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Lakes are important sources of 
water, but…. Socio-economic	uses:	

•  Municipal	water	supply	
•  Irriga2on/Industrial	processes	
•  Recrea2on	
•  Strong	spiritual	and	cultural	value	

Ecological	func2ons	
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Lakes are important sources of 
water, but…. 

As	the	popula2on	grows,	demand	for	freshwater	will	increase	

Lakes	are	becoming	more	vulnerable	to	human	and	natural	stressors	

Socio-economic	uses:	
•  Municipal	water	supply	
•  Irriga2on/Industrial	processes	
•  Recrea2on	
•  Strong	spiritual	and	cultural	value	

Ecological	func2ons	



Fluctuations in Prairie lakes 

STUDIES	EVALUATING	LAKE	LEVEL	DECLINES	

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

•  PaEerns	hold	from	SC-EC	Alberta	
to	through	C	and	SE	Saskatchewan	
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Main objectives 
Trends	between	1985	-	2016	(~	30	y	of	lake	level	data)	
•  Maximize	the	number	of	studied	lakes	
•  Avoid	poten2al	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!	
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Mapping Surface Water across the 
NSRB 

1Pekel	et	al.,	2016,	High-resolu7on	mapping	of	global	surface	water	and	its	long-term	changes.	Nature	540,	
418-422	(2016).	(doi:10.1038/nature20584)		

•  Global	data	sets	documen2ng	changes	in	water	surface	between	1984	and	2015	

•  Produced	from	inventories,	na2onal	descrip2ons,	sta2s2cal	extrapola2on	of	
regional	data	and	satellite	imagery.		

•  High	resolu2on:	30x30m	

Study of Global Surface Water and its long-
term changes  

by The European Commission’s Joint Research Center (JRC)1 

(1)	



•  Surface	Water	Occurrence		--------------------------------------------------------------------------------	
•  Frequency	with	which	water	was	present	on	the	surface	from	1984	to	2015	

•  Occurrence	Change	Intensity	------------------------------------------------------------------------------	
•  Informa2on	on	where	surface	water	occurrence	increased,	decreased	or	remained	the	

same	between	two	epochs:	1984-1999	and	2000-2015.	
•  Direc7on	and	intensity	of	change	are	documented	

•  Seasonality	-----------------------------------------------------------------------------------------------------	
•  Informa2on	concerning	the	intra-annual	behaviour	of	water	surfaces.	

•  Recurrence		----------------------------------------------------------------------------------------------------	
•  Informa2on	on	the	inter-annual	behaviour	of	water	surfaces	(variability	in	the		
•  presence		of	water)	

•  Transi2ons------------------------------------------------------------------------------------------------------	

•  Informa2on	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	

Maps document different facets of water surface 
dynamics: 

(1)	



•  Surface	Water	Occurrence		--------------------------------------------------------------------------------	
•  Frequency	with	which	water	was	present	on	the	surface	from	1984	to	2015	

•  Occurrence	Change	Intensity	------------------------------------------------------------------------------	
•  Informa2on	on	where	surface	water	occurrence	increased,	decreased	or	remained	the	

same	between	two	epochs:	1984-1999	and	2000-2015.	
•  Direc7on	and	intensity	of	change	are	documented	

•  Seasonality	-----------------------------------------------------------------------------------------------------	
•  Informa2on	concerning	the	intra-annual	behaviour	of	water	surfaces.	

•  Recurrence		----------------------------------------------------------------------------------------------------	
•  Informa2on	on	the	inter-annual	behaviour	of	water	surfaces	(variability	in	the		
•  presence		of	water)	

•  Transi2ons------------------------------------------------------------------------------------------------------	

•  Informa2on	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	

LAND	

PERMANENT	 SEASONAL	

NO	CHANGE	

(1)	Maps document different facets of water surface 
dynamics: 



Change	in	seasonality	
Transi2ons…	

Total	lake	Area	=	2,278	km2	(	~	2%	of	the	NSRB)	

(1)	



Water	transi2ons	map-	Lakes	
(Beaverhill)	
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Water	transi2ons	map-	Lakes	
(Isle	lake	and	lac	Ste.	Anne)	
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There	seems	to	be	a	change	
towards	the	loss	of	lake	area	
(both	permanent	and	seasonal	

surface	waters)	
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(2)	

THE	DATABASE	
94	lakes	selected	to	evaluate	temporal	trends	

•  Records	extent	from	at	least	1985	un2l	the	present	
•  Levels	respond	to	natural	flucuta2ons	
•  Not	used	as	reservoirs	or	subject	to	major	diversions	

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

Temporal trends 
TREND	ANALYSIS	

Trends	classified	in	5	categories:	

			Decreasing 	 	 	Nega7ve	trend	at	the	95%	CL	
			Increasing 	 	 	Posi7ve	trend	at	the	95%	CL	
			Likely	decreasing 	 	Nega7ve	trend	at	the	90%	CL	
			Likely	increasing 	 	Posi7ve	trend	at	the	90%	CL	
			No	trend 	 	 	No	sta7s7cal	trend	

(2)	



(2)	 Temporal trends 
RESULTS	

Overall	decrease	in	lake	levels	across	the	province:	
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603.147	

~	4m	
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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	
paEerns	

•  Resul2ng	index	for	each	year	is	ranked	according	to	5	categories:	

*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	

MAN-	Much	Above	Normal 	Level	greater	than	the	90th	perc.	

AN-	Above	Normal 	 	70th	perc.	<	Lake	level	<	90th	perc.	

N-	Normal 	 	 	75th	perc.	<	Lake	Level	<	25th	perc.		

BN-	Below	Normal 	 	25th	perc.	<	Lake	Level	<	10th	perc.	

MBN-	Much	Below	Normal 	Lake	Level	<	10th	perc	



PERCENTAGE	OF	LAKES	FOR	
EACH	CATEGORY		
(1985-2016)	

•  Not	all	lakes	are	included	in	
every	year	(data	constraints)	

•  86	lakes	/	year	on	average	
•  Min:	48	lakes	in	2010	



PERCENTAGE	OF	LAKES	FOR	
EACH	CATEGORY		
(1985-2016)	

1985	

88%	->		N	-	AB	-	MAN	

12%	->		BN	-	MBN	

2016	

45%	->	N	-	AB	-	MAN	

55%	->		BN	-	MBN	



More questions… 

- What	are	the	main	drivers	of	the	decline?	

-  Is	there	any	characteris2c	that	makes	a	lake	
more	vulnerable	to	climate/human	effects?	



More data… 

Average	annual	change	
rate	in	lake	level	

VARIATIONS	
IN	LAKE	LEVEL	

DECLINE	

CLIMATE	

WATERSHED	 WATER	USE	

LAKE	
PROPERTIES	

SLOPE	OF	DECLINE	



Some observations… 
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SHAPE	OF	ALBERTA	LAKES	(Islam	and	Seneka,	2016)*	

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

Evaluated	volume	to	depth	rela2onships	of	Alberta	lakes	and	assigned	an	
“idealized	shape”	

Lake	morphometry	influence	
lake	func2oning	and	

processes	such	as	mixing	and	
evapora2on	



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	fluctua2ons,	but	
do	other	drivers	related	to	human	ac2vi2es	and	
landscape	change	exist?	

Understanding	the	dynamics	of	the	lakes	in		
the	landscape	is	essen2al	for	developing	an	
adap2ve	approach	in	lake	management	



Comments  
Questions 

Ideas 

Lac	Ste.	Anne	–	Breda	Muldoon-	

THANKS! 


