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Hudson’s Bay Company Charter 1670



Hudson’s Bay Company Charter 1670

The Hudson’s Bay Company Charter of 1670 established HBC and

• granted monopoly rights to trade in Prince Rupert’s Land 
defined as the lands draining into Hudson Bay.

• constituted the colony of Ruperts Land with HBC as “Lordes 
and Proprietors” with the power to make laws “necessary and 
convenient for the good Government of the said Company 
and of all… [employees of HBC] in any of the Territories.”

• as a Proprietary Government, HBC was bound by the Royal 
Proclamation, 1763



Ruperts Land and Northwestern Territory
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Figure 1 .The Hudson 's Bay Company Territory : Rupert 's Land and the North-Western Terr itory .
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The Fur Trade – 250 years

• Indigenous Nations had a long history of trading and in the fur 
trade they engaged the early capitalist Trans-Atlantic market 

• In return for western supplies, e.g. iron knives and clothing, 
Indigenous Nations provided harvest furs, local labour and food 
to Trading Posts that would forward furs to Europe

• It was a cooperative relationship, supplies were given on credit 
to ensure a supply of fur and in lean times to preserve 
Indigenous people as a source – extended up to the 1980’s

• Kinship traditions lead to the intermarriage of fur traders with 
Indigenous women to result in a distinct people the Métis



Canada 1867

The Dominion of Canada, as part of the 
British Empire was organized on July 1, 1867 
by the confederation of  the British North 
American colonies of New Brunswick, Nova 
Scotia, and the Province of Canada (Ontario 
and Quebec) under the British North America 
Act, 1867 (BNA Act).

This product was originally published as an interactive map in the online Atlas of Canada, 6th Edition. It 
was not intended for high resolution reproduction and therefore does not conform to the standards of 
cartographic representation and map design found on the Atlas of Canada’s paper reference maps.

© 2009. Her Majesty the Queen in Right of Canada. Natural Resources Canada.

Source(s):
Provinces and British Possessions, 1867
Geomatics Canada. 1995. Territorial evolution of Canada  [CD-ROM].

Lambert Conformal Conic Projection. Standard Parallels 49°N and 77°N

This map shows the colonies of Canada, Nova Scotia and New Brunswick united in a federal state. The 
provinces of Nova Scotia and New Brunswick retain their established boundaries, and Canada is divided 
into the provinces of Ontario and Quebec. New provisional boundaries are assigned to northern Ontario.

Territorial Evolution, 1867

Atlas of Canada 6th Edition
(archival version)



Confederation, 1867

• BNA Act provided for a government similar in principle to UK 
and divided areas of legislative authority between Federal 
(section 91) and Provincial governments (section 92). 

• The Federal Government have jurisdiction over  “Indians, and 
Lands reserved for the Indians” in section 91(24).

• Provincial governments have jurisdiction over property and 
civil rights in the province in section 92(13) and owned the 
lands and mineral rights in the province “subject to existing 
trusts” in section 109.



Canada’s Northwest 

From 1863 to 1870, Canada negotiated to acquire Ruperts 
Land from HBC and Britain’s Northwestern Territory.

This resulted in a three way transaction, between Canada, 
Britain and the HBC which would see:

• HBC surrendering its 1670 Charter to Britain on terms;
• Britain accepting the surrender and transferring Ruperts 

Land and its Northwestern Territory to Canada; and
• Canada paying the surrender terms to Britain who would 

pay HBC.

Indigenous Nations played no role in this transfer.



Canada’s Northwest 

On November 19, 1869, HBC surrendered its 
rights to Ruperts Land in return for 
£300,000, various land grants and an 
indemnity for “[a]ny claims of Indians to 
compensation for lands required for 
purposes of settlement”. 

The Surrender was accepted under the Rupert's Land Act, 1868 
(U.K.) and By Order-in-Council dated June 23, 1870, the British 
government admitted Ruperts Land and its Northwestern 
Territories to Canada, effective July 15, 1870.

This was delayed to December 1, 1870 because of the First Riel 
Resistance.

HBSC Surrender Deed



Canada’s Northwest 

Canada had agreed that, 

“…upon the transference of the territories in question to the 
Canadian Government,  the claims of the Indian tribes to 
compensation for lands required for purposes of settlement 
will be considered and settled in conformity with the 
equitable principles which have uniformly governed the 
British Crown in its dealings with the aborigines.”
Canada’s Parliamentary Address to Her Majesty on December 16 and 17, 1867

The Federal Government, set out negotiate with the Indigenous 
Peoples of its new lands.  Canada negotiated 11 Numbered 
Treaties from 1871 to 1921.



Historical Treaties
1725-1975

Note: Reserves within 
Treaty Areas, in Alberta 
and elsewhere, are still 
being allocated and 
surveyed in 2019+

The yellow areas are 
territory where no treaties 
were made.

Historical Treaties  1725-1975



Numbered Treaties

The Numbered Treaties, based on the Ontario Robinson 
Treaties, were framed in Canadian law as “land surrender treaties.
The major terms were identical and asserted that Indigenous 
Nations surrendered their rights to vast tracts of land, in return for 
promises:

a. that they could continue their traditional way of life on 
surrendered lands (subject to tracts being taken up);

b. lands based on population would be reserved for their 
exclusive use (Reserves); and

c. annual annuities and other benefits.

Government penury, neglect, corruption and Indigenous Nation 
political powerlessness left the majority of these treaty promises 
unfulfilled, and subject to ongoing dispute and litigation.

14



Southern Alberta - Treaty No. 7

First Page Treaty 7

Treaty 7 was signed on September 22, 1877, between Canada and the 
Blackfoot Confederacy (Blood, Peigan and Blackfoot), the Tsuu T’ina 
First Nation (Sarcee) and the Stoney Nakoda First Nation (Bearspaw, 
Chiniki and Goodstoney/Wesley First Nations).

15



Indian Act 1876+

• The Federal Indian Act required registration of “Indians” into 
Indian Bands and distributed benefits and imposed 
restrictions on the basis of that status. It imposed Canada’s 
trusteeship for Indian Reserves on the basis that “Indians” 
were legally children and could not manage them.

• Indigenous religious ceremonies were banned and replaced 
Indigenous governance with elected Chiefs and Band Councils 
with limited power.

• All powerful “Indian Agents” managed Reserves, distribution 
of moneys and their approval was required for example, to live 
on or travel off the reserve, inherit any property or transact 
any business with “Indians.”

16



Indian Act 1876+

• It criminalized the hiring of lawyers to advance Indian claims 
and the raising funds to do so in 1927 until amended in 1951 
that also saw the powers of Indian Agents reduced.

• Express government policy of assimilation until 1969, a key 
element was the Indian Residential Schools were boarding 
schools where Indigenous children were compelled to attend 
from 1883 to the 1980’s that intended to “civilize them.” 

• Children were forcibly separated from their families, housed in 
deplorable conditions, subject to abuse (including sexual abuse) 
where missionary teachers “prohibited ... speaking their native 
languages, taught them to reject their cultures and traditions as 
inferior and to recoil from their spirituality as devil worship.”  

17



Assimilation: Indian Residential Schools

• Children received substandard education, and graduates were 
rejected by Canadian society as inferior and either returned to 
their Reserves as aliens unable to speak their native language 
or migrated to urban areas as a permanent underclass.

• Five generations of children were trapped in these schools with 
incalculable and continuing consequences to the social fabric 
Indigenous Nations.’

• Indians had no right to vote, except in Band Council Elections, 
unless they gave up their status. The right to vote in federal 
elections came in 1960 and provincially in the 1960’s. 



Prairie Waters – Riparian Rights

In the Northwest Territories, no water legislation applied and the 
Numbered Treaties were silent on waters, meaning water rights 
were governed by common law doctrines of riparian rights.

There is no property in flowing waters at common law, but 
riparian rights set out principles for the use of waters in defined 
channels (watercourses) : 

• riparian water rights are automatically vested in owners of land 
bordering watercourses or through which watercourses flow: 
those properties are described as riparian property;

• water may be used for ordinary domestic purposes –
regardless of impact to downstream riparian property owners;



Prairie Waters – Riparian Rights

• water may be used for secondary or “extraordinary purposes” 
such as irrigation or industrial uses but any waters diverted for 
these uses must be returned to the watercourse substantially 
undiminished in quantity and quality, subject to an allowed 
“reasonable use” diminishment;  and

• the rights to use water were restricted to riparian property as 
they were inseparable from that land. 

Riparian principles did not allocate a specific amount of water to 
riparian property, are not exclusive in nature (as all riparian 
properties have them) and do not carry a priority – other than 
being located closer to the water source. 



Prairie Waters: North-West Irrigation Act (1894)

To encourage agricultural settlement in 
arid areas e.g. Palliser Triangle in 
southern Alberta, Canada passed the 
North-West Irrigation Act (1894), to 
replace riparian rights and claimed 
ownership of waters by the Crown to be 
licenced to land owners.

This Act attempted to eradicate riparian 
rights by requiring all current water 
users, including riparian users, to apply 
for a licence to validate their uses 
within one year of enactment or lose 
their rights permanently.

5 7 - 5 8 V I C T O R I A 

CHAP. 30. 
An Act respecting the utilization of the waters of the 

North-west Territories for Irrigation and other pur-
poses. 

[Assented to 23rd July, 1894.] 

HER Majesty, by and with the advice and consent of the 
Senate and House of Commons of Canada, enacts as 

follows:— 

1» This Act may he cited as The North-west Irrigation short title. 
Act. 

2 . In this Act, unless the context otherwise requires,— interpreta-
(a.) The expression " minis ter" means the Minister oftlon-

the Interior; "Minister." 
(6.) The expression " a g e n t " means the registrar of the " Agent." 

lands registration district in which the land or water is situated; 
(c.) The expression "Dominion land surveyor" means a "Dominion 

surveyor duly authorized, under the provisions of The Dominion l a n d s™> 
Lands Act, to survey Dominion lands ; veyor. 

(d.) The expression "company " means any incorporated "Company." 
company, the objects and powTers of which extend to or 
include the construction or operation of irrigation or other 
works under this Act or the carrying on thereunder of the 
business of the supply or the sale of water for irrigation or 
other purposes, and includes also any person who has been au-
thorized or has applied for authority to construct and operate 
such works or carry on such business, or who has obtained a 
license under section eleven of this Ac t ; 

(e.) The expression " w o r k s " means and includes any dykes, "Works." 
dams, weirs, flood-gates, breakwaters, drains, ditches, basins, 
reservoirs, canals, tunnels, bridges, culverts, cribs, embank-
ments, headworks, flumes, aqueducts, pipes, pumps and any 
contrivance for carrying or conducting water or other works 
which are authorized to be constructed under the provisions of 
this A c t ; 

(f.) The expression " d u t y of wa te r " means the area of'Dut^of 
land that a unit of water will irrigate, which unit is the dis- wa te r ' 
charge of one cubic foot of water per second. 

3 . This Act shall apply to and be in force throughout the AppUoation. 
North-west Territories. 

205 4 . 



North-West Irrigation Act (1895)

• Extinguishment of riparian rights did not go over well, and in 
1895 Canada amended the Act to exempt existing and future 
riparian land owners from the licensing requirements for 
domestic surface-water and ground water uses.

• The NWI Act (1895) established a system of  essentially 
perpetual water licences to use a certain amount of water 
(usually very large amounts) for certain purposes that was 
attached to designated lands that could, but need not adjoin a 
watercourse.

• Water use priority was given by registration with the 
government sequentially. A water licence allowed the use of 
the licencee’s entire water allocation before a subsequent 
licence holder could use their allocation.



Alberta Act (1905)

• When Alberta was established in 1905, unlike the other 
provinces, Canada retained “all Crown lands, mines and 
minerals and royalties incident …[and] waters within the 
province” and provided a subsidy for the Alberta government.

• This changed in 1930 with the constitutional enactments, the 
Natural Resources Transfer Acts, which transferred the mines 
and minerals and royalties to the prairie provinces, except for 
Federal lands such as National Parks and Indian Reserves. 

• Surface waters were transferred in the Natural Resources 
Transfer Amendment Act, 1945 back dated to 1930. Ground 
water was never transferred to Alberta.



Indigenous Water Rights in Alberta

• The exemption of Indian Reserves in the Natural Resources 
Transfer Acts means that under Canadian law, Prairie First 
Nations on Reserves are the beneficial owners (by way of 
Federal title) of riparian lands adjoining a watercourse and 
have the right to use water for domestic and extraordinary 
purposes without requiring a provincial water licence.

• There are other arguments including, since 1982 constitutional 
ones, for the continuation of Indigenous rights to water –
although there has never been a court ruling on this.

• There have been lawsuits but they have all been settled e.g. 
Oldman Dam litigation. 



Water Myths

• Canada holds 20% of the world's supply of fresh-water but 
only 6.5% of the renewable supply, the balance is retained 
in lakes, underground aquifers, and glaciers.

• 60% of this renewable water drains northward into the 
Arctic Ocean and Hudson Bay. As a result, it is unavailable 
to the 85% of the Canadian population who live along the 
country's southern border.

• In Alberta 80% of Alberta's freshwater supply is found in 
the northern reaches of the Province while  80% of water 
demand lies in the south.



Alberta Water Allocation

• Alberta continued the water licencing of the North-West 
Irrigation Act in the Alberta Water Resources Act (1931). 

• This was only incrementally changed by Alberta’s Water Act of 
1996, effective January 1, 1999 which:

- continued individual domestic use exemption
- provided a modest “traditional agriculture use” exemption
- grandfathered existing licences
- required water basin frameworks for water allocation
- the transfer of unused water allocation between licences
- enabled the Director to adjust licences in an emergency



First in Time First In Right

Alberta’s water licencing does not encourage water conservation

Other

Water Mgmt.

Fish / Wildlife

Habitat

Recreation

Municipal

Injection

Drilling

Industrial (Oil, Gas)

Cooling

Commercial

Irrigation

Agricultural

Surface Water

Groundwater

4.53.52.51.5 4.03.02.0

Allocated Volume (billions of cubic metres)

1.00.50.0

Water Allocations in Alberta*
by Specfic Purpose (2009)

Water Allocations in Alberta*

Ag - Agriculture 1.8%

Ag - Irrigation 42.5%

Com - Commercial 6.0%

Com - Cooling 23.5%

Ind - Industrial (Oil, Gas) 6.2%

Ind - Drilling 0.07%

Ind - Injection 2.2%

Mun - Municipal 11.3%

Othr - Recreation 0.22%

Othr - Habitat 1.4%

Othr - Fish / Wildlife 0.92%

Othr - Water Mgmt. 3.5%

Othr - Other 0.53%

Total Licensed Volumes: 9,891,606,000 m3

(9,591,071,000 m3 Surface Water; 
300,535,000 m3 Groundwater)

by Specfic Purpose (2009) 

* Based on allocations, users are legally entitled to divert these amounts annually, but the 
actual amounts used each year may vary. Depending on the purpose, some or all of the 
water originally diverted may be returned to the source. 35



Water Sources

Population growth has put pressure on water supplies, 
particularly in Southern Alberta. Alberta water comes from:

• 97 % (9.59 billion m3) from surface water sources with 138,175 
surface water licence holders (74% total) 

• 3% (301 million m3) from groundwater sources with 49,376 
groundwater licence holder  (26 % total)

• Groundwater reserves dwarf surface waters but only 1% of are in 
usable non-saline aquifers, groundwater use will not address 
water shortages given the limited recharge rate of aquifers. 



Water Uses & Conservation

• Not all uses are equal, but all uses cause pollution, removing 
that pollution requires sewage and water treatment facilities 

• Agricultural (44%) uses are consumptive as water (60-65%) is 
incorporated into crops or livestock – Agriculture is 53% of 
Alberta’s exports and has reduced water use by 26%.

• Commercial (29%) uses with 23% cooling is entirely returned

• Municipal (11%) uses return 80–90% - target reduction of 30% 
not achieved 



Alberta Water Markets

• The Water Act (1996) separated the attachment of land from 
water licences and was intended to create a water licence 
market – to indirectly drive conservation by water pricing.

• Water licence transfers are registered and lead to two new 
water conditional licences in equal priority – but in limited 
duration and potentially limited by withholding up to 10% 
water for environmental purposes (instream flow).

• Holders of large senior water licences, were deterred: any price 
received for their unused waters would not guarantee they 
could buy additional waters if circumstances changed. In the 
result transfers of unused water licences provided a “safety 
valve” – but did not increase the total supply.



Alberta Water Shortage

• The first time Alberta experienced water shortage was in the 
dustbowl era of the 1930’s.

• Rather than change the water allocation system, Alberta 
embarked on an effort to increase the useable water supply by 
storing water behind dams in reservoirs.

• $1 Billion were devoted to water projects from 1930-1990, 
with Alberta continuing to issue extensive water licences.

• Suitable storage sites for major water projects, at least in some 
basins in the south of Alberta, have been exhausted.



Alberta Water Shortage

• The South Saskatchewan River Basin (SSRB) is fully or over 
allocated and Alberta declared a moratorium in 2006 on new 
water licences with exceptions to permit junior allocations for 
First Nations needs, instream flows, and storage. 

• The Alberta Land Stewardship Act (2012) governs land and 
water use planning with the South Saskatchewan Regional Plan 
being approved in 2014 that entrenched the moratorium

• The City of Calgary estimates that it will reach the limit of its 
water licence in the next decade.

Population growth and climate change will impact Alberta’s water 
supply…



Global Warming – Observed Impacts

The northern hemisphere warms faster than the global average because it 
has more land and less ocean than the southern hemisphere (water warms 
slowly). So in Alberta….

Climate Change Denial Arguments see: http://www.skepticalscience.com

IPCC, 2014: Climate Change 2014: Synthesis Report (5th) at 3



Global Warming – Alberta Observed Impacts

1 Introduction 
 
The distribution, abundance and variety of Alberta’s plants and animals have been shaped by the 
province’s complex and diverse climates. Alberta’s grasslands are inhabited by plants and 
animals evolved to endure hot, dry conditions. In the Rocky Mountains, steep elevation gradients 
result in large change in precipitation and temperature over short distances resulting in abrupt 
shifts in the plant and animal communities. In the boreal forest, resident species must be capable 
of withstanding seasonal temperature differences of more than 70qC. 
 
But, Alberta’s climate has been changing. Over the past 100 years Alberta’s mean temperature 
has increased by 1.4qC with most of the increase occurring since 1970 (Schneider 2013). 
Between 1912 and 2011, the average annual temperature increased by 1.1°C (0.1 per decade) in 
the southern half of the province and double that (2.3°C or 0.2 per decade) in the north (Figure 1). 
Since 1970 the pace of warming has intensified with temperatures increasing at a rate of 0.3°C 
per decade in both the north and the south (Figure 1). Over the past ca. 100 years (1900 – 2004), 
precipitation has declined in central Alberta by 5% but has increased in the north by as much as 
20% (Rodenhuis et al. 2007). 
 
The recent changes in Alberta’s climate are the likely cause of recent changes in distribution, 
phenology and demography of Alberta plants and animals that are just now beginning to be 
documented. Beaubien and Freeland (2000) and Beaubien and Hamann (2011) documented 
earlier blooming dates for several Alberta plants species over a period of 71 years. Brown (2013) 
concluded that climate warming is driving alpine treeline ecotones to high elevations in the 
Kananaskis Valley. Landhäusser et al. (2010) suggest that aspen is replacing coniferous forest in 
the mountains of west-central Alberta as a result of forest management practices in conjunction 
with a warming climate. Dawe (2011) and Dawe et al. (2014) identify warmer, shorter winters as 
the predominant factor explaining expansion of white-tailed deer (Odocoileus virginianus) in 
Alberta. Lane et al. (2012) show that female Columbian ground squirrels are emerging from 
hibernation later as a result of the increasing prevalence of late-spring snowstorms in the Alberta 
foothills. 

Figure 1. Mean annual temperature averaged over five northern Alberta weather stations (Beaverlodge, Fort Chipewyan, 
Fort McMurray, Fort Vermilion and Peace River) and five southern Alberta weather stations (Calgary, Camrose, 
Lacombe, Olds and Pincher Creek) from 1912 to 2011. Data from Environment Canada Homogenized Surface Air 
Temperature Data at http://ec.gc.ca/dccha-ahccd/) 
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Over the past 100 years 
mean temperature has 
increased by 1.4° C with 
most of the increase 
occurring since 1970. 

Between 1912 and 2011, 
the average annual 
temperature increased by 
1.1°C (0.1 per decade) in 
the southern half of the 
province and double that 
(2.3°C or 0.2 per decade) in 
the north. 

Since 1970 the pace of 
warming has intensified 
increasing at a rate of 0.3°C 
per decade in both the 
north and the south.



Global Warming – Alberta Observed Impacts
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A Few Impacts of Climate Change
(Page 4 of 8)
Reduced Summer River Flows

Many summer river flows in Alberta have changed drastically over the last century, and the
graphs below show various summer river flows in Alberta. The flow reduction further
downstream in the South Saskatchewan river is even more severe. At Saskatoon,
Saskatchewan, the flow has dropped to 20% of that at the beginning of the 20th century.
Summer flows are very ecologically important, for such things as fish spawning and rearing,
and riparian sustenance. They also provide water for human uses such as irrigation.
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The summer flow 
reduction further 
downstream in the 
South Saskatchewan 
river is even more 
severe.

In Saskatoon, the 
flow has dropped to 
20% of that at the 
beginning of the 
20th century. 

Summer Flows
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Global Warming – Global Impacts

Representative Concentration Pathways (RCPs), describe four different pathways of GHG 
emissions and atmospheric concentrations, air pollutant emissions and land use, including:
• a stringent mitigation scenario (RCP2.6), that aims to keep global warming likely below 

2°C above pre-industrial temperatures. (Paris Agreement)
• two intermediate scenarios (RCP4.5 and RCP6.0); and
• one scenario with very high GHG emissions (RCP8.5). 
Scenarios without additional efforts to constrain emissions (’baseline scenarios’) lead to 
pathways ranging between RCP6.0 and RCP8.5 . 

IPCC, 2014, at 11



Global Warming – Alberta Impacts

A doubling in CO2 concentrations is predicted to cause a 6 to 8°C warming throughout 
most of  Alberta by 2100.  This will cause a decrease in soil moisture, predicted to be 
between 30-40% for eastern and southern Alberta, and 20-30% in western Alberta by 
2100. 
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What are the predictions?

A doubling in CO2 concentrations is predicted to cause a 6 to 8°C warming throughout most of
Alberta. This will cause a decrease in soil moisture, predicted to be between 30 and 40 percent
for eastern and southern Alberta, and 20 to 30 percent for western Alberta. The graph below
shows the modeled temperature for east-central Alberta for the period 2010 - 2099.

Modeled mean annual temperature for east-central Alberta (2010-2099)
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Global Warming – Alberta Impacts

photograph was obtained from the archives of the Whyte Museum
of the Canadian Rockies in Banff, Alberta (Whyte Museum
Document number: WMCR-V263/NA-1843). For comparison, a
photograph was taken from a similar vantage point in 2006 and
digitally rectified to match the geometry of the one taken in 1917.
Based on these photographs, it is clear that the glacier and
surrounding landscape have changed dramatically between 1917
and 2006 (Fig. 3). Within this period, the ice front has receded up
valley by about 1 km. The height and width of the glacier below the
icefall have also decreased. Downwasting of the ice surface has led
to the development of extensive debris-covered ice zones up to
300 m wide along both lateral margins of the glacier. Changes in the
proglacial landscape over the last 89 years have been previously
described by Luckman (1986, 1988). Some of the more prominent
changes include (Fig. 3): (1) deposition of a series of terminal
moraine ridges; (2) the development of Sunwapta Lake in the
foreland sometime in the early 1940s; (3) progressive reworking of
proximal lateral moraine slopes by thermokarst, slopewash, and
shallow mass wasting; (4) exposure of a large bedrock outcrop
along the valley floor; (5) development of three alluvial fans
entering Sunwapta Lake; and (6) deformation of a section of the
eastern lateral moraine.

In the context of terrain instability and mass wasting, one of
the most significant aspects of deglaciation in this valley has
been the exposure of the lateral moraines which now rise up to

150 m above the foreland. The presence of debris-covered ice in
moraine proximal slopes has accelerated mass wasting and
sediment redistribution to lower slopes and onto the foreland.
Removal of overburden by mass wasting exposes ice at the
surface, thereby accelerating ablation and ultimately degrading
the ice to the point that it eventually disappears altogether or is
preserved under mass-wasting deposits originating from above.
This process is time transgressive whereby the level of mass
wasting is greatest on recently exposed slopes near the glacier
terminus and activity progressively decreases with time as slopes
become further removed (Welch 1970; Mattson and Gardner 1991).

According to previous reports, there has been some disagree-
ment about the presence of an ice core in the lateral moraines.
Jennings (1951), Kite and Reid (1977), and Kucera (1981) postulated
that the high lateral moraines contain an ice core, whereas
Luckman (1988) suggested that debris-covered glacier ice occurs
only on the proximal slopes of the lateral moraines (thereby
inferring that the geometric core of the lateral moraine is ice free).
Kucera (1999) observed the development of two large thermokarst
hollows on the lateral moraine slope, which adds some support to
the postulation of ice in the moraine. Close examination of the 1917
photograph reveals a significant exposure of buried glacier ice
along the northernmost edge of the eastern lateral moraine
(Fig. 3a). However, based solely on this photograph, it is unclear
whether the ice extends underneath the entire moraine or is
localized to the proximal slope. Thus, we are unable to refute or
confirm the occurrence of an ice core at this time.

Antecedent conditions
An aerial photograph from 1948 shows the adjacent debris-mantled
slope impinging on the lateral moraine prior to the onset of defor-
mation (Fig. 4). Apart from localized mass wasting on proximal
slopes, the moraine showed no visible sign of deformation in 1948.

Fig. 3 View of Athabasca Glacier from Wilcox Pass in a 1917 (reproduced with
permission) and b 2006. Numbered features include:(1) terminal moraine ridges;
(2) Sunwapta Lake;(3) reworked moraine slopes;(4) a large bedrock outcrop along
the valley floor; (5) alluvial fans entering Sunwapta Lake; and (6) the moraine
deformation. Area outlined in a corresponds to the exposure of glacier ice
described in text. Note that features in the foreground of the 2006 photograph are
distorted owing to the rectification procedure

Fig. 4 Aerial photograph from 1948 showing the moraine before the onset of
deformation. The original (1) and current (2) staging areas are identified. Major
components of the debris slope above the moraine are labeled (A denotes location
of debris-mantled slope and B–D indicate locations of rock glaciers described in
text)

Original Article

Landslides

Top: 1917 Bottom: 2006
Hugenholtz et. al (2008)

One of the most visible impacts of global 
warming is the retreat of glaciers. A good 
example is the Athabasca Glacier in the 
Columbia Icefield between Jasper and 
Banff which is losing ~16,000,000 cubic 
metres of ice each year.

• glaciers moderate river flows, 
retaining winter snow and feeding 
meltwater into rivers in the summer

• the loss of glaciers will lead to 
increased springtime flows and lower 
summer flows

Glacier Retreat
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Evaporation
Increased temperatures lead to increased evaporation.
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A Few Impacts of Climate Change
(Page 3 of 8)
Higher temperatures mean greater evaporation

Evidence of increasing temperatures, lower precipitation, and greater evaporation have already been noticed in
many places of Canada. The graph given below, left, is the modeled evaporation for eastcentral Alberta from
1960 to 2099.

The picture below, right, shows a stream in the Experimental Lakes Area (ELA) of Ontario that was previously
permanent, meaning that it flowed year-round. An increase in average summer air temperature from 14 to 16
°C at the ELA between 1970 and 1990 caused many permanent streams to become ephemeral, meaning that
they only flow during certain times of the year. This stream is the outflow of Lake 239.

Modeled evaporation for eastcentral Alberta from 1960 to 2099
An ephemeral stream that only
flows
during parts of the year
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Modeled evaporation for east-central Alberta from 1960 to 2099



Global Warming – Alberta Impacts

1. Empirical trend projection (ETP)– extrapolation based on observed trends

2. Climate (GCM) – using regional models – confirmed by observed trends

Representational Studies:

• increase in winter and early spring flows, declines in summer (about  15%) 
and annual flows (about  5%) – Oldman River (South Saskatchewan) 
(Sheperd et. al., 2010) (ETP+GCM)

• Increases in both high and low flow magnitudes and frequencies, large 
increases to winter and spring streamflow are predicted for all climate 
scenarios. Spring runoff and peak streamflow occur up to 4 weeks earlier 
than in the 1961–1990 baseline – Cline River (North Saskatchewan) 
(Kienzlea et. al., 2012) (GCM)

• In the 2050s and 2080s, southern Alberta will be expected to experience 
more frequent and severe intensive storm events in the May, June, July and 
August season that could potentially increase the risk of future  flooding in 
this region. (Gizaw et. al., 2016) (GCM)
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Climate change vulnerability of Alberta species 

 7 

 
Additionally, climate projections for the 2050s were generated for a suite of GCMs representing 
different climate scenarios and compared with the Ensemble projections in Appendix 2.  

2.7 Calculating Exposure  

Exposure is the extent to which a species will be subjected to changes in temperature and 
available moisture by the 2050s within its current range. 
It is expressed as the percentage of the species range in several categories of temperature and 
moisture change. The limits of these categories are defined as ±1 and ±2 times the standard 
deviation of projected changes (Young et al. 2012). 
 
The exposure categories developed by NatureServe for the Canadian version of the CCVI model 
rely on climate projections for the whole of Canada, including the Far North. Because of the very 
large changes in temperature predicted to occur in the North, the category limits of the proposed 
Canadian categories are much broader than those for the U.S. and are unreasonably wide for the 
magnitude of change expected for Alberta. Accordingly, we calculated exposure category limits 
based on multiples of the standard deviation of projected temperature and evapotranspiration 
change from Ensemble data and for Alberta only. The implication is that the exposure categories 
and vulnerability scores derived from them are valid for comparison only within the Alberta 
context.  
 
Details of the Alberta exposure calculations are presented as Appendix 2. Figure 5 depicts 
projected temperature and evapotranspiration anomalies for Alberta in the 2050s based on the 
Ensemble data, classified into the change categories described above. It predicts increasing 
temperature primarily from west to east with the most drying in the southeast and the least drying 
in the Rocky Mountains and Foothills. Temperature and evapotranspiration changes for the 5 
GCMs are shown in Figure 30 (Appendix 3).  

Figure 5. Anomalies between the historical climate data (1971 – 2000) and projected climate for the 2050s (Ensemble): 
a) the projected change in mean annual temperature categorized into intervals used in the CCVI analysis and b) the 
projected change in the Hamon moisture metric categorized in CCVI categories. 

Alberta in 2050

Shank et. al

Remember the arrow?
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2050 Impacts – “Baked In”

• Infrastructure – higher spring flows lead to flooding – lower 
summer flows requires changing irrigation facilities

• Environment – flow variability affects riverine ecosystems –
most threatened ecosystem in Alberta – warmer waters 
threaten fish and marine life – biome movement

• Water Competition – lower flows in summer and fall – less 
“useable water” – increased water competition + population 
pressure – South Saskatchewan already  over subscribed 

• Drought – evaporation – lower recharge rate of rivers –
desertification



Changing Alberta’s Water Allocation

• Alberta urgently needs to change its water legislation and 
policies to a more flexible and adaptable regime.

• These changes can benefit from Indigenous perspective 
and need to incorporate Indigenous rights to water for the 
benefit of all Albertans. 

One proposal for a revision is in:

Arlene Kwasniak, Climate Change and Water: Law and Policy 
Options for Alberta (Calgary: Canadian Institute of Resources 
Law, 2017). Online:  https://www.cirl.ca/files/cirl/water-and-
climate-change-occasional-paper-57.pdf

https://www.cirl.ca/files/cirl/water-and-climate-change-occasional-paper-57.pdf


Questions?
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