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Physical	Characteristics
• Mixing / stratification
• Lake depth
• Residence time / flushing rate
• Drainage basin/ lake area ratio
• Landscape position
• Influence of watershed runoff



Lake	Depth	Matters
• Deep Lakes

• Stratify

• Shallow Lakes
• Continuous Nutrient 
Recycling



Residence	Time/Flushing	Rate
• How long would it 
take to fill a lake?

• Residence time 
matters

Reservoir Mean Summer 
Residence Time (days) 1

Big Eau Pleine 464

DuBay 14

Petenwell 69

Castle Rock 19

Lake Wisconsin 8

1 Conservative (high) preliminary estimate



Landscape	Position



We’re	at	the	bottom	at	the	hill	
boys	and	girls…
• Reservoirs are 
Particularly 
Vulnerable
• Larger watersheds
• Larger land‐water 
interface

• Shallower depths
• Often built in 
eutrophic landscapes



Chemical	Characteristics
• Nutrients

• Phosphorus
• Nitrogen

• Dissolved Oxygen
• Hardness/ Alkalinity
• pH
• Many more…



Chemical	Characteristics
• Phosphorus is nearly 
always the primary 
limiting nutrient in 
freshwater systems

• Key question: how 
does a lake respond 
to phosphorus 
loading?

Lake 226



Start	Simple:	Mass	Balance

Where:
P	ൌ	lake	phosphorus	concentration	 ଷܮ/ܯ
W	ൌ	mass	rate	of	phosphorus	inflow	 ܶ/ܯ
Q	ൌ	volume	rate	of	water	inflow	 ܶ/ଷܮ
V	ൌ	lake	volume	 ଷܮ
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ߪ ൌ	the	sedimentary	loss
rate	coefficient	 ܶିଵ
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ሺ1975ሻ	ܽݎ݌݄ܽܥ

௦ݒ ൌ	apparent	settling	velocity	 ܶ/ܮ
௦ܣ ൌ	lake	surface	area	 ଶܮ

ܸ
݀ܲ
ݐ݀ ൌ WെQPെݒ௦ܣ௦ܲ

Just a couple of (good) ways to look at it‐



Mass	Balance	at	Steady	State:
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Where:
L	ൌ	areal	phosphorus	loading	 ଶܶܮ/ܯ
z	ൌ	lake	mean	depth	 ܮ
߬௪ ൌ	hydraulic	residence	time	 ܶ/ଷܮ

ߪ and ݒ௦ are inherently empirical as they are represent very complex interactions

ሺ1969ሻ	ݎ݁݀݅݁ݓ݈݈݊݁݋ܸ ሺ1975ሻ	ܽݎ݌݄ܽܥ



So	why	choose	empirical	lake	
modeling?
• Works well in most 
circumstances

• Error and uncertainty 
can be easily 
quantified

• Input parameters are 
easily quantified

• Lower monitoring 
and modeling costs
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Well,	what	about	when	it	
doesn’t	work?
• What we said:

• Remember: ߪ and ݒ௦ represent very complex interactions
• What really is happening:

ܸ
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Where:
ூܹ ൌ	mass	influx	of	phosphorus
௢ܹ ൌ	mass	efflux	of	phosphorus

∅ ൌ	net	flux	of	phosphorus	to	the	sediments
…	ൌ	a	whole	bunch	of	other	stuff
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Not	So	Simple	Steps
• Look at the mechanisms behind the interactions 
• Well this is still a math equation:

• And mass balance principals still apply
• Just the equations just get a little bit more “interesting”…
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Not	So	Simple	Steps:	Mass	
Balance
• Hydrodynamics



Not	So	Simple	Steps:	Mass	
Balance
• Hydrodynamics
• Constituent transport



Not	So	Simple	Steps:	Mass	
Balance
• Hydrodynamics
• Constituent transport
• Constituent reactions



Where:



So	why	choose	mechanistic	
lake	modeling?

• Lake may not be well 
represented by 
empirical relationships

• Need to answer more 
complex management 
questions

• More robust results(?)



Where	are	we	on	the	curve?


