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Lakes are |mportant sources of

Socio-economic uses:

* Municipal water supply

* Irrigation/Industrial processes

* Recreation

* Strong spiritual and cultural value
Ecological functions

As the population grows, demand for freshwater will increase
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Cme

Lakes are becoming more vulnerable to human and natural stressors



Fluctuations In Prairie lakes

Prairie lakes have varied markedly over decades:

* Following climate variability:
- Changes in precipitation and evaporation

* Influenced by changes in land use and water management

STUDIES EVALUATING LAKE LEVEL DECLINES

Van der Kaamp et al. (2008)
Changes in closed-basin lakes of the Prairies

16 closed-basin lakes in the Prairies

* Most of the lakes show a long-
term water level decline from ~
1920 to the present.

e Patterns hold from SC-EC Alberta
to through C and SE Saskatchewan
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Prairie lakes have varied markedly over decades:

* Following climate variability:
- Changes in precipitation and evaporation

* Influenced by changes in land use and water management

STUDIES EVALUATING LAKE LEVEL DECLINES

Van der Kaamp et al. (2008) Casey (2011)
Changes in closed-basin lakes of the Prairies Trends in Alberta lake levels
16 closed-basin lakes in the Prairies 14% 37 lakes in AB

* Most of the lakes show a long-
term water level decline from ~
1920 to the present.

e Patterns hold from SC-EC Alberta
to through C and SE Saskatchewan
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e Compile and summarize available and updated lake level data
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Main objectives

Trends between 1985 - 2016 (~ 30 y of lake level data)
 Maximize the number of studied lakes
* Avoid potential effects introduced by the wet 1970s
* Keep the period consistend amongst lake records

PROVIDE A REGIONAL OVERVIEW OF LAKE LEVEL TRENDS, SUBJECT
TO THE SAME CLIMATIC CONDITIONS, DURING THE TIME WHEN
MUCH OF THE DEVELOPMENT OCCURRED

FOCUS ON THE BROAD SPATIAL SCALE, NOT ON INDIVIDUAL LAKE BALANCES!




Main objectives

Trends between 1985 - 2016 (~ 30 y of lake level data)
 Maximize the number of studied lakes
* Avoid potential effects introduced by the wet 1970s
* Keep the period consistend amongst lake records

PROVIDE A REGIONAL OVERVIEW OF LAKE LEVEL TRENDS, SUBJECT
TO THE SAME CLIMATIC CONDITIONS, DURING THE TIME WHEN
MUCH OF THE DEVELOPMENT OCCURRED

FOCUS ON THE BROAD SPATIAL SCALE, NOT ON INDIVIDUAL LAKE BALANCES!

METHODS

1. Loss of lake surface area in the NSRB using satellite images
2. Statistical trend analyses on median annual lake levels
3. Annual Lake Level Index (ALl; Islam and Seneka, 2015)



(1) Mapping Surface Water across the

Alem P

* Global data sets documenting changes in water surface between 1984 and 2015

* Produced from inventories, national descriptions, statistical extrapolation of
regional data and satellite imagery.

* High resolution: 30x30m

1pekel et al., 2016, High-resolution mapping of global surface water and its long-term changes. Nature 540,
418-422 (2016). (doi:10.1038/nature20584)



(IMaps document different facets of water surface
e Surface Water OCCUITENCE ——--==-====mm oo e d y.namiCS:

* Frequency with which water was present on the surface from 1984 to 2015

* Occurrence Change Intensity ------======m==mmmm e e e

* Information on where surface water occurrence increased, decreased or remained the
same between two epochs: 1984-1999 and 2000-2015.
* Direction and intensity of change are documented

*  Seasonality -----mmmmem e e eee
* Information concerning the intra-annual behaviour of water surfaces.

* Recurrence ----==--====e-ssemecemececcemeeceemeeces e eeseseee e e eeee s e s e s e s e e e s e e s e
* Information on the inter-annual behaviour of water surfaces (variability in the
* presence of water)

* Transitions
* Information on the change in seasonality between the first and last year

— Unchanging permanent water surfaces - New seasonal water surfaces
— New water permanent surfaces - Lost seasonal water surfaces
— Lost permanent water surfaces - Conversion of permanent into seasonal
— Unchanging seasonal water surfaces - Conversion of seasonal into permanent
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Change in seasonality

Transitions...
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(1) Water transitions map- Lakes
(Isle lake and lac Ste. Anne)
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Change in seasonality
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(1) Transitions

Change in seasonality

There seems to be a change
towards the loss of lake area
(both permanent and seasonal
surface waters)

B | ost permanent or seasonal

New permanent or seasonal 61*26m=1586m?=0.16 km%* =
B Change No Change

New permanent

New seasonal
Seasonal to permanent
Permanent to seasonal

Lost seasonal

Seasonal

Lost permanent — 451km2 [~ 2,819 hockey rings
1379 Km?
Permanent —

0 5 10 15 20 25 30 35 40 45 50 55 60
% of the total lake area within the NSRB



20 Temporal trends

THE DATABASE

94 lakes selected to evaluate temporal trends
e Records extent from at least 1985 until the present
* Levels respond to natural flucutations
* Not used as reservoirs or subject to major diversions
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THE DATABASE

94 lakes selected to evaluate temporal trends
* Records extent from at least 1985 until the present
* Levels respond to natural flucutations
* Not used as reservoirs or subject to major diversions

Lakes from the South Saskatchewan are highly regulated
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20 Temporal trends

THE DATABASE

94 lakes selected to evaluate temporal trends
* Records extent from at least 1985 until the present

* Levels respond to natural flucutations
* Not used as reservoirs or subject to major diversions

4% 5 Lake Area values
Peace -
— Red Deer 3

7%
Battle

Frequency (%)

25 1
X 20 A
0
38% f . |
North 10 -
Sask

5 -

0

22%

Beaver

26%
Athabasca
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20 Temporal trends

TREND ANALYSIS

Mann Kendall trend test applied to median annual lake levels
Non-parametric test to detect monotonic trends in environmental data

Trends classified in 5 categories:

Decreasing Negative trend at the 95% CL
Increasing Positive trend at the 95% CL
Likely decreasing Negative trend at the 90% CL
Likely increasing Positive trend at the 90% CL

No trend No statistical trend



20 Temporal trends

RESULTS

Overall decrease in lake levels across the province:

32%
No trend

2%,/

Likely Increasing

50%
Decreasing

12%
Increasing 4%,

Likely decreasing
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SOME EXAMPLES...
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3) ALI — Alberta Lake Level Index

* Index developed by Islam and Seneka (2015)" - AEP —

 Compares water levels recorded throughout the year to historical
patterns

* Resulting index for each year is ranked according to 5 categories:

MAN- Much Above Normal Level greater than the 90 perc.
AN- Above Normal 70t perc. < Lake level < 90t perc.
N- Normal 75 perc. < Lake Level < 25 perc.
BN- Below Normal 25t perc. < Lake Level < 10th perc.
MBN- Much Below Normal Lake Level < 10t perc

*Islam and Seneka, 2015. Development of the Alberta Lake Level Index: A simple approach. Conference: Canadian Society for Civil Engineering
Annual General Conference, At Regina, SK. DOI: 10.13140/RG.2.1.1824.5287
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* Not all lakes are included in
every year (data constraints)

» 86 lakes / year on average
e Min: 48 lakes in 2010
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More questions...

- What are the main drivers of the decline?

- Is there any characteristic that makes a lake
more vulnerable to climate/human effects?




More data...

v v

VARIATIONS
IN LAKE LEVEL
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Average annual change @ 77
rate in lake level
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Some observations...

SHAPE OF ALBERTA LAKES (Iislam and Seneka, 2016)*

Evaluated volume to depth relationships of Alberta lakes and assigned an
“idealized shape”

-0.05 1

-0.1 A

-0.15

PARABOLIC
PSEUDO
PARABOLIC

-0.2

-0.25 ~

03 - Lake morphometry influence

lake functioning and
processes such as mixing and
evaporation

-0.35 ~

-0.4 -

More negative slopes

-0.45 A

-0.5 -

Islam and Seneka, 2016 (AEP)- *Development of generic shapes of Alberta lakes to support water policy development



Take home message...

- Different methods yield similar results
- Regional lake level decline across the province

- Lake levels are naturally dynamic

- Climate is an important signal in lake fluctuations, but
do other drivers related to human activities and
landscape change exist?

Understanding the dynamics of the lakes in

the landscape is essential for developing an
adaptive approach in lake management
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