
baseline	
baseline	

releases	from	hypolimnion	
drive	downstream	temperature	

contras6ng	hypolimnion	and	air	
temperatures	drive	fall/winter	

warming	and	spring/summer	cooling	

deeper	epilimnion	produces	
less	spring/summer	warming	

and	less	fall	cooling	

winter	KZ	is	high,	so	
li<le	change	in	temp.	
across	varying	De	
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§ Accurate	river	temperature	simula6ons	are	essen6al	to	predict	climate	
change	impacts	on	power	genera6on	and	ecosystems		
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Reservoir	temperature	and	turnover	 

§ We	developed	a	simple	two-
layer	reservoir	model,	aeer	
Chapra	(1997),	to	simulate	
reservoir	temperatures	

§ The	Variable	Infiltra6on	
Capacity	(VIC)	model	(Liang	et	
al.	1994)	is	implemented	
across	the	Tennessee	River	
Basin	at	1/8°	(~12	km)	
resolu6on	

Downstream	river	temperature 

Downstream	river	temperature 

§ RBM-res	improves	model	performance	and	simulates	the	reduced	
influence	of	reservoirs	on	temperature	further	downstream	

§ Improvement	in	model	performance	is	greatest	in/downstream	of	
reservoirs	with	longer	residence	6mes		

§ RBM-res	is	sensi6ve	to	simulated	epilimnion	depth	and	KZ	

§ Distributed	land-surface,	river	rou6ng,	
and	river	temperature	models	are	
powerful	tools	for	such	simula6ons	

§ Most	large	rivers	have	reservoirs,	but	
most	distributed	river	temperature	
models	do	not	include	thermal	
stra6fica6on	in	reservoirs	

RVIC	model		

Sensi6vity	analysis 

Conclusion 

§ Sensi6vity	analysis	done	on/downstream	of	Cherokee	Reservoir	
§ Epilimnion/hypolimnion	depth	(epilimnion	depth	=	De)	and	diffusion	(KZ)	

upstream	reservoir	 drainage	area		(103	km2)	
annual	inflow	
(m3	sec-1)	

volume	
(108	m3)	

mean	depth	
(m)	

reservoir	residence	Bme	
(days)	

Tims	Ford*	 1.4	 27	 6.5	 13.5	 240	
Cherokee*	 8.9	 127	 19	 14.9	 92	
Kentucky	 104	 1,754	 35	 5.4	 19	
Guntersville	 63	 1,172	 13	 4.6	 12	
Fort	Loudoun	 25	 463	 4.5	 7.6	 9	
Chickamauga*	 54	 962	 9.1	 5.4	 8	

§ For	RBM	without	the	two-layer	reservoir	
(RBM-orig),	model	performance	was	poorest	
at	Cherokee	(longest	residence	6me)		

§ RBM	model	performance	improved	with	the	
two-layer	reservoir	(RBM-res)	at	all	reservoirs	

§ Reservoir	turnover	occurs	in	fall	when	water	
column	temperature	equilibrates	

a)	Knoxville	(downstream	of	Cherokee)	

b)	South	PiLsburg	(downstream	of	Chickamauga)	

§ Meteorological	forcings	over	1949	
to	2010	(Maurer	et	al.	2002)	

§ RVIC	(Hamman	et	al.	in	revis.)	
simulates	river	rou6ng		

§ Post-RVIC	reservoir	flow	model	to	
simulate	regulated	flow	

§ River	Basin	Model	(RBM)	(Yearsley	
2009,	2012)	simulates	distributed	
river	temperature	
	§ Two-layer	reservoir	model	integrates	into	RBM	model	to	improve	
simulated	temperature	downstream	of	reservoirs	
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§ ObjecBve:	develop	a	two-layer	reservoir	model	with	thermal	
stra6fica6on	and	integrate	with	a	distributed	river	temperature	model	
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