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Abstract

The flow regime is a crucial factor in the well -being of aquatic and riparian

ecosystems. Many co mponents of those ecosystems, ranging for nutrient transport

to morphology, are impacted by various hydrologic parameters. The parameters help

define and quant ify five important hydrologic regime characteristics: magnitude,

duration, timing, frequency, and rate of change. Our study utilized the Indicators of

Hydrologic Alteration (IHA) indices to (1) determine how various ecologically relevant

componentsofstre amf | ow are changing acr oawalréglolseyrandads vari ou
(2) examine the similarities an d differences between streamflow trends and climate

trends. The overarching goal of these objectives is to create a foundation upon which

water management practices can be created or modified.

Region - specific water management is required to balance the r esidential, commercial,
and industrial water needs of a particular region with ecological concerns and
cons ervation initiatives . Understanding the trends in hydrologic parameters is an
important step in recognizing the vulnerabilities of each region. Strea mflow at Water
Survey of Canada stations was assessed for linear trends using a Mann -Kendall
Trend Analysis . Our approach of assessing overall trends on a regional basis was
validated when looking at trends in magnitude. T he average daily flow rate for spr ing
and summer months was found to be decreasing in the Boreal Natural Region but
increasing in the Grassla nd Natural Region . Other hydrologic indices were found to
exhibit si gnificant trends  on a province -wide level . Annual minimum and maximum
flow condit ions over a variety of durations were observed to be merging across the
province. Similarly, the rate of ch ange of streamflow between consecutive days is

decreasing across Alberta.



To determine whether these results were the function of climate oscillation patterns,
a composite analysis was performed to determine the effect of the El Nifio T Southern
Oscillation (ENSO) and Pacific Decadal Oscillation (PDO) on hydrologic indices. Only 8%

of parameters were found to be significantly influenced by PDO patterns an d 4%

influenced by ENSO patterns.
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1 Introduction

It is widely understood that the  flow regime is a primary driver in the health and well -being

of aquatic and riparian ecosystems (Bunn & Arthington, 2002; Lytle, 2001; Mims & Olden,

2013 ; Poff et al., 1997; Poff & Zimmerman, 2010) . Alteration to the natural flow regime
presents a maj or threat to the ecological sustainability of these important ecosystems (Bunn
& Arthington, 2002; Sparks, 1995; Wa rd et al., 1999) . A flow regime with high spatial and
temporal variability helps promote s pecies diversity in riverine environments (Ward et al.,

1999) . Bunn & Arthington (2002) identified four principles that describe the effect of the
flow regime on aquatic biodivers ity: 1) flow has a significant influence on the physical
habitat in streams,  and therefore also has a significant influence on the biotic composition in

those streams; 2) life history strategies have been developed in direct response to natural

flow regime s; 3) many species r ely on the longitudinal and lateral connectivity of streams;
and 4) flow alteration may enable the invasive species in streams (Bunn & Arthington,
2002) .

Influence on Physical Habitat

The characteristics of the flow regime (e.g. magnitude and duration) interact with local

geology and topography to establish many components of a river channel, including its

shape and s ize, the distributio  n of riffle and pool segments, and substrate deposition (Bunn
& Arthington, 2002; Cobb et al., 1992; Frissell et al., 1986; Newbury & Gaboury, 1993)

The combination of flow and physical habitat is a major driverinth e species distribution of a
riverine community (Bunn & Arthington, 2002; Poff & Allan, 19 95; Ward et al., 1999)
Naturally, it is easy to conclude that hydrological alteration has an impact on fish
assemblage and functional organization (Bunn & Arthington, 2002) . For example, salmon
larvae and juvenile salmonids live in the stream substrates during the low -flow conditions
over winter and a re vulnerable to being stranded in the event of flow reductions (Bradford,
1997; Bradford et al., 1995)

Evolution of Life History Strategies

A s p e clifeehssthry strategy dictates its favourable habitat condition s, including the
variability, predictability, and seasonality of the flow regime (Lytle, 2001; Mims & Olden,
2012) . Critical life events, such as phenology of reproduction, spawning behavior, larval

survival, growth patterns, and recruitment, are deepl y impacted by the flow regime (Copp,
1989, 1990; Humphries et al., 1999; Junk e t al., 1989; Sparks, 1995; Welcomme, 1985)

For example, coho salmon (  Oncorhynchus kisutch ) begin migrating for reprod uction



following high flow conditions in the fall. In southeastern Alaska, autumn precipitation in
September and October triggers migrati on, whereas migration in Washington and Oregon

does not begin  until the rains start in November (Naiman et al., 2002)

Longitudinal and Lateral Connectivity

Many species r equire the ability to move within a stream network, both within a single river

and between multiple rivers. Dams in particular can greatly impact the connectively of
streams. This impact is not limited to presenting a barrier to fish passage, but can also
include reducing peak flow conditions which limits floodplain inundation (Bunn & Arthington,
2002) . Temporary inundation of the floodp lain provides valuable spawning, nursery , and
foraging habitat for many fish species (Cadwallader, 1986; Junk et al., 1989; Lowe -
McConnell, 1985; Ward et al., 1999; Welcomme, 1985)

Facilitating Invasive Species

When the flow regime changes, species that have evolv ed life -history traits for the natural
flow regime become ill  -equipped to handle their new habitat. This creates an opportunity for

species with life -history traits that favour the new flow and physical habitat conditions.
Waterbodies that have been dammed , diverted, or where variability in the flow regime is
reduced are particularly vulnerable to invasive species (e.g., Arthington et al., 1990; Moyle,
1986) . Flow r egulation , for example, provides seasonally stable, low flows (Bunn &
Arthington, 2002) . This ma kes native species vulnerable as they struggle to adapt away

from their preferred variable flows and heterogeneous habitat conditions. | n some
Australian rivers , invasive fish species such as carp ( Cyprinus carpio) and mosquitofish
(Gambusia affinis ) have taken advantage of the altered flow conditions, which is more
favourable to their life  -history traits  (Faragher & Harris, 1994; Gehrke et al., 1999; Pusey et

al., 1993; Walker et al., 1995)

In Alberta, an increasing pop ulation has increased the risk of hydrologic alteration . The
population of Alberta increased by almost 5,000% b etween 1901 and 2011 (Sta tistics
Canada, 2011) , resulting in an increasing demand for residential and industrial
water consumption (Government of Alberta, 2010) , flood control, and energy
production . Increased energy production has inclu ded the construction of several
hydroelectric dams between 1900 and today, including The Bighorn Hydro Plant in 1972 on
the North Saskatchewan River system (TransAlta Corporation, 2018a) . Dam construction
alters habitat by capturing sediment, altering stream temperatures, and reducing the

magnitude and frequency of high flow events (Chien, 1985) . Another potential cause of



hydrologic alteration is the increase in o il operations . Canada produc ed triple the amount of
oil in 2006 as in 1990. Al  berta plays a large role in this, as the province accounts for
approximately 69% of Canadian oil production (Natural Resources Canada, 2014) . Water is

used in the pr oduction process and process -affected discharge is not discharged. With most

of the water used coming from the Athabasca River, this has the pote ntial to impact aquatic
habitat downstream (Royal So ciety of Canada Expert Panel, 2010) . These are just two
possible anthropogenic impacts on Alberta's flow regim e. lrrigation, urban water use , and

flood protection are also possible impacts.

This study is unique in that it compares streamflow trends across Al b e r nawrdlsegions
Alberta is comprised of six hatural regions: Boreal, Grassland, Parkland, Rocky Mountain,
Foothills, and Canadian Shield. This framework is a form of land classification based on a
variety of features, including hydrology, geology, landform, climate, soils, flora, and fauna.
Each natural region is in troduced below, and important hydrologic and climate

characteristics are identified.

Boreal Natural Region

The Boreal Natur al Region covers 58% of ortheipation ads | and
of the province. It is characterized by its short summers , long winters, and large forests.

Precipitation typically peaks in summer, with 60% to 70% of annual precipitation falling

between April and August. As a result, watercourses in the region are characterized by a

pluvial flow regime. Major r ivers flowing t hrough the region include: The Peace River, North

Saskatchewan River, and Athabasca River. The region is species -rich with native fish,

including Arctic Grayling, Lake Whitefish, a va riety of Cyprinidae , northern pike, burbot, and

walleye. Land use in the region is quite diversified, with agriculture, oil and gas, forestry,

coal mining, and recreation all being found in the region (Natural Regions Committee, 2006)

Grassland Natural Region

The Grassland Natur al Region covers 14% of Aldbert abds
corner of the province. The region is characterized by gently undulati ng terrain and is

Al bertads warmest and dS$tieanfiow innthe tegian & Iprimarigy gliivenrby

snowmelt, with influence from annual p recipitation peaks in June, result ing in a nival flow

regime (Dumanski et al., 2015) . This region features the Milk River Basin , South
Saskatchewan River  Basin, which includes the Oldman River, Bow River , and Red Deer River.

Native fish species of the region include a variety of Cyprinidae , and fish that can tolerate



the turbid, oxygen -poor habi t at conditions t hat ar e character.i

watercour ses.

Land use in the region is primarily agriculture due to the long growing season , with oil and
gas also present (Natural Regions Committee, 2006) . With the semi-arid climate in the

region, irrigation i s a necessary tool for  the success of the agricultural industry.

Parkland Natural Region

The Parkland Natur al Region covers 9% of Al bertads | an
the province. Shrublands and grasslands characterize the region, with soi Is ideal for
agriculture.  The climate within the region represents a tran sition between the Grassland

Natural Region to the south and west, and the Boreal Natural Region to the north. As a

result, the mean annual temperature, growing season and mean annual precipitation values
are all in between the two neighbouring natural reg ions. The transitional nature of the
regi onds results nmras$patial differences in winter temperature, where the northern

portion of the region is cooler, and the southern portio n of the region is warmer dues to

chinooks . Maximum precipitation typical ly occurs in summer months because of rainfall,
resulting in pluvial flow regimes. Major r ivers flowing through the region include: The Peace
River, North Saskatchewan River, Red Deer River, and Bow River. Native fish species of the
region include a variet y of Cyprinidae , northern pike, and trout -perch (Natural Regions

Committee, 2006)

Land use in the region is primarily agriculture and oil and gas, but the region also is the

most heavily populated natural region in Alberta, as it includes Calgary, Edmonton, and Red

Deer (Natural Regions Committee, 2006) . As a result, this region features a variety of water

uses, including urban, industrial, and agricultural. The southern portion of the region s in
the South Saskatchewan River basin, wh ich features sub -basins that are fully allocated (i.e.
Bow River) or approaching their allocation limits (i.e. Red Deer River) (Alberta Environment
and Parks, 2006)

Rocky Mo untain Natural Region

The Rocky Mountain Natural Regi on nd arsaeands is in thé % o f Al b
southwest portion of the province. It is characterized by mountains, tall foothills, and deep

glacial valleys. The flow regime receives most of its wat er from glacial melt, resulting in

glacial flow regimes. As a result, the watercour ses in this region are characterized by

distinct diurnal melting peaks as air temperatures rise , With annual maximums occurring



into the summer when air temperatures are hig hest (Zeiringer et al., 2018) . These
conditions are favourable to the n ative fish species of the region , includ ing lake trout, bull

trout, rainbow trout , and cutthroat trout.

Due to its e levation, the Rocky Mountain Natural Region has the coolest summers of any

natural region in Alberta. It also has the highest mean annual precipitation and has the

most snow of any  natural region. Having said that, the climate within the Rocky Mountain

Natural R egion is highly variable due to highly variable elevations . The Montane Subregion
tends to be drier and has more mild winters than the higher -elevation Alpine and Subalpine

Subregions (Natural Regions Committee, 2006)

Due to the challenging terrain of the region, | and use in the region is primarily  wildlife

habitat , but also includes recreation al areas , timber harvesting, cattle, oil and gas, and coal

(Natural Regions Commi ttee, 2006) . While some water is used within the region for

industrial purposes, the region includes the headwaters of some of Al bertads
including the Athabasca River, North Saskatchewan River, Bow River, and Oldman River.

These rivers provi de a substanti al amount of the water used in water licenses, particularly in

Southern Alberta where the Bow River, Oldman River, and South Saskatchewan River sub -

basins have already reached their limit of allocations (Alberta Environme nt and Parks, 20 06) .
Foothills Natural Region

The Foothills Nat ur al Region covers 10% of Al bertadés | and are
the province. It is characterized by highly variable topography, ranging from sharp, ridges

near the mountainstor  olling and und ulating terrain in the north and east. Due to the range

in elevation, precipitation and temperature are also variable throughout the region.

Generally, the Foothills Natural Region has relatively high precipitation, including some of

the wett est summer con ditions. At lower elevations, at points further away from the

mountains, temperatures are warmer in the summer and colder in the winter (Natural

Regions Committee, 2006)

Due to its proximity to the mountains , the flow regime still receives a large amount of its
water from glacial melt. However, with high summer precipitation, t he flow regime  will also
experience pluvial influences, resulting in a mixed flow regime (Zeiringer et al., 2018)
These conditions are favourable to the native fish species of the region, including Rocky
Mountain whitefish, bull trout, Arctic grayling, burbot, and white sucker (Natural Region s
Committee, 2006)



Land use in the region features timber harvesting, coal, oil and gas, and cattle grazing.

Major rivers within the region include the North Saskatchewan River and Athabasca. While

the region does not feature much standi ng water, the region is home to the Brazeau

Reservoir, one of Al bertads | argest hydr TedneAttatQorpacat goa,ner at i or
2018b) .

Canadian Shield Natural Region

The Canadian Shield Natural Region covers 1.5% of Al
northeast corner of the province. The region is characterized by hummocky and rolling

terrain and large amount s of exposed bedrock. The climate is defined by short summers and

cold winters. While precipitation peaks in July, snowfall accounts for approximately 40% of

the annual precipitation. As a result, watercourses in the region are characterized by a

mixed flo w regime, with both pluvial and nival influences. The regional hydrology is

compromised mostly of wetlands and small lakes. However, the region is bordered by the

Slave River to the west and Lake Athabasca to the south. Nature fish species of the region

includ e northern pike, walleye, lake whitefish , and lake trout . Land use in the region is quite

diversified, with agriculture, oil and gas, forestry, coal mining, and recreation all being

found in the region  (Natural Regions Committee, 2006)

The greatest benefit in analyzing the trends on a regional level is the creation of the
conceptual ecolo gical models as part of the risk management process. For examp le, the
needs going forward for risk management within the Boreal Natural R egion may vary from

those for the Grassland Natural R egion . That is not to say the policy decisions for each
natural region should be done in a vacuum, as this may make policy imple mentation and

success difficult to attain in downstream natural regions.

Itis also important to consider watershed specific influences in interpreting regional results.

For example, the Athaba sca River is the only major river in Alberta that does not flo w
through a dam for flow regulation (Athabasca Watershed Council, 2018) . In contrast, the
Peace River flows through several dams that have been constructed for power generation

and flow regul ation. Hydrometric stations downstream of these structures may show
different trends than stations on the Athabasca River, which may influence our observations

on trends within the Boreal Natural Region. Therefore, the trends found within each of

Al b e r magobd siver basins have been compared for each region to dete rmine if the trends

are consistent throughout the region, across all major river basins



Alberta consists of seven major river basins : Hay, Peace/Slave, Athabasca, Beaver, North
Saskatchewan, S outh Saskatchewan, and Milk. Each of the major river basins is introduced

below.
Hay River Basin (including Great Slave Basin)

The Hay River Basin is in the northwest corner of Alberta. The headwa ters of the basin  are
in the Rocky Mountains in northeast British Columbia and the basin drains into the Arctic
Ocean as part of the Mackenzie River system . The basin has a drainage area of 47,900 km 2
(of which 40,000 km 2 is in Alberta, approximately 6% of Al bertads surface
annual discharge of 3,63 0,000,000 m 3 at the Alberta -Northwest Territories border , Which is
approximately 3% of annual outflow from Alberta. Sub -basins within the basin include the

Chinchaga and the Little Hay River syste ms (Government of Alberta, 2010)

As of 2005, surface and groundwater allocations within the basin totaled 6,598,000 m 3. The
oil and gas industry accounted for 75% of the allocations within the basin, while other
industries accounted for 15%. With a population of approximately 7,000 people, municipal

allocations accounted fo  r the remaining 10% (Alberta WaterPortal Soc iety, 2019d)

Peace/Slave River Basin

The Peace/ Sl ave Ri ver Basin i s Al b er draifage dremrofje st

293,000 km?2 (of which 180,000 km 2 is in Alberta , approximately 30% of Al bert abs

area). The headwaters of the basin are in British Columbia and the basin flows into the

Slave River, eventually draining into the Arctic Ocean as part of the Mackenzie River system .

The Peace River Basin has a mean an nual discharge of 68,200,000,000 m 3 at the mouth
where the river flows into the S lave River. This discharge is approximately 6 0% of the
annual outflow from Alberta (Government of Alberta, 2010) . Sub -basins within the basin
include the Smoky/Wapiti, Upper Peace, Central Peace, Lower Peace, Wabasca , and Slave

River Basin (Alberta WaterPortal  Society, 2019g; Mighty Peace Watershed Alliance, 2015a)

As of 2013, surface and groundwater allocations within the basin totaled 216,566,133 m?.
Industrial, commercial, municipal, and agricultural sectors have all received water

allocations within the B asin (Mighty Peace Watershed Alliance, 2015b)
Athabasca River Basin

The Athabasca River Basin originates in the Rocky Mountains of Alberta, flowing northeast

towards Lake Athabasca. The basin is part of the Mackenzie River system, which eventually

area) a

riv

sur f



flows into the Arctic Ocean. The basin has a drainag e area of 140,0 00 km 2 (approximately

23% of Albert ads surface area) and a me24,000000000al °at iLake har ge o
Athabasca , which is approximately 20 % of annual outflow from Alberta. Sub -basins within

the basin include the McLeod, Pembina , and Clearwater river systems (Alberta WaterPortal

Society, 2019b)

As of 2005, surface and groundwater allocations within the basin totaled 849,639 m?3. The
oil and gas industry accounted for 68 % of the allocations within the basin, while other
industries accounted for 17 %. Municip al allocations accounted for 5% of water allocations
(Alberta WaterPortal Society, 2019b)

Beaver River Basin

The Beaver River Basin is located on the east side of Alberta , ext ending across

Saskatchewan and Manitoba . The headwater of the basin is Beaver Lake and the basin

drains into Hu ds on 6 sas [ad gf the Churchill River system . The basin has a drainage

area of 16,000 km ? (approximately 3% o f Al bertads sur f meare anrual e a ) and

discharge of 6 13,000,000 m @ at the Alberta -Saskatchewan border, which is approximately 1%

of annual outflow from Alberta (Government of Alberta, 2010)

As of 2005, surface and groundwater allocations within the basin totaled 47,718,000 m 3.
The oil and gas industry accounted for 44 % of the allocations within the b asin, while other
industries accounted  for 25%. With a population of approximately 40,000 people, municipal

allocations accounted for 10% of the total allocations (Alberta WaterPortal Society, 2019c)
North Saskatchewan River Basin

The headwaters of the North Saskatchewa n River Basin are in the Rocky Mountains of
southwestern  Alberta. The basin  flows east towards the Alberta - Saskatchewan border and

eventually drains into Hu d s on 6 sas iad gf the Nelson River system . The basin has a

drainage area of 55,000 km ? (approximately 9% o f Al bertads surface area)
annual discharge of 7,160 ,000,000 m 3 at the Alberta -Saskatchewan border, which is

approximately 6% of annual outflow from Alberta (Government of Alberta, 2010) . Sub -

basins within the basin include the Battle, Brazeau, Nordeg g, Ram, Clearwat er, Sturgeon |,

and Vermilion River systems (Alberta WaterPortal Society, 2019f)

As of 2005, surface and groundwater allocations within the basin totaled approximately
2,000,000 m 3. Industry all ocations account ed for over 80% and the oil and gas industry

accounted for 5% of the total water allocation quantity for the basin. The basin includes
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major urban municipalities, such as Edmonton, Drayton Valley, Fort Saskatchewan, and
Lloydminster. In 200 1, the populatio n within the basin was approximately 1,000,000 people,
resulting in  municipal allocations account ing for 8% of the total water allocation quantity
(Alberta WaterPortal Society, 2019f) . The basi n also features two large hydroelectric dam
facilities: the Big Horn Dam, which drains Lake Abraham, and the Brazeau Dam, which

drains the Brazeau Reservoir (TransAlta Corporation, 2018a, 2018b)
South Saskatchewan River Bas  in

The South Sas katchewan River Basin is in southern Alberta. The headwaters of the basin

are in the Rocky Mountains and the basin flows to the east into Saskatchewan and Manitoba.

The South Saskatchewan River meets the North Saskatchewan River before drain ing into

Hudson 6 s Baapart of the Nelson River system . The basin has a drainage area of 122,000

km?2 (approximately 18% of Alber t a 6 s surface area) and a mean annt
9,280,000,000 m 3 at the Alberta -Saskatchewan border, which is approximately 8% of

annual ou tflow from Alberta. Sub  -basins within the basin include the Red Deer, Bow, and

Oldman river systems (Government of Alberta, 2010)

As of 200 9, irrigation accounted for 72% of the total allocations for the basin (Government

of Alberta, 2010) . Other usersi nclude the oil and gas industry and municipal services
Milk River Basin

The Milk River Basin is in the southeast corner of Alberta. With a drainage area of

approximately 11,900 km 2 (of which6,500km 2?i s i n Al berta, approxi mately 2
surface area), the basin is Al berTheshéadwatermaf thé bagnt maj or r
are in Montana in the United States. Approximately 106, 000,000 m 2 enters Alberta, much of

which is from the St. Mary River diversion (Caring For Our Watersheds, 2018; Government

of Albe rta, 2010) . The basin has a mean annual discharge of 167,000,000 m 3, leaving

through a variety of watercourses along the borders with Saskatchewan to the east and

Montana to the south (Government of Alberta, 2010) . Flow then travels to the Gulf of

Mexico through the Mississippi River Basin.

Land in the Milk River Basin i s predominantly used for agriculture, with some oil and gas
presence. As of 2005, agriculture accounted for 88% of surface and groundwater allocations,
which totaled 58,440,000 m 3 (Alberta WaterPortal Society, 2019¢)

Many of the studie s to this point have focused on trends in annual magnitude

measurements. However, this ignores the other components of streamflow that are relevant

9



to aquatic and riparian ecosystems. Magnitude i s only one piece of the equation. By
analyzing trends in all parameters within the | ndicators of Hydrologic Alteration (IHA)
methodology, this study looks at all the ecologically relevant parameters of streamflow:
magnitude, duration, timing, frequency, an d rate of change. Finding significant trends in

one aspect of flow may have more, or less, impact than finding the same in a nother.

The objectives of this research were to (1) determine how various ecologically relevant

components of streamflow are chang ing across Al benatura éegionsy a arido(2) s

examine the similarities and differences between streamflow trends and climate trends.

These objectives are intended to support and Fmprove
stream flow needs, as well as set the stage for further research to determine the impact of

the human activity and fish comsimeams.ty structure in Al b
2 Methods

2.1. Study Area

The Water Survey of Canada (WSC) monitors streamflow at river stations across Canada.
This data, measu red as a dally median flow rate, is readily available online

(www.wsc.ec.gc.ca ). The WSC monitors 1063 stations across Alberta, but heavily

concentrated in the southern watersheds. Figure 1 is a map illustrating the location of these
stations and Figures 2 to 7 show the station location relative to their natural region and

major river bas in. Appendix A provides information on the streamflow station, including

station name and number, watershed, natural region, and lat itude and longitude (Water
Survey of Canada, 2020)

These rec ords are largely variable in their length and completeness of the record. As a
result, data was analyzed for a variety of analysis p eriods, ranging from 10 years to 90

years in length, with all periods ending in 2019.

This is similar to the approach used by Burn et al. (2008) . That study focused on stations
that were missing no more than four years of data over 30, 35, and 40-year periods. Our
study analyzes longer periods. Only stations that contained a minimum of 90% of the years
within a particular period were analyzed for that period ( e.g. for a 70-year period, only

stations with  at least 63 years of data were analyzed). This was done to keep the sample
size high enough for statistical methods. The tot al number of stations analyzed for each

period is listed in Table 1. Note that the seasonal nature of the daily streamflow data
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coll ection may reduce the number of stations available for analysis. As such, some stations

may be available for analyses of som e variable s, but not others.

For the purposes of this paper, we focused on the period from 1970 -2019 as a compromise
between the num ber of stations available for analysis and having an adequate length of

record to properly analyze trends.

2.2. Hydrological variables

Richter et al. (1996 ) created a method that defined a series of ecologically relevant

parameters in which to analyze hydrologic alteration. This method calculates 31 parameters,

measuring the five key hydrologic characteristics for fish life -history: magnitude, timing,
durat ion, frequency, and rate of change (Table 2). An example of how ea ch of these five
characteristics impact a life - history trait is shown in Table 3.

Several other hydrologic indices have been developed over the years. Olden & Poff (2003)

assessed 171 indices that had been used in literature at that time and determined that the

IHA method was adequate in calc ulating the major components of the flow regime.

Note that the da ta was analyzed such that results are in reference to the water year

(October to September) as opposed to the calendar year.

2.3. Climate variables

Climate data was generated using Climate NA so ftware (Hamann et al., 2013) . This
software calcul ates a variety of climate variables based on location latitude and longitude.
Using this software, annual climate data was generated for all Alberta hydrometric stations.

The list of climate  variables generated can be found in Table 4.

The data set gener ated is a complete data set, spanning the years 1902 to 2012. No

missing years are found in this data set.

2.4. Trend analysis

The Mann -Kendall non -parametric analysis (Kendall, 194 8; Mann, 1945) has been
commonly used to determine the presence o f significant trends in hydrological data (Burn et
al., 2008; Gan, 1998 ; Zhang et al., 2001) and climate data  (Gan, 1998) . The Mann -Kendall
test determines whether a variable of interest increases or decreases with time. The

nonparametric trait of the analysis i s beneficial in that it is suitable for non -normally

distributed d ata series, with missing data (Hirsch & Slack, 1984) . This is useful for

11



hydrological data . However, this approach requires the data series to be serially
independent. This may not occur with hydrological data. Certain hydrological time series
characteristics, such as mean annual streamflow, frequently contain statistically significant

serial ¢ orrelation (Hirsch & Slac k, 1984) .

Yue et al. (2002) examine three influences worth investigating when detecting trends in
hydrologic data series: 1) the influence of the lag -1 serial correlation process (AR(1)) on
Type 1 error; 2) the effect of a trend on serial correlation; and 3) the effect of AR(1) on

tre nd.

Time series data with positive serial correlation have exhibi ted an increased probability that

a significant trend will be found using the Mann -Kendall test (von Storch, 1999) . Several
papers have looked at addressing autocorrelation when it comes to detecting trends
(Bayazit & Onoz, 2007; von Storch, 1999; Yue et al., 2 002) . von Storch (1999) addressed
t his problem by proposing a procedur e cal l ed
procedure is to remove a serial correlation component from a time series data set (Kulkarni
& Von Storch, 1995) and has been used to reduce the impact of AR(1) of hydrological data

in several studies, inc  luding Douglas et al. (2000) and Zhang et al. (2001)

The second consideration  Yue et al. ( 2002) discussed was the possibility of a trend causing
a false detection of an AR(1). This error would result in analyzing and interpreting the data
series incorrectly. As a result, in data series that exhibit a trend, significant serial correlation

could be detected, when in reality the data series does not contain serial correlation.

Converse ly, the effect of an AR(1) on trend detection should also be considered. Yue et al.
(2002) concluded that the variance of the slope estimates is altered by a positive AR(1)

process.

Yue et al. (2002) proposed and tested a p  rocedure. This procedure has been followed by

other studies, including Burn et al. (2008) , and will be applied in this study. The first step is

to estimate the slope of the data series. The slope of the t rend is estimated using the Theil -

Sen Approach (TSA) according to the following formula:

i © d) (b i’
QQ V&t la Q
o 0 g | (1)
where b is the estimate of the slope and X 1isthe | -th observation in the data series, X (Sen,
1968; Theil, 1950) . If b is approximately equal to 0, then no further analysis is required, as
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there is no trend present. However, if b is not equal to 0, then an assumption of linearity is
made. The sample data are then fidetrendedo by:
e ® Y O @0 (2)

where T ¢ is the identified tren  d (Yue et al., 2002)

The second step takes the d  etrended data set and removes the AR(1) component. First, the

lag -1 serial correlation coefficient is removed by:

p

—B ® 0 2O Oo®
N € P
l (3)
2B o 06
€
XA : ® (4)
where r 1 is the lag -1 correlation coefficient of the sample data, X t, E(Xt) is the mean of the
data series and n is the sample size (Yue et al., 2002) . r:is then used to remove the AR(1)
using:
(e (e | Jbdee (5)
Thi s f-free predwhi t eni ngo (TEPW) procedur e r e § thattiss in
independent (Yue et al., 2002)
The third step blends the trend component of the sample data, T t, and the residual, AR(1) -
free ¢ omp owgngth e folloding:
O Qe Y (6)
Finally, the Mann -Kendall test is applied to the blended data series, Y t. As the above steps

maintain the true trend of the data, while removing the AR(1) component, violations of

serial correlation ar e no longer a concern.

The non -parametric Mann -Kendall trend analysis tests a null hypothesis that states the
probability of variable Y increasing as time, T, increases is equal to 0.5, as shown in
equation 7 (Helsel & Hirsch, 2002)

'0qd 01 @0 O MM QW Y (7)
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Kendall 6s S statistic is cal cudingEqgeation8 s.iTomgjecttheeullY, T dat a

hypothesis, S must be significantly different from zero. A monotonic trend in Y over time

occurs when the null hypothesis is rejected (Helsel & Hirsch, 2002)
Y i QH o (8)
ph QQ n
i Q& m QQ n
ph QQ n

2.5. The Influence of Climate Oscillation Patterns

Another issue to consider with the Mann -Kendall trend analysis is the influence of climate
oscillation patterns, such as the El Nifio 7 Southern Oscillation (ENSO) and Pacific Decadal
Oscillation (PDO) (Burn et al., 2008; St. Jacques et al., 2010) . Significant trends can be
artificially detected, while the data is being influenced by climate variability patterns. von
Storch & Zwiers (1999) discussed a composite analysis approach that examines the link

between two sets of variables.

In this case, a subset of the data is taken of the years associated with the ten | argest and
ten smallest values of ENSO a nd PDO indices, respectively. The hydrologic indices
associated with the largest values and smallest values of each index are then compared to

the series mean using at -test to determine if the mean of the subset is significantly

different from the series mean of the whole data set (Burn et al., 2008)

2.6. Comparison of Reference Hydrometric Basin Network

The Reference Hydrometric Basin Network (RHBN) is a subset of WSC stations with lon g
records and minimal human impacts. The se stations are located on watercourses that have

not experienced alterations due to flow regulation, water diversion , or major land -use
changes (Burn & Whitfield, 2017) . As a result, these stations ca n be assessed with a focus
on determining the hydrological response to climate change (Burn et al., 2012; Mostofi

Zadeh et al., 2020)

In Alberta, there are 25 RHBN stations located throughout the province (Figure 1). For the
purposes of this study, results can be compared between RHBN and non  -RHBN stations to

determine if trends may be attributed to climate change or other human influences (such as
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flood control, land use, etc.). To accomplish this, the number of RHBN stations with a

significant trend was compared to those from non  -RHBN stations for each IHA parameter.

3 Results

3.1. Mann Kendall Trend Analysis Results

The trend results for each station are presented in Appendix B and C. Overall trends across
the province can be found in Figure s 8 to 12 for streamflow var iables and Figures 13 and 14
for climate variables . To address the objectives of this study in an ade guate yet concise
manner, the focus of the results and discussion will be on addressing the data over the 50 -
year period (1970 -2019).

Note that many hydro  logic variables were not measured at a sufficient number of stations.
This paper only assessed variab  les that were measured for at least 90% of stations across
the province for a given period. The following IHA parameters did not have sufficient data to

be analyzed and will not be discussed in this paper. November, December, January,

February, March, High  Pulse Length, Low Pulse Length , and Low Pulse Number.

3.1.1. Monthly Median Streamflow (Group 1)

The percentage of stations with significant trends for monthly magnitude flow variables
ranged from 31% to 57% (Table 5). However, August was the only month were t he
difference between positive and negative -trending stations was greater than 10%. The
direction of the overall trend across the province varied by month, with two months showing
overall position trends, four months showing overall position trends, and on e month

(September) showing an equal amount of positive and negative -trending stations.

Figure 15 shows spatial variation in monthly magnitude variables i s evident across Al b
natural region. All natural regions experienced both positive and negative trends. The Boreal

Natural R egion experienced negative overall trends for all months analyzed, with very few

stations recording significant positive trend s for any of the months. The Grassland Natural

Region experienced positive overall trends for all mon ths analyzed but had upwards of 19%

of stations showing significant negative trends for some months. The Rocky Mountain and

Parkland Natural R egion s were m ore balanced, recording both positive and negative overall

trends.
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3.1.2. Magnitude and Duration of Annual Extreme Conditions (Group 2)

The overall province -wide results are found in Table 6. The results for all maximum extreme
conditions were consistentw  ith on e another, with 6% of stations exhibiting a positive trend,

while the percentage of stations showing negative trends ranged from 43% to 47%. The

opposite was found for minimum flow condition variables, with 38 -45% of stations showing

significant posi tivet rends and 10 -19% of stations showing significant negative trends.

Regional results for significant trends in the various maximum and minimum extreme flow

conditions were largely consistent across all variables ( i.e. the 1 -day maximum flow for
statio ns in the Boreal Natural R egion were similar to those of the 3 -, 7-,30 - and 90 -day
maximum flow variables). Figure 15 and Table 7 depict the decreasing nature of the
maximum flow condition variables and the largely increasing attribute of the minimum flow

condi tions. The Boreal, Foothills, Grassland, and Rocky Mountain Natural R egions were
found to have a greater percentage of stations exhibiting negative significant trends,

averaging between 36% and 72%. Only the Grassland Natural R egion does not appear
consist ent with this observation, with a similar number of stations experiencing positive

trends in maximum flow variables as those experiencing negative trends. The opposite was

found for minimum flow condition variables, where all natural regions experien ced mo re
stations with significant positive trends than those with negative trends. This reflects the

overall provincial trend results found in Table 6.

3.1.3. Timing of Annual Extreme Conditions (Group 3)

The overall provincial results for the trends in timing of an nual extreme flow events are
found in Table 8. The Julian date of the maximum flow was observed to be increasing at
34% of stations in Alberta, meaning the 1 -day maximum daily flow is occurring later in the

water year. Similar results were found for the Ju lian date of the minimum flow.

Regional results are slightly variable. For each variable, four of the five natural regions
reported positive trends (Figure 15 and Table 9), reflecting the province -wide results
presented in Table 8. However, the Bore al Natural R egion is relatively evenly split between
significant positive and negative trends for the date of the maximum flow. Likewise, the

Grassland Natural R egion is evenly split between significant positive and negative trends,

with slightly more stat  ions e xhibiting negative trends.
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3.1.4. Frequency and Duration of High and Low Pulses (Group 4)

Only one of the four variables within this group was eligible for analysis: the high number of

streamflow pulses. 160 stations were eligible for analysis for this var iable. 8% showed
significant positive trends, while 21% showed significant negative trends. Figure 15 and
Table 10 i | l ustrate the variati on datwg |regipns.dAll five r oatusl
regions included more stations displaying negative tren ds tha n positive.

3.1.5. Rate and Frequency of Change in Water Conditions (Group 5)

The trend r esulnarmewing &f lodcthyarfographs across the
the amount the flow increases from one day to the next, is decreasing, while the fall r ate,
the amount the flow decreases from one day to the next, is also decreasing (Table 1 1).
However, the number of reversals, the number of times streamflow went from increasing to

decreasing or vice -versa, increased over the same period . In other words, s treamf low
across the province is changing more frequently, but in smaller increments. All natural

regions reflect the province  -wide results (Figure  15).

3.1.6. Climate Parameters

Seasonal variation was evident for all five climate parameters analyzed (Table 1 2).
Genera lly, minimum, maximum, and average temperatures were found to be increasing
throughout Alberta in the summer, fall, and winter. Most stations showed an increasing
winter temperature, while the trends for all the temperature variables for summer and fall

ranged from 27 -38%. Spring temperatures did not experience consistent significant trends

in either direction. There was also a notable decrease in winter precipitation.

Figure 16 illustrates the regional variation for the climate variables. The patterns s een in
Table 1 2 largely remain the same. All natural regions experience relatively little change in

fall precipitation followed by s ignificant decreasing winter precipitation. Spring and summer
precipitation remained relatively constant as well for most of the natural regions. However,

53% of stations in the Rocky Mountains showed increasing trends in summer precipitation.

Seasonal av erage temperatures were found to be increasing within most natural regions for
the summer, fall , and winter seasons. However , two exceptions were observed: The
Grassland and Rocky Mountain Natural R egions both experienced overall negative trends in
summer average temperature. The Boreal Natural R egion consistently included the highest

proportion of stations showing increasing t rends for seasonal average temperatures, ranging
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from 57% in the fall to 94% in the winter. No significant trends were observed in a ny region

for average temperatures during spring.

3.2. Detecting the Impact of the Climate Oscillation Patterns

The influence of the ENSO and PDO patterns was analyzed to determine whether they
influenced the detection of significant trends in the hydrologic v ariables. A composite
analysis approach was used to determine if the hydrologic variables in years exhibiting low

ENSO or PD O were significantly different from those in years exhibiting high ENSO or PDO
metrics. Significant differences indicate influence f rom the ENSO and PDO patterns on a

given variable.

Of the analyses performed (i.e. each station for each variable) for the 50-year period, 8%
were found to be significantly influenced by PDO patterns and 4% were influenced by ENSO
patterns. The provincial and regional results are summarized in Table 1 3 for PDO patterns

and Table 14 for ENSO patterns . Four variables had at leas t 20% of stations across the
province record significantly different data subsets for high and low PDO years: June, July,

the 30 -day maximum, and the 90 -day maximum. There were far less significant results
found when comparing high and low -ENSO metric year s. No variables resulted in at least 20%

of stations with significant results.

3.3. Trends Observed at Regional Hydrometric Basin Networ k Stations

For the period of analysis, 21 RHBN stations were analyzed for trends in IHA parameters.

Table 1 5 summarizes the percentage of RHBN and non -RHBN stations that have exhibited
significant trends for each IHA parameter across all natural regions. Minor differences are
observed in Groups 2. For annual maximum extreme flow condition parameters, 29 % to 48%
of RHBN station s exhibited significant negative trends , compared to 41% to 46% of non -
RHBN stations. However, no RHBN stations exhibited significan t positive trends for any of
the maximum extreme flow parameters (compared to 6 -7% of non -RHBN stations). Similar
findings w ere found for the minimum extreme flow parameters: 29% to 48% of RHBN

stations exhibited significant positive trends (compared to 35 % to 45% of non -RHBN
stations) and 5% to 10% of RHBN stations exhibited significant negative trends (compared

to 10% to 19%  of non -RHBN stations).

Minor differences in results between RHBN and non -RHBN stations were also observed in
Group 5 variables. The rise rate was found to be decreasing at 48% of RHBN stations
compared to 46% of non -RHBN stations. However, n on-RHBN statio ns included a higher

num ber of stations exhibiting significantly increasing rise rates (12% of non -RHBN stations
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compared to 0% of RHBN stations). Similar results were found for the fall rate, where 43%

of RHBN stations exhibited significantly increasing t rends compared to 45% of non-RHBN
stations. Only 5% of RHBN stations displayed significant negative trends in fall rate,

compared to 9% of non  -RHBN stations. Significant trends in the number of reversals were
found to be the same, regardless of RHBN classi fication: both datasets experience more

stations exhibiting significant positive trends than significant negative trends.

More prominent differences were found when comparing the results of the two datasets for
Group 1 . Significant trends were found far le ss among RHBN stations t han non -RHBN
stations for most months. Only two months, October and April, featured more than 25% of

RHBN stations with significant trends.

4 Discussion

The trends observed over the period of analysis have shown that the magnitudes a nd rates
ofchange of Al bert ads st r eamsFowa man conhlusiong havegbeen drawn from

the trend analysis results.

1. The magnitude of streamflow for the spring and summer is decreasing in the Boreal
Natural Region.

2. Conversely, the magnitude of str eamflow for the same s  easons is increasing in the
Grassland Natural Region .

3. The annual maximum and minimum streamflow conditions are converging in all of
Al b e r natrél sregions.

4. Streamflow variation between consecutive days is decreasing in all of Albe rtads

natural regions.

These findings have ecol ogical repercussions that ar e
aqu atic ecosystems . Whi |l e evaluating the resulting impact on Al
outside of the scope of this study, we evaluate oth er literature that dis cuss potential

ecological impacts because of changes to these hydrologic parameters.

4.1. Climate

With the increasing threat of climate change, there has been greater effort put forth to
understand how much the climate conditions have cha nged, the role humans played in
those changes, and predicting where the climate is heading. From a hydrologic standpoint,
it is important to understand how exactly the climate is changing. Changes in precipitation

cause different reactions in hydrology tha n changes in temperatu  re. Trends in precipitation
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tend to affect volumes, whereas temperature trends tend to affect the timing of the runoff

(Barnett et al.,, 2005) . Studies have found that watercourses in snowmelt -dominated
regions can be greatly affected by increases in winter temperature (Barnett et al., 2005;
Nijssen et al., 2001; Stewart et al., 2004) . Snow accumulation is an important factor in

determining several hydrologic parameters, including annual peak flows, and winter and

spring magnitudes. Precipitation in the form of rain that results in runoff contributes to the

stream hydrology in a relati vely short timeframe, whereas precipitatio n as snow may not
contribute to runoff for weeks or months, essentially acting as a water storage reservoir

(Barnett et al., 2005; Nijssen et al., 2001)

The second -generation Adjusted Precipitation for Canada 1 Daily (APC2 -Daily) was prepared
and presented in 2011 (Mekis & Vincent, 2011) . Studies on this dataset have shown
decreases in annual total snowfall (Mekis & Vincent, 2011; Vincent & Mekis, 2006) . In the
2006 study, signific ant trends in annual total snowfall were o bserved at almost 20% of
stations (Vincent & Mekis, 2006) , while the 2011 study noted that the British Columbia,
Alberta, and Saskatchewan all showed significant decreases in snowfall. These findings are
consistent with this study, where winter precipitation and precipitation as snow over the
winter are far and away the most consistent trend found across the province; over 90% of

stations analyzed exhibited negative significant trends for these two variab les.

Zhang et al. (2000) analyzed temperature trends across Canada across the period of

1950 -1998 and found that the mean daily temperature has increased by more than 3°C in

western Canad a in both the winter and spring. This is ¢ onsistent with the findings of this
study, where significant increases in mean daily temperature were found for all seasons, but
were most consistently found in the winter, where 56% of the stations exhibited signi ficant

positive trends. Possible impacts o f this result include a reduction in annual snow pack,
earlier snowmelt, and an increase in the length of low flow periods (Barnett et al., 2005)
Alberta, which has a large agriculture sector, is susceptible to the impacts of increasingly

severe and more frequent drough ts. The Alberta WaterPortal Society sugges ts that droughts
have been known to cause an economic impact in agriculture (Skerritt, 2015) , energy

(Harto & Yan, 2011) , and recreation and tourism (Alberta WaterPortal Society, 2019a)

4.2. Overall Trends in Alberta and the Potential Impacts on Fish Communities

The ecologic ally relevant parameters that make up the indicators of hydrologic alteration

(IHA) methodology measures five key hydrologic characteristics for fish life - history:

magnitude, timing, duration, frequency, an d rate of change (Richteretal.,1996) . A speci es?®b
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response to these environment al factors is |l argely de
strategy (Lytle, 2001)

When an ecosystem is disturbed, and these hydrological conditions change, species
currently residing in the ecosystem may no longer favour the conditions, while another
species that utilize  a different life -history strategy, may find an opportunity to move into the
ecosystem. Olden et al. (2006) analyze d the change in species composition in the Colorado
River basin. Native fish were characterized as opportunistic life -history strategists, which

favour the extreme and | ow pr e doricchydeology! i(Fragkin,al®81)t he basi n

However, conditions found at the time of th e study were low variation. Non -native species,
wh o were characterized as equilibrium life - history strategists, favoured the new conditions,
and took the opportunity to establish new populations in the basin (Olden et al., 2006) . This

is just one case where a change in hydrology has opened a niche opportunity.

In determining risk management practices, it is important to know how each h ydrology
characteristic impact s to fish life -histo ry traits and habitat needs, specifically as it pertains

to the aquatic species found in that ecosystem (Mathews & Richter, 2007) . A conceptual
ecological model can instruct the policymakers of the flow  -ecology relationships by stating
current knowledge and known data gaps and showing the results of monitoring and
research (Mathews & Richter, 2007)

42.1. Groupl i Monthly Magnitudes

Previous studies have consistently found that monthly s treamflow magnitudes are
decreasing throughout the year, with the strongest decreases occurring from August to
October (Gan, 1998; Zhang et al., 2001) . Most positive trends were found in winter months

and have been associated with the earlier start of spring runoff (Gan, 1998) . Due to the
limitations of the dat a set, we did not analyze the months between November and March.
However, our findings for the remaining months of the year are largely in agreement with

the results of previous work. Our strongest findings occurred in the summer and fall months,

where 27% to 35% of stations displayed negative trends in monthly streamflo w maghnitude.

Poff & Zimmerman (2010) performed a literature review of studies that analyzed t he
impacts of flow alteration on aquatic and riparian organisms. T hey analyzed the findings of

71 different papers that examined this relationship with respect to changes in flow
magnitudes. 66 of these studies were found to have decreased ecological respo nses (Poff &
Zimmerman, 2010) . These impacts include reduced diversity (e.g. Gehrke et al., 1995;

Humphries et al., 2002; Humphries & Lake, 2000) , reduced abundance (e.g. Koel & Sparks,

21



2002) , loss of sensitive species (e.g. Kinsolving & Bain, 1993; Travnichek et al., 1995) and
increase in non -native species (e.g. Meffe, 1984; Moyle, 1986; Stanford & Nelson, 1994)

4.2.2. Group 2 i Annual Extreme Condition Variables

The division between  the maximum and minimum extreme condition variables is evident in
Figures 9 and 15. An overall negative trend is found in all maximum variables across the

province, while an overall positive trend in minimum flow variables is found in three of the

four regions, with the Boreal region being the ex ception. Howev er, the negative trend for

the maximum flow variables is still far greater than that of the minimum flow variables for

the Boreal region. As a result, the range between the maximum and minimum extreme

condition variables is still shrinking in allfourregi ons. An example of the
hydrograph is illustrated in Figure 17, which shows the trends for the 1 -, 7- and 30 -day

minimum and maximums for the Peace River hydrometric station.

Burn et al. (2008) analyzed the trends in spring snowmelt runoff peak flow and found that

most stations were exhibiting a decreasing trend in spring peak flow. It was concluded that

this was because of th e decreasing trend in precipitation as snow and an increasing t rend in
winter temperature. This is consistent with the findings of this study. The percentage of

stations within a given region with significant negative trends in maximum annual extreme

flow conditions ranged from 36  -72% (Table 7).

Addi tional lryr,owihngo fimfa t he hydrograph may al so
increased implementation of flow control and power generation structures. Dams and weirs
have been shown to stabilize flow b y reducing maximum flows and increasing minimum

flows (Morgan et al ., 1991) , and prolong low flow conditions in many cases (Mag illigan &

Nislow, 2005) . The decreased maxi mum f |l ows i mit t he

floodplain. This is important as floodplains provide natural flood mitigation, are areas of

great bio diversity, and are a source of needed nutrients within the aqua tic habitat.

4.2.3. Group5 i Rate and Frequency of Change Variables

Like the annual extreme condition flow variables (Group 2), the rate and frequency of

change in water condition variables (Group 5 variables) demonstrated a changing variability

i n Al b e reamdldws Thesdecreasing rise rate and increasing fall rate reflects a change in
the variability of Al ber 18aillustratds prdexample ohtpidirsthe Seuthg u r e
Saskatchewan River, which is under the influence of several dam operations. The

introduction of flow control structures may be bringing the peaks and valleys of streamflow

closer together. Using a pre - and post -impact assessment,  Magilligan & Nislow (2005) found
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that significant changes were found for Group 5 variables as a direct result of dam operation.

Both the rise rate  and fall rate were found to be decreasing (Magilligan & Nislo w, 2005)
Graf (2006) found similar results in dams across th e United States, finding that the dams
generally reduced the  annual maximum discharge, increased the number of reversals, and

decreased the rate of change.

Mims & Olden (2013) assessed the effects of dam operations on fish assemblage. They

found that downstream of dams, flow variability was reduced, and the seasonal and
predictable nature of flow was altered. In those locations, they observed that fish
assemblage had changed: t he proportion of opportunistic strategist species was reduced,

while the proportion of equilibrium strategists increased. This is consistent with the life
history theory summarized in Table 1 6 (Winemiller & Rose, 1992) . Mims & Olden (2013)
also note that dams also change thermal regimes of streams, which may adversely affect

fish assemblage. Water temperature also plays a role in life history traits, nutrient cycling,

and productivity  (Caissie, 2006)

4.3. Regional R esults

Several indicators of hydrologic alteration are changing across Alberta. But any trends

identified more significantly in one bioregion than another may indicate that region is at a

higher r isk and in greater need of risk management practices. Variou s hydrology
characteristics may alter the strategies used in the event that risk management is required.
Therefore, it is important to understand the different characteristics defining each bioreg ion.
New policies that are attempting to alter trends affect ing hydrologic parameters or to

protect aquatic ecosystems from changing hydrologic parameters may be different for a

region with steep headwater watercourses to a region with slow, meandering riv ers and
streams. The land uses of each region are also an im portant consideration. The Grassland
Region, for example, is the driest region in Alberta (Natural Regions Committee, 2006) . As

such, there are vast irrigation networks to service the large agricultural presence within the

region. Risk management in this region may vary from others as a result.

It is also important to consider watershed specific influences in interpreting regional results.
As a result, the results between each of the watersheds present within each natural region

will be compared.

4.3.1. Boreal Region

The immense Boreal Natural Region is home to several large rivers tha t contribute to the

Mackenzie Valley basin to the north and the Saskatchewan River system to the east. The
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large river systems allow for the Boreal Natural Region to have enough stream gauge
stations with adeq uatedatato dr aw conclusions about trends in
large river systems, combined with the relatively undisturbed environment of Northern

Alberta, provide ample fish habitat and have resulted in the region being species -rich in fish
species (Natural Regions Committee, 2006) . Previous studies have hypothesized about the
heightened sens itivity of the northern river basins to climate change and its impacts. The

Intergovernmental Panel on Climate Change (IPCC), for example, noted increasing

precipitation in northern regions and predicted changes in flood frequencies, and runof f
magnitudes  (Intergovernmental Panel on Climate Change, 2001) . For this reason, it is
important that studies are completed that evaluated the trends and causes of streamflow in

Northern Alberta. This can lead to enabling risk management practices to prevent any

further damage to important aquatic ecosystems.

The Boreal Natural Region included the highest percentage of stations showing negative

trends in four of the seven mo nths analyzed and was the only region in which the
percentage of stations showing a negative trend was higher for all seven months (Figure 15).
To assess whether the trend patterns discussed above are consistent across the natural

region, the trend results were plotted spatially for all streamflow and climate parameters
(Appendix C). Results for June to October median streamflow are largely consistent across

the region, while the results for April and May median streamflow appear to be grouped by

watershed (Figures C2to C7 in Appendix C ).

The trends found in this study were somewhat consistent with other findings in the region.

Abdul Aziz & Burn (2006) , using a similar methodology of the Mann -Kend all trend analysis
coupled with the TFPW approach to assess the hydrological regime of the Mackenzie River
Basin, found decreasing trends for May, June , and October, while a significant number of
trends were not found for the rest of the sprin g and summer months. Other studies,
including Peterson et al. (2002) and Lammers et al. (2001) have found similar results in
boreal river systems across Europe and Asia. Woo et al. (2008)  studied boreal rivers across
the world and found mixed results. The Great Bear River, located in the Nort hwest
Territories, showed decreasing streamflow magnitudes, including summer monthly
magnitudes, while the Upper Laird River showed the opposite, despite being locat ed
approximately 700 km away. Other rivers in Ontario and Quebec were also found to have

decreasing monthly magnitudes (Woo et al.,, 2008) . Déry & Wood (2005) also concluded

decreasing magnitudes, but only studied annual flow metrics.
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Trend s in maximum extreme flow condition variable s were most evident in the Boreal

Natural Regio n, where 72% of stations showed negative trends for all maximum variables

(Figure 15). This logically follows the decreasing trends of monthly magnitudes found at

most of t he regionés stations in the high flow months in
Looking at the region6s rtleesaonua extreme makimuenl flbwyconditions are

consistently decreasing across the region for all five durations (Figures C8 to C12) . The

annual extreme minimum conditions variables are more irregular across the region. S tations

in the northern portion of the region were more likely to exhibit positive trends for these

variables, while stations in the southern porti on of the region, particularly were

concentrated in the Athabasca River and Beaver River basins (Figures C13 to C17).

The Boreal Natural R egion i s comprised of Si X of Al berHayw 6 s maj o
Peace/Slave, Athabasca, Beaver, North Saskatchewan, an d South Saskatchewan River
Basins (Figure 2) . These basins vary significantly in land use and water requireme nts, with

varying populations and industry presence. Table 17 compares the overall trend results of

the six major river basins within the Boreal Na tural Region. Results for the monthly
magnitude variables largely reflect those shown across the region (Figu re 15): most stations
are exhibiting significantly decreasing trends for all months analyzed

Results for annual extreme condition variable s are c onsistent with those discussed above:

the maximum extreme flow condition variables were largely decreasing ac ross the regionb
major river basins and findings for minimum extreme flow condition variables were

inconsistent across the region (Table 17) . Howe ver, the percentage of stations showing

significant negative trends is less in the southern basins than in th e northern basins.  This

culminates in the r  esults of the South Saskatchewan River Basin being largely inconsistent

and not reflect ive of observatio ns found in the rest of the region. Results for the frequency

and rate of change were consistent across the r egi onoés maj or river basi ns:

exhibited an overall decreasing rise rate and fall rate.

Theresults between the regionbés two biggest river basir
largely consistent. However, the comparison between the two basins may not reflect
differences in trends  found as aresult o f the presence of major hydroelectric facilit ies on the

Peace River. On the Peace River in northeast British Columbia, the W.A.C. Bennett Dam was

completed in 1968 and the Peace Canyon Dam was built in 1980 (BC Hydro, 2020) . In
comparison, the Athabasca River is the only major river in Alberta without flow regulation
infrastructure  (Athabasca Watershed Council, 2018) . When comparing the results a t stations

on the Peace River (such as Peace River at Peace River [07HA001]) to stations on the
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Athabasca River (such as Athabasca River at Hinton [07ADO002]) , results are generally
consistent. This indicates the presence of large dam facilities may not be impacting the

detection of trends as much as might be expected.

4.3.2. Grassland Region

The Grassland region is an important region hydrologically, as the region i s home to much
of Al bertads agriculture, and the climate thenmidt-he r egi
1800s, a Canadi an survey expedition concluded t hat

compl etely wusel essd (WMolferet ah, 01B)c u I[THeuagien i® part of a la  rger

prairie region known as the Palliser Triangle, which stretches from Calgary, Alberta to

Brandon, Manitoba , and from the Canada -United States border int  he south to Saskatoon,
Saskatchewan in the north. Recently, the sarodecivehas been
dryland agricultural region (Wolfe et al., 2013) . The semi -arid climate in the region makes

irrigation a necessary tool for a variety of stakeholders. The enhanced crop production is

beneficial to producers (Klein et al., 20 12; Samarawickrema & Kulshreshtha, 2008) , food

processers, and other  goods and services providers (Irrigation Water Management Study

Committee, 2002; Pater son Earth and Water Consulting, 2015) . Throughout the South

Saskatchewan River Basin, irrigation is used as a water supply for communities, commercial

purposes, and rural residen  ts. With growing populations and economic development within

the region, th e water demand can be expected to increase (Bennett et al., 2017) . This will
only increase the strain put on the r e gi omatéreourses. Unders tanding the changes and
the drivers of those changes in the regionbs river net

policies and assist in aquatic ecosystem conservation efforts.

The Grassland Region experienced a positive overall trend for all seven month s analyzed
(Figure 15). In viewing the trend results spatially, the stations with significant positive

trends were concentrated in the western portion of the region (Figures C1 to C 7). Stations
in the eastern portion of the region were largely inconsistent , Wwith significant negative
results in some months and significant positive results or non -significant results in others.
As a result, the overall regional trend may not be the resu It of regional influences (e.g. land
use). Rather, increases in summer prec ipitation in the southwest portion of the region

(Figure C28) may be the driving factor in the increasing summer trends.

Similar results were found in a study on the Smith Creek Re search Basin in Saskatchewan,
an unregulated basin in an area with signific ant agricultural and wetland influences. Results

from that study indicated annual streamflow volume had increased since 1975 (Dumanski et
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al., 2015) . Costigan & Daniels (2012) studied ten river systems within the Great Plains
region of the United States, including two river systems in states bordering the Canadian

Prairies: The Upper Missouri and the Red River of the North. The results of their analysis for

monthly magnitude di  scharge conditions (Group 1) were largely inconsistent . Three rivers,
all located in the middle of the study area, experienced increased magnitudes for all months,

while two rivers, including the Red River of the North , experienced decreased magnitudes
for all months. They attributed the different results on various effects on streamflow
discharge, such as seasonal shifts in temperature and precipitation, dam construction, and

discharge requirements for barge navigation (Costigan & Daniels, 2012)

While the maximum an  nual extreme flow conditions (Group 2) of the Alberta Grassland
Natural Region vyielded mixed trends resulting in no overall trend for the region, the
minimum annual extreme flow conditions (Group 2) all experienced increasing overall trends.

These are refl ected in the spatial figures, where maximum annual con ditions appear
inconsistent across the region and the minimum annual conditions are consistently

increasing (Figures C8 to C17) across the region.

Costigan & Daniels (2012) found similar results ~ for annual extreme flow conditions (Group 2)

in their study. Of the 10 rivers analyzed, four were found to have increasing minimum

extreme conditions at a significance level of 1% for all time periods (i.e. 1 -day, 3 -day, 7 -
day, 30 -day, and 90 -day) analyzed . Three other stations exhibited increasing minimum
extreme conditions at a significance level of 5% for at least one period analyzed. Only two

stations showed decreasing minimum conditions at a significance level of 5% for any period ,
with one river (The Republican River) showing significant decreases across all periods. For
maximum extreme conditions, five of the rivers showed significant negative trends at a

significance level of 5% for all time periods. Only one river (The Red of the North River)

showed significant increasing maximum conditions for all tim e periods (Costigan & Daniels,

2012) .

The Grassland Natur al Region is comprised ofthda hree of
North Saskatchewan, South Saskatchewan, and Milk River Basins (Figure 3). The basin is

dominated by agricultural land use and is heavily reli ant on irrigation (Government of

Alberta, 2010) . Table 1 8 compares the overall trend results of the three major river basins

within the Grassland Natural Region. Most stations within the region are located in the
South Saskatchewan River Basin. As a result, drawing conclusions on the differences
between basins may not reflec t real differences between the basins due to the small sample

size in the other basins. With that in mind, the results of this study indic ate that streamflow
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at stations within the Milk River Basin is changing differently than those found in the South

Sask atchewan River Basin.

Overall increasing trends were observed for monthly magnitudes in all months analyzed for
the South Saskatchewan Ri  ver Basin. In contrast, a higher proportion of stations in the Milk

River Basin exhibited significant negative trends for monthly magnitude variables. This
reflects the observations shown in Figure 15, which indicate that monthly magnitude trends

vary regi on to region more than other IHA parameters.

Observations in the Grassland portion of the South Saskatchewan River Ba sin appear to
contrast some of the extreme flow condition observations throughout the rest of the
province. Increases in minimum extreme flow condition variables are consistent with results
for annual extreme condition variables that are consistent with th ose discussed in
Section 4.2.2. However, trends in maximum extreme flow condition variables appear to be

balanced in direction, resulting in no overall trend direction (Table 18, Figur e 15). This was
not found in the Milk River, where stations showed signi ficant decreases in maximum
extreme flow condition variables and no change in minimum extreme flow condition

variables.

Results for the frequency and rate of change were consistent ac ross the regionbs

basins.

4.3.3. Parkland Natural Region

Overall tr ends found within the Parkland Natural Region are consistent with those found

throughout the province. Maximum annual extreme condition variables are largely

decreasing, while minimum annual extreme condition variables are largely increasing,

representing a finarrowingo of the hydrogr aph153 Fhedisesateus sed
and fall rate are generally decreasing across the region. Results for the monthly magnitude

variables were exhibited weak overall trends: slightly decreasing in April and May and

increasing from June to October.

Spatially, significant trends in the maximum annual extreme condition variables were

concentrated in the northern portion of the region in the North  Saskatchewan River
watershed and the central portion of the region in th e Battle River watershed (Figures C8 to
C12). However, trends in the minimum annual extreme condition variables were
concentrated in the western portion of the region (Figures C13 to C 17). The rate of change

variables were evenly distributed throughout the region (Figures C21 and C22)
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The Par kl and Natur al Regi on i s comprised of
Peace/Slave, North Saskatchewan, and South Saskatchewan (Figure 4). The basin is

Al bertads most popul ated r egi onlure &nd bil ardlgas preserees a
resulting in varied water requirements (Natural Regions Co mmittee, 2006) . Table 19
compar es the overall trend results of the three major river basins within the Parkland

Natural Region.

Overall trends in the South Saskatchewan River Basin within the Parkland Natural Region

were found to be decreasing for the minimum annual extreme flow condit ion variables
(Table 19). Maximum annual extreme flow condition variables were not increasing or
decreasing. This results in a decreasing mean annual flow , which has been found in other

studies (Alberta WaterPortal Society, 2018; Sauchyn, 2014; St. Jacques et al., 2010)

These observations are not consistent with those found in the North Saskatchewan River
Basin in the Parkland Natural Region. Overall trends in the basin for minimum annual
extreme flow condition variables were slightly decreasing, while overall trends for maximum

annual extreme flow condition variables were decreasing at most stations (Table 19).
Previo us studies on the North Saskatchewan River basin appear to be inconsistent in their

findings. In 2004, hydrologists at Alberta Environment found that mean annual streamflow

in the North Saskatchewan River was significantly d ecreasing (Seneka, 2004) , while more
recently hydrologists with the Alberta WaterPortal Society found that annual maximum flow

conditions were decreasing, but not at a significant level (Alberta WaterPortal Society,
2018) .

4.3.4. Rocky Mountain Natural Region

Trends in annual extreme condition variables within the Rocky Mountain Natural Region are

consistent with those found throughout the provinc e: maximum annual extreme condit ion
variables are largely decreasing, while minimum annual extreme condition variables are

largely increasing (Figure 15). Spatially, these trends are consistent across the region
(Figures C8 to C17). Another study showed a reduction of maximum annual extreme
conditions in Rocky Mountain rivers and hypothesized three potential causes as a result of

climate change: declining annual streamflow conditions; winter warming altering the

distribution of precip itation; and, spring wa  rming, causing a lengthened snowmelt interval
(Rood et al., 2016)

While monthly trends were largely inconsistent for the Rocky Mountain Natural Region,

other studies have f ound that summer and ea  rly -fall streamflow magnitudes are decreasing
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in Rocky Mountain rivers (Rood et al.,, 2005, 2008) . This would have a profound impact on
the health of these ecosystems. Summer and fall are the warm and dry period s of the year
when evapotranspiration potential is at its highest. As a result, reduced streamflow would

reduce groundwater recha rge and create drought conditions in the riparian portions of the

ecosystem (Rood et al., 2008)

The Rocky Mountain  Natural Region is comprised of four o f Al bertads major rivel
Peace/Slave, Athaba sca, North Saskatchewan , and South Saskatchewan (Figure 5).
Table 20 compares the overall trend results of the four major river basins within the Rocky
Mountain Natural Region. Like the Grassland Natural Region, most stations are located in
the South Saskatchewan River Basin. As a result, determining confident conclusions on the
differences between basins may not be possible due to small sample size in the other basins.
However, basin results generally reflect those found across the region f or monthly
magnitude and annual extreme flow condition variables (Figure 15). However, results for
the rate of change variables differ among the basins. The South Saskatchewan River Basin

in particular does not reflect the changes observed across the rest of the region and
province. Overall tre nd results for the rise rate and fall rate within the basin are weak
(Table 20).

4.3.5. Foothills Natural Region

Observations about the overall trends found within the Foothills Natural Region are
challenging to make with ¢ onfidence, as the region contains 15 st ations with an adequate
record between 1970 and 2019. Generally speaking, the results within the region are
consistent with those found throughout the province and are most similar to those found in

the Boreal Natural Region: maximum annual extreme conditi on variables are largely

decreasing, while minimum annual extreme condition variables are largely increasing ; and

the rise rate and fall rate are generally decreasing across the region (Figure 15). Results for

the mon thly magnitude variables were inconsist ent. However, the small number of stations

avail able for analysis of these variables may | imit ho

overall trends.

Spatially, significant trends in the maximum annual extreme co ndition variables were
concentrated in  the northern portion of the region (Figures C8 to C12). However, trends in
the minimum annual extreme condition variables (Figures C13 to C17) and rate of change

variables (Figures C21 and C22) were evenly distributed throughout the region.
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The Foothills  Natural Region is comprised of four o f Al bertads maj or river
Peace/Slave, Athabasca, North Saskatchewan, and South Saskatchewan (Figure 6). Table

21 compares the overall trend results of the four major river basins within the Foothills

Natural Regi on. The results for each basin are representative of those shown across the

region (Figure 15 ).

4.3.6. Canadian Shield Natural Region

Only one station within the Canadian Shield Natural Region was assessed for trends
between 1970 and 2019: Slave River at Fitzger ald (07NB001). While observations of
regional trends cannot be drawn due to small sample size , the trend results for the station

reflect some of the general trends shown across the province. Negative significant trends

were found in summer and fall months; maximum extreme flow conditions were all found to
be significantly decreasing; and the fall rate was significantly increasing.
The Canadian Shield Natur al Region is comprised of tw

Peace/Slave and Athabasca  (Figure 7). H owever, all stations within the region are located in

the Peace/Slave River Basin.

5 Conclusi on

The flow regime is considered one of the most important factors in the health and longevity

of river and riparian ecosystems (Bunn & A rthington, 2002) . Hydrologic parameters of a
stream shape its morphology and transport nutrients, providing variability in the aquatic
habitat required for a no urishing, sustainable environment for fish to thrive. However,
humans are also reliant on the se waterbodies to provide the water necessary to meet our
residential, commercial, and industrial needs. For example, Sinnatamby et al., 2020 found
that damming, municipal river engineering, and agricultural requirements led to limiting

natural geomorphic processes, causing depleted riparian woodlands and numbers of fish
species. Without careful consideration of our anthropogenic needs , this reliance can result in
dire consequences for the river and riparian ecosystems that all species rely on. Humans

included. Water management practices can minimize o r even eliminate the potential for

negative impacts on these ecosystems.

To create effective water management practices, it is important to understand the areas
where each waterbody is vulnerable from a flow regime perspective. Is there a species at
risk that may see a decrease in population with decreased flow magnitudes? Will an

ecosystem be vulnerable to invasive species because of a change in flow variability? Are
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there particular societal needs that require consideration? These are just a few examples of

guestions that should be considered when establishing a water manageme nt plan.
Unfortunately, this becomes complicated when the answers to some of these questions vary
by region or watershed. As such, these decisions should be considered on a regional scale to

address the ecological and anthropogenic needs of each region.

Understanding the trends in hydrologic parameters is an important step in recognizing the
vulnerabilities of each region , which allows for region  -specific decision -making . This study
identified four takeaways from the results of the trend analysis (Figure 15). First, t he
average daily flow rate for the spring and summer months is increasing in the boreal region.
Second, the average daily flow rate for the same months is decreasing in t he grassland

region. Third, t he annual maximum extreme flow conditions ar e decreasing while the

minimum extreme flow conditions are increasingin al | of Al ber tArdGosirthrthegi ons.
rate of change of streamflow between consecutive days is decreasing across Alberta
Quantifying the ecological repercussions of these flow r egime changes is outside the scope

of this study. Keeping in mind the four principles describing the effect of the flow regime on

aquatic biodiversity that were identified by Bunn & Arthington (2002) , policymakers must
continue to identify areas where Al ber tardoweighrtioseer i ne
risks against the benefits of current or proposed development s. To that end, Alberta

currently has four approved water management plans: the Battle River water management

plan (located in the parkland region) , Cold Lake -Beaver River water manag ement plan, the
Lesser Slave Basins water management plan (both located in the boreal region) , and the
South Saskatchewan River Basin water management plan (located in the grassland region;
Government of Alberta, 2020) . These plans provide guidance and restricti ons to water
extraction activities and identify instream flow needs and minimum flow recommendations

in some of Albertads most ThaHanm svorla bdf ereatmg and adaptingd s .

c

(o]

water management plans to protect Alysthemsnustbostinneul ner abl e
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Tables

Table 1: Number of stations available for streamflow trend analysis .

Time Perpd Boreal Ca“"?‘d'a“ Foothills Grassland Parkland ROCkY Total
for Analysis Shield Mountain

2010 -2019 47 1 13 78 23 16 178
2000 -2019 65 1 22 86 26 22 222
1990 -2019 95 1 23 89 37 28 273
1980 -2019 89 1 18 78 38 27 251
1970 -2019 67 1 15 65 22 21 191
1960 -2019 25 1 3 46 11 12 98

1950 -2019 6 1 1 28 6 9 51

1940 -2019 2 - - 19 4 6 31

1930 -2019 1 - - 15 4 4 24
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Table 2: Hydrologic parameters analyzed

with the Indicators of Hydrologic Alteration

methodology
Hydrologic
IHA Statistics Group Regime Hydrologic Parameters
Characteristics
Group 1: Monthly Maganude, Median value for each  calendar mon th
magnitudes Timing
Group 2: Magnitude . . -
. Magnitude, Maximum and minimum of 1 -,3-,7-,30-,
and duration of annual )
- Duration and 90 -day means
extreme conditions
Group 3: Timing of - Julian date of the annual maximum and
annual extreme Timing o .
o minimum da ily flow
conditions
Group 4: Frequency Magnitude, Number of high and low pulses each year
and duration of high Frequency, Mean duration of high pulses and low
and low pulses Duration pulses each year
Group 5: Rate and Frequen cy, _ Median of all positive anc_i nega_tlve
. differences between consecutive daily flows
frequency of change in Rate of . !
" Number of times streamflow rises one day
water conditions Change

and falls the next, or vice versa
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Table 3: An example of a conceptual

ecological

Richter (2007) , showing the effects of each of the

successful spawning.

Magnitude:  Spawning
takes place in riffles, which
are affected by flow

magnitudes

Duration: Flow
magnitudes are required
for the duration of

spawning

v

Timing:  Spawning occurs

in late summe r

v

Frequency: Individual life

expectancy is 2 years

v

Rate of Change: Stable
flows are required to
maintain swimming

position

v
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Table 4: Climate variables analyzed

for trends .

Climate Variable

Abbreviation

Average temperat ure (°C)
Minimum Temperature (°C)
Maximum temperature (°C)
Precipitation (mm)
Precipitation as snow (mm) between
August in previous calendar year and
July in current year

Tave
Tmin
Tmax

PPT

PAS

36



Table 5: Trendsi n monthly flow magnitudes .

Total Number Percentage of Stations with Significant Trends
Monthly ;
Magnitude of Stations
g Eligible for Positive Negative Total
Variables .
Analysis
October 164 25% 32% 57%
April 129 22% 16% 38%
May 145 14% 17% 31%
June 143 21% 15% 36%
July 140 21% 27% 48%
August 141 18% 35% 53%
September 143 28% 28% 56%
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Table 6: Trends in

annual extreme flow c onditions .

Annual Extreme Streamflow
Condition Variables

Total Number of
Stations Eligible

Percentage of Stations
with Significant Trends

for Analysis Positive Negative
1-Day Flow 138 6% 44%
3-Day Average Flow 138 6% 43%
Maximum 7-Day Average Flow 138 6% 43%
30-Day Average Flow 138 6% 47%
90-Day Average Flow 138 6% 45%
1-Day Flow 124 38% 10%
3-Day Average Flow 138 42% 10%
Minimum 7-Day Average Flow 138 45% 11%
30-Day Average Flow 138 45% 10%
90-Day Average Flow 138 40% 19%
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Table 7: Average proportion of stations showing significant trends across all extreme flo

condition v ariables.

. Rocky
\?rguts)l 2 Boreal Foothills Grassland Parkland Mountain

anaples P N P N P N P N P N
Maximum

. 1% 72% 1% 36% 15% 16% 5% 39% 0% 50%
Flow Variables

Minimum Flow

. 28% 22% 37% 8% 50% 5% 43% 14%  66% 10%
Variables
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Table 8: Trendsin timing of annual extreme streamflow conditions .

o Total Number of Percentage of Stations with Significant
Timing of annual Stations Eligible for Trends
extreme conditions : " .
Analysis Positive Negative
Date of the annual
maximum da ily 191 34% 8%
flow
Date of the annual
minimum daily 191 30% 13%
flow

40



Table 9: Regional results for timing of annual extreme streamflow condition parameters.

Total Number Percentage of Stations with
Timing of annual . of Stations Significant Trends
i, Region o
extreme conditions Eligible for - .
: Positive Negative
Analysis
Boreal 67 15% 16%
Foothills 15 27% 7
Date of the annual land 0 0
maximum daily Grasslan 65 48% 5%
flow Parkland 22 64% 0%
Rocky 21 29% 0%
Mountain
Boreal 67 40% 9%
Foothills 15 40% 13%
Date of the annua | 0 0
minimum dai ly Grassland 65 17% 22%
flow Parkland 22 14% 5%
Rocky 21 48% 5%
Mountain
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Table 10: Regional results for  frequency of high pulse events

Total Number Percentage of Stations with
Frequency and . .2
k . . of Stations Significant Trends
Duration Variable Region Eligible for
of Pulse Event s Agnalysis Positive Negative
Boreal 54 0% 19%
Foothills 15 0% 47%
Number of High Grassland 52 22% 23%
Pulses Parkland 19 11% 16%
Rocky 20 0% 15%
Mou ntain
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Table 11: Trendsin streamflow rate and change frequency parameters .

Rate and Change Total Number of Percentage of Stations with Significant

Frequency Stations Eligible for Trends

Variables Analysis Positive Negative
Rise Rate 179 11% 50%
Fall Rate 191 9% 47%
Number of

Streamflow 179 38% 28%
Reversals
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Table 12: Trends in

seasonal climate variables .

Total Number

Percentage o f Stationswi th

Climate Season of Stations Significant Trends
Variable Eligible for " .
Analysis Positive Negative

Fall 184 0% 8%

Precipitation Winter 168 0% 92%

as Snow (PAS) Spring 182 7% 1%

Summer 152 1% 1%

Fall 184 0% 1%

Precipitation Winter 168 0% 93%

pring 185 0 0

(PPT) Spri 5% 1%

Summer 185 14% 3%

Fall 191 31% 0%

Average Winter 191 56% 0%
Temper ature .

| 0 0

(Tave) Spring 191 0% 0%

Summer 191 38% 19%

_ Fall 191 27% 0%

Maximum Winter 191 76% 0%
Temperature .

(Tmax) Spring 191 0% 0%

Summer 191 29% 0%

o Fall 191 31% 0%

Minimum Winte r 191 78% 0%
Temperature .

H 0 0

(Tmin) Spring 191 1% 12%

Summer 191 27% 43%
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Table 13: To determine the impact of climate oscillation patterns on the dataset, a composite analysis was run on each station

for each IHA variable. A significant composite  analysis res ult indicates a significant difference between two subsets of data. A
significant difference between years with high and low PDO values indicates the data is significantly impacted by the PDO

pattern. The percentage of stations where particula r IHA paramet ers are impacted by PDO are summarized by region and

across the province.

Variable Percentage of Stations Significantly Impacted by PDO Patterns Numper of
Boreal Foothills Grassland Parkland Rocky Mountain Province Stations
October 0 25 4.8 0 5 3.7 164
April 0 75 10 0 44.4 12.4 129
May 18.6 28.6 11.9 18.8 26.3 17.2 145
June 26.2 62.5 43.9 56.2 52.6 42 143
July 4.8 37.5 14.3 14.3 68.4 20 140
August 0 125 5.4 14.3 5.3 5 141
September 0 0 5.4 0 0 2.1 143
1-Day Minimum 6.1 0 7.8 0 15 6.4 172
3-Day Minimum 7.6 0 4.7 0 15 5.9 188
7-Day Minimum 6.1 0 4.7 4.5 5 4.8 188
30-Day Minimum 7.6 0 7.8 13.6 15 8.5 188
90 - Day Minimum 45 0 6.2 4.5 15 5.9 188
1-Day Maximum 4.5 6.7 15.6 4.5 35 11.7 188
3-Day Maximum 45 6.7 18.8 13.6 40 14.4 188
7-Day Maximu m 6.1 20 21.9 18.2 40 17.6 188
30-Day Maximum 6.1 333 34.4 18.2 55 24.5 188
90 - Day Maximum 10.6 33.3 29.7 13.6 55 23.9 188
Base Index 4.6 20 10.9 4.8 40 11.9 177
Zero Flow Days 0 0 4.7 7.7 0 3.1 96
Date of Minimum Flow 0 6.7 7.7 9.1 0 4.2 191
Date o f Maximum Flow 0 0 1.5 45 9.5 21 191
High Pulse Number 3.7 13.3 5.8 0 5 5 161
Rise Rate 15 0 7.3 0 19 5 179
Fall Rate 15 0 3.6 0 4.8 2.2 179
Number of Reversals 13.4 13.3 4.6 0 4.8 7.9 191
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Table 14: To determi ne the impact of climate oscillation patterns on the dataset, a composite analysis was run on each station
for each IHA variable. A significant difference between years with high and low ENSO values indicates the data is significantly
impacted by the ENSO pattern. The percentage of stations where particular IHA parameters are impacted by ENSO are

summarized by region and across the province.

Variable Percentage of Stations Significantly Impacted by ENSO Patterns Number of
Boreal Foothil Is Grassla nd Parkland Rocky Mountain Province Stations

October 0 0 1.6 0 5 1.2 164
April 0 25 0 0 0 0.8 129
May 2.3 42.9 0 0 47.4 9 145
June 11.9 0 0 125 10.5 6.3 143
July 14.3 12.5 0 7.1 36.8 10.7 140
August 0 0 0 0 5.3 0.7 141
September 4.8 0 5.4 12.5 5 5.6 143
1-Day Minimum 3 0 2 5.3 5 2.9 172
3-Day Minimum 3 0 0 0 5 1.6 188
7-Day Minimum 3 0 0 4.5 15 3.2 188
30-Day Minimum 3 0 3.1 9.1 10 4.3 188
90 - Day Minimum 4.5 0 1.6 0 5 2.7 188
1-Day Maximum 13.6 0 4.7 13.6 10 9 188
3-Day Maximum 13.6 0 4.7 9.1 10 8.5 188
7-Day Ma ximum 15.2 6.7 3.1 4.5 15 9 188
30-Day Maximum 9.1 6.7 1.6 0 25 6.9 188
90 - Day Maximum 13.6 6.7 0 0 20 7.4 188
Base Index 4.6 6.7 3.6 4.8 0 4 177
Zero Flow Days 0 0 0 0 0 0 96
Date of Minimum Flow 0 0 6.2 4.5 0 2.6 191
Date of Maximum FI  ow 1.5 0 6.2 4.5 28.6 6.3 191
High Pulse Number 7.4 20 7.7 10.5 0 8.1 161
Rise Rate 0 6.7 0 9.5 0 1.7 179
Fall Rate 1.5 0 1.8 14.3 0 2.8 179
Number of Reversals 7.5 33.3 3.1 9.1 4.8 8.4 191
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Table 15: A comparison of the signi ficant trends in IHA parameters between RHBN and non

RHBN stations in Alberta across all natural regions.

Percentage of non - Percentage of RHBN
Indicator of Hydrologic Alteration RHBN Stations with Stations with Significant
Variables Significant Tr ends Trends
Positiv e Negative Positive Negative
April 13% 12% 29% 0%
May 11% 14% 5% 5%
June 17% 13% 5% 0%
July 16% 22% 5% 5%
August 15% 27% 5% 19%
September 22% 23% 14% 5%
October 21% 29% 29% 14%
Maximum 1 -Day Flow 7% 43% 0% 43%
Maximum 3 -Day Average FI ow 6% 41% 0% 48%
Maximum 7 -Day Average Flow 6% 42% 0% 43%
Maximum 30 -Day Average 7% 46% 0% 43%
Flow
Maximum 90 -Day Average 7% 46% 0% 29%
Flow
Minimum 1 -Day Flow 35% 10% 29% 5%
Minimum 3-Day Average Flow 42% 10% 38% 5%
Minimum 7 -Day Average Flow 44% 12% 43% 5%
Minimum 30 -Day Average Flow 45% 11% 43% 5%
Minimum 90 -Day Average Flow 39% 19% 48% 10%
Date of the an-nual maximum 34% 9% 38% 0%
daily flow
Date of the annual minimum 31% 14% 20% 5%
daily flow
Number of High Pulses 8% 20% 0% 5%
Rise Rate 12% 46% 0% 48%
Fall Rate 45% 9% 43% 5%
Reversals 38% 28% 38% 29%
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Table 16: Life -history strategies and their favoured hydrologic

2012; Winemiller & Rose, 1992)

conditions

Life - history Strategy

Characteristics of Strategy

Favoured Hydrological
Conditions

Opportunistic

Periodic

Equilibrium

- Small -bodied

- Early maturation

- Low juvenile
survivorship

- Large body size

- Late maturation

- High fecundity

- Low juvenile
survivorship

- Small to medium body
size

- Intermediate times to
maturity

- Low fecundity per
spawning event

- High juvenile
survivorship

- High annual variation
- Low flow predict ability
- Low base flow

- Low annual variation
- Low high pulse count
- Larger high pulse

duration

- Low annual variation

- High flow predictability
- Larger high pulse count
- Lower high pulse

duration
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Table 17: Comparison of significant trends found each of the major wat ersheds within  the Boreal Natural Region. The

proportion of stations with significant negative trends is indicated in each fiNO column; the proportion of stations with significant
positive trends is indicated in each fiPo column; and the total number of stat ions available for analysis is indicated in each fitt 0
column.
Hay/Great Slave Peace/Slave Athabasca Beaver North South
Variable Saskatchewan Saskatchewan
N P # N P # N P # N P # N P # N P #
Group 1 1 Monthly magnitudes
October 0% 0% 2 83% 6% 18 70% 0% 20 80% 0% 5 0% 33% 3 25% 0% 4
April 0% 50% 2 8% 25% 12 24% 0% 17  80% 0% 5 50% 0% 2 50% 0% 2
May 0% 0% 2 17% 0% 12 11% 0% 19  40% 0% 5 33% 0% 3 0% 0% 2
June 0% 0% 2 58% 0% 12 11% 0% 18 20% 0% 5 33% 0% 3 0% 50% 2
July 0% 0% 2 58% 0% 12 53% 5% 19 50% 0% 4 33% 0% 3 0% 0% 2
August 0% 0% 2 58% 0% 12 58% 0% 19  40% 0% 5 33% 33% 3 0% 50% 2
September 0% 0% 2 58% 0% 12 56% 6% 18 40% 0% 5 33% 0% 3 0% 0% 2

Group 2 1 Annual extreme flow conditions

1-Day Min 0% 67% 3 10% 24% 21 19% 26% 27 50% 0% 6 20% 20% 5 25% 50% 4
3-Day Min 0% 10096 3 10% 33% 21 26% 22% 27 50% 0% 6 20% 20% 5 25% 50% 4
7-Day Min 0% 1009 3 10% 29% 21 26% 26% 27 50% 0% 6 20% 20% 5 25% 50% 4

30-Day
0% 100% 3 5% 29% 21 26% 26% 27 33% 0% 6 20% 20% 5 0% 75% 4
Min
90-Day
0% 33% 3 24% 29% 21 30% 30% 27 33% 33% 6 60% 0% 5 50%  25% 4
Min
1-Day Max 100% 0% 3 81% 0% 21 81% 0% 27 83% 0% 6 40% 0% 5 0% 0% 4
3-Day Max  100% 0% 3 81% 0% 21 78% 0% 27 67% 0% 6 40% 0% 5 0% 0% 4
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North South
] Hay/Great Slave Peace/Slave Athabasca Beaver
Variable Saskatchewan Saskatchewan
N P # N P # N P # N P # N P # N P
7-Day Max  100% 0% 3 71% 0% 21 70% 0% 27 67% 0% 40% 0% 0% 0%
30-Day
M 100% 0% 3 86% 0% 21 78% 0% 27 67% 0% 6 40% 0% 5 25%  25%
ax
90 - Day
33% 0% 3 95% 0% 21 78% 0% 27 67% 0% 6 40% 0% 5 50%  25%
Max
Group 3 1 Timing of annual extreme conditions
Min Date 0% 33% 3 5% 62% 21 7% 36% 28 17% 50% 6 40% 0% 5 0% 0%
Max Date 0% 0% 3 19% 5% 21 25% 14% 28 0% 17% 6 0% 40% 5 0% 50%
Group 4 i1 Frequency and duration of high and low pulses
High Pulse
0% 0% 3 12% 0% 17 28% 0% 25 0% 0% 5 0% 0% 2 50% 0%
Number
Group 5 1 Frequency and Rate of Change Variables
Fall Rate 67 % 0% 3 57% 10% 21 68% 4% 28 50% 0% 6 75% 0% 4 75 % 0%
Rise Rate 33% 0% 3 57% 10% 21 82% 4% 28 50% 0% 6 75% 0% 4 100% 0%
Number of
0% 33% 3 29% 24% 21 21% 36% 28 17% 17% 6 40% 60% 5 25%  50%
Reversals
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Table 18: Comparison of significant trends found each of the m ajor watersheds

within the Grassland Natural Region. The proportion of stations with significant
negative trends is indicated in each fiNO column; the proportion of stations wit h
significant positive trends is indicated in each fiPd column; and the total num ber of
stations available for analysis is indicated in each fit 0 column.
) North Saskatchewan South Saskatchewan Milk River
Variable
N P # N P # N P #

Group 1 1 Monthly magnitudes

October 0% 0% 1 17% 43% 54 0% 0% 7
April 0% 0% 0 7% 18% 44 0% 50% 6
May 0% 0% 0 23% 38% 53 0% 0% 6
June 0% 0% 0 14% 43% 51 17% 0% 6
July 0% 0% 0 14% 46% 50 50% 0% 6

August 0% 0% 0 20% 42% 50 33% 0% 6

September 0% 0% 0 16% 56% 50 50% 0% 6
Group 2 1 Annual extreme flow conditions
1-Day Min 0% 0% 1 4% 52% 46 0% 0% 4
3-Day M in 0% 100% 1 4% 57% 56 0% 0% 7
7-Day Min 0% 100% 1 7% 59% 56 0% 0% 7
30-Day
Min 0% 100% 1 5% 61% 56 0% 0% 7
90-Day
Min 0% 0% 1 7% 50% 56 14% 14% 7
1-Day Max 0% 0% 1 16% 18% 56 14% 0% 7
3-Day Max 0% 0% 1 14% 18% 56 14% 0% 7
7-Day Max 0% 0% 1 14% 18% 56 29% 0% 7
30-Day
Max 100% 0% 1 20% 18% 56 14% 0% 7

90 - Day

Max 0% 0% 1 14% 16% 56 29% 0% 7

Group 3 1 Timing of annual extreme conditions
Min Date 0% 0% 2 25% 16% 56 0% 29% 7
Max Date 0% 100% 2 5% 45% 56 0% 57% 7
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North Saskatchewan South Saskatchewan Milk River
Variable
N P # N P # N P
Group 4 1 Frequency and dur ation of high and low pulses
High Pulse
0% 0% 0 25% 23% 48 0% 0%
Number
Group 5 1 Frequency and Rate of Change Variables
Fall Rate 100% 0% 1 28% 14% 50 50% 0%
Rise Rate 100% 0% 1 26% 22% 50 0% 0%
Number of
0% 50% 2 29% 41% 56 29% 14%
Reversals
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Table 19: Comparison of significant trends found each of the major watersheds

within the Parkland Natural Region. The proportion of stations with significant
negative trends is indicated in each fiNO column; the proportion of st ations with
significant positive trends is indicated in each fiPd column; and the total number of
stations available for analysis is indicated in each f# o0 column.
) Peace/Slave North Saskatchewan South Saskatchewan
Variable
N P # N P # N P #

Group 1 1 Mont hly magnitudes

October 0% 0% 2 44% 0% 9 0% 70% 10
April 0% 0% 2 75% 25% 4 30% 20% 10
May 0% 0% 2 50% 0% 4 10% 0% 10
June 0% 0% 2 50% 0% 4 0% 50% 10
July 0% 0% 2 67% 0% 3 0% 33% 9

August 0% 0% 2 50% 0% 2 20% 30% 10

September 0% 0% 2 50% 0% 4 10% 50% 10
Group 2 1 Annual extreme flow conditions
1-Day Min 0% 0% 0 38% 13% 8 0% 64% 11
3-Day Min 0% 0% 2 11% 22% 9 0% 73% 11
7-Day Min 0% 0% 2 11% 22% 9 0% 73% 11
30-Day
0% 0% 2 33% 11% 9 0% 73% 11
Min
90-Day
50% 0% 2 67% 11% 9 0% 73% 11
Min
1-Day Max 0% 0% 2 67% 0% 9 9% 9% 11
3-Day Max 0% 0% 2 78% 0% 9 9% 9% 11
7-Day Max 0% 0% 2 89% 0% 9 9% 9% 11
30-Day
50% 0% 2 78% 0% 9 9% 9% 11
Max
90 - Day
50% 0% 2 89% 0% 9 9% 18% 11
Max
Group 3 1 Timing of annual extreme conditions
Min Date 0% 0% 2 0% 33% 9 9% 0% 11
Max Date 0% 50% 2 0% 44% 9 0% 82% 11
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Peace/Slave North Saskatchewan

South Saskatchewan

Variable
N P # N P N P #
Group 4 i1 Frequency and duration of high and low pulses
High Pulse
0% 50% 2 43% 0% 0% 10% 10
Number
Group 5 1 Frequency and Rate of Change Variables
Fall Rate 50% 0% 2 88% 0% 18% 18% 11
Rise Rat e 0% 0% 2 100% 0% 27% 9% 11
Number of
50% 50% 2 44% 44% 27% 55% 11
Reversals
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Table 20: Comparison of significant trends found each of the major watersheds within the Rocky Mountain Natural Region. The

proportion of stations with significant negative trends is indicated in each fiNO column; the proportion of station s with significant
positive trends is indicated in each fiPo column; and the total number of stations available for analysis is indicated in each fitt 0
column.
) Peace/Slave Athabasca North Saskatchewan South Saskatchewan
Variable N P # N P # N P # N P #
Group 1 1 Monthly magnitudes
October 0% 0% 1 0% 0% 2 0% 67% 3 7% 43% 14
April 0% 0% 1 0% 100% 2 0% 33% 3 8% 33% 12
May 0% 0% 1 0% 0% 2 0% 0% 3 23% 0% 13
June 0% 0% 1 0% 0% 2 0% 0% 3 0% 15% 13
July 0% 0% 1 0% 0% 2 0% 0% 3 23% 15% 13
August 100% 0% 1 50% 0% 2 67% 0% 3 46% 0% 13
September 0% 100% 1 0% 0% 2 0% 33% 3 14% 21% 14
Group 2 1 Annual extreme flow conditions
1-Day Min 0% 0% 1 0% 100% 3 0% 0% 3 0% 54% 13
3-Day Min 0% 0% 1 0% 100% 3 0% 33% 3 0% 62% 13
7-Day Min 0% 100% 1 0% 100% 3 0% 67% 3 8% 69% 13
30-Day Min 0% 100% 1 0% 100% 3 0% 67% 3 8% 62% 13
90-Day Min 0% 100% 1 0% 100% 3 0% 67% 3 8% 69% 13
1-Day Max 100% 0% 1 100% 0% 3 67% 0% 3 23% 0% 13
3-Day Ma x 0% 0% 1 100% 0% 3 100% 0% 3 31% 0% 13
7-Day Max 0% 0% 1 100% 0% 3 100% 0% 3 46% 0% 13
30-Day Max 0% 0% 1 67% 0% 3 100% 0% 3 46% 0% 13
90-Day Max 100% 0% 1 33% 0% 3 33% 0% 3 38% 0% 13
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Peace/Slave Athabasca North Saskatchewan South Saskatchewan
Variable
N P # N P N P N P #
Group 3 1 Timing of annual extreme conditions
Min Date 0% 100% 1 0% 33% 0% 33% 7% 50% 14
Max Date 0% 0% 1 0% 0% 0% 33% 0% 36% 14
Group 4 i Frequency and duration of high and low pulses
High Pulse
0% 0% 1 0% 0% 0% 0% 21% 0% 14
Number
Group 5 1 Frequency and Rate of Change Variables
Fall Rate 0% 100% 1 0% 0% 33% 0% 21% 14% 14
Rise Rate 0% 100% 1 100% 0% 100% 0% 7% 21% 14
Number of
0% 0% 1 0% 67% 0% 100% 50% 29% 14
Reversals
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Table 21: Comparison of significant trends found each of the major watersheds within the Foothills Natural Region. The

proportion of stations with significant negative trends is indicated in each fiNO column; the proportion of stations with significant
positive trends is indicated in each fiPo column; and the total number of stations available for analysis is indicated in each fitt 0
column.
) Peace/Slave Athabasca North Saskatchewan South Saskatche wan
Variable N P # N P # N P # N P #
Group 1 1 Monthly magnitudes
October 100% 0% 1 75% 0% 4 0% 0% 2 0% 100% 1
April 0% 0% 0 0% 50% 2 0% 50% 2 0% 0% 0
May 0% 0% 1 0% 0% 3 0% 0% 2 0% 0% 1
June 0% 0% 1 0% 0% 4 0% 0% 2 0% 0% 1
July 0% 0% 1 50% 0% 4 0% 0% 2 0% 0% 1
August 100% 0% 1 25% 0% 4 50% 0% 2 0% 0% 1
September 100% 0% 1 50% 0% 4 0% 0% 2 0% 100% 1
Group 2 1 Annual extreme flow conditions
1-Day Min 100% 0% 1 0% 43% 7 0% 50% 6 0% 100% 1
3-Day Min 100% 0% 1 0% 29% 7 0% 33% 6 0% 100% 1
7-Day Min 100% 0% 1 0% 43% 7 0% 33% 6 0% 100% 1
30-Day Min 100% 0% 1 0% 43% 7 0% 33% 6 0% 100% 1
90-Day Min 100% 0% 1 14% 14% 7 0% 33% 6 0% 100% 1
1-Day Max 100% 0% 1 43% 0% 7 17% 17% 6 100% 0% 1
3-Day Max 100% 0% 1 43% 0% 7 0% 0% 6 100% 0% 1
7-Day Max 100% 0% 1 43% 0% 7 0% 0% 6 100% 0% 1
30-Day Max 100% 0% 1 57% 0% 7 0% 0% 6 0% 0% 1
90 - Day Max 100% 0% 1 71% 0% 7 0% 0% 6 0% 0% 1
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Peace/Slave Athabasca North Saskatchewan South Saskatche wan
N P # N P # N P # N P #

Variable

Group 3 1 Timing of annual extrem e conditions

Min Date 100% 0% 1 0% 29% 7 17% 67% 6 0% 0% 1
Max Date 0% 0% 1 14% 29% 7 0% 33% 6 0% 0% 1
Group 4 1 Frequency and duration of high and low pulses
High Pulse
0% 0% 1 43% 0% 7 50% 0% 6 100% 0% 1
Number

Group 5 1 Frequency and Rate of Change Variables

Fall Rate 100% 0% 1 86 % 0% 7 73 % 0% 6 0% 0% 1
Rise Rate 100% 0% 1 57% 0% 7 83% 0% 6 100% 0% 1
Number of
0% 100% 1 43% 14% 7 17% 50% 6 100% 0% 1
Reversals
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Figure 1: Water Survey of Canada stream gauge locations across the variou

in Alberta. Reference Hydrometric Basin Network stations are also shown.
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Figure 2: Water Survey of Canada stream gauge locations across the Boreal Natural Region.
The region is comprised of six of the major watersheds: Hay/Great Slave , Peace/Slave,

Athabasca, Bea ver, North Saskatchewan, and South Saskatchewan River Basins.
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Figure 3: Water Survey of Canada stream gauge locations across the Grassland Natural

Region. The region is comprised of

South Saskatchewan

three of the major watersheds: North Saskat

,and Milk River Basins.
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Figure 4: Water Survey of Canada stream gauge locations across the Parkland Natural
Region. The region is comprised of three of the major watersheds: Peace/Slave, North

Saskatchewan, and South Saskatchew an River Basins.

62



Legend

- Stations

® RHBN Stations
Major Watersheds

I Hay/Great Slave
|:| Peace/Slave
[ | Athabasca
l:l Beaver

|:| Morth Saskatc hewan
[T | soutn saskatchewan

[ ] mik

Figure 5: Water Survey of Canada stream gauge locations across the Rocky Mountain
Natural Region. The region is comprised of four of the major watersheds: Peace/Slave,

Athabasca, North Saskatchewan, and South Saskatchewan River Basins.
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Figure 6: Water Survey of Ca

Region. The region is comprised of

four of the major watersheds:

North Saskatchewan, and South Saskatchewan River Basins.
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Figure 7: Water Survey
Natural Region. The region is comprised of

Athabasca River Basins.
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Significant Streamflow Trends by Period -- Group 1
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Figure 8: Streamflow trend analysis results by

indicate the total number of stations available for a given analysis across Alberta within each period.

17

25

35

69

129

137

87

APR -

19

28

42

80

145

1sks)

98

MAY -

Flow Parameters

period of analysis

18
28
42
82
143
154
98
96

1
=
=

e

66

16

27

41

81

140

150

97

JUl.=

for monthly  magnitude variables (Group 1)

16

26

41

80

141

152

99

AUG-

17

26

41

80

143

151

96

SEPR=

Percent Significant

By Direction

-~

¥ 100

50

. The numbers



Significant Streamflow Trends by Period -- Group 2
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Figure 9: Streamflow trend analysis results by period of analysis for Annual extreme condition variables (G roup 2). The

numbers indicate the total number of stations available for a given analysis across Alberta within each period.
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Significant Streamflow Trends by Period -- Group 3
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Figure 10: Streamflow trend analysis results by period of analysis for timing variables (Group 3). The numbers indicate the total

number of stations available for a given analysis across Alberta within each period.
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Significant Streamflow Trends by Period -- Group 4
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Figure 11: Streamflow trend analysis results by period of analysis for frequency of pulse variables (Group 4). The numbers

indicate the t otal number of stations availab le for a given analysis across Alberta within each period.
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Significant Streamflow Trends by Period -- Group 5
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Figure 12: Streamflow trend analysis results by period of analysis for frequency and rate of change variables (Group 5). The
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analysis considered fall rate as a negative value; in other words, an increase in the fall rate indicates a decrease in the a

value of the fall rate.
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Significant Climate Trends by Period
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Figure 13: Seasonal climate trend analy sis results by period of analysis for precipitation variables . The numbers indicate the

total number of stations available for a given analysis.
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Significant Climate Trends by Period
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Figure 14: Seasonal climate trend analysis results by period of analysis for tempera ture variables. The numbers indicate the

total number of stations available for a given analysis.
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Significant Streamflow Trends by Region -- 1970-2019
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Figure 15: Streamflow trend analysis results by region for the 19
stations available for a given an alysis.

increase in the fall rate indicates a decrease in the absolute value of the fall rate.
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Significant Climate Trends by Region -- 1970-2019
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Figure 16: Seasonal climate trend analysis results by region for the 1970 -2019 period. The numbers indicate the total number

of stations available for a given analysis
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Figure 17: Minimum (blue) and maximum (red) annual streamflow e ventsfor1l -,7-,and 30 -day periods for the Peace River at

Peace River Water Survey of Canada station (WSC 07HAOQ01). The maximum mean streamflow for each period is decreasing,
while the minimum mean streamflow is increasing for the same periods. This rfoomairngd of the riverds extreme

limit its natural variability.
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Figure 18: Median increase (rise rate) and decrease (fall rate) in daily mean streamflow for the South Saskatchewan River at

Medicine Hat Water Survey of Canada station (WSC 0 5AJ001). The decrease in both parameters illustrates a change in the

variability of the hydrogr aph.
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Appendices

Appendix A T List of Water Survey of Canada (WSC) hydrometric stations in Alberta

Table Al: Water Survey of Canada stations, including the WSC station number, WSC station name, geographic location

(latitude and longitude in decimal degrees ), watershed, natural region , and Reference Hydrometric Basin Netwo rk (RHBN)

status .
Station . . . .
Number Station Name Latitude  Longitude Watershed Natural Region RHBN
05AA001 Oldman River Near Cowley 49.6 -114.04 South Saskatchewan River Grassland -
05AA002  CrowsnestRiver Near 4959  -11417  South Saskatchewan Riv er Grassland -

Lundbreck
05AA003 Castle River Near Cowley 49.53 -114.03 South Saskatchewan River Grassland -
05AA004 Pincher Creek at Pincher Creek 49.48 -113.94 South Saskatchewan River Grassland -
05AA005 Cow Creek Near Cowley 49.65 -114.15 South Saskatchewan R iver Grassland -
05AA006 Todd Creek at Elton's Ranch 49.65 -114.12 South Saskatchewan River Grassland -
05AA007 Connelly Creek Near Lundbreck 49.59 -114.13 South Saskatchewan River Grassl and -
05AA008 Crowsnest River at Frank 49.59 -114.41 South Saskatc hewan River Rocky Mountain X
05AA009 Crowsnest River Near Coleman 49.63 -114.56 South Saskatchewan River Rocky Mountain -
05AA010 Beaver M!nes Creek Near 49.47 -114.15 South Saskatchewan River Rocky Mountain -
Beaver Mines

05AA011 Mill Creek Near the Mo uth 49.46 -114.13 South Saskatchewan River Rocky Mountain -
05AA013 McGillivray Creek Near Coleman 49.63 -114.52 South Saskatchewan River Rocky Mountain -
05AA014 Elton Ditch Below Todd C  reek 49.66 -114.13 South Saskatchewan River Grassland -
05AA015 ggzcth e River at Mc .95 11427  South Saskatchewan River Rocky Mountain :
05AA016 gaanéhb ondale Creek 947  .11431  South Saskatchewan River Rocky Mountain ;
05AA 021 Oldman River at The Gap 49.86 -114.35 South Saskatchewan River Rocky Mountain -
05AA022 Castle River Near Beaver Mines 49.48 -114.14 South Saskatchewan River Rocky Mountain -
05AA023 g(lmderma h River Near 49.81 -114.18 South Saskatchewan  River Grassland X
05AA024 Oldman River Near Brocket 49.55 -113.82 South Saskatchewan River Grassland -
05AA025 '\S/Ir;c;vr\]/zgrnce Creek at Plateau 50.21 -114.54 South Saskatchewan River Rocky Mountain -
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Station

Station Name

Latitude

Longitude

Watershed

Natural Region

RHBN

Number
05AA026 Dutch Creek Near the Mouth 49.9 -114.43 South Saskatchewan River Rocky Mountain -
05AA027 mﬂ'orse Creek N ear the 49.83  -11442  South Saskatchewan River Rocky Mountain ;
05AA028 Castle River at Ranger Station 49.39 -114.33 South Saskatchewan River Rocky Mountain -
05AA029 g:!‘ég‘ Creeka t Waldron' ,5e  .11413  South Saskatchewan River Grassland ;
05AA030 Gold Creek Near Frank 49.6 -114.4 South Saskatchewan River Rocky Mountain -
05AA032 glrggfm Reservoir Near Pincher 49.61 -114.05 South Saskatchewan River Grassland -
05AA0 33 Kettles Creek at  Pincher Creek 49.49 -113.92 South Saskatchewan  River Grassland -
05AA034 Eggger Creek at Front Range 49.3 -114.07 South Saskatchewan River Rocky Mountain -
05AA035 8?”;22 River at Range Road 49.72  -11408  South Saskatche wan River Grassland ;
05AA909 L‘;dgzcreek Near Highway 49.76  -114.23  South Saskatchewan River Rocky Mountain ;
05AB002 Willow Creek Near Nolan 49.79 -113.53 South Saskatchewan River Grassland -
05AB005 Trout Creek Near Granum 49.97 -113.68 South Saskatchewan River Grassland -
05AB006 Meadow Creek at 49.93 -113.75 South Saskatchewan River Grassland -
05AB007 32(';?;” dR|ver Near Fort 49.71 -113.45 South Saskatchewan River Grassland -
05AB011 Mud Lake Near Fort Macleod 49.74 -113. 53 South Saskatchewan River Grassland -
05AB013 Beaver Creek Near Brocket 49.63 -113.79 South Saskatchewan River Grassland -
05AB014 E'O"iit'v“'e Creek Near Spring 49.73  -113.85  South Saskatchewan River Grassland ;
05AB015 Willow Creek Near Granum 49 .88 -113.55 South Saskatchewan River Grassland -
Lethbridg e Northern Irrigation
05AB016 District Canal at Menzaghies 49.72 -113.55 South Saskatchewan River Grassland -
Bridge
Lethbridge Northern Irrigation
05AB017 District Mud Lake Canal Near 49.73 -113.54 South Saskatchewan River Grassland -
Macleod
Lethbridge Northern Irrigation
05AB018 District Canal at Syphon 49.68 -113.61 South Saskatchewan River Grassland -

Spillway
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Station

Station Name

Latitude

Longitude

Watershed

Natural Region

RHBN

Number
Lethbridge Northern Irrigation
05AB019 District Canal Above Oldman 49.68 -113.57 South Saskatchewan River Grassland -
Flume
Lethbridge North ern Irrigation
05AB020 District Canal Below Oldman 49.69 -113.56 South Saskatchewan River Grassland -
Flume
05AB021 Willow Creek Near Claresholm 50.01 -113.71 South Saskatchewan River Grassland -
05AB022 \I<|Vaensttoitreeter Creek Near 50.1 -114.06 South Saskatc hewan River Rocky Mountain -
05AB023 'I:I";‘:(')ens”eaer Creek Near 50.1 -114.05  South Saskatchewan River Rocky Mountain ;
05AB024 Ezf]ttoitreeter Creek Near 50.1 -114.04 South Sa skatchewan River Rocky Mountain -
05AB025 West Streeter Spring No. ! 50.1 -114.06 South Saskatchewan River Rocky Mountain -
Near Nanton
0sABo26  Middle Streeter Spring No. 1 50.1 ~114.05  South Saskatchewan River Rocky Mountain ;
Near Nanton
05AB027 Eﬁttoi”eeter Spring No. 1 Near 500  -114.04  South Saskatchewan R iver  Rocky Mountain -
05AB028 \If\g:(lg\;v Creek Above Chain 50.19 -114.21 South Saskatchewan River Parkland -
05AB029 Meadow Creek Near the Mouth 49.95 -113.66 South Saskatchewan River Grassland -
05AB030 Streeter Creek (Main Stem) 50.12 -114.05 South Saskatchewan River Rocky Mountain -
Near Nanton
Lethbridge Northern Irrigation
05AB031 District Canal Near Willow 49.78 -113.51 South Saskatchewan River Grassland -
Creek Flume
05AB032 L(_athpndge Northern lrrigation 49.66 -113 .6 South Saskatchewan River Grassland -
District Canal at Headgates
05AB035 Middle Streeter Spring No. 2 50.1 -114.05 South Saskatchewan River Rocky Mountain -
Near Nanton
05AB036 llll/lac::;gonsh Spring No. 1 Near 50.1 -114.03 South Saskatchewan River Rocky Mountain -
05AB037 (NZZELQnLakes Reservoir Near 50.2 -114.19 South Saskatchewan River Parkland -
05AB038 Kyiskap Creek Near Granum 49.81 -113.59 South Saskatchewan River Grassland -
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Station

Number Station Name Latitude  Longitude Watershed Natural Region RHBN
05AB039 Willow Creek Be low Lane Creek 50.14 -113.93 South Saskatchewan River Grassland -
05AB040 \é\ggo"" Creek at Secondary No. 50.24  -11435  South Saskatchewan River Rocky Mountain ;
05AB041 Willow Creek at Oxly Ranch 50.12 -113.84 South Saskatchewan River Grassland -
05AB042 e Coulee Diversion Canal 50.12  -113.78  South Saskatchewan River Grassland ;

Below Head Gates
05AB044 z'tgse?;“'ee Reservoir Near 50.12  -113.74  South Saskatchewan River Grassland ;
05AB045 Pine Coglee Outflow Below 50.12 -113.75 South Saskatchewan River Grassland -
Reservoir
05AB046 \é\ﬂow Creek at Highwa y No. 49.75 -113.4 South Saskatchewan River Grassland -
05ACO001 Mosquito Creek Near Nanton 50.37 -113.82 South Saskatchewan River Grassland -
05AC002 Nanton Creek Near Nanton 50.35 -113.82 South Saskatchewan River Grassland -
05ACO003 Little Bow Rive r at Carmangay 50.12 -113.11 South Saskatchewan River Grassland -
05AC004 g‘;‘;}v;"’er Development Main 50.74  -113.02  South Saskatchewan River Grassland ;
05ACO005 Frank Lake Near High  River 50.57 -113.7 South Saskatchewan River Grassland -
0sacoos  Keho Lake Reservoir Near 4995  -112.95  South Saskatchewan River Grassland ;
Albion Ridge
Lethbridge Northern Irrigation
05AC009 District Canal at Inlet to Keho 51.64 -115.01 South Saska tchewan River Foothills -
Lake
osacolp  Lethbridge Northern Irrigation 49.95  -112.95  South Saskatchewan River Grassland ;
District - Turin Branch Canal
osacory  Lethbridge Northern Irrigation 4988  -1132  South Saskatchewan River Grassland :
District - Monarch Branch Canal
05AC012 g:ﬁ Bow River Below Travers 50.17 -112 .72 South Saskatchewan River Grassland -
Bow River Development
05AC013 Western Block Lateral A Near 50.19 -112.58 South Saskatchewan River Grassland -
Headgate
Bow River Developme nt
05AC014 Western Block Lateral A2 Near 50.18 -112.57 South Saska tchewan River Grassland -

Headgate
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Station

Number Station Name Latitude  Longitude Watershed Natural Region RHBN
Bow River Development
05AC015 Western Block Lateral B Near 50.15 -112.49 South Saskatchewan River Grassland -
Headgate
Bow River Development
05AC016 Western Bloc k Lateral C Near 50.12 -112.41 South Saskatchewan River Grassland -
Headgate
05AC017 Lomond Lateral Near Headgate 50.21 -112.66 South Saskatchewan River Grassland -
05AC022 Lake McGregor At South Dam 50.27 -112.82 South Saskatchewan River Grassland -
05AC023 Little Bow River Near the Mouth 49.89 -112.5 South Saskatchew an River Grassland -
05AC024 McGregor Lake Inflow Near Milo 50.58 -112.92 South Saskatchewan River Grassland -
05AC025 McGregor Travers Canal Near 50.25 -112.81 South Saskatchewa n River Grassland -
Champion
Lethbridge Northern  Irrigation
05AC026 Distric t Canal Below Keho 49.95 -112.93 South Saskatchewan River Grassland -
Outflow
Bow River Development Main
05AC027 Canal Below Little Bow 50.2 -112.62 South Saskatchewan River Grassland -
Reservoir
L.N.I.D. - Monarch Branch
05AC028 Canal Below Monarch 49.88 -113.18 South Saskatchewan River Grassland -
Head gates
Lethbridge Northern Irrigation
05AC029 District Canal Below Monarch 49.9 -113.18 South Saskatchewan River Grassland -
Headgates
05ACO030 Snake Creek Near Vulcan 50.47 -112.91 South Saskatchewan Rive r Grassland -
05AC031 Mosquito Creek Near the Mouth 50.25 -113.55 South Saskatchewan River Grassland -
05AC032 Clear Lake Near Stavely 50.13 -113.41 South Saskatchewan River Grassland -
05ACO033 Clear Brook Near Stavely 50.15 -113.45 South Saskatchewan R iver Grassland -
05AC034 Etet'seeiz‘l": River Above Travers 50.2  -112.97  South Saskatchewan River Grassland :
05AC901 Clear Lake Near Stavely 50.13 -113.41 South Saskatchewan River Grassland -
0sAcoz oW River Development Main 50.15 ~ -11253  South Saskatchewan River Grassland .

Canal at Drop No. 3

05AC909 Womans Cog lee At 690 Ave 50.42 -113.96 South Saskatchewan River Grassland -
Near Mosquito Creek
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Station

Station Name

Latitude

Longitude

Watershed

Natural Region

RHBN

Number

05AC911 tgﬂi Bow River Below  Frank 50.46  -113.62  South Saskatchewan River Grassland ;

0saco17  Sduaw Coulee Diversion Below 50.52  -113.92  South Saskatchewan River Grassland ;
Squaw Coulee Dam

05AC918 L.N.I.D. Canal at Drop No. 6 49.97 -1131 South Saskatchewan River Grassland -

05AC919 Keho Lake Near Nobleford 49.95 -112.95 South Saskatchewan River Grassland -

05AC921 Travers Reservoir Near Enchant 50.17 -112.68 South Saskatchewan River Grassland -

05AC922 II%I:]th;Gr}]aBr?tW Reservoir Near 50.2 -112.66 South Saskatchewan River Grassland -

05AC924 g"sojq“'to Creek at Highway No. 50.39 -113.98  South Saskatchewan River Grassland ;

05AC926 Mosquito Creek Upstream 50.37 -113.79 South Saskatchewan River Grassland -
Nanton At Hwy No. 2

05AC927 Nanton Creek at Highway No. 2 50.35 -113.78 South Saskatchewan River Grassland -

05AC928 'é'me Bow Ri ver at Highway No. 5054  -113.82  South Saskatchewan River Grassland ;

05AC929 g;inXVLeake Basin 3 Outlet At 50.51 -113.68 South Saskatchewan River Grassland -

05AC930 ;',:,ge Bow  River at Highway No. 50.35  -113.54  South Saskatchewan River Grassland -

05AC937 Mosquito Creek Below Clear 50.23 -113.47  South Saskatchewan River Grassland ;
Lake Diversion

05AC938 Clear Lake Diversion Canal 50.23 -113.47 South Saskat chewan River Grassland -
Below Headgate

05AC939 Clear Lake Diversion Headpond 50.23 -113.48 South Saskatchewan River Grassland -
Above Headgate

05ACO40 | Win Valley Reservoir at 56.23 -113.4 Peace River Boreal -
Highway No. 529

05AC941  Little Bow River Below Twin 5022  -113.39  South Saskatchewan River Grassland ;
Valle y Reservoir

05A D001 Mami Creek at Mountain View 49.13 -113.58 South Saskatchewan River Grassland -

05ADO002 Belly River Near Stand Off 49.47 -113.3 South Saskatchewan River Grassland -

05AD003 \F’,V;Le”"” R iver Near Waterton 4911  -11383  South Saskatchewan River Parkland X

05AD004  Crooked Creek Near Waterton 4912  -113.81  South Saskatchewan River Parkland ;

Park
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Station

Number Station Name Latitude  Longitude Watershed Natural Region RHBN
05AD005 Belly River Near Mountain View 49.09 -113.69 South Saskatchewan River Parkland X
05ADO0G  Sameron Creek at Waterton 49.05  -11391  South Saskatc hewan River  Rocky Mountain .
05ADO007 Oldman River Near Lethbridge 49.7 -112.86 South Saskatchewan River Grassland -
05ADO008 Waterton River Near Stand Off 49,5 -113.32 South Saskatchewan R iver Grassland -
05AD010 Drywood Creek Near the Mouth 49.29 -113.7 9 South Saskatchewan River Grassland -
05AD012 gg:g”woc’d Creek Near Twin 4913  -113.85  South Saskatchewan River Parkland ;
05AD013 United !rrlgat_|on District Canal 49.21 -113.63 South Saskatchewan River Grassland -
Near Hill Spring

05AD014 ﬁz;:(ng Creek Near Waterton 49.11 -113.84 South Saskatchewan River Parkland -

05AD015  Wvaterton Lake (Lower) Near 49.11 -113.83  South Saskatchewan River Parkland ;
Waterton Park

05ADO016 Dryw ood Creek Near Twin Butte 49.3 -114 South Saskatchewan River Rocky Mountain -

05ADO17  Mountain View lrrigation 4907  -113.68  South Saskatchewan River  Rocky Mountain ;
District Canal

05AD018 Bullhorn Coulee Near Cardston 49.24 -113.41 South Saskatchewan R iver Grassland -

05AD019 Oldman River Near Monarch 49.79 -113.12 South Saskatchewan River Grassland -

05AD020 E(Ia)'ih'\l{l)lrli?j;eomee Spillway Near 49.66 -112.82 South Saskatchewan River Grassland -

05AD021 Belly - St. Mary Diversion Canal 49.33 -113 .55 South Saskatchewan River Grassland -

05ADO022 Leavitt - Aetna C anal Near 49.11 -113.61 South Saskatchewan River Parkland -
Headgate

05AD023 Mour_1ta|n View Canal Below 49.1 -113.62 South Saskatchewan River Parkland -
Mami Creek

05AD024 Mami Creek Below  Leaitt - 49.11 11361  South Saskatchewan River Parkland ;
Aetna Diversion

05AD025 \F’,V;Lerto” Lake at Waterton 49.05 -113.9  South Saskatchewan River Rocky Mountain X

05AD026 Waterton Reservoir 49.32 -113.68 South Saskatchewan River Grassland -

05AD02 7 \é\’;rgto” - Belly Diversion 4932  -113.63  South Saskatchewan River Grassland ;

05AD028 Waterton River Near  Glenwood 49.43 -113.48 South Saskatchewan River Grassland -

05AD034 Nolan Coulee Near Coaldale 49.85 -112.58 South Saskatchewan River Grassl and -
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Number Station Name Latitude  Longitude Watershed Natural Region RHBN
05AD035 Prame'BIood Coulee Near 49.56 -112.95 South Saskatchewan River Grassland -
Lethbridge
0sAD03e ~ Drywood Creek Below South 49.29  -113.97  South Saskatchewan River Parkland ;
Drywood Creek
05AD037 Piyami Drain Near Picture Butte 49.83 -112.76 South Saskatchewan River Grassland -
05AD038 Battersea Drain Near  the Mouth 49.87 -112.6 South Saskatchewan River Grassland -
05AD03g  Lonesome Lake atWaterton 4907  -11389  South Saskatchewan River Parkland :
05AD040 Drain L -5 Near Diamond City 49.78 -112.85 South Saskatchewan River Grassland -
05AD041 Belly Ri ver Near Glenwood 49.35 -113.48 South Saskatchewan River Grassland -
05ADO042 \F:z;rgw Creek at Spread Eagle 49.23 -113.96 South Saskatchewan River Parkland -
05AD901 E‘r’ggl‘('"s Creek Ne  ar Pincher 49.4 ~113.68  South Saskatchewan River Grassland ;
05AD903 gg:g”wo"d Creek Near Twin 4914  -113.84  South Saskatchewan River Parkland -
05AD904 S:rl\livey Brook Near Waterton 49.14 -113.85 South Saskatchewan River Parkland -
05ADg 33 United Irigation District Canal 4923  -113.62  South Saskatchewan River Grassland .
Near Highway No. 800
05AD934 E{i'sz'ver Near Moon River 49.72  -113.12  South Saskatchewan River Grassland ;
05AD940 " ayne Lake Reservolr Near 491  -11363  South Saskatchewan River Parkland :
Mountain View
05AE002 Lee Creek at Ca rdston 49.19 -113.29 South Saskatchewan River Grassland -
0sAE003  Alberta Railway and Imigation 4913  -113.14  South Saskatchewan River Grassland ;
Co. Canal Near Kimball
05AE004 CK:i?rr\]sglllan St. Mary Canal at 49.07 -113.21 South Saskatchewan River Grassland -
05AE005 Rolph Creek Near Kimball 49.12 -113.14 South Saskatchewan River Grassland -
05AE006 St. Mary River Near Lethbridge 49.57 -112.84 South Saskatchewan River Grassland -
05AEQ07 gg‘;ggafy Creek at Hillmer's 49.05  -113.44  South Saskat chewan River Grassland ;
05AE008 Lee Creek at Layt 4914 -113.38 South Saskatchewan River Grassland -
05AE009 Pinepound Creek Near Spring 4933  -113.06  South Saskatchewan River Grassland ;

Coulee
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Station Name

Latitude

Longitude
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Natural Region

RHBN

Number

05AE010 Alberta Railway a.nd Irrigation 49.33 -113.04 South Saskatchewan River Grassland -
Co. Cana | at Spring Coulee

05AE011 Pothole Creek Near Magrath 49.37 -112.88 South Saskatchewan River Grassland -

0sAE012  othole Creek Near Magr  ath 49.44  -112.83  South Saskatchewan River Grasslan d i
(Lower Station)

05AEQ14  Magrath Irrigation District 4937  -112.89  South Saskatchewan River Grassland :
Canal Near Magrath

05AE015 l(\:/l?ag?:tlr? n St. Mary Canal Near 49.43 -112.82 South Saskatchewan  River Grassland -

05AE016 ;;néhh ol e Creek at 956  _11282  South Saskatchewan River Grassland -

05AEOQ017 Rolph Creek at Vaughn Ranch 49 -113.15 South Saskatchewan River Grassland -

05AE020 Rolph Creek Near Taylorville 49.04 -113.11 South Saskatchewan River Grassland -

05AE021 Magrath Irngatlc_m District 49.34 -113.05 South Saskatchewan River Grassland -
Canal Near Spring Coulee

05AEQ22 ~ Reymond Irrigation District 49.44  -11278  South Saskatchewan River Grassland :
Canal Near Welling

05AEO0 23 Lee Creek Near Beazer 49.06 -113.51 South Saskatchewan River Parkland -

05AE024 mggfhcou'ee Reservoir Near 49.33 1129 South Saskatchewan River Grassland -

05AE025 itc')u'\l"ea;y Reservoir Near Spring 4936  -113.11  South Saskatchewan Rive r Grassland -

05AE026 Caqadlan St. Mary Canal Near 49.34 -113.04 South Saskatchewan River Grassland -
Spring Coulee

05AEQ027 :gul\:g;);yl?lver at International 49.01 -113.29 South Saskatchewan River Grassland -

05AE037 Lee Creek at Beazer 49.11 -113.48 South Saskatchewan River Grassland -

05AE038 Pothole Turnout Near Magrath 49.37 -112.89 South Saskatchewan River Grassland -

05AE039 Tough Creek Near Beazer 49.06 -113.53 South Saskatchewan River Parkland -

05AE040 Iézzzcer:eek (East Branch) Near 49.01 -113.53 South Saskatchewan River Rocky Mountain -

05AE041 Dry Coulee Near Magrath 49.49 -112.93 South Saskatchewan River Grassland -

05AE042 Nine N.“Ie Coulee Near 49.55 -112.77 South Saskatchewan River Grassland -
Lethbridge

05AEQ43 St MaryRi veratHighway No. 49.09  -11322  South Saskatchewan River Grass land :

501
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Station Name

Latitude

Longitude
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05AE904 Iéztzt?:rgrik Below Confluence of 49.02 -113.54 South Saskatchewan River Parkland -
05AE912 égi”a Creekat  Highway No. 49.13  -11325  South Saskatchewan River Grassland .
05AF004 Etzikom Coulee Near Stirling 49.53 -112.5 Milk Riv er Grassland -
05AF006 Etzikom Coulee Near Goddard 49.36 -111.86 Milk River Grassland -
05AF007 Ketchum Creek Near Orion 49.33 -110.83 Milk River Grassland -
05AF008 Irrigation Creek Nea  r Orion 49.42 -110.83 Milk River Grassland -
05AF009 Canal Creek N ear Manyberries 49.23 -110.75 Milk River Grassland -
05AF010 'I\:";rr‘g’bemes Creek at Brodin's 4931 -110.74 Milk River Grassland -
05AF011  Cnickson Coulee atE.C. 4936  -110.86 Milk River Grassland :
Bennett's Farm
0sAF015  hakowkiLakeNearvoung's 4939 -111.01 Milk River Grassland :
05AF020 Pakowki Lake Near Etzikom 49.36 -111.03 Milk River Grassland -
05AF021 Coal Creek Near Orion 49.26 -110.85 Milk River Grassland -
05AF022 Grayback Coulee Near Orion 49.23 -110.87 Milk River Grassland -
05AF024 ~ Raymond Coulee Near 49.41  -112.67 Milk River Grassland :
Raymond
05AF026 Tyrrell Lake Near Warner 49.38 -112.25 Milk River Grassland -
05AF027 Etzikom Coulee Near Nemiscam 49.44 -111.26 Milk River Grassland -
0sAFozg  Canadian St Mary Canal at 4943 -112.69 Milk River Grassland :
Drop No. 1
05AF029 2:::::28 Lake Outflow Near 4953  -112.51 Milk River Grassland :
05AF030 Milk River Ridge Reservoir 49.38 -112.59 Milk River Grassland -
05AF031  ush Lake Drain Near New 4943 -11217 Milk River Grassland :
Dayton
0sAF03z  Canadian St Mary Canal Above 49.4  -112.61 Milk River Grassland .
Raymond Chute
05AF903 Tyrrell Lake Near Warner 49.4 -112.3 Milk River Grassland -
05AF905 Etzikom Coulee Near Nemiskam 49.44 -111.26 Milk River Grassland -
05AG001 Taber Irrigation District Canal 49.77 -112.45 South Saskatchewan River Grassland -

Near Chin
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05AG002 oW West rrigation District 5013  -112.18  South Saskatche wan River Grassland :
Canal Near Vauxhall
05AG003 Expanse Coulee Near the Mouth 49.98 -112.08 South Saskatchewan River Grassland -
05AGop4  DOWRIver DevelopmentDrainA - 4q9g 11772 South Saskatchewan River Grassland .
Near Hays
05AG005 EZ‘;VrRI;Vae;SDeve'Opmem Drain T 49.91  -11172  South Saskatchewan River Grassland .
05AG006 Oldman River Near the Mouth 49.91 -111.8 South Saskatchewan River Grassland -
05AG007 Lateral 10 Spillway Near Chin 49.84 -112.42 South Saskatchewan River Grassland -
05AG008 Bountiful Coul ee Near Cranford 49.78 -112.33 South Saskatchewan River Grassland -
05AG009 Chin Reservow Outflow to 49.77 -112.45 South Saskatchewan River Grassland -
Bountiful Coulee
osacol1  cameron Lateral Spillto Chin 4977 -112.46  South Saskatchewan Riv er  Grassland .
Reservoir
05AGO12 | aperlmigation District Canal 4974  -112.35  South Saskatchewan River Grassland :
Near Cranfo rd
05AG013 Readymade Main Inflow Canal 49.66 -112.44 South Saskatchewan River Grassland -
05AG015 Readymade Mini Inflow B 49.69 -112.44 South Saskatchewan River Grassland -
05AG016 Readymade Drain A 49.7 -112.43 South Saskatchewan River Grassland -
05AG017 Readymade Drain B 49.7 -112.42 South Saskatchewan River Grassland -
05AG022 Readymade Drain G 49.69 -112.39 South Saskatchewan River Grassland -
05AG023 Drain T -2 Near Taber 49.8 -112.17 South Saska tchewan River Grassland -
05AG024 Natural Flow D Near Chin 49.85 -112.44 South Saskatchewan River Grassland -
05AG025 Drain T -11 Near Fincastle 49.88 -112.01 South Saskatchewan River Grassland -
05AG026 CB:?::ft(')fruJ Coulee Inflow Near 49.78 -1123 1 South Saskatchewan River Grassland -
05AG027 Drain T -1 Near Taber 49.8 -112.23 South Saskatchewan River Grassland -
05AH002 Mackay Creek at Walsh 49.94 -110.04 South Saskatchewan River Grassland -
05AH003 Ross Creek Near Irvine 49.97 -110.36 South Sas katchewan River Grassland -
O5AHo0s ~ Seven Persons Creek at 50.02  -110.68  South Saskatchewan River Grassland .
Medicine Hat
05AHO006 Mackay Creek at 49.86 -110.01 South Saskat chewan River Grassland -
05AHO007 g;':é%me Creek at Schnell's 49.85 -110.06 South Saskatchewan River Grassland -
OsAHoog ~ Sros Ventre Creek at Tothill's 4975  -11046  South Saskatchewan River Grassland :

Ranch
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05AHO010 E:IrI]sChhead Creek at Clark's 49.73 -110.6 South Saskatchewan River Grassland -

05AHO011 StarI§ _a nd Burtonés D 49.9 -110.63 South Saskatchewan River Grassland -
Medicine Hat

05AH012 g:nlhl shead Creek a ,59)  .11065  South Saskatchewan River Grassland ;

05AH013 Bullshead Creek Near 49.87  -11063  South Saskatchewan River Grassland ;
Woolchester

05AH025 Elkwater Lake at Elkwater 49.66 -110.28 South Saskatchewan River Rocky Mountain -

05AH032 Ross Creek Near Pashley 49.98 -110.46 South Saskatchewan River Grasslan d -

05AH033 Seven Persons Creek Near 49.83 -110.9 South Saskatchewan River Grassland -
Seven Persons

05AHO036 Ross Creek at Koe 49.77 -110.28 South Saskatchewan River Grassland -

05AHO037 Gros Ventre Creek Near 49.88 -110.5 South Saskat chewan River Grassland -
Dunmore

05AH038 ﬁ:;‘;‘g:‘s’: Creek Near Seven 49.83  -110.85  South Saskatchewan River Grassland ;

05AH039 \?ver:ﬁ; Persons Creek Near 49.76  -111.05  South Saskatchewan River Grassland .

05AH040 Mackay Creek Near Walsh 49.96 -110.0 5 South Saskatchewan River Grassland -

05AH041 ;i'agj‘” Creek Near P akowki 4958  -110.94  South Saskatchewan River Grassland ;

05AHO042 gggkay Creek Near Graburn 49.74 -110.04 South Saskatchewan River Grassland -

05AHO043 East McAlpine Creek Near 49.79 -110.18 South Saskatchewan River Grassland -
Elkwater Lake

05A HO44 gi\éi?olr_ske Diversion Near 49.89  -11048  South Saskatchewan River Grassland ;

05AHo45 ~ Ross Creek Diversion Canal 49.95  -110.34  South Saskatchewan River Grassland .
Near Irvine

05AH046 Ross Creek at Outlet of 49.67 -110.29 South Saskatchewan River Rocky Mountain -
Elkwater Lake

05AH047 §§?u|:?ke Tributary Near 50.16 -110.25 South Saskatchewan River Grassland -

05AH048 Cavan Lake Near Dunmore 49.94 -110.4 South Saskatche wan River Grassland -

05AH049 Ross Creek at Medicine Hat 50.02 -110.64 South Saskatchewan River Grassland -
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05AH052 Ross Creek at Highway No. 41 50 -110.53 South Saskatchewan River Grassland -
05AHOs3  Dullshead Creek at Black and 49.91  -110.64  South Saskatchewan River Grassland -
White Trail
05AH054 Emzfesrv'ew Reser voir Near 49.8 -110.12  South Saskatchewan River Grassland -
05AH055 gi@ggf Creek Reservoir Near 49.7 -110.16 South Saskatchewan River Rocky Mountain -
05AHO056 I\Eﬂli\(/:vgérc reek Reservoir Near 49.71 -110.12 South Saskatchewan River Grassland -
05AH057 E:ﬂ\';:ﬁd Reservoir Near 49.67  -11051  South Saskatchewan River Grassland -
05AHO058 Elr?(r\x;?e?oulee Reservoir Near 49.67 -110.18 South Saskatchewan Ri  ver  Rocky Mountain -
05AJ001 Sout_h_Saskatchewan River at 50.04 -110.67 South Saskatchewan River Grassland -
Medicine Hat
05AJ002 Drain S -4 Near Grassy Lake 49.89 -111.66 South Saskatchewan River Grassland -
05AJ003 Drain S -10 Near Bow Island 49.92 -111. 41 South Saskatchewan River Grassland -
05AJ004 Drain S -6 Near Bow Island 49.9 -111.47 South Saskatchewan River Grassland -
Osakool  South Saskatchewan River at 5073  -110.09  South Saskatchewan River Grassland :
Highway No. 41
05BA001 Bow River at Lake L ouise 51.42 -116.18 South Saskatchewan River Rocky Mountain -
05BA 002 Eé%?:;one River Near Lake 51.43 -116.17 South Saskatchewan River Rocky Mountain X
05BA003 Bath Creek Near Lake Louise 51.44 -116.2 South Saskatchewan River Rocky Mountain -
05B A004 Louise Creek Near Lake Louise 51.41 -116.2 South Saskatchewan River  Rocky Mountain -
05BA005 Bow River Above Bath Creek 51.44 -116.21 South Saskatchewan River Rocky Mountain -
05BA006 Johnston Creek Near the Mouth 51.24 -115.84 South Saskatchewan Ri  ver  Rocky Mountain -
05BA007 Baker Creek Near the Mouth 51.34 -116 .06 South Saskatchewan River Rocky Mountain -
05BA008 Bow River Below Hector Lake 51.54 -116.29 South Saskatchewan River Rocky Mountain -
05BA009 Bow Glacier Outflow 51.66 -116.48 South S askatchewan River Rocky Mountain -
05BA010 Bow River Above Hector Lake 51.57 -116.32 South Saskatchewan River Rocky Mountain -
05BA011 Balfour Creek Near the Mouth 51.59 -116.4 South Saskatchewan River Rocky Mountain -
05BB001 Bow River at Banff 51.17 -115.57 South Saskatchewan River Rocky Mountain X
05BB003 Forty Mil e Creek Near Banff 51.2 -115.58 South Saskatchewan River Rocky Mountain -
05BB004 Brewster Creek Near Banff 51.09 -115.66 South Saskatchewan River Rocky Mountain -
05BB005 Redearth Creek Near the Mouth 51.22 -115.81 South Saskatchewan River Rocky Mountai n -
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Number Station Name Latitude  Longitude Watershed Natural Region RHBN
05BC001 Spray River at Banff 51.16 -115.55 South Saskatchewan River Rocky Mountain -
05BC002 Spray River Near Spray Lakes 50.88 -115.36 South Saskatchewan River Rocky Mountain -
05BC 003 Spray Creek at Spray Lakes 50.88 -115.36 South Saskatchewan Riv. er  Rocky Mountain -
05BC004 Spray Lake at Spray  Lakes 50.88 -115.36 South Saskatchewan River Rocky Mountain -
0s5BCO05 ~ oPray RiveratCanyon Near 50.88  -115.36  South Saskatchew anRiver  Rocky Mountain -

Spray Lakes
0sBCO0s  oPray ReservoiratThree 50.98  -115.36  South SaskatchewanRiver  Rocky Mountain .
Sisters Dam
05BC007 Spray Reservoir Spillway Near 50.89 -115.37 South Saskatchewan River Rocky Mountain -
Canyon Dam
05BCO008 ng;dcarreyek at Banff Park 51.05 -115.43 South Saskatchewan River Rocky M ountain -
05BD001 Devil 6s CrBaekkeadNe a 51.25 -115.48 South Saskatchewan River Rocky Mountain -
05BD002 Cascade River Near Banff 51.22 -115.51 South Saskatchewan River Rocky Mountai n -
05BD003 Lake Minnewanka Near Banff 51.23 -115.48 South Saskatc hewan River Rocky Mountain -
05BD004 g:ﬁffade Power Diversion Near 5119  -1155  South SaskatchewanRiver ~ Rocky Mountain -
05BDo0s  _ascade River Above Lake 51.28  -11553  South Saskatchewan River ~ Rocky Mountain -
Minnewanka

05BEOO1 Bow River Near Mor ley 51.17 -114.85 South Saskatchewan River Rocky Mountain -
05BE003 Bow River Near Kananaskis 51.08 -115.08 South Saskatchewan River Rocky Mountain -
05BE004 Bow River Near Seebe 51.11 -115.03 South Saskatchewan River Rocky Mountain -
05BE005 Ghost Lake Near Cochrane 51.21 -114.71 South Saskatchewan River Parkland -
05BE006 Bow River Below Ghost Dam 51.21 -114.61 South Saskatchewan River Parkland -
05BEO07 iz:}a%OP:)éNer Diversion at 51.08 -115.37 South Saskatchewan River Rocky Mountain -
05BEO008 Bow River at Canmore 51.08 -115.36 South Saskatchewan River Rocky Mountain -
05BE009 Policeman Creek at Canmore 51.08 -115.36 South Saskatchewan River Rocky Mountain -
05BE999 Ghost Tail race 51.22 -114.7 South Saskatchewan River Parkland -
05BF001 Kana naskis River Near Seebe 51.04 -115.02 South Saskatchewan River Rocky Mountain -
05BF002 E:Esnaskw River Above Lower 50.62 -115.12 South Saskatchewan River Rocky Mountain -
05BF003 Kananaskis River Above 50.7 -115.11 South Saskatchew an River Rocky Mountain -

Pocaterra Creek

05BF004 Pocaterra Creek Near Mouth 50.69 -115.11 South Saskatchewan River Rocky Mountain -

05BF005 Upper Kananaskis Lake 50.61 -115.11 South Saskatchewan River Rocky Mountain -
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05BF008 32331 -Dorrien  Creek Near 50.68  -115.14  South Saskatchewan River Rocky Mountain -

05BF009 Lower Kananaskis Lake 50.68 -115.12 South Saskatchewan River Rocky Mountain -

0sBFo10  Kananaskis River at Outlet of 5067  -115.13  South Saskatchewan River Rocky Mountain ;
Lower Lake

05BFO011 Boulton C reek Near Mouth 50.63 -115.12 South Saskatchewan River Rocky Mountain -

05BF013 Mud Lake Diversion Canal 50.79 -115.3 South Saskatchewan River Rocky Mountain -

05BF015 Marmot Creek Neart he Mouth 50.94 -115.14 South Saskatchewan River Rocky Mountain -

05BF016 '\S/I:erg]em Creek Main Stem Near 50.95 -115.15 South Saskatchewan River Rocky Mountain -

05BF017 Middle Fork Creek Near Seebe 50.95 -115.17 South Saskatchewan River Rocky Mountain -

05BF018 Twin Creek Near Seebe 50.95 -115.17 South Saskatchewan R iver Rocky Mountain -

05BF019 Cabin Creek Near Seebe 50.95 -115.16 South Saskatchewan River Rocky Mountain -

05BF020 Middle Fork Creekiin Cirque 50.95 -115.19 South Saskatchewa n River Rocky Mountain -
Near Seebe

0sBFo21  Kananaskis Riverin Canal 50.61  -115.12  South Saskatchewan River Rocky Mountain -
Below U pper Dam Site

05BF022 Kananaskis River at Canyon 50.7 ~115.13  South Saskatchewan River Rocky Mountain ;
Above Lower Falls

05BF024 Barrier Lake Near Seebe 51.03 -115.04 South Saskatchewan River Rocky Mountain -

05BF025 gz;a”aSk's River Below Barrier 51.04  -115.03  South Saskatchewan River Rocky Mountain ;

05BG001 Ghost River Near Cochrane 51.26 -114.76 South Saskatchewan River Rocky Mountain -

05BG002 323?;2’” Near Black Rock 51.3 11518  South Saskatchewan River Rocky Mountain ;

05BGO03  CnostRiver Diversion to Lake 5128  -115.16  South Saskatchewan River Rocky Mountain ;
Minnewanka

05BG004 Ghost River Diversion Ca_na ! 51.3 -115.18 South Saskatchewan River Rocky Mountain -
Near Black Rock Mountain

05BG005 Ghost River Overflqw Near 51.3 -115.18 South Saskatchewan River Rocky Mountain -
Black Rock Mountain

05BG006 \,\//Ivt?lljpt)ﬁrous Creek Near the 51.28 -114.83 South Sask atchewan River Rocky Mountain -

05BG009 Waiparous Creek Below 51.36 -114.99 South Saskatchewan River Rocky Mountain -

Mead ow Creek
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Number Station Name Latitude  Longitude Watershed Natural Region RHBN
05BGO010 g:]eoeslz River Above Waiparous 51.27 -114.92 South Saskatchewan River Rocky Mountain -
05BHO02 ~ DOWRIveratCus hing Bridge 51.03  -11401  South Saskatchewan River Grassland ;

Near Calgary
05BHO003 Nose Creek at Calgary 51.12 -114.04 South Saskatchewan River Grassland -
05BH004 Bow River at Calgary 51.05 -114.05 South Saskatchewan River Grassland -
05BHO005 Bow Rive r Near Cochrane 51.17 -114.46 South Saskatchewan River Parkland -
05BHO006 Jump!ngpound Creek Near 51.06 -114.54 South Saskatchewan River Parkland -
Jumping Pound
05BH008 [B)g"r; River Below Bearspaw 51.09  -11422  South Saskatchewan River Parkland ;
05BH 009 \':/Iu;}i)rl]ngpound Creek Near the 51.15 -114.52 South Saskatche wan River Parkland -
05BHO11 Jumpingpound CA:reek at 51.02 -114.61 South Saskatchewan River Rocky Mountain -
Bat emanb6s Ranch
05BHO13 JH‘}'ﬁnp'”gpound Creek Near Cox 51 ~114.93  South Saskat chewan River  Rocky Mountain ;
05BH014 Nose Creek Above Airdrie 51.31 -114.02 South Saskatchewan River Grassland -
05BH015  Jumpingpound - Creek at 51.12 11456  South Saskatchewan River Parkland -
Township Road No. 252
05BH901 Nose Creek Near the Mouth 51.05 -114.01 South Saskatchewan River Grassland -
05BH904 Beddington Creek Near Calgary 51.2 -114.16 South Saskatchewan River Parkland -
05BJ001 [E)I:l)rzw River Below Glenmore 51.01 -114.09 South Saskatchewan River Grassland -
05BJ003 Ef:g:] RiveratFulle rtonos 50.94 -114.57 South Saskatchewan River Rocky Mountain -
05BJ004 Elbow River at Bragg Creek 50.94 -114.57 South Saskatchewan River Rocky Mountain -
05BJ005 gl:noqw River Above Glenmore 51 -114.1 South Saskatchewan River Grassland -
05BJ006 Elbow River Above Elbow Falls 50.85 -114.79 South Saskatchewan Riv er  Rocky Mountain -
05BJ008 Glenmore Reservoir at Calgary 51 -114.09 South Saskatchewan River Grassland -
05BJ0O09 g:ngElbOW River Above Nihahi 50.79 -114.91 South Saskatchewan Ri  ver  Rocky Mountain -
05BJ0O10 Elbow River at Sarcee Bridge 50.99 -114.16 South Saskatchewan River Parkland -
05BJ011 Elbow River at Clem Gardiner 51.04  -11446  South Saskatchewan River Parkland ;

Bridge

103



Station

Station Name

Latitude

Longitude

Watershed

Natural Region

Number

05BK001 Fish Creek Near Priddis 50.88 -114.32 South Saskatchewan River Parkland -
05BK002 Fish Creek Near Midnapore 50.92 -114.06 South Saskatchewan River Grassland -
05BK003 Fish Creek at Bow Bottom Trail 50.9 -114.01 South Saskatchewan River Grassland -
05BL003 Highwood River at High River 50.58 -113. 87 South Saskatchewan River Grassland -
058LO04  Highwood River Bel ow Little 50.58  -113.86  South Saskatchewan River Grassland -

Bow Canal
05BL006 Pekisko Creek at Pekisko 50.42 -114.22 South Saskatchewan River Grassland -
05BL007 Stimson Creek Near Pekis ko 50.43 -114.16 South Saskatchewan River Grassland -
05BL008 gg:c\;‘vood River at Br 50.52 -114.23 South Saskatchewan River Grassland -
05BL009 Highwood River Near Aldersyde 50.69 -113.85 South Saskatchewan River Grassland -
05BL0O12 Sheep River at Okotoks 50.72 -113.97 South Saskatchewan River Parkland -
05BL 013 U:ﬁgfvpllcl’é”t Creek Near 50.77  -114.27  South Saskatchewan River Parkland -
05BL014 Sheep River at Black Diamond 50.68 -114.24 South Saskatchewan River Parkland -
05BL015 Litt le Bow Canal at High River 50.58 -113.86 South Saskatchewan River Grassland -
05BL0O16 'FI;(i)\?egrueflag Creek Near High 50.61 -113.88 South Saskatchewan River Grassland -
05BL0O17 Highwood River Diversion Canal 50.53 -113.96 South Saskatchewan River Grassl and -
05BL018 Sheep River at Buck Ranch 50.62 -114.42 South Saskat chewan River Rocky Mountain -
05BLO19 :g’:&’;’}o"d River at Diebel's 50.4 1145  South Saskatchewan River Rocky Mountain ;
05BL020 Sheep River Near Aldersyde 50.71 -113.88 South Saskatc hewan River Grassland -
05BL021 g'rge';""(’o‘)d River Below Picklejar 50.49  -114.81  South Saskatchewan River Rocky Mountain ;
0sBLOZ2z  Cawaract Creek Near Foresiry 5028  -11458  South Saskatchewan River ~ Rocky Mountain X
05BL023 Pekisko Creek Near Lon gview 50.47 -114.2 South Saskatchewan River Grassland -
05BL024 Highwood River Near the Mouth 50.78 -113.82 South Saskatchewan River Grassland -
0sBLO25 | lighwood Diversion Canal Near 50.55  -113.98  South Saskatchewan River Grassland -
Headgates

05BL027 Trap Creek Near Longview 50.47 -114.42 South Saskatchewan River Park land -
05BM002 gzvnvq River Below Carseland 50.82 -113.44 South Saskatchewan River Grassland -
05BMo03 s estem Irrigation District 5101  -113.84  South Saskatc hewan River Grassland :

Canal Near Chestermere Lake
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05BM004 Bow River Below Bassano Dam 50.75 -112.54 South Saskatchewan River Grassland -
05BM005 gfgl?g; Hill Spillway Near 50.85  -113.13  South Saskatchewan River Grassland ;
0s5BMO0s ~ C@nadalandand lrrigation Co. 50.81  -113.44  South Saskatchewan River Grassland ;
Canal Nea r Intake

05BMO00 7 Parflesh Creek Near Chancellor 50.99 -112.84 South Saskatchewan River Grassland -

05BM008 Crowfoot Creek Near Cluny 50.83 -112.76 South Saskatchewan River Grassland -

05BMO009 Twelve Mil e Coulee Spillway 50.84 -113.57 South Saskatchewan R iver Grassland -
Near Carseland

osBmotp @M Hill Spillway Near 50.9 _113.4  South Saskatchewan River Grassland ,
Strangmuir

05BM011 ggg;ter Hill Spillway Near 50.9 -113.15 South Saskatchewan Riv  er Grassland -

05BMO012 E:/I?)Il:rt]hHI” Spillway Near the 50.85 -113.35 South Saskatchewan River Grassland -

05BM013 Cluny Spillway Near Cluny 50.81 -112.9 South Saskatchewan River Grassland -

05BM014 West Arrowwood Creek Near 50.76 -113.23 South Saskatchewan River Grassland X
Arrowwood

05BMo15  'Vestern lrigation Dist - rict 51.04 -114 South Saskatchewan River Grassland ;
Canal Near Headgates

05BMo16  \Vestern Igation District 51 11379  South Saskatchewan River Grassland ;
Canal ™A™ Near Headgate

05B M017 Weste'r‘? |'I:!"IgatI0n District 51.06 -113.81 South Saskatchewan  River Grassland -
Canal "'B"" Near Headgate

05BM018 \évnessi;,:rrowwood Creek Near 50.51 -113.34 South Saskatchewan River Grassland -

05BMozo  -astem lrrigation District Main 50.74  -11251  South Saskatchewan River Grassland .
Branch Cana | Near Headgate

05BM021 oW River Development Main 50.82  -113.43  South Saskatchewan River Grassland ;
Canal Below Headgates

05BM904 gzﬁziermere Lake at South 51.01 -113.81 South Saskatchewan River Grassland -

05BNO001 Eastern Imgation District Main 50.52 -111.87 South Saskatchewan River Grassland -
Bantry Canal Above Aqueduct

05BN002 Twelve Mile Creek Near Cecil 50.14 -111.66 South Saskatchewan River Grassland -
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Number Station Name Latitude  Longitude Watershed Natural Region RHBN

osBNoog  Costemlmgation Distr - lctWest - g5h55 19381 South Saskatchewa n River Grassland :
Bantry Canal Near Headgate
Eastern Irrigation District

05BN004 Rolling Hills Canal Near 50.37 -111.88 South Saskatchewan River Grassland -
Headgate

05BNo05  -ostem Imgation District Bow 505  -112.14  South Saskatchewan River Grassland :
Slope Canal Near Headgate

05BNO006 ,’\\I/IivljthWESt Coulee Near the 50.21 -112.1 South Saskatchewan River Grassland -

05BNO007 Ronalane Wasteway Near Hays 50.04 -111.58 South Saskatchewan River Grassland -

05BNO008 Bow River Development Drain 50.19 -112.04 South Sa skatchewan River Grassland -
D Near Vauxhall

osBNoog  COWRver DevelopmentDrainK 5559 15218 South Saskatchewan River Grassland -
Near Vauxhall

05BNO010 Antelope Coulee Spillway 50.45 -112.16 South Sa skatchewan River Grassland -
Eastern Irrigation District E ast

05BNO11 Branch Canal Above Antelope 50.53 -112.18 South Saskatchewan  River Grassland -
Crossing

05BNO012 Bow River Near the Mouth 50.04 -111.59 South Saskatchewan River Grassland -
Eastern Irrigation District East

05BNO013 Branch Canal Below Bow Slope 50.51 -112.14 South Saskatchewan  River Grassland -
Canal

05BN014 Coal Creek at Bow City 50.43 -112.22 South Saskatchewan River Grassland -

05BNO015 Rolling Hills Canal No. 1 Spill 50.16 -111.81 South Saskatchewan River Grassland -

05BNO016 X'viﬁ:t Sauki Drain Near R olling 50.22 -112 South Saskatchewan River Grassland -

05BNO17 ggl‘jggjcfreek Spillway Near 50.52  -111.86  South Saskatchewan River Grassland .

05BNO019 Rolling Hills Canal No . 2 Spill 50.14 -111.68 South Saskatchewan River Grassland -

0sBNO 23 oW River Development Drain E 50.19  -112.08  South Saskatchewan River Grassland .
Near Vauxhall

05BN024 Natural Flow C Near Bow City 50.37 -112.24 South Saskatchewan River Grassland -

05CA001 Red Deer River Near Sundre 51.7 -114.85 South Saskatchewan R iver Foothills -

05CA002 James River Near Sundre 51.92 -114.68 South Saskatchewan River Boreal -

0scacos  Deer Creek (Main Stem) Near 5165  -11513  South Saskatchewan River Foothill s :

Sundre
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Number
05CA004 Eﬁ/‘l?eer River Above  Panther 51.66  -11541  South Saskatchewan River Foothills ;
05CAQ08  Red Deer RiveratForestry 5165  -11526  South Saskatchewan River Foothills :
oscacog  ed Deer River Below Burnt 51.64  -11501  South Saskatchewan River Foothills .
Timber Creek
05CA010 Red Deer River at Sundr e 51.79 -114.63 South Saskatchewan River Boreal -
05CA011 Bearberry Creek Near Sundre 51.8 -114.66 South Saskatchewan River Boreal -
05CA012 Fallentimber Creek Near Sundre 51.73 -114.65 South Saskatchewan River Boreal -
05CB001 k/'lt;'ljetfed Deer River Nea  r the 52.02  -114.14  South Saskatchewan River Parkland ;
05CB002 Little Red Deer River Near 51.51 -114.67 South Saskatchewan River Parkland -
Water Valley
05CB004 Raven River Near Raven 52.08 -114.47 South Saskatchewan River Boreal -
oscBops  ceaver dam Creek Near 51.36  -11443  South Saskatchewan River Parkland .
Cochrane
05CB006 CD;ilSEslf(];ir Reservoir Near 52.04 -114.22 South Saskatchewan River Parkland -
05CB007 Dickson Dam Tu nnel Outlet 52.05 -114.21 South Saskatchewan River Parkland -
05CC001 Blindman River Near Blackfalds 52.35 -113.79 South Saskatchewan River Parkland -
05CC002 Red Deer River at Red Deer 52.27 -113.81 South Saskatchewan River Parkland -
05CC003 Sylvan La ke at Sylvan Lake 52.31 -114.1 South Saskatchewan River Parkland -
05CC004 Sylvan Creek Near Sylvan Lake 52.31 -114.06 South Saskatchewan River Parkland -
05CC006 Gull Lake at RV Heaven Marina 52.59 -114.05 South Saskatchewan River Parkland -
05CCo007 Medicine River Near Eckville 52.31 -114.34 South Saskatchewan River Parkland -
05CC008 Blindman River Near Bluffton 52.75 -114.28 South Saskatchewan River Boreal -
05CC009 Lloyd Creek Near Bluffton 52.74 -114.14 South Saskatchewan River Boreal -
05CcCo010 Block Creek Near Leedale 52.57 -114.57 South Saskatchewan River Bore al -
05CCo011 Waskasoo Creek at Red Deer 52.26 -113.79 South Saskatchewan River Parkland -
osccoiz  |indastoll Creek Near 5211  -11411  South Saskatchewan River Parkland -
Markerville
05CCO013 Lasthill Creek Near Eckville 52.36 -114.45 South Saskatchewan R iver Boreal -
05CC901 Cygnet Lake Near Sylvan Lake 52.27 -113.96 South Saskatchewan River Parkland -
05CD001 ggﬁgLaCha'” Lake Outlet Near 526  -11346  South Saskatchewan River Parkland ;
05CDO003 Upper Chain Lake Near Ponoka 52.61 -113.46 South Sa skatchewan River Parkland -
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05CD004 Red Deer River Near Nevis 52.3 -113.06 South Saskatchewan River Parkland -
05CDO005 Buffalo Lake Near Erskine 52.46 -112.88 South Saskatchewan River Parkland -
05CDO006 Haynes Creek Near Haynes 52.33 -113.36 South Saska tchewan River Parkland -
05CDO007 Parlby Creek at Alix 52.4 -113.19 South Saskatchewan River Parkland -
05CD902 Parlby Creek Near Mirror 52.49 -113.1 South Saskatchewan River Parkland -
05CD903 Spotted Lake Near Mirror 52.49 -113.1 South Saskatchewan Riv  er Parkland -
05CD905 mgr‘;gBaCkﬂoc’d at Highway 5246  -113.13  South Saskatchewan River Parkland .
05CD913 Haynes Creek (M1) Near Joffre 5241 -113.53 South Saskatchewan River Parkland -
05CE001 Red Deer River at Drumheller 51.46 -112.71 South S askatchewan River Grassland -
05CE002 Kneehills Creek Near 51.46 -112.97 South Saskatchewan River Grassland -

Drumheller
05CE003 Rosebud River at Beynon 51.33 -112.78 South Saskatchewan R iver Grassland -
05CE004 Rosebud River Near Crossfield 51.47 -113. 8 South Saskatchewan River Grassland -
05CE005 Rosebud River at Redland 51.29 -113.01 South Saskatchewan River Grassland -
05CE006 gfjff“d River Below Carstairs 5141  -11372  South Saskatchewan River Grassland .
05CE007 Threehills Creek Near Carbo  n 51.56 -113.07 South Saskatchewan River Grassland -
05CE008 Atusis Creek Near Redland 51.33 -113.05 South Saskatchewan River Grassland -
05CE009 Severn Creek Near Rosebud 51.26 -112.94 South Saskatchewan River Grassland -
05CEO010 Ray Creek Near Innisfa il 52 -113.59 South Saskatchewan River Parkland -
05CEO011 Renwick Creek Near Three Hills 51.71 -113.36 South Saskatchewan River Parkland -
05CE012 Ghostpine Creek Near Huxley 51.89 -113.2 4 South Saskatchewan River Parkland -
05CE013 Lonepine Creek Near Linden 51.57 -113.52 South Saskatchewan River Grassland -
05CEO015 Threehills Creek Near Trochu 51.85 -113.42 South Saskatchewan River Parkland -
05CE016 Kneehills Creek Near Linden 51.59 -113.51 South Saskatchewan River Grassland -
05CE018 g‘;ihms Cr eek Below Ray 51.99  -11356  South Saskatchewan River Parkland .
05CE019 Sheep Coulee Near Carstairs 51.56 -114.03 South Saskatchewan River Parkland -
05CE020 Michichi Creek at Drumh  eller 51.47 -112.71 South Saskatchewan River Grassland -
oscEgor  Dlgelow Reservoir Near 51.88  -11346  South Saskatchewan River Parkland :
Wimborne

05CF001 E:E;van Lake Near Sullivan 52.04 -111.91 South Saskatchewan River Grassland -
05CF002 Dowlin g Lake Near Dowling 51.76 -111.99 South Saskatchewan River Grasslan d -
05CG001 Bullpound Creek Near Hutton 51.12 -111.9 South Saskatchewan River Grassland -
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Number Station Name Latitude  Longitude Watershed Natural Region RHBN
05CG002 Bullpound Creek Near Hanna 51.65 -112 South Saskatchewan River Grassland -
05CG003 'I?Alghrihound Creek Near the 51.09  -111.93  South Saskatchewan River Grassland -
05CG004 Bullpound Creek Near Watts 51.66 -112.08 South Saskatchewan River Grassland -
05CG005 Qﬁ';saxwe Coulee at Western 51.32  -112.47  South Saskatchewan River Grassla nd -
05CG006 E:khecreek Above Little Fish 51.39 _1122  South Saskatchewan River Grassland :
05CGO007 Alberta Power Limited Cooling 51.42 -111.8 South Saskatchewan River Grassland -

Pond Outlet
05CHO001 Berry Creek at Forster's Ranch 50.96 -111.75 South Saskatchewan River Grassland -
05CHO002 Berry Creek Near Wardlow 50.9 -111.56 South Saskatchewan River Grassland -
05CH003 Svear:ég\;,eek (East Branch) Near 50.9 -111.55  South Saskatchewan River Grassland -
05CHO005 Dead Fish Creek Near Hutton 51.01 -111.8 South Saskatchewan River Grassland -
05CHO007 Berry Creek Near the Mouth 50.85 -111.59 South Saskatchewan River Grassland -
05CHO008 Berry Creek Near Rose Lynn 51.41 -111.49 South Saskatchewan River Grassland -
05CH009 Natural Flow A Near  Polloc kville 51.14 -111.79 South Saskatchewan River Grassland -
05CHO010 Berry Creek Near Pollockville 51.09 -111.68 South Saskatchewan River Grassland -
05CHO011 Berry Creek Reservoir Outlet 51.23 -111.63 South Saskatchewan River Grassland -
05CHO12 2222:52 | nflow Canal Near 51.01  -111.81  South Saskatchewan River Grassland -
05CHO013 Forster Reservoir Near Cessford 50.98 -111.76 South Saskatchewan River Grassland -
05CHo14  Dery Creek Reservoir Near 51.25  -111.64  South Saskatchewan River Grassland -

Sunnynook
05CHO16 Efég’kcreek Below Deadfish 50.93  -111.76  South Saskatchewan River Grassland -
05CJo01 Eastern Irrigation District North 50.75 -112.41 South Saskatchewan River Grassland -

Branch Canal Near Bassano
05CJ002 C.P.R. Co. EastBranch  Canal 50.75  -112.41  South Saskatchewan River Grasslan d -
Near Bassano

Eastern Irrigation District East

05CJ003 50.71 -112.34 South Saskatchewan River Grassland -
Branch Canal Near Lathom

05CJ004 Ea;tern_ Iigation District 50.72 -112.33 South Saskatchewan River Grassland -
Springhill Canal Near Lathom

05CJ005 Matzhiwi n Creek Near Duchess 50.81 -111.82 South Saskatchewan River Grassland -
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05CJ006 Onetree Creek Near Patricia 50.73 -111.68 South Saskatchewan River Grassland -
05CJ007 gs;zlgéw'” Creek Abov e Ware 50.84  -111.92  South Saskatchewan River Grassland -
05CJ008 \(’:Vrireekcc’“'ee Above Matzhiwin 50.79  -111.78  South Saskatchewan River Grassland -
05CJ009 Red Deer River Near  Jenner 50.84 -111.15 South Saskatchewan River Grassland -
05CJ010 Spring Creek Near Verger 50.95 -111.95 South Saskatchewan River Grassland -
05CJ011 Natural Flow B Near Princess 50.63 -111.5 South Saskatchewan River Grassland -
05CJ012 I\C/I;tﬁgéwm Creek Below Ware 50.82 -111.82 South Saskatchewan River Grassland -
05CK001 ,Ialgﬁ%mdlan Creek Near the 50.95 -111.06 South Sas katchewan River Grassland -
05CK002 Red Deer River Near Empress 50.96 -110.02 South Saskatchewan River Grassland -
05CKO003 galné)ho d tndian Cree 51.03 -111.23 South Saskat chewan River Grassland -
05CK004 Red Deer River Near Bindloss 50.9 -110.29 South Saskatchewan River Grassland -
05CKO005 Alkali Creek Near the  Mouth 50.89 -110.5 South Saskatchewan River Grassland -
05CK006 52325“ Coulee Near Acadia 51.09  -11025  South Saskatchewan River Grassland -
05CKO007 E;?(oed Indian Creek N ear Cabin 51.09 -111.24 South Saskatchewan River Grassland -
05DA001 Wh|terabb|t C[eek Near 52.1 -116.41 North Saskatchewan River Rocky Mountain -
Wil sonbds Ranch
05DA002 Siffleur Riv er Near the Mouth 52.04 -116.38 North Saskatchewan River Rocky Moun tain -
05DA003 quth SaskatcAhewan River at 52.09 -116.41 North Saskatchewan River Rocky Mountain -
Wil sonbds Ranch
05DA004 Cline River Near the Mouth 52.14 -116.5 North Saskatchewan River Rocky Mountain -
05DA005 Mistaya River Near the Mouth 51.96 -116.7 1 North Saskatchewan River Rocky Mountain -
05DA00s  North Saskatchewan River at 5196  -116.72  North Saskatchewan River Rocky Mountain ;
Saskatchewan Crossing
05DA007 Mistaya River Near . 51.88 -116.68 North Saskatchewan River Rocky Mo untain X
Saskatchewan Crossing
05DA008 Peyto Creek at Peyto Glacier 51.69 -116.53 North Saskatchewan River Rocky Mountain -
05DA009 North Saskatchewan River at 52 -116.47 North Saskatchewan Riv. er  Rocky Mountain X

Whirlpool Point
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05DA010 ag{irhhom Creek Near the 51.79 -116.58 North Saskatchewan River Rocky Mountain X
05DB001 CIearwgter River Near Rocky 52.34 -114.93 North Saskatchewan River Boreal -
Mountain House

05DB002 Prairie Creek Near Rocky 52.27 -114.92  North Saskatchewan River Boreal -
Mount ain House

05DB003 Clearwater River Above 51.99  -115.43  North Saskatchewan River Foothills -
Limestone Creek

05DB004 gzirgenCreek Near Ranger 52.24 -115.3 North Saskatchewan River Foothills -

05DB0 05 Prairie Creek Below Lick Creek 52.25 -115.28 North Saskatchewan  River Foothills -

05DB006 Clearwater River Near 52.25 -114.85 North Saskatchewan River Boreal -
Dovercourt

05DB007 g:;a;drwater River at Forestry 51.97 -115.23 North Saskatchewan River Foothills -

0sDCoo1  North Saskatchewan River Near 52.37  -114.94  North Saskatchewan River Boreal ;
Rocky Mountain House

05DC002 2232 dse";‘;kamhewa” River at 5245  -11575  North Saskatchewan River Foothills :

05DCO003 Martin Creek Near Nordegg 52. 46 -116.07 North Saskatchewan River Foothills -

05DC004 Shunda Cre ek Near Saunders 52.42 -115.78 North Saskatchewan River Foothills -

05DC005 Bighorn River Near the Mouth 52.37 -116.29 North Saskatchewan River Rocky Mountain -

05DCO006 Ram River Near the  Mouth 52.36 -115.42 North Saskatchewan River Foothills -

0sDCoo7  North Saskatchewan River 52.3 -116.31  North Saskatchewan River Rocky Mountain -
Below Tershishner Creek

05DCO008 Ram River at Ram Glacier 51.85 -116.19 North Saskatchewan River Rocky Mounta in -

05DC009 Lake Abraham Near Nordegg 52.3 -116.32 North Saskatch ewan River Rocky Mountain -

05DCO010 North Sa_lskatchewan River 52.31 -116.32 North Saskatchewan River Rocky Mountain -
Below Bighorn Plant

05DC011 gggg Ram River at Forestry 5228  -11599  North Saskatchewan River Foothills :

05DC012 Baptiste River N ear the Mouth 52.66 -115.07 North Saskatchewan River Foothills -

05DD001 ﬁ(c)):g[hesk River Near Forestry 52.66 -116.87 North Saskatchewan River Rocky Mountain -

ospDooz  Dlackstone River - Near Grass 5276  -11631  North Saskatchewan River Foothil Is :

Mountain
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05DDO003 Chungo Creek Near the Mouth 52.7 -116.48 North Saskatchewan River Foothills
05DD004 Brown Creek at Forestry Road 52.76 -116.36 North Saskatchewan River Foothills
05DDO0S ot RIVeT Below Brazeau 5291  -11536  North Saskatchewan River Foothills
05DDO006 Brazeau Reservoir 52.97 -115.58 North Saskatchewan River Foothills
05DDO07  praceRuRIVer Below Cardinal 5288  -11655  North Saskatchewan River Foothills
05DDO008 Cardinal River Near the Mouth 52.86 -116.59 North Saska tchewan River Foothills
05DD009 Nordegg River at Sunchild Road 52.81 -115.52 North Saskatchewan River Foothills
05DE001 North Saskatchewan River at 53.21 11493  North Sa skatchewan River Boreal
Rocky Rapids
05DEO002 Wabamun Lake at Wabamun 53.55 -114.46 North Saskatchewan River Boreal
05DE003 Wabamun Creek Near Duffield 53.46 -114.36 North Saskatchewan River Boreal
05DEO004 Wabamun Lake at Seba Beach 53.55 -114.73 North Saskatch ewan River Boreal
05DEO0s  North Saskatchewan River Near 5305  -115.21  North Saskatchewan River Boreal
Lodgepol e
05DEO007 Rose Creek Near Alder Flats 52.92 -115.01 North Saskatchewan River Boreal
05DEO008 Modeste Creek Near Breton 53.1 -114.5 North S askatchewan River Boreal
05DEQ09  Jomahawk Creek Near 53.4 11476  North Saskatchewan River Boreal
Tomahawk
05DE010 North Saskatchewan River at 53.31 11475  North Saskatchewan River Boreal
Highway No. 759
05DE911 Modeste Creek Near Lindale 53.24 -114.7 North Saskatchewan River Boreal
05DF001 North Saskatchewan  River at 53.53 -113.48  North Saskatchewan River Parkland
Edmonton
05DF002 E;’Qé“””g Creek Near Wizard 53.1 -113.82  North Saskatchewan River Parkland
05DF003 Blackmud Creek Near  Ellerslie 53.41 -113.51 North Saskatchewan River Parkland
05DF00 4 f’ﬂtgi‘;‘ébe”y Creek Near the 5331  -114.05  North Saskatchewan River Boreal
05DF006 Whitemud Creek Near Ellerslie 53.41 -113.59 North Saskatchewan River Parkland
05DF007 x\ﬁz;\’vh't emud Creek Near 5322  -113.69  North Saskatchewan River Parkl and
05DF008 Weed Creek at Thorsby 53.23 -114.05 North Saskatchewan River Boreal
05EAQ0L  Sturgeon River Near Fort 5383  -113.28  North Saskatchewan River Parkland

Saskatchewan
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05EA00 2 Sturgeon River at St. Albert 53.63 -113.62 North Saskatchewan Riv  er Parkland -
0O5EA003 Sturgeon River Near Darwell 53.66 -114.61 North Saskatchewan River Boreal -
05EA004 Sturgeon River Near Onoway 53.73 -114.27 North Saskatchewan River Boreal -
05EA0 05 Sturgeon River Near Villeneuve 53.65 -113.76 North Saskatchewan  River Parkland -
05EA006 Lac Ste. Anne At Alberta Beach 53.67 -114.35 North Saskatchewan River Boreal -
05EA008 Isle Lake at Eureka Beach 53.62 -114.68 North Saskatchewan River Boreal -
05EA009 Atim Creek Near Spruce Grove 53.57 -113.93 North Saskatchew an River Parkland -
05EA010 ::iu(;gson River Near  Magnolia 53.59 -114.85 North Saskatchewan River Boreal -
05EA011 Carrot Creek Near the Mouth 53.62 -113.69 North Saskatchewan River Parkland -
05EA012 Atim Creek at Century Road 53.59 -113.88 North Saskatchewan River Parkland -
05EB0O01 Hastings Creek Near Lindbrook 53.4 -112.82 North Saskatchewan River Boreal -
05EB002 Beaverhill Creek Near Mundare 53.56 -1125 North Saskatchewan Ri  ver Parkland -
05EBO003 Beaverhill Lake Near Mundare 53.55 -112.5 North Saskatchewan River Parkland -
osEBoo4  astings Lake Near North 5341  -112.94  North Saskatchewan River Boreal .
Cooking Lake
05EBO005 f:klg Lake Near North Cooking 534 -112.96 North Saskatchewan River Boreal -
oseBoos  CookingLake CreekNearNo rth g5 40 19993 North Saskatchewan River Boreal .
Cooking Lake
osepoo7  <o°king Lake Near North 53.46 -113 North Saskatchewan River Boreal .
Cooking Lake
05EBO008 Beaverhill Lake Near Tof ield 53.36 -112.56 North Saskatchewan River Parkland -
05EB009 Sto ve Lake Near Tofield 53.33 -112.91 North Saskatchewan River Boreal -
05EBO11 Hastings Lake Near Deville 53.42 -112.9 North Saskatchewan River Boreal -
05EBO012 Cooking Lake at Cooking Lake 53.41 -113.12 North Saskatchewan River Boreal -
05EB013 Ministik Lake Near New Sarepta 53.32 -113.05 North Saskatchewan River Boreal -
05EBO014 IF\)/I;?LJeIon Lake at Provincial 53.24 -112.9 North Saskatchewan  River Boreal -
0sEBO1s  Leovernil CreekNearthe 5388  -11294  North Saskatchewan River Boreal .
05EB016 Amisk Creek Near Shonts 53.3 -112.55 North Saskatchewan River Parkland -
05EB902 Pointe - Aux - Pins Creek Near 53.59 -113.16 North Saskatchewan River Parkland -
Ardrossan
05EB90g  LoMe-Aux-PinsTrbutaryNo.1 g3 57 19314 North Saskatchew an River Parkland :

Near Ardrossan
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05EB910 Pointe - Aux - Pins Tributary No. 2 53.59 -113.14 North Saskatchewan River Parkland -
Near Ardrossan
05EB911  FoMe-Aux-PinsTrbutaryNo.3 5559 19314 North Saskatchewan River Parkland .
Near Ardrossan
05ECO001 Smoky Lake Near Warspite 54.1 -112.58 North Saskatchewan River Boreal -
05EC002 Waskatenau Creek Near 54.12 -112.78 North Saskatchewan River Boreal -
Waskatenau
05EC003 Redwater River Near Redwater 53914 -113.05 North Saskatchewan River Boreal -
05EC004 Namepi Creek N ear the Mouth 54.02 -112.84 North Saskatchewan River Boreal -
05EC005 Redwater River Near the Mouth 53.89 -112.99 North Saskatchewan River Boreal -
05EC006 \(\;T;e Earth Creek Near Smoky 54.11 -112.3 North Saskatchewan River Boreal -
05ECO007 Redwater River Near Vimy 54.09 -113.56 North Saskatchewan River Parkland -
05EDO001 Stony Creek Near Saddle Lake 54.02 -111.69 North Saskatchewan River Boreal -
05EDO002 Atimoswe Creek Near ElIk Poi nt 53.88 -110.92 North Saskatchewan River Boreal -
05EDO003 Moosehi lIs Creek Near Elk Point 53.93 -110.77 North Saskatchewan River Boreal -
O5EEO001 Vermilion River Near Mannville 53.37 -111.17 North Saskatchewan River Parkland -
05EE002 Vermilion River a tLea Park 53.65 -110.33 North Saskatchewan River Parkland -
O5EE003 Vermilion River Near Vegreville 53.46 -112.06 North Saskatchewan River Parkland -
O5EE004 Vermilion River Near Hazeldine 53.62 -110.42 North Saskatchewan River Parkland -
O5EEO005 Stret ton Creek Near Marwayne 53.44 -110.32 North Saskatchewan River Park land -
O5EE006 \B/:eur?elllon River Tributary Near 53.29 -112.04 North Saskatchewan River Parkland -
O5EEO007 Vermilion River Near Marwayne 53.49 -110.39 North Saskatchewan River Parkland -
05EE008 xgm::gz Park Lake Near 5336  -110.86  North Saskatchewan River Parkland :
O5EE009 Vermilion River at Vegreville 53.49 -112.03 North Saskatchewan River Parkland -
O5EEO010 \N/irrrilcl)lgn River at Range Road 53.61 -111.45 North Sas katchewan River Boreal -
osEgo11  ermilion Lakes Near 53.64  -111.47  North Saskatchewan River Boreal .
Morecambe
0SEE913 \,f,{;nélr']on River Drainage Near 5313  -1124  North Saskatchewan River Parkland .
05EE915 Vermilion River Drainage Near 53.17 -112.06 North Saskatchewan River Parkland -

Bruce
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0O5EE930 Vermilion R ‘iver Near 53.59 -111.4 North Saskatchewan River Boreal -
Beauvallon
05EF003 E:;g;aksmtc“ewa” River at 5365  -110.33  North Saskatchewan River Parkland ;
05FA001 Battle River Nea r Ponoka 52.66 -113.58 North Saskatchewan River Parkland -
05FA002 Pigeon Lake Creek Near 52.95 -113.96 North Saskatchewan River Parkland -
Westerose
05FA003 Bittern Lake at Bittern Lake 53.01 -113.03 North Saskatchewan River Parkland -
05FA004 Big Hay Lake Near Millet 53.15 -113.16 North Saskatchewan River Parkland -
05FA006 Driedmeat Lake Near Edberg 52.85 -112.75 North Saskatchewan River Parkland -
05FA007 Pipestone Creek Near Millet 53.08 -113.46 North Saskatchewan River Parkland -
05FA008 Bigston e Creek Near Bigstone 53.03 -113.43 North Saskatchewan River Parkla nd -
05FA009 Pigeon Lake Near Westerose 52.95 -113.96 North Saskatchewan River Parkland -
0O5FA010 Camrose Creek at Camrose 53.01 -112.83 North Saskatchewan River Parkland -
05FA011 Battl e River at Duhamel 52.94 -112.96 North Saskatchewan River Parkland -
05FA012 Pipestone Creek Near 53.03  -113.32  North Saskatchewan River Parkland ,
Wetaskiwin
05FA013  geon Lake atPigeon Lake 5302  -11412  North Saskatchewan River Boreall .

Provincial Park

05FA014 Maskvya Creek No. 1 Above 52.78 -113.62 North Saskatchewan River Parkland -
Bearhills Lake

05FA015 Maskvya Creek No. 2 Above 52.81 -113.61 North Saskatchewan River Parkland -
Bearhills Lake

Coal Lake Reservoir Near

0O5FA016 L 53 -113.2 1 North Saskatchewan River Parkland -
Wetaskiwin
05FA017 ,\PA'SS;” Lake Creek Ne ar the 5285  -113.89  North Saskatchewan River Parkland -
05FA018 agi?r:neat Creek Near the 52.88 -112.63 North Saskatchewan River Parkland -
05FA019 Pigeon Lake Creek Near Uson a 52.86 -113.89 North Saskatchewan River Parkland -
05FA020 Driedm eat Lake at Outflow 52.78 -112.71 North Saskatchewan River Parkland -
05FA021 E?;ii River Below Pipestone 5206  -113.07  North Saskatchewan River Parkland ;
05FA022 ELZZSI;[O”e Creek Below Bigstone 53.04 -113.36 North Saskatchewan River Parklan d -

115



Station

Station Name

Latitude

Longitude

Watershed

Natural Region

RHBN

Number

05FA023 E?ét‘lai River Above Pipestone 52.95 -113.17 North Saskatchewan River Parkland -
05FA024 Weiller Creek Near Wetaskiwin 52.95 -113.28 North Saskatchewan River Parkland -
05FA025 Camrose Creek Near Camrose 53.04 -112.82 North Saskatchewan  River Parkland -
05FA026 \Klvg'zcl:geek at Township Road 5249  -113.69  North Saskatchewan River Parkland .
05FA912 Muskeg Creek Near Westerose 52.86 -113.95 North Saskatchewan River Parkland -
05FB001 Thomas Lake Near Viking 53.1 -111.71 North Saska tchewan River Parkland -
05FB002 Iron Creek Near Hardisty 52.7 -111.31 North Saskatchewan River Parkland X
05FB003 Iron Creek Near Viking 53.01 -111.9 North Saskatchewan River Parkland -
05FC001 Battle River Near Forestburg 52.57 -112.34 North Saskatche wan River Parkland -
05FC002 Bigknife Creek Near Gadsby 52.51 -112.35 North Saskatchewan River Parkland -
05FC003 Meeting Creek Near the Mouth 52.55 -112.41 North Saskatchewan River Parkl and -
05FC004 Paintearth Creek Near Halkirk 52.38 -112.13 North Sa skatchewan River Parkland -
05FCO05 \Ffv‘?lcljc‘)’z\'l"ow Creek Near Red 5252  -112.38  North Saskatchewan River Parkland .
05FC006 Meeting Creek Near Donalda 52.58 -112.53 North Saskatchewan R iver Parkland -
05FCO007 Young Creek Near Castor 52.25 -111.73 Nort h Saskatchewan River Grassland -
05FC008 Battle River at Highway No. 872 52.4 -111.41 North Saskatchewan River Parkland -
05FC904 @?I?c\;wlow Creek Near Red 52.51 -112.38 North Saska tchewan River Parkland -
05FDO001 Ribstone Creek Near Edgerton 52.75 -110.48 North Saskatchewan River Parkland -
05FD002 Ribstone Lake Near Heath 52.76 -110.63 North Saskatchewan River Parkland -
05FDO003 Ribstone Creek Near Ribstone 52.72 -110.26 North S askatchewan River Parkland -
05FDO005 Ribstone Creek Near Czar 5248 -110.73 North Saskatchewan River Parkland -
05FD006 Copper Creek Near Coronation 52.17 -111.23 North Saskatchewan River Grassland -
O5FDO0Q7 Shorncliffe Lake Near Czar 52.47 -110.86 Nort h Saskatchewan River Parkland -
05FE002 E;ffalo Creek at Highway N o. 53 -110.86 North Saskatchewan River Parkland -
05FEO003 Battle River at Highway No. 41 52.99 -110.85 North Saskatchewan River Parkland -
O5FE004 Battle River Near the 52.85 -110.01 North Saskatchewan River Parkland -

Saskatchewan Bo undary
O5FE005 Blackfoot Creek Near the 52.95 -110 North Saskatchewan River Parkland -
Saskatchewan Boundary

05GA003 Monitor Creek Near Monitor 51.96 -110.57 North Saskatchewan River Grassland -
05GA004 Sounding Lake Near Monitor 52.15 -110.56 North Saskatchewan River Parkland -
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05GA005 Gooseberry Lake Near Consort 52.11 -110.76 North Saskatchewan River Grassland -
05GA008 Sounding Creek Near Oyen 51.56 -110.47 North Saskatchewan River Grassland -
05GA 009 ggg?gm(:k Lake Tributary Near 51.97 -111.47 North Sas katchewan River Grassland -
05GA010 Ell’lllglzi;lller)ll Lake Tributary Near 52.56  -110.14  North Saskatchewan River Parkland -
05GA011 Monitor Creek Near Consort 51.87 -110.76 North Saskatch ewan River Grassland -
05GA012 Sounding Creek Near Chinook 51.54 -110.91 North Saskatchewan River Grassland -
05GA013 Loyalist Creek Near Consort 52 -110.76 North Saskatchewan River Grassland -
06AA001 Beaver River Near Goodridge 54.43 -111.36 Beaver Ri ver Boreal -
06AA002 Amisk River at Highway No. 36 54.47 -112.01 Beaver River Boreal -
06AA003 Beaver Lake at Ranger Station 54.76 -111.9 Beaver River Boreal -
06AA004 hcﬂz'ﬁtr;b'”e Creek Near the 54.35  -111.13 Beaver River Boreal -
06AA901 Columbine Creek Near Glendon 54.35 -111.14 Beaver River Boreal -
06AB001 Sand River Near the Mouth 54.46 -111.18 Beaver River Boreal -
06AB002 \If\;cl’(';R'V” at Outlet of Wolf 54.71 -111 Beaver River Boreal X
06AB003 Punk Creek Near the Mouth 54.53 -111.22 Beav er River Boreal -
06AB004 Wolf Lake at Outlet 54.71 -111 Beaver Ri ver Boreal -
06AC001 Jackfish Creek Near La Corey 54.44 -110.68 Beaver River Boreal -
06AC002 Moore Lake Near Cold Lake 545 -110.56 Beaver River Boreal -
06AC003 Hilda Lake Near Cold La ke 54.52 -110.41 Beaver River Boreal -
06AC004 Ethel Lake Near Col d Lake 5454 -110.33 Beaver River Boreal -
06ACO005 Marie Lake Near Cold Lake 54.59 -110.3 Beaver River Boreal -
06ACO0s  Mooselake River Near 5432  -110.96 Beaver River Boreal :

Franchere
06ACO007 Muriel Lake at Gurneyville 54.15 -110.74 Beaver River Bore al -
06AC009 ';"i‘\ilgft"ka” Creek Near Iron 54.44  -110.93 Beaver River Boreal :
06AC901 Marie Creek Below Ethel Lake 54,52 -110.32 Beaver River Boreal -
0pADO0  DeaverRiveratCold Lak e 5435  -11021 Beaver River Boreal .
Reserve
06AD013 Reita Creek Near Outlet of 54.22 -110.32 Beaver River Boreal -

Angling Lake
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06AF001 E;’I'(‘i River at Outlet of Cold 5456  -109.84 Beaver River Boreal
06AF002 Cold Lake at Cold Lake 54.46 -110.17 Beaver River Boreal
06AFQ03  rimrose Lake atR.C.AF. 54.77  -110.06 Beaver River Boreal
Testing St ation
06AFO08 | neaU RIVer Above Cold 5468  -110.02 Beaver River Boreal
07AA001 Miette River Near Jasper 52.86 -118.1 Athabasca River Rocky M ountain
07AA002 Athabasca River Near Jasper 52.91 -118.05 Athaba sca River Rocky Mountain
07AA003 Rocky River at Hawes 53.14 -117.97 Athabasca River Rocky Mountain
07AA004 Maligne River Near Jasper 52.93 -118.02 Athabasca River Rocky Mountain
07 AA0O7 g?;é/iv:rpta River at Athabasca 52.21 -117.23 Athabasca R iver Rocky Mountain
07AA008 Fiddle River at Highway No. 16 53.2 -117.84 Athabasca River Rocky Mountain
07AA009 Whirlpool River Near the Mouth 52.72 -117.92 Athabasca River Rocky Mount ain
07AA010 Fiddle River Above Morris  Creek 53.17 -117.83 Athaba sca River Rocky Mountain
07AB002 ,\S/Ir;iliﬁ Indian River Near the 53.15 -118.03 Athabasca River Rocky Mountain
07AC001 Wildhay River Near Hinton 53.52 -117.94 Athabasca River Foothil Is
07AC002 North Fox Creek Near = Muskeg 53.71 -118.26 Athabasca R iver Foothills
07AC003 East Cabin Creek Near Muskeg 53.76 -118.36 Athabasca River Foothills
07AC004 ;irlf:ckson Creek Near the 53.77 -118.36 Athabasca River Rocky Mountain
07 AC005 Vogel Creek Near the  Mouth 53.78 -118.45 Athabasca River Rocky Mountain
07ACO006 Hinton Study Basin No.14 53.7 -118.27 Athabasca River Rocky Mountain
07AC007 Berland River Near the Mouth 54.01 -116.96 Athabasca River Foothills
07AC008 kl'g'emBe”a”d Riverat Highway 53.67  -118.24 Athabasca River Rocky Mountain
07ADO001 Athabasca River at Entrance 53.37 -117.69 Athabasca River Rocky Mountain
07ADO002 Athabasca River at Hinton 53.42 -117.56 Athabasca River Rocky Mountain
07ADO003 ﬁ%ﬁgﬁ Percotte Creek Near 53.4 -117.5 Athabasca River Foothill s
07AD004 Whiskeyjack Creek Near Hinton 53.38 -117.53 Athabasca River Foothills
07ADO005 Fish Creek Near Hinton 53.48 -117.65 Athabasca River Foothills
07AD006 Oldman Creek Near Hinton 53.53 -117.68 Athabasca River Rocky Mountain
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o7apoo7 ~ Cache Percotte Creek (North 5339 -117.48 Athabasca River Foothills :
Fork) Near Hinton
07AD008 Hinton Study Basin No.1 53.69 -117.56 Athabasca River Foothills -
07AD009 Hinton Study Basin No.2 53.68 -117.56 Athabasca River Foothills -
07ADO010 Hinton Study Bas in No.5 53.62 -117.52 Athabasca River Foothills -
07AE001 Athabasca River Near Windfall 54.2 -116.06 Athabasca River Boreal -
07AE002 Hinton Study Basin No.6 53.91 -116.72 Athabasca River Foothills -
07AE003 Hinton Study Basin No.7 53.9 -116.76 Athabasc a River Foothills -
07AF001 ESS?”&S River Near Mcleod 5345  -116.61 Athabasca River Foothills .
07AF002 ';:S;Od River Above Embarras 53.47  -116.63 Athabasca River Foothills -
07AF003 Wampus Creek Near Hinton 53.15 -117.26 Athabasca River Foothills -
07AF004 Deerlick Creek Near Hinton 53.15 -117.24 Athabasca River Foothills -
07AF005 Eunice Creek Near Hinton 53.15 -117.23 Athabasca River Foothills -
07AF008 Quigley Creek Nea r Hinton 53.35 -117.4 Athabasca River Foothills -
07AF009 H;)nrttgnAn derson Creek Near 53.31 -117.4 Athabasca River Foothills -
o7aFo10  Sundance Creek Near 5356  -116.7 Athabasca River Foothills .
Bickerdike

07AF011 Hinton Study Basin No.15 53.3 -117.3 Athabasca River Foothills -
07AF012 Hinton Study Basin No.16 53.3 -117.28 Athabasca River Foothills -
07AF013 Mcleod River Near Cadomin 53.07 -117.19 Athabasca River Foothills -
07AF014 Embarras River Near Weald 53.37 -116.8 Athabasca River Foothill s -
07AF015 Gregg River Near the Mouth 53.25 -117.35 Athabasca Riv er Foothills -
07AF016 Erith River Below Hanlan Creek 53.23 -116.56 Athabasca River Foothills -
07AF906 Gregg River Near Hinton 53.25 -117.35 Athabasca River Foothills -
07AF907 Erith Ri ver Below Hanlan Creek 53.23 -116.56 Athabasca River Foothills -
07AF909 Embarras River at Robb 53.22 -116.96 Athabasca River Foothills -
07AF910  anienorse Creek Near 5298  -117.34 Athabasca River Rocky Mountain .
07AG001 Mcleod River Near Wolf  Creek 53.65 -116.28 Athabasca River Foothills -
07AG002 Mcleod Ri ver Near Edson 53.6 -116.33 Athabasca River Foothills -
07AG003 Wolf Creek at Highway No. 16A 53.59 -116.27 Athabasca River Foothills -
07AG004 Mcleod River Near Whitecourt 54.01 -115.83 Athabasca River Boreal -
07AG005 Hinton Study Basin No.8 53.81 -116.74 Athabasca River Foothills -
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07AG006 Hinton Study Basin No.9 53.83 -116.68 Athabasca River Foothills -
07AG007 Mcleod River Near Rosevear 53.69 -116.16 Athabasca River Foothills -
07 AG008 Groat Creek Near Whitecourt 54.03 -115.84 Athabasca River Boreal -
07AHo01 ' reeman RiverNear Fort 5436  -114.9 Athabasca River Boreal .
Assiniboine
07AH002 gg;etmas Creek Near Blue 5422  -115.33 Athabasca River Boreal X
07AHO03 ~ akwatamau  River Near 542 11577 Athabasca River Boreal -
Whitecourt
07BA0O 1 Eferzbk'”a River Below Paddy 5312  -115.32 Athabasca River Boreal -
07BA002 Rat Creek Near Cynthia 53.13 -115.48 Athabasca River Foothills -
07BA003 Lovett River Near the Mouth 52.99 -116.65 Athabasca River Foothills -
07BB001 Lobstick River Near E  ntwistle 53.61 -115.01 Athabasca River Boreal -
07BB002 Pembina River Near Entwistle 53.6 -115 Athabasca River Boreal -
07BB003 Lobstick River Near Styal 53.61 -115.1 Athabasca River Bore al -
07BB004 Eﬁggf River Near Rochfort 53.89 -115.04 Athab asca River Boreal -
o7BBO0s  Liule Paddle River Near 53.94  -115.02 Athabasca River Boreal .
Mayerthorpe
07BB006 Paddle River at Barrhead 5411 -114.4 Athabasca River Boreal -
07BB007 Lac La Nonne at Lac La Nonne 53.91 -114.28 Athabasca River Boreal -
07BB008 Chip Lake Near Northville 53.63 -115.39 Athabasca River Boreal -
07BB009 Connor Creek Near Sangudo 54.02 -114.94 Athabasca River Boreal -
07BB010 gﬁgggr Creek Near Rochfort 5404  -115.04 Athabasca River Boreal -
07BB011 Paddle River Near A nselmo 53.85 -115.36 Athabasca River Boreal -
07BB012 Paddle River Near Sangudo 53.95 -114.89 Athabasca River Boreal -
07BB013 sgjd'e River at Highway No. 54.04  -114.67 Athabasca Rive Boreal :
07BB014 Coyote Creek Near Cherhill 53.87 -114.67 Athaba sca River Boreal -
07BB903 "M Creek Above  Romeo 5407  -114.9 Athabasca River Boreal .
07BB914 Paddle Rlvgr Reservoir Near 53.89 -115.06 Athabasca River Boreal -
Rochfort Bridge
07BC001 Pembina River Near Dapp 54.35 -114.01 Athabasca River Boreal -
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07BC002 Pembina River at Jarvie 54.45 -113.99 Athabasca River Boreal -
07BC003 Wabash Creek Near Westlock 54.19 -113.92 Athabasca River Boreal -
07BC004 Shoal Creek Near Linaria 54.31 -114.2 Athabasca River Boreal -
07BC005 Steele Lake Near Jarvie 54.64 -113.81 Athabasca River Boreal -
07BCO006 Dapp Creek at Highway No. 44 54.3 -113.84 Athabasca River Boreal -
07BCO007 Wabash Creek Near Pibroch 54.22 -113.92 Athabasca River Boreal -
07BE001 Athabasca River at Athabasca 54.72 -113.28 Athabasca River Boreal -
07BE002 Baptiste Lake Near Athabasca 54.73 -113.53 Athabasca River Boreal -
07BE003 Eg&fr Creek Above Baptiste 54,72 -113.58 Athabasca River Boreal -
07BE004 Stony Creek N ear Tawatinaw 54.29 -113.46 Athabasca River Boreal -
07BF001 East Prairie River Near Enilda 55.41 -116.34 Athabasca River Boreal -
07BF002 \F',Vr;srti;ra'”e River Near High 55.44  -116.49 Athabasca River Boreal ;
07BF004 §:’E;‘itr?e"'ea” River Near High 5553  -116.48 Athabasca River Boreal -
07BF006 \éV;?; gami Lake at Provincial 55.62 -116.68 Athabasca River Boreal -
07BF007 Bridge Creek Near Enilda 55.43 -116.28 Athabasca River Boreal -
07BF008 South Heart Reservoir Near 55.68 -116.5 9 Athabasca River Boreal -
Mclennan
07BF009 Salt Creek Near Grouard 55.6 -116.1 Athabasca River Boreal -
07BF010 South Heart River Near Peavine 55.81 -116.38 Athabasca River Boreal -
o7BFgo1  South Heart River Below West 5552  -116.45 Athabasca Rive Boreal .
Prairie River
07BF905  Sodth Heart RiverNear Big 5557  -116.29 Athabasca River Boreal :
Prairie Settlement
07BF910 Buffalo Bay Outlet at Grouard 55.51 -116.16 Athabasca River Boreal -
(Causeway)
07BG004 Lily Creek Near Slave Lake 55.41 -114.81 Athabasca Ri ver Boreal -
07BH001 Arcadia Creek Near Arcadia 55.39 -116.12 Atha basca River Boreal -
07BHO03 Driftpile River Near Driftpile 55.34 -115.79 Athabasca River Boreal -
07BJ001 Swan River Near Kinuso 55.31 -115.41 Athabasca River Boreal -
07BJ002 Lesser S| ave Lake at Faust 55.32 -115.64 Athabasca River Boreal -
07BJ0O03 Swan River Near Swan Hills 54.8 -115.47 Athabasca River Foothills -
07BJ004 Adams Creek Near Kinuso 55.21 -115.33 Athabasca River Boreal -
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07BJ005 Lesser Slave Lake at Dog Island 55.31 -114.81 Athabasca River Boreal -
07BJ006 Lesser Slave Lake at Slave L ake 55.3 -115.77 Athabasca River Boreal -
o7BKOO1 oS¢ Slave River at Slave 553  -114.75 Athabasca River Boreal .
07BKooz ~ Lesser slave River Above 5527  -114.4 Athaba sca River Boreal -
Otauwau River
07BK003 t:ii?r:gs'a"e River at Saulteaux 5526  -114.31 Athabasca River Boreal :
07BK004 Otauwau River Near Slave Lake 55.27 -114.4 Athabasca River Boreal -
07BK005 Saulteaux River Near Spurfield 55.15 -114.23 Athabasca River Boreal -
07BK006 :;Iisszzr Slave River at Highway 55.29 -114.59 Athabasca River Boreal -
07BKO007 Driftwood River Near the Mouth 55.25 -114.23 Athabasca River Boreal -
07BK008 Fawcett Lake Near Smith 55.31 -114.05 Athabasca River Boreal -
07BK009 ‘E’:l‘:‘g ldge Creek Near Slave 5527  -114.77 Athabasca River Boreal .
07BKO010 Lesser Slave Lake at Sawridge 55.3 -114.76 Athabasca River Boreal -
o7BKo12  [awcettRiverat Outlet of 5531  -114.05 Athabasca River Boreal :
Fawcett Lake
07CA001 Flat Creek Near Donatville 54.75 -112.87 Athabasca River Boreal -
07CA002 Flat Lak e Near Stocks 54.63 -112.94 Athabasca River Boreal -
07CA003 Flat Creek Near Boyle 54.58 -112.9 Athabasca River Boreal -
07CA004 Lac La Biche at Lac La Biche 54.77 -111.98 Athabasca River Boreal -
07CA005 Pine Creek Near Grassland 54.82 -112.77 Athabasc a River Boreal -
07CA0D6  Jvandering River Near 5519 -112.46 Athabasca River Boreal :
Wandering River
07CA008 Babette Creek Near Colinton 54.65 -113.07 Athabasca River Boreal -
07CA010 Piche River Near Imperial Mills 55 -111.71 Athabasca River Boreal -
07CA011 gg Biche River at Highway No. 5493  -1125 Athabasca River Boreal :
07CA012 Logan River Near the Mouth 55.17 -111.72 Athabasca River Boreal -
07CA013 Owl River Below Piche Rive r 55.01 -111.85 Athabasca River Boreal -
07CA901 Pine Creek Near C olinton 54.61 -113.01 Athabasca River Boreal -
07CB001 Calling Lake at Ranger Station 55.21 -113.19 Athabasca River Boreal -
07CB002 House River at Highway No. 63 55.64 -112.15 Athabasca River Boreal -
07CC001 Horse River at Abasands Park 56.7 -111.39 Athabasca River Boreal -
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07CCO002 Athabasca River at McMurray 56.73 -111.37 Athabasca River Boreal -
07CD001 Clearwater River at Draper 56.68 -111.25 Athabasca River Boreal X
o7cpooz  Clearwater River Below 5671  -111.34 Athabasca River Boreal .
Waterways

o7cDopg  Clearwater Riverat Upper 567  -111.33 Athabasca River Boreal .
Wingdam

07CDo04 ~ Hangingstone Riverat Fort 567  -111.35 Athabasca River Boreal :
McMurray

07CDO005 Cqurvyater_Rwer Above 56.66 -110.92 Athabasca River Boreal -
Christina River

07CEO001 Gregoire Lake Near Fort 56.48 -111.18 Athabasca River Boreal -
McMurray

07CE002 Christina River Near Chard 55.83 -110.86 Athabasca River Boreal -
07CE003 Pony Creek Near Chard 55.86 -110.91 Athabasca River Boreal -
07CEO004 Robert Creek Near Anzac 56 .38 -111.02 Athabasca River Boreal -
07CE005 igﬁ';f'sr' River Below Christina 55.67  -111.1 Athabasca River Boreal -
07CEO006 Birch Creek Near Conklin 55.61 -111.08 Athabasca River Borea | -
07CE906 E:lift'”a Lake Near Winefred 55.62  -110.77 Athaba sca River Boreal -
07DAg0L  Athabasca River Below 56.78  -111.4 Athabasca River Boreal .

McMurray
07DA002 f;izbasca River Near Mildred 57.03  -111.48 Athabasca River Boreal :
07DA003 Athabasca River Near Fort 57.19 -111.6 Athabasca River Boreal -
Mackay
07DA004 Athabasca River at Shott Island 57.71 -111.39 Athabasca River Boreal -
07DA005 Beaver River Near Fort Mackay 57.1 -111.63 Athabasca River Boreal -
07DAODG  sreepbankRiver Near  Fort 5699  -1114 Athabasca River Boreal :
McMurray
07DAc07  oplar Creek Near Fort 56.91  -111.45 Athabasca River Boreal -
McMurray
07DA008 Muskeg River Near Fort Mackay 57.19 -111.57 Athabasca River Boreal -
07DA009 Hartley Creek Near Fort Mackay 57.25 -111.46 Athabasca River Boreal -
07DA010 Ells River Below Gardine r Lakes 57.37 -112.56 Athabasca River Boreal -
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07DA011 kjﬂr;rc‘i:yed Creek Near Fort 57.66  -11151 Athabasca River Boreal .
07DA012 Asphalt Creek Near Fort Mackay 57.53 -111.67 Athabasca River Boreal -
07DA013 Pierre River Near Fort Mackay 57.46 -111.6 5 Athabasca River Boreal -
o7pAo14  CalumetRiver Near Fort 574  -111.68 Athabasca River Boreal .

Mackay
07DA015 Tar River Near Fort Mackay 57.35 -111.75 Athabasca River Boreal -
07DA016 Joslyn Creek Near Fort Mackay 57.27 -111.74 Athabasca River Boreal -
07DA017 Ells River Near the Mouth 57.26 -111.71 Athabasca River Boreal -
07DA018 Beaver River Above Syncrude 56.94 -111.56 Athabasca River Boreal -
o7pAo1g | ar River Near Fort Mackay 57.48  -112.01 Athabasca River Boreal -
(Upper Station)
o7DA0z0  SardinerLake (Upper) In Birch 5754  -112.47 Athabasca River Boreal -
Mountains
07DA021 ngg Lake at Birch Mountains 5736  -112.75 Athabasca River Boreal ;
07DA022 Eaglenest Lake Near the Outlet 57.75 -112.16 Athabasca River Boreal -
07DB001 Mackay R iver Near Fort Mackay 57.21 -111.69 Athabasca River Boreal -
07DB002 Dover River Near the Mouth 57.17 -111.79 Athabasca River Boreal -
07DB003 Dunkirk River Near Fort Mackay 56.85 -112.71 Athabasca River Boreal -
o7pBo04 | Nickwood  Creek Near Fort 56.89  -112.17 Athabasca River Boreal .
Mackay
07DB005 II\?/Ii?/ceI:ay River Above Dunkirk 56.75 -112.61 Athabasca River Boreal -
07DCO001 Firebag River Near the Mouth 57.65 -111.2 Athabasca River Boreal -
07DC002 Lost Creek Near the  Mouth 57.28 -110.46 Athabasca River Boreal -
07DD001 ﬁitfpit;f‘sca River at Embarras 58.31  -111.51 Athabasca River Boreal -
07DD002 ,\RA'SS;MSO” River Near the 58.36  -111.24 Athabasca River Boreal X
07DDO03  Cmbarras River Below 58.42  -111.55 Athabasca River Boreal -
Divergence
o7pDop4  Fietcher Channel Below 58.46  -111.07 Athabasca River Boreal .
Divergence
07DDOo5  So0se Island Channel Below 58.47  -110.85 Athabasca River Boreal -
Divergence
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07DDo0s B9 Point Channel Below 58.48 -110.8 Athabasca River Boreal :
Divergence

07 DD007 étrgiiasca River Above Jackfish 5841  -110.91 Athabasca River Boreal .

07DD008 Richardson Lake at The Outlet 58.39 -110.97 Athabasca River Boreal -

07DD009 ‘é?\f::'sr] Creek Above Athabasca 58.4 -110.92 Athabasca River Boreal -

07DDO010 é:‘ai?]zfca River Above Fletcher 58.45 -111.06 Athabasca River Boreal -

07DDO011 Athabasca River Near Old Fort 58.37 -111.52 Athabasca River Boreal -

07FDO003 Eﬁ%(;eeRwer at Dunvegan 55.91 -118.6 Peace/Slave River Boreal -

07FD006 Saddle River N ear Woking 55.64 -118.7 Peace/Slave River Boreal -

07FDO008 Hines Creek Near Fairview 56.06 -118.65 Peace/Slave River Parkland -

07FD009 Clear River Near Bear Canyon 56.3 -119.68 Peace/Sla ve River Boreal -

07FDO011 Hines Creek Above Gerry Lake 56.33 -118. 26 Peace/Slave River Boreal -

07FDO012 E:/Ir%r:atsgneuse River Near Hines 56.38 -118.71 Peace/Slave River Boreal -

07FDO013 Eureka River Near Worsley 56.45 -119.13 Peace/Slave River Boreal -

07FD014 Wainscott Coulee Near 56.02 -117.93 Peace/Slav e River Parkland -
Brownvale

07FDO020 Spirit River Near Spirit River 55.74 -118.83 Peace/Slave River Boreal -

07FD901 Peace River Above Smoky River 56.15  -117.44 Peace/Slave River Parklan d ;
Confluence

07FD908 Gr!mshaw Drainage Near 56.16 -117.6 Peace/Sla ve River Parkland -
Grimshaw

07FD910 gggg Survey No. 3 Near 55.75  -118.58 Peace/Slave River Parkland ;

o7FDo12  Whitburn Drainage Project Near 5585  -119.13 Peace/Slave Rive Boreal ;
Spirit River

07FD913 Yoyng pramage Project Near 55.81 -118.79 Peace/Slave River Parkland -
Spirit River

07FD921 Vixen Creek Near Belloy 55.8 -118.15 Peace/Slave River Boreal -

07FD934 Ezﬁfe River Near Elk Island 55.91 -117.98 Peace/Slave River Borea | -

07GA001 Smoky River Above Hells Creek 53.94 -119.16 Peace/Slav e River Rocky Mountain -
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07GA002 '(\:";;'jgg River Near Grande 5392  -118.81 Peace/Slave River Foothills .

07GB001 g:‘atit;ﬁ‘a”k River Near Grande 5451  -118.96 Peace/Slave River Footh ills .

07GB002 Ef‘akl‘:‘l’: River Near Grande 54.37  -118.59 Peace/Slave River Foothills -

07GB003 Kakwa River at Highway No. 40 54.42 -118.55 Peace/Slave River Foothills -

07GC002 Pinto Creek Near Grande Prairie 54.84 -119.39 Peace/Slave River Boreal -

o7Gpoo1  beaverlodge River Near 5518  -119.43 Peace/S| ave River Boreal .
Beaverlodge

07GDO002 Beavertail Creek Near Hythe 55.31 -119.64 Peace/Slave River Boreal -

07GDoo3  ~edwillow River Near 5508  -119.52 Peace/Slave River Boreal .
Beaverlodge

07GD004 Redwillow River Near Rio 55.07 -119.7 Peace/Slave River Bore al -
Grande

07GE001 \F',Vr:’r'lt; River Near Grande 55.07 -118.8 Peace/Slave River Boreal -

07GEO02  Kleskun Hills Main Drain Near 5522  -118.46 Peace/Slave River Parkland .
Grande Prairie

07GE003 Grandg Prairie Creek Near 55.37 -118.91 Peace/Slave Ri ver Parkland -
Sexsmith

07GEO004 Bear Lake Near Clairmont 55.23 -118.95 Peace/Slave River Parkland -

07GEO005 Bear River Near Grande Prairie 55.2 -118.83 Peace/Slave River Parkland -

07GE006 gf’;ﬂ?eh oun Creek Near Grande 55.28  -119.14 Peace/Slave River Borea | -

07GEO007 Bear River Near Valhalla Centre 55.4 -119.38 Peace/Slave River Boreal -

07GF001 Simonette River Near Goodwin 55.14 -118.18 Peace/Slave River Boreal -

07GF002 Spring Creek Nea r Valleyview 54.91 -117.84 Peace/Slave River Boreal -

07GFopg  \olverine Creek Near 5492  -117.8 Peace/Slave River Boreal .
Valleyview

07GF004 Spring F:reek (Upper) Near 54.92 -117.7 Peace/Slave River Boreal -
Valleyview

07GF005 Bridlebit Creek Near Valle  yview 54.93 -117.73 Peace/Slave River Boreal -

07GF006 Rocky Creek Near Valleyview 54.93 -117.77 Peace/Slave River Boreal -

07GF007 Horse Creek Near Valleyview 54.92 -117.81 Peace/Slave River Boreal -
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07GFoog  Deep Valley Creek Near 5443  -117.72 Peace/Slave River Foothills :
Valleyview
07GG001 \,\'Avsjtkhah'ga” River Nearth e 54.75 1172 Peace/Slave River Boreal X
07GG002 ;'rt:gkimo"y River at Little 5473  -117.17 Peace/Slave River Boreal ;
07GG003 'Sf’rf]eo?(‘;” River Near Little 5474  -117.15 Peace/Slave River Boreal ;
07GHO001 #':i:‘i;gmky River Near 55.37 -116.92 Peace/Slave River Boreal -
07GHO002 Little Smoky River Near Guy 55.45 -117.16 Peace/Slave River Boreal -
07GHO003 Sturgeon Lake Near Valleyview 55.11 -117.55 Peace/Slave Rive r Boreal -
07GHO004 Peavine Creek Near Falher 55.62 -117.25 Peace/S lave River Boreal -
07GHO05 \Iilvjb;;zn'Sk Creek at Highway 5542  -117.35 Peace/Slave River Boreal :
07GH906 Peavine Creek Near Falher 55.63 -117.23 Peace/Slave River Boreal -
07GJ00 1 Smoky River at Watino 55.71 -117.62 Peace/Slave River Boreal -
07GJ004 \B/:ﬁecea” River  Near Heart 5553  -118.39 Peace/Slave River Boreal -
07GJ005 Lalby Creek Near Girouxville 55.79 -117.33 Peace/Slave River Boreal -
07HA001 Peace River at Peac e River 56.24 -117.31 Peace/Slave River Boreal -
07HA002 Heart Riv er at Peace River 56.23 -117.28 Peace/Slave River Boreal -
07HA003 Heart River Near Nampa 56.05 -117.12 Peace/Slave River Boreal -
07HAO005 Whitemud River Near Dixonville 56.51 -117.66 Peace/Slave River Boreal -
07HA902 Krawchuk Drainage Near 55.95 -117.03 Peace/Slave River Boreal -
Mclennan
07HA914 mzmgg (South) Drainage Near 56.01  -117.14 Peace/Slave River Boreal ;
07HB001 Eaafeone River at Outlet Cadotte 56.48  -116.43 Peace/ Slave River Boreal .
07HB002 Elder Creek at Highway No. 686 56.46 -116.83 Peace/Slave River Boreal -
07HCO001 Notikewin River at Manning 56.92 -117.61 Peace/Slave River Boreal -
07HCO002 Buchanan Creek Near Manning 56.89 -117.48 Peace/Slave River Boreal -
07HC907 gltoar:h Star Drainage Near North 56.82 -117.56 Peace/S lave River Boreal -
07HD001 Peace River Near Carcajou 57.74 -117.03 Peace/Slave River Boreal -
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Station

Number Station Name Latitude  Longitude Watershed Natural Region RHBN
07HFO001 Peace River at Fort Vermilion 58.38 -116.02 Peace/Slave River Boreal -
07HF002 Keg River at Highway No. 35 57.74 -117.62 Peace/Slave River Boreal -
07JA001 Utikuma Lake Near Nipisi 55.91 -115.17 Peace/Slave River Boreal -
07JA002 South Wabasca Lake Near 55.93 -113.8 Peace/Slave River Boreal -
Desmarais
07JA003 Willow River Near Wabasc a 55.91 -113.92 Peace/Slave River Boreal -
07JB001 E;fe”ess Lake N ear Peerless 56.63 _114.6 Peace/Slave River Boreal ;
07JB002 \F’{\’i\"’/‘gf‘sca River Below Trout 5632  -113.78 Peace/Slave River Boreal :
07JCo001 Ic':?(fgl](d Creek Near Red Earth 57.07 -115.09 Peace/Slave River Boreal X
07JC002 gref:f”h CreekNearRed — Barth 550, 19504 Peace/Slave River Boreal ;
07JC003 Loon River Near the Mouth 57.07 -115.07 Peace/Slave River Boreal -
07JD001 \F';’i\"’/‘t;f‘sca River Above Peace 5829  -115.38 Peace/Slave River Boreal ;
07JD002 \é\éabasca River at Highway No. 57.87  -115.38 Peace/Slave River Boreal ;
07JD003 ggckpme Creek at Highway No. 58.19 -115.74 Peace/Slave River Boreal -
07JD004 Teepee Creek Near La Crete 58.13 -116.25 Peace/Slave River Boreal -
07JF002 Boyer River Near Fort Vermilion 58.44 -116.26 Peace/Slave River Boreal -
07JF003 Ponton River Above Boyer River 58.46 -116.25 Peace/Slave River Boreal -
07JF004 Boyer River Near Paddle Prairie 57.9 -117.61 Peace/Slave River Boreal -
07 JFO05 Boyer River at Paddle Prairie 57.94 -117.48 Peace/Slave River Boreal -
07KA002 Peace River at Fifth Meridian 58.65 -114.02 Peace/Slave River Boreal -
07KC001 Peace River at Peace Point 59.11 -112.43 Peace/Slave River Boreal -
(Alberta)
07KC003 Peace River at Carlson Landing 58.97 -111.81 Peace/Slave River Boreal -
07KC004 Esr?gieng'ver at Sweetgrass 58.92 -111.91 Peace/Slave River Boreal -
07KC005 Peace River Below Chenal Des 58.9 -111.58 Peace/Slave River Boreal -
Quatre Fourches
07KEO001 Birch River Below Alice Creek 58.32 -113.06 Peace/Slave River Borea | X
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Station

Number Station Name Latitude  Longitude Watershed Natural Region RHBN

o7kFoo1  chenal Des Quatre Fourches At 58.64  -111.28 Peace/Slave River Boreal ;
Quatre Fourches

07KF002 Lakle.CIa-|re Near Outlet to 58.63 -111.69 Peace/Slave River Boreal -
Prairie River

07KF003 Mamawi Lake Channel at Old 58.63 -111.33 Peace/ Slave River Boreal ;
Dog Camp

07KF004 Chenal Des Quatre Fourches 58.87 -111.6 Peace/Slave River Boreal -
Above Peace River

07KF005 Baril Lake at Centre Of Lake 58.78 -111.68 Peace/Slave River Bore al -

07KF006 Chenal Des Quatre Fourches 58.65 -111.29 Peace/Slave River Boreal ]
Below Four Forks

07KF007 Chenal Des Quatre Fourches At 58.79 -111.47 Peace/Slave River Canadian Shield -
Rangerdéds Cabin

07KF008 Chenal Des Quatre Fourches At 58.81 -111.55 Peace/Slave River Boreal -
High Rock Towe r

07KF010 ?:A:rTSWI Lake Cha nnel at Dog 58.64 -111.31 Peace/Slave River Boreal ]

07KF013 E:‘r::: River at Fish Study 58.62  -111.63 Peace/Slave River Boreal ;

07KF014 Prairie River Near Lake Claire 58.62 -111.68 Peace/Slave River Boreal -

07KF015 Embarras River Breakthrou  gh 58.48 -111.44 Athabasca River Boreal -
to Mamawi Lake

07MDO001 Lake Athabasca At Fort 58.71 -111.14 Peace/Slave River Boreal -
Chipewyan

07MD002 :_s?:re] dAthabasca At Bustard 58.78  -110.77 Peace/Slave River Boreal ;

07NA01  Riviere Des Rochers Abov e 58.99 -111.4 Peace/Slave River Canadian Shield ;
Slave River

07NAOO2  Riviere Des Rochers At Ben 5881  -111.27 Peace/Slave River Canadian Shield ;
Houl eds Cabin

07NAO003 R|V|gre Des Roche rs Above 58.84 -111.26 Peace/Slave River Canadian Sh ield -
Revillon Coupe

07NA004 Revillon Coupe Below Riviere 58.85 -111.26 Peace/Slave River Canadian Shield -
Des Rochers

07NA005 E;bi‘r’] i1 lon Coupe at gggq -111.4 Peace/Slave River Canadian Shield ]
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Station

Station Name

Latitude

Longitude

Watershed

Natural Region

RHBN

Number

07NAoo7  Riviere Des Rochers East of 5891  -111.17 Peace/Slave River Canadian Shield :
Little Rapids

07NAoog  Riviere Des Rochers West of 58.92  -111.2 Peace/Slave River Canadian Shield :
Little Rapids

07NB001 (Si?g’;tz')"er at Fitzgerald 59.87  -111.58 Peace/Slave River Canadian Shield ;

07NB004 g';‘r‘)’iedf"’ er Above Mountain 59.96  -111.75 Peace/Slave River Boreal -

07NBO0S ggmswer Below Mountain 5996  -111.75 Peace/Slave River Boreal :

07NBO006 gﬁ:ﬂ: Mark Creek Near Fort 59.81 -111.96 Peace/Slave River Boreal -

o7NBooy  SdltRiverBel ow Peace Point 59.83  -111.96 Peace/Slave River Boreal -
Highway

07NB008 Dog River Near Fitzgerald 59.87 -111.52 Peace/Slave River Canadian Shield -

070A001 Sousa Creek Near High Level 58.59 -118.49 Hay River Boreal -

070B003 Hay River Near Meander River 59.14 -117.63 Hay River Boreal X

070B004 Steen River Near Steen River 59.58 -117.19 Hay River Boreal -

070B005 't"aekae”der River at Outlet Hutch 5877  -117.38 Hay River Boreal ;

070BO00 6 Lutose Creek Near Steen River 59.4 -117.28 Hay River Boreal -

07 OB007 Eé"\jce? Lake Tributary Near High 5871  -117.24 Hay River Boreal :

070C001 E:\'/thaga River Near High 58.59  -118.33 Hay River Boreal .

11AA001  North Milk River Near 49.02  -112.97 Milk River Grassland -
Internat ional Boundary

11AA002 SZ[fEh Millk Riverat Kni ght o 495 11066 Milk River Grassland :

11AA003  North Branch of Milk River Near 4913 -1124 Milk River Grassland -
Macki ebs Ranch

11AA004 Mi | k Ri ver &bnchMac 49.08 -112.4 Milk River Grassland -

11AA005 Milk River at M ilk River 49.14 -112.08 Milk River Grassland -

11aA006  MikRiveratWriting  -On-Stone 4 g 144 g5 Milk River Grassland :

Police Detachment
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Station Name

Latitude

Longitude

Watershed

Natural Region

RHBN

Number

11aa007  Mik River at Pendant D'Oreille 4913  -111.03 Milk River Grassland ;
Police Detachment

11AA009  Sage Cree kat Bjordals Near 49.01 -110.2 Milk River Grassland ;
Wild Horse

11AA010 gaencehr Creek at Dic ,443 -111.54 Milk River Grassland ;
Deer Creek at Deer Creek . .

11AA011 Catt | aRanch. 6 49.08 -111.5 Milk River Grassland -

11AA012 gﬁ;r] Creek Cat tle Co. West 49.08 -1115 Milk River Grassland ]

11AA013 gﬁg} Creek Cattle Co. East 49.08 -1115 Milk River Grassland ]

11AA022 Deer Creek Cattle Co. Ditch 49.08 -111.5 Milk R iver Grassland -

11AA023  Lindsay Coulee Near Onefour 49.06  -110.42 Milk River Grassland ]
Post Office

11AA024 Maynard Coulee Near Onefour 49.06 -110.44 Milk River Grassland -
Post Office

11aa025  Milk River at Western Crossing 49 -112.54 Milk River Grassland ;
of International Boundary

11aA026  Sage CreekatQ Ranch Nea 49.1 -110.22 Milk River Grassland X
Wildhorse

11AA027 Sage Creek Near International 49 -110.19 Milk River Grassland -
Boundary

11AA028 Bear Creek Near International 49.02 -111. 21 Milk River Grassland .
Boundary

11AA029 Miners Coulee Near 49.01 -111.4 Milk River Grassland -
International Boundary

11AA034  Milk River Near Writing  -On- 4908  -11153 Milk River Grassland ;
Stone Park

11AA035 'E)",'('g‘rgn’eer Near Pendant 49.12 -110.87 Milk River Grassland ]

11AA036 Milk River at Highway No. 880 49.14 -111.3 Milk River Grassland -

11AA037 Red Creek at Highway No. 4 49.04 -111.99 Milk River Grassland -

11AA038 Verdigris Coulee Near the 49.11 -111.75 Milk River Grassland -

Mouth
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Station Name

Latitude

Longitude

Watershed

Natural Region

RHBN

Number

11AA039  Verdigris Lake Tributary Near 4922 -112.09 Milk River Grassland :
Milk River

11AA0q0  Dreed Creek Near Intermational 4902 -111.28 Milk River Grassland .
Boundary

11AB007 Lodge Creek at Hartt's Ranch 49.45 -110.33 Milk River Grassland -

11aBo0g  iddle C reek Near the 49.42  -110.05 Milk River Grassl and .
Saskatchewan Boundary

11AB021 English Ditch Near Thelma 49.54 -110.29 Milk River Grassland -

11AB023 Lodge Creek at He 4924 -110.01 Milk River Grassland -

11AB063 ;gi'g;‘a Creekat Englisho: 4953 11028 Milk River Grassland -

11AB0ge  Lvalburger Coule e Below 4929  -11002 Milk River Grassland :
Diversions

11AB090 Reesor Reservoir Near Elkwater 49.66 -110.09 Milk River Rocky Mountain -

11AB091 Michel Reservoir Near  Elkwater 49.52 -110. 36 Milk River Grassland -

11AB0g2 ~ Sreasewood Reservoir Near 49.48  -110.4 Milk River Grassland .
Elkwat er

11AB093 Yeast Reservoir Near Elkwater 49.43 -110.29 Milk River Grassland -

11ABogs ~ Dare CreekReservoir Near 49.43  -110.39 Milk River Grassland .
Elkwater

11AB0g7 ~ CressdayReservoir Near 4923 -110.26 Milk River Grassland :
Cressday

11AB098 Jaydot Reservoir Near Jaydot 49.17 -110.01 Milk River Grassland -

11ABogg  Mitchell Reservoir Near 49.47  -110.09 Milk River Grassland .
Elkwater

11AB104 Massy R eservoir Near Elkwater 49.46 -110.37 Milk River Grassland -

11AB11 1 Graburn Creek Near the Mouth 49.64 -110.02 Milk River Rocky Mountain -

11AB902 Lodge Creek at Highway No. 41 49.41 -110.25 Milk River Grassland -
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Appendix B i Mann -Kendal Test Results using the Yue Procedure

As discussed in Section 1.2.4, the Yue Proc edure was performed on the IHA parameters and climate data to complete the
Mann -Kendall Test, while accounting for potential concerns with serial correlation. Tables B1 to B6 summarize the results for

each station for each variable for the 50 -year period .

Table B1: Mann-Kendall Test results for monthly magnitude variables  (Group 1). A fi+d indicates a positive s
fFA i ndi cates a negative signifitcraemntd tweas dn o tii NsSiog n infdii ccaart te,s a-HehdafiTéX" i ndi c a

could not be performed for that station.

S;?:Sgr October April May June July August September
05AA004 NS NS NS NS NS NS NS
05AA008 + + NS NS NS NS NS
05AA022 NS + - NS NS NS NS
05AA024 + NS - NA NA NA NA
05AA027 NS NS NS NS - NS NS
05AA028 NS NS NS NS - - -
05AB013 + NS NS + + + +
05AB021 + NS NS NS + + +
05AB029 + NS NS + + + +
05ACO003 + NS + + + + +
05AC012 + + + + + + +
05AC017 NS NA + NS + + +
05AC023 + NA + + + + +
05ADO003 NS + - NS NS - -
05ADO005 + + NS NS NS NS NS
05ADO007 + NS - NS NS + +
05ADO010 NS NS - NS NS NS NS
05ADO013 NS NS NS NS + NS -
05ADO017 - - - NS NS - -
05AD021 NS NS + + + + +
05ADO027 NS NS + + + + +
05AD028 NS NS - - NS NS +
05ADO035 + + + + + NS NS
05ADO037 - NA NS - - - -

133



Station

Number October April May June July August September
05AE002 NS NS NS NS NS NS NS
05 AE005 NS NS NS + NS NS NS
05AEQ006 + + NS + + + +
05AEQ16 NS NA NS + + + NS
05AE021 NS NS + NS NS NS +
05AE026 - NS + NS NS NS +
05AE027 NS + - NS NS - -
05AG003 - NA NS - - - -
05AHO0 02 NS NS NS NS NS NS NS
05AHO005 - NA + - - - +
05AHO037 NS NS NS NS NS NS NS
05AH041 NS NA NA NA NA NA NA
05AJ001 + NS - NS NS NS +
05BA001 + NA NS NA NA NA +
05BB001 + + NS NS - - NS
05BC001 + + NS NS NS - NS
05BD004 NS NS NS NS NS - NS
05BF016 NS NA NA NS NS - NS
05BG006 + NS NS + + NS +
05BH004 NS + NS NS NS - -
05BJ0O01 + + + + + + +
05BJ004 + NS NS + + NS +
05BK001 + NS NS + + + +
05BL007 + NS NS + + + +
05BL013 + - NS + + NS +
05BL0O14 + NS NS + NA NS +
05BLO015 + + + + + NS +
05BL019 NS NS - NS NS NS NS
05BL022 NS NS NS NS NS NS NS
05BL023 NS NS - + + NS NS
05BL024 + NS - NS NS NS NS
05BM002 + NS NS NS NS NS +
05BM004 + NA - NS NS + +
05BMO007 NA NA NA NA NA NA NA
05BM008 NS NS + + + + +
05BM014 + NS + + + + +
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Station

Number October April May June July August September
05BNO002 - NA + NS - - +
05BN006 - NS + - - - -
05BNO008 - NA - - - - -
05BNO012 + - NS + NS NS +
05CA002 NS - NS + NS + NS
05CA004 + NA NS NS NS NS +
05CB001 + - NS + NS + +
05CB002 + - NS + + + +
05CB004 NS NS NS NS NS NS NS
05CCO001 NS NS NS NS NS NS NS
05CC002 + NS NS NS NS - NS
05CCo007 NS NS NS NS NS NS NS
05CC008 NS NA NA NA NA NA NA
05CC009 - NA NA NA NA NA NA
05CE001 NS NS NS NS NS NS NS
05CE002 + NS NS + NA NA NA
05CE005 - NS + + + + NS
05CE006 + NS + + + + +
05CE007 + NS + NS + + +
05CE018 NA NA NA NA NA NA NA
05CHO007 + + + + + + +
05CHO008 NS NA NA NA NA NA NA
05 CJ006 - NS NS - - - -
05CK001 NA - - NA NA NS NS
05CK004 NS NS NS NS NS - NS
05CKO005 NS - - NS NS NA NA
05DA007 + + NS NS NS - NS
05DA009 + NS NS NS NS NS +
05DA010 NS NS NS NS NS - NS
05DB002 NS NS NS NS NS NS NS
05DB005 NA NA NA NA NA NA NA
05DC 001 + NA NS NS NS + NS
05DC006 NS NS NS NS NS NS NS
05DD004 NA NA NA NA NA NA NA
05DDO005 NS + NS NS NS - NS
05DD007 NA NA NA NA NA NA NA
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Station

Number October April May June July August September
05DD009 NA NA NA NA NA NA NA
05DE007 NA NA NA NA NA NA NA
05DF001 NS + NS NS NS NS NS
05DF004 NA NA NA NA NA NA NA
05DF006 NS - NS NS - NA NS
05EA001 - - - - NA NA -
05EA005 - - - - - - -
05EC002 NS - - - - - -
05FA001 NS NA NA NA NA NA NA
05FB002 NS NA NA NA NA NA NA
O5FCO001 - NA NA NA NA NA NA
05FC002 NS NA NA NA NA NA NA
05FD001 - NA NA NA NA NA NA
05G A003 NS NA NA NA NA NA NA
05GA008 NA NA NA NA NA NA NA
06AA001 - - - - - - -
06AA002 - - - NS - - -
06AB001 - - NS NS NS NS NS
06AB002 - NS NS NS NA NS NS
06AC001 NA NA NA NA NA NA NA
06AD006 NS - NS NS NS NS NS
07AA001 NA NA NA NA NA NA NA
07AA00 2 NS + NS NS NS NS NS
07AC001 NS NA NS NS NS NS NS
07ADO002 NS + NS NS NS - NS
07AE001 NS NS NS NS - - -
07AF002 - NS NS NS NS NS NS
07AF003 - + NS NS - NS -
07AF010 NA NA NA NA NA NA NA
07AG003 NA NA NA NA NA NA NA
07AG004 - NS NS NS NS NS NS
07AH 001 - NS NS NS - - -
07AHO002 NA NA NA NA NA NA NA
07AHO003 NA NA NA NA NA NA NA
07BA002 NA NA NA NA NA NA NA
07BB002 - NS NS NS NS NS NS
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Station

Number October April May June July August September
07BB004 NA NA NA NA NA NA NA
07BB005 NA - - - - - -
07BB006 NA NA NA NA NA NA NA
07BC002 - NS - NS - - -
07BCO00 6 NA NA NA NA NA NA NA
07BEO0O1 - - NS NS - - -
07BF001 - NS NS - - NS -
07BF002 - NA NA NA NA NA NA
07BJ0O01 - NS NS NS - - -
07BJ0O03 - NA NA NS - - -
07BK005 - NA NA NA NA NA NA
07BK 007 - NS NS NS - - -
07CA005 NA NA NA NA NA NA NA
07CA006 - NS NS NA - - -
07CDO001 NS NS NS NS NS NS NS
07CDO004 - - NS NS NS - NS
07CDO005 - NA NS NS NS - NS
07DA001 - - NS NS - - -
07DA006 NS NA NS NS + NS NA
07DA008 NA NA NA NA NA NA NA
07DB001 NS NS NS NS NS NS NS
07DCO001 NS NS NS NS NS NS NS
07DDO002 NS NS NS NS NS NS +
07FDO006 - NA NA NA NA NA NA
07FDO009 NA NA NA NA NA NA NA
07GA001 NS NS NS NS NS - +
07GB001 - NA NS NS NS - -
07GD001 NS NS - - - NS NS
07GE001 - NA NA NA NA NA NA
07GEO00 2 NS NS NS NS NS NS NS
07GE003 NS NS NS NS NS NS NS
07GF001 - NS NS - NS - -
07GG001 - NA NA NA NA NA NA
07GG002 NS NA NA NA NA NA NA
07GGO003 - NS NS NS - - -
07GH002 - NA NA NA NA NA NA
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Station

Number October April May June July August September
07GJ001 - NS NS NS - - -
07HA001 - NS NS - - NS NS
07HA003 - NA NA NA NA NA NA
07HAO005 - - NS - - - -
07HCO001 - NS NS NS NS - -
07HF002 NA NA NA NA NA NA NA
07JD002 - NS - - - - -
07JD003 NA NA NA NA NA NA NA
07JF002 - + NS NS NS NS NS
07JF003 + + NS - NS NS NS
07KC001 - + NS - - - -
07KE001 - NS NS NS NS NS NS
07NB001 - + NS - - - -
070A001 NS + NS NS NS NS NS
070B003 NA NA NA NA NA NA NA
070C001 NS NS NS NS NS NS NS
11AA001 NS + NS - - - -
11AA005 NS + NS NS - - -
11AA025 NS NS NS NS NS NS -
11AA026 NS NA NA NA NA NA NA
11AA028 NS + NS NS NS NS NS
11AA029 NS NS NS NS NS NS NS
11AB009 NS NS NS NS - NS NS
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Table B2: Mann -Kendall Test results for annual extreme condition variables (Group 2) . A fi+d0 indicates a positi.\
trendi ifindi cates a negative signi ftiheantr etnrde mda,s NSO siingdniicfatceasnt , -and fiNA

Kendall Test could not be performed for that station.

Station 1-Day 3-Day 7-Day 30-Day 90 -Day 1-Day 3-Day 7-Day 30-Day 90 -Day
Number Minimum Minimum Minimum Minimum Minimum Maximum  Maximum Maximum Maximu m Maximum
05AA004 + + + + NS NS NS NS NS NS
05AA008 NS NS NS NS + NS NS NS NS NS
05AA022 + + + + + NS - - - NS
05AA024 + + + + + NS NS NS - -
05AA027 NS NS NS + + NS NS - - NS
05AA028 + + + NS NS NS NS NS NS NS
05AB013 + + + + NS NS NS NS NS NS
05AB021 + + + + + NS NS NS NS NS
05AB029 NS + + + + NS NS NS NS NS
05AC003 + + + + + - NS NS NS +
0O5ACO012 + + + + + + + + + +
05ACO017 NA NS NS NS NS + + + + NS
05ACO023 + + + + + + + + + +
05ADO003 NS NS NS NS NS NS NS NS NS NS
05ADO005 NS NS NS NS NS NS NS NS NS NS
05AD007 + + + + + NS NS NS NS NS
05ADO010 - - NS NS NS NS NS NS NS NS
05AD013 NA NS - NS - + + + + NS
05AD017 NS NS - - - - - - - -
05ADO021 NA NS NS + + + + + + +
05AD027 NA NS + NS + + + + + +
05ADO028 + + + + + - - - - -
05ADO035 NS + + + + NS NS NS NS NS
05AD037 NS NS NS NS NS NS NS NS - -
05A E002 NS NS NS NS NS NS NS NS NS NS
05AEQ005 NS + + + NS NS NS NS NS NS
05AE006 + + + + + NS NS NS NS NS
05AEQ16 NS + + + + - - - - NS
05AE021 NA NS NS NS NS NS NS NS NS NS
05AE026 NA NS - - - + + + NS NS
05AE027 NS NS NS NS + NS NS NS NS NS
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Station 1-Day 3-Day 7-Day 30-Day 90 -Day 1-Day 3-Day 7-Day 30-Day 90 -Day
Number Minimum Minimum Minimum Minimum Minimum Maximum Maximum Maximum Maximu m Maximum

05AG003 + + + + NS - - - - -
05AHO002 NA NS NS NS NS - - - - NS
05AH005 - - - - - NS NS NS - NS
05AH037 NA + NS NS NS NS NS NS NS NS
05AH041 NA NS NS NS NS NS NS NS NS NS
05AJ001 + + + + + NS NS NS NS NS
05BA001 + + + + + NS NS NS NS NS
05BB001 + + + + + - - - - -
05BC001 + + + + + NS NS NS NS -
05BD004 + + + NS NS - - - - -
05BF016 NA NA NA NA NA NA NA NA NA NA
05BG006 NS + + + + NS NS NS NS NS
05BH004 + + + + + NS NS NS NS NS
05BJ001 + + + + + + NS NS NS NS
05BJ004 + + + + + NS NS NS NS NS
05BK001 + + + + + NS NS NS NS NS
05BL0O07 + + + + + NS NS NS NS NS
05BL013 + + + + NS NS NS NS NS NS
05BL014 NS NS NS NS + NS NS NS NS NS
05BL0O15 + + + + + + + + + +
05BL019 NS NS + + + NS NS - - -
05BL022 NS NS NS NS NS NS NS NS NS NS
05BL023 + + + + NS NS NS NS NS NS
05BL024 NS NS NS NS NS NS NS NS NS NS
05BMO002 + + + + + NS NS NS NS NS
05BMO004 + + + + NS NS NS NS NS NS
05BMO007 NS NS NS NS NS NS NS NS + +
05BMO008 NS NS NS + + NS + + + +
05BMO014 NS + + + + NS NS NS NS NS
05BN002 + NS NS + NS - - - - -
05BNO006 NS NS NS NS NS - - - - -
05BNO008 NS NS - - - - - - - -
05BNO012 + + + NS NS NS NS NS NS NS
05CA002 + + + + + NS NS NS NS NS
05CA004 + + + + + - - - NS NS
05CB001 + + + + + + + + + +
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Station 1-Day 3-Day 7-Day 30-Day 90 -Day 1-Day 3-Day 7-Day 30-Day 90 -Day
Number Minimum Minimum Minimum Minimum Minimum Maximum Maximum Maximum Maximu m Maximum

05CB002 + + + + + NS NS NS NS NS
05CB004 - - - NS NS NS NS NS + +
05CCO001 + + + + + - - - - -
05CC002 + + + + + NS NS NS NS NS
05CCo007 + + + + + NS NS NS NS NS
05CC008 NS NS NS + - NS NS NS - -
05CCO009 + + + + - NS NS NS NS -
05CEO001 + + + + + NS NS NS NS NS
05CE002 NS + + + + NS NS NS NS NS
05CEO005 NS NS NS + + NS NS NS NS NS
05CEO006 NS + + + + NS NS NS NS NS
05CEO007 NS + + + NS NS NS NS NS NS
05CEO018 NS + + + + NS NS NS NS +
05CHO007 + + + + + + + + + +
05CHO008 NS NS NS NS NS NS NS NS NS NS
05CJ006 NS NS + NS NS - - - - -
05CK001 NS NS NS NS NS NS NS NS NS NS
05CK004 + + + + + NS NS NS NS NS
05CKO005 NA NS NS NS NS NS NS NS NS NS
05DA007 NS + + + + NS - - - NS
05DA009 NS NS + + + - - - - NS
05DA010 NS NS NS NS NS - - - - -
05DB002 NS NS NS NS NS NS NS NS NS NS
05DB005 NS NS NS NS NS NS NS NS NS NS
05DC001 + + + + NS NS NS NS NS NS
05DC006 + + + + NS NS NS NS NS NS
05DD004 NS NS NS NS NS + NS NS NS NS
05DDO005 + + + + + - NS NS NS NS
05DDO007 + NS NS NS NS NS NS NS NS NS
05DD00 9 NS NS NS NS + NS NS NS NS NS
05DEO007 - - - NS - NS NS NS NS NS
05DF001 + + + + + NS NS NS NS NS
05DFO004 NS NS NS NS - - - - - -
05DF006 NS + + NS - - - - - -
05EA001 - NS NS - - - - - - -
05EA005 - - - - - - - - - -




Station 1-Day 3-Day 7-Day 30-Day 90 -Day 1-Day 3-Day 7-Day 30-Day 90 -Day
Number Minimum Minimum Minimum Minimum Minimum Maximum Maximum Maximum Maximu m Maximum

05ECO002 NS NS NS - - - - - - -
05FA001 - NS NS NS NS NS NS - NS -
05FB002 NS NS NS NS NS - - - - -
05FC001 NS NS NS NS - NS - - - -
05FC002 NA NS NS NS - - - - - -
05FD001 NS NS NS - - - - - - -
05GA003 NS + + + NS NS NS NS - NS
05GA008 NA NA NA NA NA NA NA NA NA NA
06AA001 - - - - - - - - - -
06AA002 - - - - - - - - - -
06AB001 NS NS NS NS NS - - - - -
06AB002 NS NS NS NS + NS NS NS NS NS
06ACO001 NS NS NS NS + - NS NS NS NS
06AD006 - - - NS NS - - - - -
07AA001 + + + + + - - - NS NS
07AA002 + + + + + - - - - -
07ACO001 + + + + NS NS NS NS NS -
07ADO002 + + + + + - - - - NS
07AE001 NS NS NS NS + - - - - -
07AF002 + + + + + NS NS NS - -
07AF003 NS NS NS NS NS NS NS NS NS NS
07AF010 NS NS NS NS - - - - - -
07AG003 NS NS NS NS NS - - - - -
07AG004 + + + + NS - - - - -
07AH001 NS NS NS + NS - NS NS NS NS
07AH002 NS NS NS - - NS NS NS NS NS
07AHO003 NS NS NS NS NS NS NS NS NS NS
07BA002 NS NS NS NS NS NS NS - - -
07BB002 + NS + + NS - - - - -
07BB004 + + + NS - - - - - -
07BB005 - - - - - - - - - -
07BB006 - - - - - - - - - -
07BC002 NS NS NS NS NS - - - - -
07BCO006 NS - - - - - - - - -
07BE0O1 - - - NS NS - - - - -
07BF001 NS NS NS NS NS - - - - -
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Station 1-Day 3-Day 7-Day 30-Day 90 -Day 1-Day 3-Day 7-Day 30-Day 90 -Day
Number Minimum Minimum Minimum Minimum Minimum Maximum Maximum Maximum Maximu m Maximum

07BF002 NS NS NS NS NS - - - - -
07BJ001 NS NS NS NS NS - - - - -
07BJO03 + NS + + NS - - NS NS NS
07BK005 NS NS NS NS - - - NS - -
07BK007 + + + + NS - - - - -
07CA005 - - - - - - - - - -
07CA006 NS NS NS NS + - - - - -
07CDO001 NA NA NA NA NA NA NA NA NA NA
07CD004 NS NS NS NS + - - - - -
07CDO005 NS - - - NS - - - - -
07DA001 - - - - - - - - - -
07DA006 NS NS NS NS + NS NS NS NS NS
07DA008 NS NS NS NS + - - NS - -
07DB001 + + + + + - - - - -
07DC001 + + + + + NS NS NS NS NS
07DD002 + + + + + NS NS NS NS NS
07FDO006 NS NS NS NS NS NS NS NS NS NS
07FD009 NS NS NS NS - NS NS NS - -
07GA001 NS NS + + + - NS NS NS -
07GB001 - - - - - - - - - -
07GDO001 NS + NS NS NS NS NS NS - -
07GEO001 NS NS NS NS NS NS NS NS NS -
07GE002 NA NS NS NS NS NS NS NS NS NS
07GEO003 NA NS NS NS - NS NS NS - -
07GF001 + + + + + - - - - -
07GG001 NS NS NS NS NS - - NS - -
07GG 002 + + + + NS - - NS - -
07GG003 NS NS NS NS - - - - NS -
07GHO00 2 NS NS NS NS NS - - - - -
07GJ001 NS NS NS NS NS - - - - -
07HA001 NS + + + + - - - - -
07HA003 NS NS NS NS - - - - - -
07HAO005 - - - NS + - - - - -
07HCO001 NS NS NS NS NS - - - - -
07HF002 + + + + + - - - - -
07JD002 - - - - - - - - - -
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Station 1-Day 3-Day 7-Day 30-Day 90 -Day 1-Day 3-Day 7-Day 30-Day 90 -Day
Number Minimum Minimum Minimum Minimum Minimum Maximum Maximum Maximum Maximu m Maximum

07JD003 NS NS NS NS - - - - - -
07JF002 NS NS NS NS NS - - - - -
07JF003 + + + + + - - - - -
07KC001 NS NS NS NS NS - - - - -
07KEO01 + + + + + - - - - -
07NBOO1 NS NS NS + + - - - - -
070A001 NS + + + NS - - - - NS
070B003 + + + + NS - - - - NS
070C001 + + + + + - - - - -
11AA001 NS NS NS NS NS - - - - -
11AA005 NS NS NS NS + NS NS - NS NS
11AA025 NS NS NS NS NS NS NS NS NS -
11AA026 NA NS NS NS NS NS NS NS NS NS
11AA028 NA NS NS NS NS NS NS NS NS NS
11AA029 NA NS NS NS NS NS NS NS NS NS
11AB009 NS NS NS NS - NS NS NS NS NS
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Table B3: Mann -Kendall Test results for the remaining annual extreme condition variables (Group 2), timing, frequency, and
rate of change variables (Groups 3,4, and5b) . A fi+0 indicates a posi-iii vadsamdaivé sigaiicant tr end,
trend, ANSO indicates bhheitaend aad MNA" siKgmlal destceutd ndt hegerftaead ror that

station. Note that the analysis conside red fall rate as a negative value; in other words, an increase in t he fall rate indicates a
decrease in the absolute value of the fall rate.
. Date of Date of .
station Base Index zero Flow Minimum Maximum High Pulse Rise Rate Fall Rate Reversals
Number Days Number
Flow Flow
05AA004 + NA NS + NS NS NS -
05AA008 + NA NS + NS NS NS NS
05AA022 + NA NS + NS NS - NS
05AA024 + NA NS + NS - + +
05AA027 NS NA + NS NS + NS -
05AA028 + NA NS + NS NS NS -
05AB013 + NS NS + NS NS NS NS
05AB021 + NS NS + + NS NS -
05AB029 + - - + NS NS NS NS
05ACO003 + NS + + + NS - +
05ACO012 NS NS + NS NA NS NS -
05AC017 + + - + + + - +
05ACO023 + NA NS NS + + - NS
05AD003 NS NA NS + NS NS + -
05AD005 NS NA NS + NS NS NS NS
05ADO007 + NA NS + NS - NS NS
05ADO010 NS NA + + NS NS NS NS
05AD013 - + - NS NS + NS -
05ADO017 - + - NS NS + NS -
05A D021 NS - - NS NS NS - NS
05ADO027 + - - - NS + NS +
05AD028 + NA - + NS - NS +
05AD035 NA - NS + NA NA NA +
05ADO037 + - + NS - NS + -
05AE002 NS NA NS + NS NS NS +
05AE005 + NS NS + - NS NS -
05AEQ006 + NA NS NS - NS NS +
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Station Zero Flow D.a.te of DaFe of High Pulse .
Base Index Minimum Maximum Rise Rate Fall Rate Reversals
Number Days Number
Flow Flow
05AE016 + NA NS NS NS + NS NS
05AE021 NS - NS NS - + NS
05AE026 NS + - NS NS + NS -
05AE027 NS NA + NS NS NS NS NS
05AG003 + NS NS NS - + - +
05AH002 NA - NS NS NA NA NA +
05AHO005 - NS - NS + - + +
05AH037 NS NS NS + NA - NS NS
05AH041 NA - NS + NA NA NA +
05AJ001 + NA NS NS NS - + -
05BA001 + NA + NS NS + -
05BB001 + NA + NS NS NS + NS
05BC001 + NA NS NS NS NS NS +
05BD004 + NS NS NS - - + +
05BF016 NA NA + + NS NS NS -
05BG006 NS NA + NS - NS NS +
05BH004 + NA NS NS - - + +
05BJ001 + NA NS + + + NS +
05BJ004 + NA NS + - NS NS +
05BK001 + NS NS + + NS - +
05BL007 + NS NS NS + NS NS NS
05BL013 + NS NS + NS NS NS -
05BL014 NS NA NS + NS + NS -
05BL0O15 + NS NS NS NS NS +
05BL019 + NA + NS NS NS + -
05BL022 NS NS + NS NS NS NS -
05BL023 + NS NS NS + NS NS -
05BL024 NS NA + NS - NS NS NS
05BM002 + NA - + NS - + -
05BMO004 + NA NS NS - - + -
05BMO007 NA - NS NS NA NA NA NS
05BM008 NS NS NS + + + - -
05BM014 + - NS + NS NS NS +
05BN002 + NS NS - NS NS NS NS
05BN006 NS NS - - NS NS + +
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Station Zero Flow D.a.te of DaFe of High Pulse .
Base Index Minimum Maximum Rise Rate Fall Rate Reversals
Number Days Number
Flow Flow
05BN008 NS + NS NS - - + -
05BN012 + NA NS NS - - + +
05CA002 NS NA NS NS NS - NS -
05CA004 NS NA NS NS - - NS -
05CB001 + NS - NS NS - NS +
05CB002 NS NA NS + NS NS - NS
05CB004 - NA NS NS - - + +
05CCo001 + NA NS + NS - NS +
05CCO002 + NA NS NS NS NS NS +
05CC007 + NA NS + NS - + +
05CC008 + NS NS + NA - + +
05CC009 + NS NS + NA - + NS
05CE001 + NA NS NS - NS + +
05CE002 + - NS + NS NS NS -
05CE005 NS NS + + NS NS NS -
05CE006 + - - + + + NS NS
05CE007 + - + + NS NS NS -
05CE018 + - NS + NA NS NS +
05CHO007 + - - NS + + - +
05CHO008 NA NS NS + NA NA NA NS
05CJ006 + NS NS NS - - + +
05CKO001 NS NS NS + NS NS NS +
05CK004 + NA + NS - NS + +
05CKO005 NA - NS NS NA NA NA NS
05DA007 + NA NS + NS - + +
05DA009 NS NA + NS NS - NS +
05DA010 NS NA NS NS NS - NS +
05DB002 NS NA - + NS - + +
05DB005 NS NA + NS - - + NS
05DC001 + NA - NS NA NS NS +
05DC006 + NA - + NS - + +
05DD004 NS NA + + NS NS NS -
05DD005 + NS + NS - - + +
05DD007 + NA NS NS NS - + NS
05DD009 NS NA + NS - - + +
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Station Zero Flow D.a.te of DaFe of High Pulse .
Base Index Minimum Maximum Rise Rate Fall Rate Reversals
Number Days Number
Flow Flow
05DEO007 NS NA NS + NA - + -
05DF001 + NA NS NS NS - + -
05DF004 NS NS NS NS NS - + +
05DF006 + - NS + NS - NS +
05EA001 NS NS + + - - + -
05EAQ005 - NS + NS - - + +
05EC002 NA + NS NS NA NA NA -
05FA001 NS NA + + NS - + +
05FB002 + NS NS + NS - + +
05FC001 NS NS NS NS NA - + NS
05FC002 NA NS NS NS NA NA NA -
05FD001 NS + NS NS - - + -
05GA003 NS - NS + NA - + NS
05GA008 NA NA NS + NA NA NA +
06AA001 - NS + NS NS - + NS
06AA002 - NS + NS NS - + NS
06AB 001 NS NA NS NS NS NS NS NS
06AB002 - NS + NS NS NS NS -
06AC001 NS NS NS + NA NS NS NS
06AD006 NS NA NS NS - + +
07AA001 + NA + NS NA - NS +
07AA002 + NA NS NS NS - NS +
07AC001 + NA + NS - NS + -
07AD002 + NA NS NS NS - NS NS
07AE001 - NA NS NS NS + NS NS
07AF002 + NA NS NS NS - + NS
07AF003 + NA + + NS NS NS NS
07AF010 + NA NS NS NS NS + -
07AGO003 NS NA NS + - - + NS
07AG004 + NA NS NS NS - + NS
07AHO001 + NS + - NS - + -
07AHO002 NS NS + NS - - + -
07AH003 NS NA + - - - + NS
07BA002 + NA NS NS NS - + +
07BB002 + NA NS NS - - + +
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Station Zero Flow Date of Date of High Pulse

Base Index Minimum Maximum Rise Rate Fall Rate Reversals
Number Days Number
Flow Flow

07BB004 + NS NS + NA - + NS
07BB005 - + + NS - - + -
07BB006 NS NA + NS NA - + NS
07BC002 NS NA NS NS NS - + +
07BC006 - + NS NS - - + NS
07BEO001 NS NA NS NS NS - + +
07BF001 + NS NS NS NS - + +
07BF002 NS NS + NS NS - NS +
07BJ0O01 + NA NS - - - + NS
07BJ0O03 + NS NS - - - + -
07BK005 NS NS NS - NA - + NS
07BK007 + NS + - NS - + NS
07CA005 - + + - - - + -
07CA006 NS NS + NS NS - - -
07CDO001 NA NA NS NS NS - + NS
07CD004 NS NS + + NS - NS NS
07CD00 5 - NA - NS NS - + +
07DA001 NS NA - - NS - + +
07DA006 NS NA NS NS NS NS NS +
07DA008 NS NA NS NS NS - NS +
07DB001 + NA NS + NS NS NS NS
07DC001 NS NA NS NS NS NS NS +
07DDO002 NS NA NS + NS NS NS -
07FDO006 NS NS + NS NA NS NS -
07FD009 NS NS + NS NA - + -
07GA001 - NA + NS NS + - NS
07GB001 NS NS - NS NS - + +
07GDO001 NS NS + + NS NS NS NS
07GE001 + NA + NS NS - + NS
07GE002 NS NS NS NS + NS + +
07GE003 NS + NS + NS NS NS -
07GF001 + NA + NS - + NS -
07GG001 NS NS NS NS NS NS + +
07GG002 + NA + NS - - + -
07GG003 NS NS + NS NS - + +
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Station Zero Flow D.a.te of DaFe of High Pulse .
Base Index Minimum Maximum Rise Rate Fall Rate Reversals
Number Days Number
Flow Flow
07GH002 + NA NS NS NS - + NS
07GJ001 + NA NS NS NS - + +
07HAO001 + NA + NS NS NS NS +
07HAO003 + NS NS - NS - + NS
07HAO005 NS NS NS NS NS NS - -
07HCO001 NS NS + - NS - + -
07HF002 + NS + NS NA NS NS NS
07JD002 + NA + NS NS - + NS
07JD003 + NS NS NS NA - + NS
07JF002 + NS NS - NS NS NS NS
07JF003 + NS + NS NS - + NS
07KC001 NS NA + - NS + NS +
07KE001 + NA - NS NS - - NS
07NB001 + NA + NS NS + - +
070A001 + - + NS NS - NS +
070B003 + NA NS NS NS NS + NS
070C001 + NS NS NS NS NS + NS
11AA001 NS NA NS + NS NS NS -
11AA005 + NA NS + NS NS + +
11AA025 NS NS + + NS NS + NS
11AA026 NA - NS NS NA NA NA NS
11AA028 NA - NS + NA NA NA NS
11AA029 NA NS NS NS NA NA NA NS
11AB009 NS NS + NS NS NS NS -
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Table B4: Mann -Kendall Test results for seasonal precipitation vari abl es. A fA+0 indicates a positi\
fth i ndicates a negative significant trend, fANSO indicates tHKepdalitTesend was

could not be performed for that station.

,\‘T’:?Tt]'ggr PAS_at PAS_wt PAS_sp PAS_sm PPT at PPT wt PPT sp PPT_sm
05AA004 NS NA NS NA NS NA NS +
05AA008 NS - NS NA NS - NS +
05AA022 NS NA NS NA NS NA NS +
05AA024 NS - NS NS NS - NS +
05AA027 NS NA NS NS NS NA NS +
05AA028 NS NA NS NS NS NA NS NS
05AB013 NS ] NS NA NS - NS +
05AB021 NS ; NS NA NS - NS +
05AB029 NS . NS NA NS - NS +
05AC003 NS - NS NS NS - NS NS
05AC012 NS . NS NA NS ; NS NS
05AC017 NS . NS NA NS ; NS NS
05AC023 NS - NS NS NS - NS NS
05AD003 NS NS NS NS NS ; - NS
05AD005 NS NA NA NS NS NA NA +
05AD007 NS - NS NS NS - NS NS
05AD010 NS NA NA NA NS NA NS +
05AD013 NS ] NA NA NS - NS +
05ADO017 NS NA NS NS NS NA NS +
05AD021 NS NA NS NA NS NA NS +
05AD027 NS NA NS NS NS NA NS +
05AD028 NS ] NS NA NS - NS +
05AD035 NS . ] NS NS ; NS NS
05AD037 NS - NS NS NS - NS NS
05AEQ02 NS . NS NA NS - NS +
05AE005 NS ; NS NA NS ; NS NS
05AEQ006 NS - NS NS NS - NS NS
05AE016 NS ; NS NS NS ; NS NS
05AE021 NS ; NS NA NS - NS +
05AE026 NS ; NS NA NS - NS +
05AE027 NS : NS NS NS : NS NS
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Station

Number PAS_at PAS_wt PAS_sp PAS_sm PPT_at PPT_wt PPT_sp PPT_sm
05AG003 NS - NS NS NS - NS NS
05AH002 NS - NS NS NS NS NS NS
05AHO005 NS - NS NS NS - NS NS
05AHO037 NS - - NA NS - NS NS
05AH041 NS - NS NA NS - NS NS
05AJ001 NS - NS NS NS - NS NS
05BA001 NA NA NA NA NA NA NA NA
05BB001 NA NA NA NA NA NA NA NA
05BC001 NA NA NA NA NA NA NA NA
05BD004 NA NA NS NA NA NA + NA
05BF016 NA NA NS NA NA NA NS NS
05BG006 NS - NS NS NS - NS +
05BHO004 NS - NS NS NS - NS +
05BJ001 NS - NS NA NS - NS NS
05BJ004 NS - NA NS NS - NS +
05BK001 NS NS NS NS NS NS NS NS
05BL0O07 NS NA NA NS NS NA NA NS
05BL013 NS - NS NS NS - NS NS
05BL014 NS - NS NS NS - NS NS
05BL015 NS - NS NS NS - NS NS
05BL019 NS NA NS NS NS NA NS NS
05BL022 NS NA NS + NS NA NS +
05BL023 NS NA NA NA NS NA NA NS
05BL024 NS - NS NS NS - NS NS
05BM002 NS - NS NA NS - NS NS
05BM004 NS - NS NS NS - NS NS
05BM007 - - NS NS NS - NS NS
05BM008 NS - NS NA NS - NS NS
05BM014 NS - NS NA NS - NS NS
05BN002 NS - NS NS NS - NS NS
05BNO006 NS - NS NS NS - NS NS
05BNO008 NS - NS NS NS - NS NS
05BNO012 - - NS NS NS - NS NS
05CA002 NS - NS NS NS - NS +
05CA004 NS NA NS NA NS NA NS NS
05CB001 NS - NS NS NS - NS +
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Station

Number PAS_at PAS_wt PAS_sp PAS_sm PPT_at PPT_wt PPT_sp PPT_sm
05CB002 NS - NS NS NS - NS +
05CB004 NS - NS NS NS - NS NS
05CCO001 NS - NS NS NS - NS NS
05CC002 NS - + NS NS - NS NS
05CCO007 NS - NS NS NS - NS NS
05CC008 NS - NS NS NS - NS NS
05CCO009 NS - NS NS NS - NS NS
05CEO001 NS - NS NS NS - NS NS
05CE002 NS - NS NS NS - NS NS
05CEO005 - - NS NS NS - NS NS
05CE006 NS - NS NS NS - NS NS
05CEO007 - - NS NS NS - NS NS
05CEO018 NS - NS NS NS - NS NS
05CHO007 - - NS NS NS - NS NS
05CHO008 NS - NS NS NS - NS NS
05CJ006 - - NS NA NS - NS NS
05CK001 NS - NS NS NS - NS NS
05CK004 NS - NS NA NS - NS NS
05CK005 NS - NS NS NS - NS NS
05DA007 - - NS NA - - NS NA
05DA 009 NS NA NS NS NS NA NS NS
05DA010 NS - + + NS - NS +
05DB002 NS - NS NS NS - NS NS
05DB005 NS - NS NS NS - NS NS
05DC001 NS - NS NS NS - NS NS
05DC006 NS - NS NS NS - NS NS
05DD004 NS - NS NS NS - NS NS
05DDO005 NS - NS NS NS - NS NS
05DDO007 NS NA NS NS NS NA NS NS
05DDO009 NS - NS NS NS - NS NS
05DEO007 NS - NS NS NS - NS NS
05DF001 - - NS NS NS - NS NS
05DF004 NS - NS NS NS - NS NS
05DF006 NS - NS NS NS - NS NS
05EA001 NS - NS NS NS - NS NS
05EA005 NS - NS NS NS - NS NS
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Station

Number PAS_at PAS_wt PAS_sp PAS_sm PPT_at PPT_wt PPT_sp PPT_sm
05EC002 NS NS NS NS NS NS NS NS
05FA001 NS - NS NS NS - NS NS
05FB002 NS - NS NS NS - NS NS
05FCO001 NS - NS NS NS - NS NS
05FC002 NS - NS NS NS - NS NS
05FD001 NS - NS NS NS - NS NS
05GA003 NS - NS NS NS - NS NS
05GA008 NS - NS NS NS - NS NS
06AA001 - - NS NS NS - NS NS
06AA002 NS - NS NA NS - NS NS
06AB001 NS - NS NS NS - NS NS
06AB002 - - NS NS NS - NS NS
06AC001 - - NS NS NS - NS NS
06AD006 - - NS NS NS - NS NS
07AA001 NS NS NS NA NS NS + NS
07AA002 NA NA NS NA NA NA NS NA
07AC001 NS NS NS NS NS NS NS NS
07 AD002 NA NS NS NS NA NS NS NS
07AEQ01 NS - NS NS NS - NS -
07AF00 2 NS - NS NS NS - NS NS
07AF003 NS NS NS NS NS - NS NS
07AF010 NS - NS NS NS - NS NS
07AGO003 NS - NS NS NS - NS NS
07AG004 NS - NS NS NS - NS -
07AHO001 NS - NS NS NS - NS NS
07AHO002 NS - NS NS NS - NS -
07AHO003 NS - NS NS NS - NS -
07BA002 NS - NS NS NS - NS NS
07BB002 NS - NS NS NS - NS NS
07BB004 NS - NS NS NS - NS NS
07BB005 NS - NS NS NS - NS NS
07BB006 NS - NS NS NS - NS NS
07BC002 NS - NS NS NS - NS NS
07BC006 NS - NS NS NS - NS NS
07BEOQO1 NS - NS NS NS - NS NS
07BF001 NS NS NS NS NS NS NS NS
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Station

Number PAS_at PAS_wt PAS_sp PAS_sm PPT_at PPT_wt PPT_sp PPT_sm
07BF002 NS NS NS NS NS NS NS NS
07BJ001 NS - NS NS NS - NS NS
07BJ003 NS - NS NS NS - NS NS
07BK005 NS - NS NS NS - NS NS
07BKO007 NS - NS NS NS - NS NS
07CA005 NS - NS NS NS - NS NS
07CA006 NS - NS NS NS - NS NS
07CDO001 NS - NS NS NS - NS NS
07CDO004 NS - NS NS NS - NS NS
07CDO005 NS - NS NS NS - NS NS
07DA001 NS - NS NS NS - NS NS
07DA006 NS - NS NS NS - NS NS
07DA008 NS - NS NS NS - NS NS
07DB001 NS - NS NS NS - NS NS
07DC001 - - NS NS NS - NS NS
07DD002 NS NS NS NS NS - NS NS
07FDO 06 NS - + NS NS - + NS
07FD009 - NS + NS NS NS + NS
07GA001 NS NS NS - NS NS + NS
07GB001 NS - NS NS NS - + NS
07GD001 NS - + NS NS - + NS
07GE001 NS - + NS NS - + NS
07GE002 NS - + NS NS - + NS
07GE003 NS NS NS NS NS NS + NS
07GF001 NS - + NS NS - NS NS
07GG001 NS - NS NS NS - NS -
07GG002 NS - + NS NS - NS NS
07GGO003 NS - + NS NS - NS -
07GH002 NS - + NS NS - NS NS
07GJ001 NS - + NS NS - NS NS
07HAO001 NS - NS NS NS - NS NS
07HAO003 NS - NS NS NS - NS NS
07HAO005 NS - + NS NS - NS NS
07HCO001 NS - NS NS NS - NS NS
07HF002 NS - NS NS NS - NS NS
07JD002 NS - NS NS NS - NS NS
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Station

Number PAS_at PAS_wt PAS_sp PAS_sm PPT_at PPT_wt PPT_sp PPT_sm
07JD003 NS - NS NS NS - NS NS
07JF002 NS - NS NS NS - NS NS
07JF003 NS - NS NS NS - NS NS
07KC001 NS - NS NS NS - NS NS
07KEO001 - - NS NS NS - NS NS
07NBO001 NS - NS NS NS - NS NS
070A001 NS - NS NS NS - NS NS
070B003 NS - NS NS NS - NS NS
070C001 NS - NS NS NS - NS NS
11AA001 NS - NS NS NS - NS NS
11AA005 NS - NS NS NS - NS NS
11AA025 NS - NS NS NS - NS NS
11AA026 NS NA NS NA NS NA NS NS
11AA028 NS - NS NA NS - NS NS
11AA029 NS - NS NA NS - NS NS
11AB009 NS NS NS NA NS NS NS NS
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Table B5: Mann -Kendall Test results for

fti i ndia anegati ve

seasonal temperature

significant

could not be performed for that station.

tteerdd

variabl es.

ivAhSonobhdstgnhesi that ,

A

i +0 i

ndi cat es end,
a-Kehdah Téegt "

Station Average Temperature Maximum Temperature Minimum Temperature
Number Fall Winter Spring  Summer Fall Winter Spring  Summer Fall Winter Spring Summer
05AA004 NS NS NS - NS NS NS NS NS NS NS -
05AA008 NS NS NS - NS NS NS NS NS NS - -
05AA022 NS NS NS - NS NS NS NS NS NS - -
05AA024 NS NS NS - NS NS NS NS NS NS - -
05AA027 NS NS NS - NS NS NS NS NS NS - -
05AA028 NS NS NS - NS NS NS NS NS NS - -
05AB013 NS NS NS - NS NS NS NS NS NS - -
05AB021 NS NS NS - NS NS NS NS NS NS - -
05AB029 NS NS NS - NS NS NS NS NS NS - -
05AC003 NS NS NS NS NS NS NS NS NS NS NS -
05ACO012 NS NS NS NS NS NS NS NS NS NS NS -
05ACO017 NS NS NS NS NS NS NS NS NS NS NS -
05AC023 NS NS NS NS NS NS NS NS NS NS NS -
05ADO003 NS NS NS NS NS NS NS NS NS NS - -
05ADO005 NS NS NS - NS NS NS NS NS NS NS -
05AD007 NS NS NS NS NS NS NS NS NS NS NS -
05ADO0 10 NS NS NS - NS NS NS NS NS NS NS -
05ADO013 NS NS NS - NS NS NS NS NS NS NS -
05AD017 NS NS NS NS NS NS NS NS NS NS NS -
05AD021 NS NS NS - NS NS NS NS NS NS NS -
05AD027 NS NS NS - NS NS NS NS NS NS NS -
05AD028 NS NS NS - NS NS NS NS NS NS NS -
05 AD035 NS NS NS NS NS NS NS NS NS NS NS -
05AD037 NS NS NS NS NS NS NS NS NS NS NS -
05AE002 NS NS NS - NS NS NS NS NS NS NS -
05AE005 NS NS NS - NS NS NS NS NS NS NS -
05AE006 NS NS NS - NS NS NS NS NS NS NS -
05AE016 NS NS NS - NS NS NS NS NS NS NS -
05AE021 NS NS NS - NS NS NS NS NS NS NS -
05AE026 NS NS NS - NS NS NS NS NS NS NS -
05AE027 NS NS NS NS NS NS NS NS NS NS NS -
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Station Average Temperature Maximum Temperature Minimum Temperature
Number Fall Winter Spring  Summer Fall Winter Spring  Summer Fall Winter Spring Summer
05AG003 NS NS NS NS NS NS NS NS NS NS NS -
05AH002 + + NS NS + NS NS NS + + NS NS
05AHO005 + + NS NS + NS NS NS + + NS NS
05AH037 + + NS NS + NS NS NS + + NS NS
05AH041 + NS NS NS + NS NS NS + + NS NS
05AJ001 + + NS NS + NS NS NS + + NS NS
05BA001 NS NS NS NS NS NS NS NS NS NS NS -
05BB001 NS NS NS - NS + NS NS NS NS NS -
05BC001 NS NS NS - NS + NS NS NS NS NS -
05BD004 NS NS NS - NS + NS NS NS NS - -
05BF016 NS NS NS - NS NS NS NS NS NS - -
05BG006 NS NS NS - NS NS NS NS NS NS - -
05BH004 NS NS NS NS NS NS NS NS NS NS NS -
05BJ001 NS NS NS NS NS NS NS NS NS NS NS -
05BJ004 NS NS NS - NS NS NS NS NS NS - -
05BK001 NS NS NS NS NS NS NS NS NS NS - -
05BL007 NS NS NS - NS NS NS NS NS NS - -
05BL013 NS NS NS - NS NS NS NS NS NS - -
05BL014 NS NS NS NS NS NS NS NS NS NS - -
05BL015 NS NS NS NS NS NS NS NS NS NS - -
05BL019 NS NS NS - NS NS NS NS NS NS NS -
05BL022 NS NS NS - NS NS NS NS NS NS - -
05BL023 NS NS NS - NS NS NS NS NS NS - -
05BL024 NS NS NS NS NS NS NS NS NS NS - -
05BM002 NS NS NS NS NS NS NS NS NS NS NS -
05BM004 NS + NS NS NS + NS NS NS + NS -
05BM007 NS NS NS NS NS NS NS NS NS NS NS NS
05BM008 NS NS NS NS NS NS NS NS NS NS NS -
05BM014 NS NS NS NS NS NS NS NS NS + NS -
05BN002 + NS NS NS + NS NS NS + NS NS NS
05BN006 NS NS NS NS NS NS NS NS + NS NS -
05BN008 NS NS NS NS + NS NS NS NS NS NS -
05BN012 + NS NS NS + NS NS NS + NS NS -
05CA002 NS NS NS - NS NS NS NS NS NS NS -
05CA004 NS NS NS - NS + NS NS NS NS NS -
05CB001 NS NS NS NS NS + NS NS NS NS NS -
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Station Average Temperature Maximum Temperature Minimum Temperature
Number Fall Winter Spring  Summer Fall Winter Spring  Summer Fall Winter Spring Summer
05CB002 NS NS NS - NS NS NS NS NS NS - -
05CB004 NS NS NS NS NS NS NS NS NS NS NS -
05CC001 NS + NS NS NS + NS NS NS + NS NS
05CC002 NS NS NS NS NS NS NS NS NS + NS NS
05CCO007 NS NS NS NS NS + NS NS NS NS NS -
05CCO008 NS + NS NS NS NS NS NS NS + NS NS
05CCO009 NS + NS NS NS + NS NS NS + NS NS
05CE001 NS NS NS NS NS NS NS NS NS NS NS NS
05CE002 NS NS NS NS NS NS NS NS NS NS NS NS
05CEO005 NS + NS NS NS NS NS NS NS + NS NS
05CE006 NS NS NS NS NS NS NS NS NS NS NS -
05CE007 NS + NS NS NS + NS NS NS + NS NS
05CE018 NS NS NS NS NS + NS NS NS + NS NS
05CHO007 NS NS NS NS + NS NS NS + NS NS -
05CHO008 NS + NS NS + + NS NS + + NS NS
05CJ006 NS NS NS NS + NS NS NS + + NS NS
05CK001 + NS NS NS + NS NS NS + + NS NS
05CK004 + + NS NS + NS NS NS + + NS NS
05CKO005 + + NS NS + + NS NS + + NS NS
05DA007 NS + NS NS NS + NS NS NS + NS -
05DA009 NS + NS NS NS + NS NS NS + NS -
05DA010 NS + NS NS NS + NS NS NS + NS -
05DB002 NS NS NS NS NS + NS NS NS NS NS -
05DB005 NS NS NS NS NS + NS NS NS NS NS -
05DC001 NS NS NS NS NS + NS NS NS NS NS -
05DC006 NS NS NS NS NS + NS NS NS + NS -
05DD004 NS + NS NS NS + NS + NS + NS -
05DDO005 NS + NS NS NS + NS NS NS + NS -
05DD007 NS + NS NS NS + NS + NS + NS NS
05DD 009 NS + NS NS NS + NS NS NS + NS -
05DEO007 NS + NS NS NS + NS NS NS + NS -
05DF001 NS + NS NS NS + NS + NS + NS NS
05DF004 NS + NS NS NS + NS + NS + NS NS
05DF006 NS + NS NS NS + NS + NS + NS NS
05EA001 NS + NS + NS + NS + NS + NS NS
05EA005 NS + NS NS NS + NS + NS + NS NS

159



Station Average Temperature Maximum Temperature Minimum Temperature

Number Fall Winter Spring  Summer Fall Winter Spring  Summer Fall Winter Spring Summer
05EC002 NS + NS + NS + NS + NS + NS +
05FA001 NS + NS NS NS + NS + NS + NS NS
05FB002 + + NS NS NS + NS + + + NS NS
05FC001 NS + NS NS NS + NS NS NS + NS NS
05 FC002 NS + NS NS NS + NS NS NS + NS NS
05FDO001 + + NS + + + NS + + + NS NS
05GA003 + + NS + + + NS NS + + NS NS
05GA008 + + NS NS + + NS NS + + NS NS
06AA001 + + NS + NS + NS + + + NS +
06AA002 + + NS + NS + NS + + + NS +
06AB001 + + NS + + + NS + + + NS +
06AB002 + + NS + + + NS + + + NS +
06ACO001 + + NS + + + NS + + + NS +
06AD006 + + NS + + + NS + + + NS +
07AA001 NS + NS NS NS + NS + NS + NS NS
07AA002 NS + NS NS NS + NS + NS + NS NS
07ACO001 NS + NS + NS + NS + NS + NS NS
07ADO002 NS + NS + NS + NS + NS + NS NS
07AE001 NS + NS + NS + NS + NS + NS +
07AFO00 2 NS + NS + NS + NS + NS + NS NS
07AF003 NS + NS NS NS + NS + NS + NS NS
07AF010 NS + NS + NS + NS + NS + NS NS
07AG003 NS + NS + NS + NS + NS + NS NS
07AG004 NS + NS + NS + NS + NS + NS NS
07AHO001 NS + NS + NS + NS + NS + NS +
07AHO002 NS + NS + NS + NS + NS + NS NS
07AH003 NS + NS + NS + NS + NS + NS +
07BA002 NS + NS NS NS + NS + NS + NS NS
07BB002 NS + NS NS NS + NS + NS + NS NS
07BB004 NS + NS + NS + NS + NS + NS NS
07BB005 NS + NS + NS + NS + NS + NS NS
07BB006 NS + NS + NS + NS + NS + NS NS
07BCO002 NS + NS + NS + NS + NS + NS +
07BC006 NS + NS + NS + NS + NS + NS +
07BEO001 + + NS + + + NS + + + NS +
07BF001 + + NS + NS + NS + + + NS +
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Station Average Temperature Maximum Temperature Minimum Temperature
Number Fall Winter Spring  Summer Fall Winter Spring  Summer Fall Winter Spring Summer
07BF002 + + NS + NS + NS + + + NS +
07BJ001 + + NS + NS + NS + + + NS +
07BJO03 + + NS + NS + NS + + + NS +
07BK005 + + NS + + + NS + + + NS +
07BK007 + + NS + + + NS + + + NS +
07CA005 + + NS + NS + NS + + + NS +
07CA006 + + NS + NS + NS + + + NS +
07CD001 + + NS + + + NS + + + NS +
07CDO004 + + NS + + + NS + + + NS +
07CD005 + + NS + + + NS + + + NS +
07DA001 NS + NS + + + NS + NS + NS +
07DA006 + + NS + + + NS + NS + NS +
07DA008 + + NS + + + NS + + + NS +
07DB001 + + NS + + + NS + + + NS +
07DCO001 + + NS + + + NS + + + NS +
07DD002 + + NS + + + NS + + + NS +
07FDO006 NS + NS + NS + NS + + + NS +
07FDO009 + + NS + NS + NS + + + NS +
07GA001 + + NS + NS + NS + + + NS +
07GB001 + + NS + NS + NS + + + NS +
07GDO001 + + NS + NS + NS + NS + NS +
07GEO001 NS + NS + NS + NS + NS + NS +
07GE002 NS + NS + NS + NS + + + NS +
07GE003 NS + NS + NS + NS + + + NS +
07GF001 NS + NS + NS + NS + + + NS +
07GGO001 + + NS + NS + NS + + + NS +
07GG002 + + NS + NS + NS + + + NS +
07GGO003 + + NS + NS + NS + + + NS +
07GH002 + + NS + + + NS + + + NS +
07GJ001 NS + NS + NS + NS + + + NS +
07HAO001 NS + NS + NS + NS + NS + NS +
07HAO003 + + NS + NS + NS + NS + NS +
07HA005 NS + NS + NS + NS + NS + NS +
07HCO001 NS + NS + NS + NS + + + NS +
07HF002 NS + NS + NS + NS + NS + NS +
07JD002 + + NS + + + NS + + + NS +
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Station Average Temperature Maximum Temperature Minimum Temperature
Number Fall Winter Spring  Summer Fall Winter Spring  Summer Fall Winter Spring Summer
07JD003 + + NS + + + NS + + + NS +
07JF002 + + NS + + + NS + + + NS +
07JF003 + + NS + + + NS + + + NS +
07KC001 + + NS + + + NS + + + NS +
07KE001 + + NS + + + NS + + + NS +
07NB001 + + NS + + + NS + + + + +
070A001 + + NS + NS + NS + + + NS +
070B003 + + NS + + + NS + + + NS +
070C001 + + NS + NS + NS + + + NS +
11AA001 NS NS NS - NS NS NS NS NS NS NS -
11AA005 NS NS NS NS NS NS NS NS NS NS NS -
11AA025 NS NS NS NS NS NS NS NS NS NS NS -
11AA026 + NS NS NS + NS NS NS + NS NS -
11AA028 + NS NS NS NS NS NS NS + NS NS -
11AA029 + NS NS NS + NS NS NS + + NS -
11AB009 + NS NS NS + NS NS NS + NS NS NS
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Appendix C i Spatial Visualization of Mann - Kendal Test Results

The Mann -Kendall Test trend results for each IHA and climat e parameter are

illustrated spatially in the Figures Al to A32.
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Figure C1: Trend results for April median magnitude at stations across Alberta.
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Figure C2: Trend results for May median magnitude at stations across Alberta.
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Figure C3: Trend resul ts for June median magnitude at stations across Alberta.
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Figure C4: Trend results for July median magnitude at stations across Alberta.
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Figure C5: Trend results for August median magnitude at stations across Alberta.
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Figure C6: Trend results fo  r September median magnitude at stations across Alberta.
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Figure C7: Trend results for October median magnitude at stations across Alberta.
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Figure C8: Trend results for annual maximum  1-day mean streamflow  at stations

across Alberta.
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Figure C9: Trend results for annual maximum 3 -day mean streamflow at stations

across Alberta.
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Figure C10: Trend results for annual maximum 7 -day mean streamflow at stations

across Alberta.
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Figure C11: Trend results for annual maximum 30 -day mean streamflow at stations

across Alberta.
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Figure C12: Trend results for annu al maximum 90 -day mean streamflow at stations

across Alberta.
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Figure C13: Trend results for annual minimum 1 -day mean streamflow at stations

across Alberta.
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Figure C14: Trend resul ts for annual minimum 3  -day mean streamflow at stations

across Albe rta.
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Figure C15: Trend results for annual minimum 7 -day mean streamflow at stations

across Alberta.
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Figure C16: Trend results for annual minimum 30 -day mean streamflow at stations

across Alberta.
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Figure C17: Trend results for annual minimum 90 -day mean streamflow at stations

across Alberta.
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Figure C18: Trend results for the Julian date of the annual maximum daily

streamflow at stations across Alberta.
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Figure C19: Trend r  esults for the Julian date of the annual minimum daily streamflow

at stations across Alberta.
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Figure C20: Trend res ults for the number of high pulses at stations across Alberta.
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Figure C21: Trend results for the rise rate at stations across Alberta
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Figure C22: Trend results for the fall rate at stations acros s Alberta. Note that the
analysis considered fall ra  te as a negative value; in other words, an increase in the

fall rate indicates a decrease in the absolute value of the fall rate.
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Figure C23: Trend results for the number of reversals at stations acro ss Alberta.
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Figure C24: Trend results for precip itation as snow (PAS) during the winter at

stations across Alberta.
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