDSI range (values greater than 5.0). The northern portion of the watershed
is less wet with categories of extreme (4.0 to 5.0) and severe (3.0 to 4.0) (Appendix 2, Figure
2.13).

PDSI Z-Value

Similar to the other three watersheds, this watershed also fluctuates from drought to excessive
moisture conditions over a very short period. For example, 1970 and 1971 have very low PDSI
Z-values (-3.7 and -4.3) but that switched in 1975 when a Z-value of 7.5 occurred. A switch also
occurred in 1988 and 1989 with Z-values going from -3.6 in 1988 to 5.6 in 1989. This switch
back and forth between extreme drought and excessive moisture dominated the early 21% century
with 2001 having the second lowest PDSI Z-value at -4.4, 2002 having the highest at 10.7, going
back to extremely low in 2003 (-3.7) and finally back to excessive moisture conditions in 2004
with a Z-value of 6.2. Below average yields were reported in 2001 and 2003, while the excessive
moisture years of 2002 and 2004 reported above normal yields based on the 2000-2009
averaging period (Appendix 1, Table 1.14).

The spatial variability between the extreme drought year of 1961 and excessive moisture year of
2002 shows drought years are generally regional in nature compared to excessive moisture years.
The 1961 PDSI Z-value has two categories with the western portion of the Milk River watershed
categorized as being in a severe drought condition with the eastern side in extreme drought
conditions (Appendix 2, Figure 2.14). The 2002 excessive moisture year spatial variability of the
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PDSI Z-value ranges from a moderate excessive moisture condition on the eastern edge of the
Milk River watershed to the majority of the watershed having a category of exceptional but the
centre of the watershed is the most exceptional with PDSI Z-value ranging from 10.0 to 11.0
(Appendix 2, Figure 2.14).

SPI One-month Extremes

As stated earlier, SPI one month give as a snapshot of extreme drought and excessive moisture
conditions. It is the timing of these one month extreme that is important because of impact on
agricultural management strategies, water conditions and vegetation growth.

Eight of the ten SPI 01 drought values occurred in spring or early summer with SPI values
ranging from -3.1 in April 1988 to -3.9 in June 1985. All of the SPI 01 values are in the
exceptional drought range and as such all of the wheat yields are all below the 2000 to 2009
average yields (Appendix 1, Table 1.15). The seasonality of excessive moisture events was
spread throughout the four seasons with spring and summer each having three occurrences and
fall and winter each having one. The change in wheat yield with excessive moisture events
ranged from well above average for 2004 with a 39% increase to a 38% decrease in 1971 and
both of these excessive moisture events was calculated to have occurred in January (Appendix 1,
Table 1.15).

The spatial variability of the SPI 01 for June 1985 shows the entire watershed is in exceptional
drought but the northern edge of the watershed less so with values in the -2.5 to -3.0 range. The
southern edge of the watershed had values in the -3.5 to -4.0 range indicating more extreme
drought conditions (Appendix 2, Figure 2.15). The SPI 01 for September 1986 also indicates the
entire watershed is in exceptional conditions but this time with excessive moisture (Appendix 2,
Figure 2.15). The spatial variability of this event is the north and eastern side is less moist than
the southwestern corner of the watershed (Appendix 2, Figure 2.15). The timing of these two
events, June and September, can have negative impacts on the agricultural community. June is
usually the time of year when crops require moisture and any substantial loss of moisture can
result in decreased yields which did occur in 1985 with a below average yield of nearly 80%
(Appendix 1, Table 1.15). The September 1986 excessive moisture may not negatively impact
yield but may influence grain quality and harvest management strategies.

SPI 12-month Extremes

The Milk River watershed 12-month top ten extreme drought years range from -1.9 categorized
as a severe drought in 1958 to -3.7 (exceptional) in 1988. Four of the extreme years were
calculated to have occurred pre-1940 but not have occurred since the extreme low year of 1988
for the 1901 to 2005 period. SPI 12-month and PDSI drought have five years in common for
occurring in the top ten most extreme drought years (1988, 1961, 1949, 1937 and 1936). All of
the SPI 12-month drought years reported below average yields with the most extreme year in
1949 with a yield of more than 94% below average (Appendix 1, Table 1.16). The spatial
variation for 1988 SPI 12-month shows the majority of the watershed in severe to moderate
drought conditions. The western side of the watershed had extreme and exceptional drought
conditions with the most exceptional on the extreme western edge with values between -3.5 and
-4.0 (Appendix 2, Figure 2.16).
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The excessive moisture top ten extreme SPI 12-month values ranged from 1.7 in 1916 to 2.6 in
1927 with ratings of severe to exceptional. Six of the ten are rated in the severe category, three in
the extreme and only one in the exceptional category for excessive moisture. Only 1974 with a
rating of 1.7 had below average wheat yields (Appendix 1, Table 1.16). The spatial variability of
1927 shows that only the southwestern corner of the exceptional rating of 2.5 to 3.0. The rest of
the watershed was in the 1.5 to 2.5 range with the eastern corner of the watershed rated as being
in a moderate excessive moisture condition (Appendix 2, Figure 2.16).

The Prairies in 2009-2011

The above analysis is based on drought and excessive moisture indices calculated using the
gridded ANUSPLIN temperature and precipitation data for 1901 to 2005. The last few years
have witnessed extreme swings in the prairie climate from severe drought to exceptional excess
moisture. To analyze these most recent events another data source is utilized (AAFC 2011) but
the methodology in calculating the PDSI, PDSI Z-value and SPI are slightly different. For
example, the AAFC classification stops at +/-5 for PDSI, -2.75/3.50 for PDSI Z-value and +/-2
for SPI. Also, the SPI 12-month for the September to August 2011 period is unavailable so the
October to September 2011 period is used (Figure 17).

The autumn of 2008 to early 2010 was in severe drought in parts of Alberta and Saskatchewan to
regions that had near normal to slight excessive moisture conditions (Wittrock et al. 2010). The
driest regions were in the western and southern portions (e.g., Swift Current) of Saskatchewan in
the August 2009 PDSI map (Figure 7). The Saskatchewan portion of the Milk River watershed
had PDSI values ranging from mild excessive moisture conditions to mild drought conditions on
the eastern edge. The Old Wives Lake watershed unfortunately does not have any PDSI values
located in it but the perimeter of the area shows the southeastern portion of the watershed may
have had moderate excessive moisture conditions while the northwestern side was in moderate
drought. The Moose Jaw River watershed and the Upper Qu’Appelle River watershed had near
normal moisture conditions. August 2010 PDSI values show a major shift to severe excessive
moisture conditions across southern Saskatchewan (Figure 8) for all four watersheds. This trend
to moist conditions was more enhanced in the southern and eastern portions of the watershed in
2012 with PDSI values in the extreme range for all four watersheds (Figure 9).

Figure 7 Palmer Drought Index August 2009 (AAFC 2010)
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Figure 8 Palmer Drought Index August 2010 (AAFC 2010)

Figure 9 Palmer Drought Index August 2011 (AAFC 2011)

The August 2009 PDSI Z-values indicate that much of the agricultural zone in Saskatchewan is
tending towards wetter conditions. The greatest change was in the Moose Jaw River and Upper
Qu’Appelle River watersheds where the change was in excess of 3.5 (Figure 10). The PDSI Z-
value in August shows the same trend towards moisture conditions but more of the province in in
the exceptional excessive moisture regime (Figure 11). By August 2011 the PDSI Z-values were
returned more to neutral conditions with the Milk River Region classified as being in stable
scenario — neither wetter nor drier. The Old Wives Lake watershed was trending towards neutral
to slightly wetter conditions with the Moose Jaw River categorized with neutral to mild drought
conditions. The Upper Qu’Appelle River watershed was trending to neutral conditions with the
west side of the watershed slightly drier and the east side slightly wetter.
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Figure 10 Palmer Drought Index (Z-value) August 2009 (AAFC 2010)

Figure 11 Palmer Drought Index (Z-value) August 2010 (AAFC 2010)

Figure 12 Palmer Drought Index (Z-value) August 2011 (AAFC 2011)
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The 12-month SPI values further illustrate the moisture conditions that were occurring on the
prairies in the 2009-2011 period. The August 2009 SPI map (Figure 13) shows the Saskatchewan
portion of the Milk River and the Old Wives Lake Watersheds were in precipitation deficit
conditions. The Moose Jaw River watershed had moisture deficit conditions on the northeastern
portion (Thunder Creek region) while the southwestern region was neutral. The Upper
Qu’Appelle River watershed was in normal to mild excessive moisture conditions. By August
2010, the entire agricultural zone had switched to moister conditions (Figure 14). The Milk River
watershed had values in neutral to mild excessive level, with the further east and north the
moisture conditions became more extreme. The majority of the Upper Qu’Appelle watershed had
exceptional excessive moisture. The September 2011 SPI 12-month map (Figure 15) illustrates a
further shift in moisture levels in Saskatchewan with the southern edge of the province in
exceptional moisture conditions including the Milk River watershed. The further north, the
conditions became drier to the extent that the northern portion of the Moose Jaw River and the
Upper Qu’Appelle River were classified as having moderate to severe drought in parts of their
watersheds.

Figure 13 Standardized Precipitation Index (12-month) August 2009 (AAFC 2010)
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Figure 14 Standardized Precipitation Index (12-month) August 2010 (AAFC 2010)

Figure 15 Standardized Precipitation Index (12-month) September 2011 (AAFC 2012)
Drought and Excessive Moisture Pattern Comparison

Often, the extreme events characterized previously did not happen in one watershed alone.
Several of the extreme drought and excessive moisture events were calculated to be in all four
watersheds. For example, PDSI values indicate 1988 was a wide spread extreme drought event
because it placed in the top two lowest PDSI values in all four of the watersheds. The year 1988
had relatively similar values across the four watershed ranging from -6.4 (Old Wives Lake
watershed), -6.5 (Milk River watershed) to -6.7 (Moose Jaw River and Upper Qu’Appelle River
watersheds). Exceptional PDSI drought values were calculated to have occurred in all four
watersheds in five of the top ten years including 1919, 1931, 1937, 1961 and 1988 (Appendix 1,
Tables 1.1, 1.5, 1.9 and 1.13).

Spatial similarity for PDSI excessive moisture values also appeared with 1907 categorized in
either first or second for being the wettest in all four watersheds. Four more years were also in
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the top ten PDSI excessive moisture (1909, 1954, 1955 and 1991). A couple of years had three
watersheds in common including 1966 (Milk River, Olds Wives Lake and Upper Qu’Appelle)
and 1974 (Old Wives Lake, Moose Jaw River and Upper Qu’Appelle) (Appendix 1, Tables 1.1,
1.5, 1.9 and 1.13).

The drought PDSI Z-values show a slightly different pattern for years in common for the four
watersheds. For example, 1961 had the lowest value in all four watersheds with 2001 being
either the second or third lowest Z-value. Three other years were common across all four
watersheds (1929, 1971, 1984, and 2003). These years indicate that much of southern
Saskatchewan was tending towards drought conditions (Appendix 1, Tables 1.2, 1.6, 1.10 and
1.14). The excessive moisture PDSI Z-values also show trends to moister conditions across wide
regions of the province. For example, 2002 was the highest PDSI Z-value in the Upper
Qu’Appelle, Moose Jaw and Milk River watersheds and placed third in the Old Wives Lake
watershed. There were five more years in common in the four watersheds including 1907, 1951,
1954, 1974, and 1993 (Appendix 1, Tables 1.2, 1.6, 1.10 and 1.14).

The SPI 12-month shows a slightly different story. The most extreme year for drought remains to
be 1961 with it being classified as the lowest SPI 12-month in the Upper Qu’Appelle watershed,
second in the Moose Jaw River and Milk River watersheds and third in the Old Wives Lake
watershed (Appendix 1, Tables 1.4, 1.8, 1.12 and 1.16). PDSI and SPI 12-month drought values
also have 1937 and 1988 in common. The four year where SPI 12-month low value appears in all
four watersheds is 1929, 1937, 1961 and 1988. Old Wives Lake, Milk River and Moose Jaw
River also have 1949 and 1984 in common. SPI excessive moisture conditions show 1974 and
1991 were the two in-common years in all four watersheds (Appendix 1, Tables 1.4, 1.8, 1.12
and 1.16). The Old Wives Lake, Moose Jaw River and Upper Qu’Appelle River watersheds had
SPI excessive moisture years of 1907, 1951 and 1954 in common while 1993 was the common
year for Milk River, Moose Jaw River and Upper Qu’Appelle River watersheds. Comparing the
SPI 12-month years with the PDSI excessive moisture years, only 1991 was the common year for
the two indices with 1907, 1954 and 1974 were common excessive moisture years for three of
the watersheds.

The Upper Qu’Appelle River watershed is not categorized as being located in the Palliser
Triangle, it is the watershed that contains the extreme values for both PDSI and SPI. For
example, the lowest PDSI value in the Upper Qu’Appelle is -7.0 (1961) with the next closest is
the Moose Jaw River at -6.7 (1988). The PDSI excessive moisture values have a high of 9.9 in
the Upper Qu’Appelle River watershed (1954) with Old Wives Lake watershed having second
highest PDSI excessive moisture value of 8.5 (1907).

COMMUNITY VULERABILITY ASSESSMENT (IMPACTS AND ADAPTATION)

As shown above, Saskatchewan and the four watersheds examined in this study have
experienced both droughts and floods. As such, the impacts of these events are varied and
require various adaptation strategies. Research has been carried out looking at impacts and
adaptation strategies implemented in Saskatchewan and the rest of Canada in relation to droughts
(e.g., Wittrock et al. 2011, Wittrock et al. 2010, Wheaton et al. 2008, Wheaton et al. 2007,
Wittrock et al. 2007, Wheaton et al. 2005, Drought Research Initiative and Institutional
Adaptations to Climate Change). This section utilizes the findings from these projects.
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The Canadian Prairies have implemented many adaptation strategies to both droughts and floods.
Most were initially initiated as a reactionary to an extreme event but became pro-active
adaptation measures. For example, in the early 20™ century it became apparent that a reliable
water source of potable would be needed resulting in numerous wells and small dams were built.
However, in the 1930s, many of these were not sufficient to meet the needs of the communities,
or agricultural sector so government assistance was required. This assistance came in the form of
Agriculture Canada’s Prairie Farm Rehabilitation Administration which aided many
communities with designing water retention structures ranging from larger dams such as
Highfield Dam in the Old Wives Lake watershed to smaller designs such as dugouts or
constructed ponds.

Droughts result in numerous negative impacts including decreased yields, feed shortage, water
shortage, soil degradation, and decreased income. Positive impacts also occur during drought
events including higher quality grains, increased revenue for towns and cities through increased
water usage, as long as there is not a water shortage and decrease in mosquitoes.

The many severe and sometimes multi-year droughts have resulted in numerous adaptation
strategies. Many of the adaptation strategies utilized in the 2001-2002 drought are documented
by Wittrock and Wheaton (2007) and Wheaton and Wittrock (2005). The more common
adaptation strategies included increased water storage, agricultural producers obtaining off-farm
income with one or both spouses and changing agriculture management strategies. These change
in strategies involved decreasing herd size, increase feed storage, reducing the amount of land in
summerfallow, moving towards continuous cropping or minimum tillage. To obtain more
reliable water supply some producers installed water pipelines and if suitable increased the
amount of land under irrigation.

Excessive moisture conditions can occur quite quickly and have devastating impacts on
agriculture and communities. Less research has been carried out to determine nature of these
impacts and adaptation strategies put in place to cope with them. Much of the information
obtained, particularly for the 2010 and 2011 excessive moisture events are from media sources
(Wittrock et al. 2011 Appendix 3). The 2010 high moisture year led to adequate or surplus soil
moisture conditions in the fall of 2010 (Figure 16). These conditions, with the high snowfall that
occurred in the winter of 2010/2011 (Figure 17) resulted extensive flooding in the southern and
eastern parts of the province (CBC News Apr 2011) impacting all four watersheds. Impacts
included water flowing over roadways, farmland flooded, towns/villages threatened (CBC News
Apr 2011, Discover MooseJaw Apr 15 2011, Briere Apr 4, 2011).
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Figure 16 Saskatchewan Topsoil Moisture Conditions Fall 2010 (Saskatchewan Ministry of
Agriculture 2010)
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Canada 2011)
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Several adaptation measures were implemented due to the excessive moisture conditions in 2010
and 2011. Some of the adaptation measures included installing flood berms in communities,
assistance with improving drainage channels to assist with future flood events (Government of
Saskatchewan March 31, 2011) and information on how to deal with excess moisture
(Government of Saskatchewan 2010).

Extreme climate events, either floods or droughts take an economic toll. The reduction in value
of agricultural losses for the 2001-2002 drought is calculated to be in the order of $1.7 billion for
Saskatchewan (Wheaton et al. 2008). The 2011 floods in Manitoba and Saskatchewan were
estimated to result in a loss of $1.5 to $2.5 billion (Owen June 20, 2011). More recent estimated
flooding related expenses for Saskatchewan are in the order of $244 million (Hall Nov 28, 2011).

CONCLUSION AND RECOMMENDATIONS

Watershed planning is in the beginning phases in the province of Saskatchewan. It is important
that this planning take into account droughts and excessive moisture. These two extremes are not
uncommon occurrences in Saskatchewan with the recent examples of 1988, 2001-2002 and 2009
droughts and the floods years of 2010 and 2011. The uniqueness of each extreme event relays
more information on whom and what is impacted and how the community as a whole may be
able to adapt to these conditions. It is projected that the area, intensity and number of both
droughts and excessive moisture events will increase in the future (e.g., [IPCC WGI 2007)
resulting a need to understand the events. Understanding will potentially lead to proactive
adaptation strategies because these strategies will assist with decreasing the cost and necessity of
reactive adaptation strategies.

The recommendations put forward in Wittrock et al. (2011) are relevant to this report, but can be
expanded. The recommendations included:

e Improved information about extremes, their patterns and impacts to assist with design
and implementation of effective adaptation strategies.

e Examination of the 2010 and 2011 excessive moisture patterns and compare with historic
and future projected patterns.

e Water use demand should be related to drought and excessive moisture extremes.

e Expansion of this 100 year examination of drought and excessive moisture to the rest of
Saskatchewan’s watersheds.

e Undertake trends analysis to determine onset/decrease of extreme drought and excessive
moisture events.
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Appendix 1

The 10 Most Extreme Drought and Excessive Moisture Tables for the Moose
Jaw River, Old Wives Lake, Upper Qu’Appelle River and Milk River
Watersheds for the 1901-2005 period
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Table 1.1 PDSI for the Moose Jaw River Watershed. The 10 year average (2000-2009) wheat yield is 24

bushels/acre.

PDSI Drought (Agricultural Year)

% Change in
Year | PDSI | Wheat Yield
1988 | -6.7 -54 .4
1958 | -6.5 -38.5
1984 | -6.2 -24.8
1959 | -6.0 -47 1
1961 | -6.0 -62.8
1937 | -5.9 Not Available
1981 | -5.5 -6.0
1929 | -5.2 Not Available
1931 | -5.1 Not Available
1919 | -5.0 Not Available

PDSI Excessive Moisture
(Agricultural Year)

% Change in
Year | PDSI | Wheat Yield
1907 | 8.2 Not Available
1909 | 7.0 Not Available
1955 | 6.8 -2.6
1991 | 6.4 14.1
1954 | 6.2 -78.1
1902 | 5.8 Not Available
1927 | 5.8 Not Available
1951 | 5.3 -21.9
1974 | 5.3 -22.9
1947 | 5.3 -37.0

Table 1.2 PDSI Z-value for Moose Jaw River Watershed. The 10 year average (2000-2009) wheat yield is 24

bushels/acre.

PDSI Z-value Drought
(Agricultural Year)

% Change in

PDSI Z-value Excessive Moisture
(Agricultural Year)

% Change in

Year | PDSI Z-value | Wheat Yield
1961 | -5.7 -62.8

1929 | -4.8 Not Available
2001 | -4.7 -12.7

1984 | -4.7 -24.8

2003 | -4.4 -12.3

1971 | -4.3 9.1

1958 | -3.7 -38.5

1930 | -3.6 Not Available
1970 | -3.6 4.4

1959 | -3.6 -47 1
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Year | PDSI Z-value | Wheat Yield
2002 | 10.0 -7.9

1968 | 9.3 -28.6

1993 | 9.1 21.5

1954 | 8.7 -78.1

1951 | 7.3 -21.9

1907 | 7.2 Not Available
1974 | 7.1 -22.9

1995 | 5.9 14.9

1903 | 5.7 Not Available
1909 | 5.1 Not Available
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Table 1.3 SPI One-Month for the Moose Jaw River Watershed. The 10 year average (2000-2009) wheat yield
is 24 bushels/acre.

SPI One-Month Drought SPI One-Month Excessive Moisture

% Change in % Change in
Year | Month | SPIO1 | Wheat Yield Year Month | SPI01 | Wheat Yield
1961 | 8 -34 -62.8 1998 10 3.2 -0.1
1952 | 12 -3.3 12.5 1993 7 3.1 21.5
2001 |8 -3.3 -12.7 1904 3 3.0 Not Available
1997 |12 -3.3 2.8 1967 3 2.9 -36.5
1968 | 4 -3.1 -28.6 1968 | 8 2.8 -28.6
1917 | 5 -3.1 Not Available 1909 7 2.8 Not Available
1978 | 3 -3.1 25.3 1990 7 2.8 46.8
1960 |9 -3.1 -0.8 1902 2 2.7 Not Available
1993 |1 -3.0 21.5 1999 |2 2.7 18.5
1958 | 5 -3.0 -38.5 2002 8 2.7 -7.9

Table 1.4 SPI 12-Month for the Moose Jaw River Watershed. The 10 year average (2000-2009) wheat yield is
24 bushels/acre.

SPI August Excessive Moisture

SPI August Drought (12-Month) (12-Month)

% Change in % Change in
Year | SPI 12 | Wheat Yield Year | SPI 12 | Wheat Yield
1929 | -3.2 Not Available 1907 | 2.4 Not Available
1961 | -3.1 -62.8 1999 | 2.1 18.5
1958 | -2.9 -38.5 1974 | 2.1 -22.9
1988 | -2.6 -54.4 1991 | 2.0 141
1937 | -2.4 Not Available 1993 [ 1.9 21.5
1967 | -2.2 -36.5 1955 [ 1.9 -2.6
1984 | -2.1 -24.8 1902 | 1.9 Not Available
1949 | -1.8 -65.9 1954 | 1.7 -78.1
1945 | 1.7 -56.3 1976 | 1.7 32.0
1959 | -1.7 -47.1 1951 | 1.7 -21.9
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Table 1.5 PDSI for the Old Wives Lake Watershed. The 10 year average (2000-2009) wheat yield is 25

bushels/acre.

PDSI Drought
(Agricultural Year)

% Change in
Year | PDSI | Wheat Yield

1988 | -6.4 -67.0

1937 | -6.4 Not Available
1931 | -6.0 Not Available
1961 | -5.9 -79.1

1919 | -54 Not Available
1929 | -5.3 Not Available
1984 | -5.3 -34.2

1946 | -5.3 -70.9

1981 | -5.2 2.0

1959 | -5.1 -50.5

PDSI

(Agricultural Year)

Excessive Moisture

% Change in

Year | PDSI | Wheat Yield
1907 | 8.5 Not Available
1909 | 7.2 Not Available
1954 | 7.1 -51.6

1955 | 6.8 -12.9

1966 | 6.2 -2.2

1991 | 6.1 19.9

2004 | 5.9 28.4

1951 | 5.5 -36.7

1974 | 5.5 -26.7

1916 | 5.4 Not Available

Table 1.6 PDSI Z-value for Old Wives Lake Watershed. The 10 year average (2000-2009) wheat yield is 25

bushels/acre.

PDSI Z-value Drought
(Agricultural Year)

PDSI % Change in
Year | Z-value Wheat Yield
1961 | -5.4 -79.1
1971 | -4.8 -14.2
2001 | -4.7 -22.0
1929 | 4.5 Not Available
1984 | -4.1 -34.2
2003 | -4.0 -21.3
1967 | -4.0 -46.7
1983 | -3.9 -0.1
1901 | -3.6 Not Available
1970 | -3.6 6.7
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PDSI| Z-value Excessive Moisture
(Agricultural Year)

PDSI % Change in
Year | Z-value Wheat Yield
1993 | 9.5 17.3
1954 | 9.1 -51.6
2002 | 8.8 -4.3
1974 | 7.3 -26.7
1951 | 7.3 -36.7
1907 | 7.2 Not Available
2004 | 5.9 28.4
1968 | 5.8 -36.4
1975 | 5.8 0.0
1995 | 5.7 2.3
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Table 1.7 SPI One-Month for the Old Wives Lake Watershed. The 10 year average (2000-2009) wheat yield is
25 bushels/acre

SPI One-Month Drought SPI One-Month Excessive Moisture

% Change in % Change in
Year Month SPI01 | Wheat Yield Year | Month SPI01 Wheat Yield
1974 6 -3.5 -26.7 1993 | 7 3.4 17.3
1968 3 -3.5 -36.4 1975 | 3 3.3 0.0
1973 1 -3.4 -15.6 1998 | 10 3.2 2.4
2005 2 -3.3 13.2 1904 | 3 3.0 Not Available
1959 12 -3.3 -50.5 1927 | 5 3.0 Not Available
1985 6 -3.3 -68.3 1986 | 9 3.0 14.4
1917 5 -3.3 Not Available 1967 | 3 2.9 -46.7
1967 6 -3.2 -46.7 1971 | 1 2.9 -14.2
1978 3 -3.2 11.5 1978 | 9 2.8 11.5
1961 8 -3.1 -79.1 1955 | 7 2.8 -12.9

Table 1.8 SPI 12-Month for the Old Wives Lake Watershed. The 10 year average (2000-2009) wheat yield is
25 bushels/acre.

SPI August Drought SPI August Excessive Moisture
(Agriculture Year) (Agriculture Year)

% Change in % Change in
Year | SPI 12 | Wheat Yield Year | SPI 12 | Wheat Yield
1929 | -3.2 Not Available 1907 | 2.5 Not Available
1988 | -2.7 -67.0 1974 | 21 -26.7
1961 | -2.6 -48.5 2004 | 2.1 284
1937 | -2.4 Not Available 1991 | 1.9 19.9
1949 | -2.2 -87.8 1965 | 1.9 -10.2
1984 | -2.1 -45.7 1955 | 1.8 -12.9
1971 | -2.1 -9.5 1927 | 1.8 Not Available
1936 | -2.0 Not Available 1916 | 1.8 Not Available
1945 | 1.8 -78.7 1954 | 1.7 -51.6
1967 | -1.8 -37.5 1951 | 1.6 -36.7
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Table 1.9 PDSI for the Upper Qu’Appelle River Watershed. The 10 year average (2000-2009) wheat yield is

29 bushels/acre.

PDSI Drought (Agricultural Year)

%  Change in

Year | PDSI | Wheat Yield
1961 | -7.0 -71.1

1988 | -6.7 -70.8

1958 | -5.8 -50.8

1959 | -5.8 -43.5

1937 | -5.8 Not Available
1930 | -54 Not Available
1981 | -5.4 -10.2

1931 | -5.3 Not Available
1915 | -5.1 Not Available
1919 | -5.1 Not Available

PDSI Excessive Moisture
(Agricultural Year)
% Change in
Year | PDSI | Wheat Yield
1954 | 9.9 -75.7
1907 | 7.6 Not Available
1991 | 6.6 0.3
1909 | 6.5 Not Available
1955 | 6.2 -21.0
1951 | 5.9 -24.9
1966 | 5.4 -5.2
1974 | 54 -36.1
1953 | 5.3 -8.5
1923 | 5.0 Not Available

Table 1.10 PDSI Z-value for Upper Qu’Appelle River Watershed. The 10 year average (2000-2009) wheat
yield is 29 bushels/acre.

PDSI Z-value Drought
(Agricultural Year)

% Change in

Year | PDSI Z-value | Wheat Yield
1961 | -5.9 -71.1

1929 | -4.9 Not Available
2001 | -4.9 -39.3

1972 | -4.8 -27.7

1984 | -4.8 -31.5

1958 | -4.2 -50.8

1930 | -4.0 Not Available
1967 | -4.0 -46.5

2003 | -3.9 -0.4

1971 | -3.8 -1.3
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PDSI Z-value Excessive Moisture
(Agricultural Year)

% Change in
Year | PDSI Z-value | Wheat Yield
2002 | 13.1 -37.5
1954 | 11.0 -75.7
1993 | 9.3 -5.7
1995 | 8.8 -7.1
1907 | 6.8 Not Available
1951 | 6.8 -24.9
1974 | 6.3 -36.1
1966 | 6.1 -5.2
1968 | 5.9 -31.3
2005 | 5.9 17.2
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Table 1.11 SPI One-Month for the Upper Qu’Appelle River Watershed. The 10 year average (2000-2009)
wheat yield is 29 bushels/acre

SPI One-Month Drought

% Change in

Year | Month | SPIO1 Wheat Yield
1952 | 12 -3.9 -13.8

1961 | 8 -3.5 -71.1

1995 | 9 -3.3 -7.1

1968 | 4 -3.3 -31.3

1974 | 11 -3.2 -36.1

1954 | 12 -3.2 -75.7

1925 | 12 -3.2 Not Available
1965 | 10 -3.1 -22.2

1969 | 10 -3.1 -6.7

1908 | 9 -3.1 Not Available

SPI One-Month Excessive Moisture

% Change in
Year Month SPI01 Wheat Yield
1983 7 3.3 2
1955 4 3.3 -21
2002 8 3.2 -38
1977 5 3.1 0
1904 3 2.9 Not Available
1909 7 2.9 Not Available
1911 1 2.7 Not Available
1947 1 2.7 -69
1993 7 2.7 -6
1959 9 2.7 -43

Table 1.12 SPI 12-Month for the Upper Qu’Appelle River Watershed. The 10 year average (2000-2009) wheat
yield is 29 bushels/acre.

SPI August Drought (12 Month)

% Change in

Year | SPI 12 | Wheat Yield
1961 | -3.7 -71.1

1929 | -2.9 Not Available
1937 | -2.6 Not Available
1958 | -2.5 -50.8

2001 | -2.4 -39.3

1967 | -2.3 -46.5

1988 | -2.3 -70.8

1924 | -2.3 Not Available
1914 | -2.2 Not Available
1972 | -1.8 -27.7
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SPI August Excessive Moisture

(12 Month)

% Change in
Year | SPI 12 | Wheat Yield
1954 | 2.8 -75.7
1907 | 2.2 Not Available
1923 | 2.1 Not Available
1991 | 2.0 0.3
1993 | 2.0 -5.7
1951 | 2.0 -24.9
1974 |1 1.8 -36.1
1995 | 1.7 -7.1
1953 [ 1.7 -8.5
1999 | 1.7 17.7
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Table 1.13 PDSI for the Milk River Watershed. The 10 year average (2000-2009) wheat yield is 25

bushels/acre.

PDSI Drought (Agricultural Year)

% Change in
Year | PDSI | Wheat Yield

1919 | -6.6 Not Available
1988 | -6.5 -56.9
1937 | -6.4 Not Available
1961 | -6.4 -84.6
1949 | -6.1 -94.3
1946 | -5.9 -81.1
1936 | -5.8 Not Available
1931 | -5.8 Not Available
1905 | -5.8 Not Available
1984 | -5.5 -46.7

Table 1.14 PDSI Z-value for Milk River Watershed.

bushels/acre.

PDSI Excessive Mo
(Agricultural Year)

isture

%  Change
Year | PDSI | Wheat Yield

in

1927 | 7.9 Not Available

1907 | 7.7 Not Available

1993 | 7.3 13.7

1975 | 7.0 0.0

1909 | 6.8 Not Available

1954 |1 6.2 0.0

1991 | 6.1 18.1

2004 | 6.0 38.9

1966 | 5.8 -2.3

1955 | 5.8 -16.6

PDSI Z-value Drought
(Agricultural Year)

% Change in
Year | PDSI Z-value | Wheat Yield
1961 | -4.8 -84.6
2001 | -4.4 -22.2
1971 | -4.3 -38.3
1967 | -4.0 -56.6
1929 | 4.0 Not Available
1983 | -4.0 4.6
1984 | -3.7 -46.7
1970 | -3.7 -5.7
2003 | -3.7 -13.3
1988 | -3.6 -56.9
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PDSI Z-value Excessive Moisture
(Agricultural Year)

% Change in
Year | PDSI Z-value | Wheat Yield
2002 | 10.7 12.7
1993 | 7.6 13.7
1954 | 7.6 -62.3
1975 | 7.5 0.0
1951 | 7.1 -57.7
1974 | 7.0 -21.1
2004 | 6.2 38.9
1907 | 6.1 Not Available
1933 | 5.9 Not Available
1989 | 5.6 -5.2

The 10 year average (2000-2009) wheat yield is 25
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Table 1.15 SPI One-Month for the Milk River Watershed. The 10 year average (2000-2009) wheat yield is 25

bushels/acre

SPI One-Month Drought

% Change in
Year | Month SPI101 Wheat Yield
1985 | 6 -3.9 -79.7
1967 | 6 -3.8 -56.6
1959 | 12 -3.6 -66.3
1955 | 8 -3.3 -16.6
1961 | 3 -3.3 -84.6
1973 | 3 -3.3 -34.9
1917 | 5 -3.2 Not Available
1968 | 3 -3.2 -36.7
1963 | 3 -3.1 -10.3
1988 | 4 -3.1 -56.9

SPI One-Month Excessive Moisture

% Change in
Year Month | SPIO1 Wheat Yield
1986 9 3.8 5.5
1993 7 3.4 13.7
1927 5 3.3 Not Available
1975 3 3.3 0.0
1971 1 3.2 -38.3
1904 3 3.0 Not Available
1998 6 2.9 15.3
1995 10 2.8 21.1
2002 8 2.7 12.7
2004 1 2.7 38.9

Table 1.16 SPI 12-Month for the Milk River Watershed. The 10 year average (2000-2009) wheat yield is 25

bushels/acre.
SPI August Drought (12 Month)
% Change in

Year | SPI 12 | Wheat Yield
1988 | -3.7 -56.9
1961 | -2.7 -84.6
1929 | -2.6 Not Available
1977 | -2.6 -18.3
1984 | -2.5 -46.7
1949 | -2.3 -94.3
1937 | -2.2 Not Available
1919 | -2.1 Not Available
1936 | -2.1 Not Available
1958 | -1.9 -62.9

46

SPl August Excessive Moisture
(12 Month)

% Change in
Year | SPI 12 | Wheat Yield
1927 | 2.6 Not Available
1993 | 2.3 13.7
2004 | 2.1 38.9
2002 | 2.0 12.7
1987 | 1.9 2.1
1991 | 1.8 18.1
1915 | 1.7 Not Available
1999 | 1.7 23.9
1974 | 1.7 -21.1
1916 | 1.7 Not Available
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Appendix 2

Spatial Distribution of the 10 Most Extreme Drought and Excessive Moisture
Episodes for the Moose Jaw River, Old Wives Lake, Upper Qu’Appelle River
and Milk River Watersheds for the 1901-2005 period.
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Figure 2.1 PDSI Moose Jaw River Watershed Maps for the Drought Year of 1988 and the
Excessive Moisture Year of 1907

Figure 2.2 PDSI Z-value Moose Jaw River Watershed Maps for the Drought Year of 1961
and the Excessive Moisture Year of 2002
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Figure 2.3 SPI 1-Month for the Moose Jaw River Watershed for the Drought Month of
August 1961 and the Excessive Moisture Month of October 1998.

Figure 2.4 SPI 12-Month Moose Jaw River Watershed for the Drought Year 1929 and the
Excessive Moisture Year of 1907.
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Figure 2.5 PDSI Old Wives Lake Watershed Maps for the Drought Year of 1988 and the
Excessive Moisture Year of 1907

Figure 2.6 PDSI Z-value Old Wives Lake Watershed Maps for the Drought Year of 1961
and the Excessive Moisture Year of 1993

SRC Publication No. 13022-1E12 51



March 2012 Land of Extremes — Saskatchewan Style

Figure 2.7 SPI 1-Month for the Old Wives Lake Watershed for the Drought Month of June
1974 and the Excessive Moisture Month of July 1993.

Figure 2.8 SPI 12-Month Old Wives Lake Watershed for the Drought Year 1929 and the
Excessive Moisture Year of 1907.
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Figure 2.9 PDSI Upper Qu’Appelle River Watershed Maps for the Drought Year of 1961
and the Excessive Moisture Year of 1954

Figure 2.10 PDSI Z-value Upper Qu’Appelle River Watershed Maps for the Drought Year
of 1961 and the Excessive Moisture Year of 2002
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Figure 2.11 SPI 1-Month for the Upper Qu’Appelle River Watershed for the Drought
Month of December 1952 and the Excessive Moisture Month of July 1983.

Figure 2.12 SPI 12-Month Upper Qu’Appelle River Watershed for the Drought Year 1961
and the Excessive Moisture Year of 1954.
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Figure 2.13 PDSI Milk River Watershed Maps for the Drought Year of 1919 and the
Excessive Moisture Year of 1927

Figure 2.14 PDSI Z-value Milk River Watershed Maps for the Drought Year of 1961 and
the Excessive Moisture Year of 2002
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Figure 2.15 SPI 1-Month for the Milk River Watershed for the Drought Month of June
1985 and the Excessive Moisture Month of September 1986.

Figure 2.16 SPI 12-Month Moose Jaw River Watershed for the Drought Year 1988 and the
Excessive Moisture Year of 1927.
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Appendix 3

Presentations of the Drought and Excessive Moisture Patterns for the Old
Wives Lake, Moose Jaw River, Upper Qu’Appelle Rive and Milk River
Watersheds.
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