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Navarro	River	Basin	Pilot	Project	

Overview	–	Problem	and	Solution	

The	Navarro	River	Basin	(NRB)	is	located	in	southern	Mendocino	County	in	northern	California’s	coastal	
range	(Figure	1).	The	820-km2	coastal	watershed	is	largely	forested	by	a	mix	of	conifers	and	hardwoods.	
The	region	is	sparsely	populated	(approx.	3200)	but	has	become	known	for	its	premium	winegrape	
production.	The	total	area	of	irrigated	vineyards	has	steadily	grown	from	less	than	100	acres	in	1966	to	
approximately	2,800-acres	as	of	2009	(McGourty	et	al.	2013).	Viticulture	activities	in	the	NRB	are	largely	
confined	to	alluvial	valleys	and	adjacent	hillslopes	along	the	Navarro	River	(Figure	1).		

	

Figure	1.	Navarro	River	Basin	and	drainage	network,	by	stream	order,	in	Mendocino	County,	California.	
Source:	Deitch	et	al.	2016.	
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The	NRB	has	a	Mediterranean-type	climate,	characterized	by	distinct	wet	and	dry	seasons.	The	basin	
receives	1000	mm	of	total	rainfall	each	year	on	average,	nearly	all	of	which	is	delivered	in	storms	
between	November	and	April.	Little	to	no	rain	falls	between	May	and	October.	Streamflows	in	the	
Navarro	River	and	its	tributaries	track	precipitation	patterns,	with	flashy,	high	flows	in	the	winter	
associated	with	storms,	followed	by	a	recession	of	flows	in	the	spring	to	low	or	intermittent	conditions	
by	the	late	summer	(Figure	2).	There	is	also	high	interannual	variability	in	precipitation;	for	example,	less	
than	400	mm	of	rain	fell	in	1976,	one	of	the	basin’s	driest	years,	while	over	1400	mm	fell	1970,	a	record	
wet	year.		

	

Figure	2.	Stream	flows	in	the	Navarro	River	at	USGS	Gage	(11468000)	in	water	year	1997,	a	normal	
rainfall	year,	on	(A)	standard	and	(B)	logarithmic	axes,	and	(C)	all	water	years	between	1950	and	2015.	
Source:	USGS	WaterWatch.	

	

	

Agricultural	water-use	in	the	basin	is	dominated	by	vineyards,	with	a	total	annual	irrigation	demand	of	
approximately	1800	acre	feet	(McGourty	et	al.	2013).	Water	demands	for	residential,	commercial,	and	
other	uses	is	estimated	to	be	about	25%	of	agricultural	water	demands	(TNC	2015).	Agricultural	and	
domestic	water	users	do	not	have	access	to	large,	centralized	water	distribution	systems	(i.e.,	major	
storage	reservoirs	and	conveyance	infrastructure).	Rather,	water	users	depend	on	local	surface	water	
diversions	and	groundwater	wells	to	meet	their	needs	(Deitch	et	al.	2009).	In	addition,	some	water	users	
have	small	(<100	af)	storage	ponds,	which	collect	rainfall-runoff	and	may	also	be	filled	by	surface	water	
diversions.	Vineyards	require	much	less	water	than	other	types	of	crops	in	California,	as	little	as	0.2	af	
per	acre	(McGourty	et	al.	2013).	However,	the	period	of	irrigation	water	demand	coincides	with	the	dry	
season,	when	surface	water	availability	is	limited,	intensifying	competition	among	water	users	and	
between	human	water	users	and	the	environment	(Grantham	et	al.	2014).	

The	NRB	is	home	to	state	and	federally	endangered	coho	salmon	(Oncorhynchus	kisutch)	and	threatened	
steelhead	trout	(O.	mykiss)	and	has	been	identified	by	the	National	Marine	and	Fisheries	Service	as	a	key	
watershed	for	the	recovery	of	both	species	in	California.	These	species	enter	the	Navarro	River	from	the	
Pacific	Ocean	in	the	winter	and	migrate	through	the	mainstem	and	tributary	streams	to	spawn.	Juvenile	
fishes	remain	in	the	streams	to	rear	for	at	least	one	year	and	must	endure	the	dry	summer	season,	when	
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stream	flows	often	fall	to	a	trickle	(<	0.1	cfs)	and	are	critical	to	fish	survival.	Withdrawals	of	even	small	
volumes	of	water	has	the	potential	to	dewater	streams,	causing	fish	mortality.	The	common	need	for	
water	by	fish	and	irrigators	during	the	dry	season	has	been	a	significant	and	growing	source	of	conflict	in	
the	basin.	Reconciling	economic	demands	for	water	with	the	biological	needs	of	salmon	has	been	a	
major	focus	of	new	regulations	(SWRCB	2010)	as	well	as	voluntary	efforts.		

Throughout	the	Western	US,	there	has	been	a	growing	recognition	of	the	need	to	restore	and	protect	
river	flows	for	the	preservation	of	threatened	species	and	valued	ecosystem	services.	Water	for	the	
environment	has	generally	been	obtained	through	the	retirement	of	irrigated	agricultural	lands	or	by	
freeing	up	new	supplies	through	improvements	in	water-use	efficiency.	However,	these	strategies	are	
not	suitable	in	the	Navarro	Basin	because	of	the	extraordinary	price	of	agricultural	land	(>$30,000/acre)	
and	high	water-use	efficiency	of	irrigated	vineyards.	An	alternative	approach	to	reducing	impacts	from	
water	withdrawals	is	to	shift	the	timing	of	diversion	from	the	summer,	when	water	is	needed	but	locally	
scarce,	to	the	winter	months	when	water	is	abundant.	However,	this	approach	is	dependent	on	the	
ability	to	access	and	store	winter	water,	which	may	be	constrained	by	both	local	physical	factors	(e.g.,	
appropriate	topography,	soils	and	space	for	a	reservoir)	as	well	as	regulatory	barriers	(e.g.,	conditions	of	
existing	water	rights,	specifically	legal	limitations	on	diversion	and	storage	periods).		

Purpose	of	the	Program	

The	Nature	Conservancy	(TNC),	in	partnership	with	the	local	resource	conservation	district,	has	been	
engaging	with	private	landowners	to	explore	alternative	water	management	strategies	that	would	
improve	flows	for	fish	in	critical	habitat	reaches,	while	preserving	or	enhancing	the	water	security	of	
vineyard	landowners.	Outreach	efforts	were	coupled	with	several	scientific	studies	to	improve	
understanding	of	stream	flow	regimes,	water	use	practices,	salmon	habitat	use	and	needs,	and	other	
stressors	to	stream	ecosystems	(e.g.,	illegal	marijuana	production).	In	2015,	the	“RiverSmart	Vineyards”	
Program	was	established	by	TNC	with	the	goals	of	establishing	“adequate	stream	flow	conditions	and	
improved	regulatory	processes	to	support	healthy	fish	populations	and	meeting	the	resource	needs	of	a	
thriving	agricultural	economy	in	unregulated,	un-adjudicated	coastal	watersheds”	(TNC	2015a).	Key	
components	of	the	strategy	are	(1)	installation	and	maintenance	of	a	network	of	flow	gauges	to	improve	
awareness	of	flow	conditions	and	enable	collaborative,	real-time	management	of	water	diversions,	(2)	
facilitation	of	additional	water	storage	and	expedited	water	permits	in	order	to	retire	summer	
diversions,	and	(3)	implementation	of	diversion	schedules	that	are	responsive	to	flow	conditions	(TNC	
2015a).		

Evaluation	of	Transaction	Opportunities	and	Potential	Benefits	

In	support	of	the	RiverSmart	Vineyards	Program,	the	NCEAS	SNAP	team	worked	with	TNC	scientists	to	
develop	and	apply	a	decision-support	and	evaluation	tool	for	the	Navarro	River	Basin.	In	brief,	the	tool	is	
a	water	allocation	model	designed	to	explore	the	effect	of	alternative	water	management	decisions	on	
stream	flows	under	variable	water	year	types	(e.g.,	wet	year	or	dry	year).	The	water	allocation	tool	
predicts	the	amount	of	water	available	for	individual	diversions	and	effects	on	stream	flow,	accounting	
for	the	dispersed	spatial	distribution	of	water	users,	natural	variation	in	water	availability	within	a	basin,	
and	the	type	and	priority	of	water	rights	held.	Details	of	the	tool	and	underlying	modeling	framework	
are	provided	in	a	separate	document	(Navarro	Model	Documentation).	
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We	focused	our	evaluation	on	Mill	Creek,	a	30-km2	tributary	catchment	to	the	Navarro	River	(Figure	3).	
Mill	Creek	has	been	identified	as	a	core	area	for	salmon	recovery	and	restoration	investments	in	the	
NRB	(NMFS	2012).	It	was	also	selected	as	a	priority	basin	by	TNC	because	of	its	relatively	high	habitat	
quality	and	limited	number	of	water	users,	where	changes	in	diversion	practices	by	just	a	few	users	
could	yield	significant	benefits	for	salmon	(TNC	2015b).		

	

Figure	3.	Mill	Creek	watershed,	within	the	Navarro	River	Basin.		

	

	

TNC	provided	information	on	water	demands	in	the	basin,	including	the	location	and	monthly	demands	
of	each	water	user.	The	Mill	Creek	basin	includes	103	water	users	with	a	total	annual	water	demand	of	
173	acre	feet,	nearly	all	of	which	is	concentrated	in	the	dry	season	(June	-	October).	The	environmental	
flow	target	was	set	at	85%	of	the	average	unimpaired	daily	flow,	a	presumptive	standard	useful	for	
scenario	evaluation	(Richter	et	al.	2012),	evaluated	at	the	basin	outlet.	Available	surface	water	supplies	
(i.e.,	stream	flow)	to	water	users	were	predicted	by	the	water-allocation	tool	by	extrapolating	daily	flow	
data	at	the	mainstem	USGS	Navarro	River	gauge	(Station	11468000).	We	performed	an	analysis	for	
three	management	scenarios	(described	below)	under	20	years	of	simulated	conditions	(1958-1978).	
Scenario	outcomes	were	evaluated	by	the	two	indicators	of	environmental	flow	conditions:	(1)	percent	
of	time	environmental	flow	targets	were	satisfied	and	(2)	the	volumetric	environmental	flow	deficit.	We	
also	evaluated	drought	resiliency	indicators:	we	specifically	examined	how	environmental	flow	
attainment	varied	among	the	three	scenarios	under	drought	conditions,	examined	long-term	trends	in	
water-supply	availability,	and	qualitatively	assessed	how	management	scenarios	could	affect	system-
wide	water	supply	flexibility	and	diversity.	We	did	not	evaluate	indicators	of	rural	economic	viability	
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because	under	all	scenarios,	water	transactions	enabled	irrigators	to	maintain	current	levels	of	crop	
production.	The	following	scenarios	were	considered:	

Navarro	Baseline	Scenario	–	Water	users	currently	divert	from	streams	in	the	Mill	Creek	watershed	
throughout	the	year,	with	greatest	demands	in	the	dry	summer	season,	when	streams	supporting	
salmon	can	be	dewatered.	

Navarro	T1	Scenario	(Winter	water	storage)	–	A	select	subset	of	5	priority	water	users	(Figure	3),	
representing	approximately	20	acre	feet	of	annual	water	demand	in	the	basin,	are	allowed	to	store	
water	in	the	winter	time,	reducing	or	eliminating	summer	water	withdrawals.				

Navarro	T2	Scenario	(Dynamic	water	demand)	–	The	same	5	priority	water	users	in	T1	are	transitioned	
to	winter	diversions	and	storages	and	all	users	in	the	watershed	are	curtailed	by	10%	on	days	in	which	
environmental	targets	are	still	not	met.	This	scenario	assumes	that	water	users	respond	in	real-time	to	
flow	conditions	and	voluntarily	curtail	use	when	environmental	flow	targets	are	not	being	met.		

Results	

The	scenario	analysis	focused	on	indicators	of	environmental	flow	attainment	during	the	dry	season	
(June	-	October),	when	reductions	in	surface	water	diversions	are	targeted.	Relative	to	baseline,	the	T1	
scenario	(in	which	some	water	users	shift	demands	from	summer	to	winter)	has	equivalent	or	slightly	
improved	environmental	flow	attainment	outcomes.	However,	for	most	of	the	dry	season	(July	through	
October)	environmental	flow	targets	are	rarely	met	under	both	baseline	and	T1	scenarios	(Figure	4).	For	
all	dry	season	months,	e-flow	targets	were	met	less	than	20%	of	the	time,	and	in	August	and	September,	
e-flow	targets	were	never	met	under	both	baseline	and	T1	scenarios.	There	is	evidence	that	the	
environmental	flow	conditions	improved	under	the	T2	scenario,	but	percentage	of	time	that	e-flow	
targets	were	achieved	remains	low	(4%	-33%).	The	volumetric	deficit	in	environmental	flows	revealed	
similar	patterns	(Figure	5);	the	flow	deficits	were	greatest	in	August	and	September,	with	the	T2	
scenario	indicating	the	greatest	improvement	in	environmental	flows	(i.e.	lowest	deficit	in	
environmental	flow	volumes)	relative	to	baseline	and	T1.		However,	environmental	flow	deficient	
remained	between	10%	and	35%	of	total	volume	under	T2.	

	

	

Figure	4.	Percent	of	days	per	month,	averaged	
over	study	period	(1958-1978),	in	which	
streamflow	is	below	the	environmental	flow	
target.	Lower	values	indicate	more	frequent	
achievement	of	environmental	flow	targets.	A	
value	of	0%	indicates	that	the	target	flow	was	
achieved	every	day	of	the	month.	
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Figure	5.	Volumetric	flow	deficit	(percent)	
relative	to	environmental	flow	target	per	
month,	averaged	over	study	period	(1958-
1978).	Smaller	values	indicate	that	the	average	
streamflow	volume	more	closely	approaches	
the	target	volume.	A	value	of	0%	indicates	that,	
on	average,	the	target	volume	was	achieved.	

Temporal	and	volumetric	environmental	flow	deficits	in	a	severe	drought	year	(1977)	were	specifically	
evaluated	as	indicators	of	drought	readiness	(Table	1).	The	baseline	and	T1	scenarios	have	similar	
impacts,	with	failure	to	achieve	environmental	flow	targets	40%	of	the	year.	The	T2	scenario	
substantially	increased	the	number	of	days	in	which	environmental	flow	targets	were	met	and	
decreased	the	deficit	of	water	needed	to	attain	such	targets.	

	

Table	1.	Basin	drought	readiness	expressed	as	environmental	flow	attainment	during	drought.	Temporal	flow	
deficit	is	the	percentage	of	days	in	year	when	streamflow	is	less	than	the	environmental	flow	target.	Data	are	from	
1977,	a	severe	drought	year.	

	 Temporal	flow	deficit	(%	days)	 Volumetric	flow	Deficit	(af)	
Baseline	 40%	 38	
T1	 40%	 34	
T2	 19%	 15	

		

The	long-term	hydrologic	trend	for	the	basin	was	similar	for	all	three	scenarios.	Overall,	the	magnitude	
of	average	low-flows	appears	to	be	decreasing,	at	about	0.01	cfs	per	year	over	the	scenario	period	
(1958-1978;	Figure	6).		
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Figure	6.	Long-term	hydrologic	trend	in	average	
7-day	minimum	flows	from	1958-1978.	

The	increased	capacity	to	capture	and	store	winter	water	under	scenarios	T1	and	T2	is	expected	to	
enhance	system-wide	drought	resilience.	Not	only	does	the	flexibility	to	store	water	potentially	reduce	
the	stress	of	summer	surface	water	flows	critical	to	the	aquatic	ecosystem,	it	also	reduced	uncertainty	in	
water	supplies	for	human	water	uses,	increasing	overall	water	supply	reliability.	The	magnitude	of	
drought	resilience	benefits	is	expected	to	increase	with	the	number	of	users	able	to	access	winter	water	
storage	and	the	overall	capacity	of	storage	relative	to	human	water	demands.		

	

Lessons	Learned		

The	scenario	analysis	revealed	that	shifting	water	demand	from	summer	to	winter	can	yield	some	
improvements	to	stream	flows	and	increase	the	likelihood	of	attaining	environmental	flow	targets	
without	affecting	agricultural	production.	Adding	local	storage	capacity	for	water	users	would	also	
increase	the	diversity	of	the	water	supply	portfolio	in	the	basin,	potentially	increasing	system-wide	
resilience	to	drought.	However,	for	the	Mill	Creek	watershed,	impairment	of	environmental	flows	is	
likely	to	persist	if	only	the	five	priority	diverters	are	considered.	A	much	larger	proportion	of	summer	
water	demand	must	be	addressed	in	order	to	meet	summer	environmental	flow	targets,	through	
voluntary	curtailment	agreements	and/or	improved	access	to	winter	water	storage.	Long-term	trends	in	
decreasing	low-flows	suggest	that	meeting	environmental	flow	targets	will	become	increasingly	difficult	
without	significant	curtailments	in	summer	water	diversions.	
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