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Water,	Ci8es	and	Sustainability	





Why	Water?	

•  Why	water	alloca8on	ins8tu8ons	are	a	useful	
case	study	for	understanding	how	to	develop	
more	effec8ve	and	sustainable	ins8tu8ons	

•  preAy	map	of	basins	&	states?	



Water	and	ci8es...	







New	York	City	

quality,	robustness,	and	geGng	rid	of	....	stuff	







1854	

























hAp://www.nyc.gov/html/dep/pdf/
green_infrastructure/cso_ouOalls_map.pdf	

CSO’s	at	about	½	inch	rainfall	in	24	hours	
or	1/10th	inch	rainfall	in	an	hour.	













Irwin	vs	Phillips	
	(1855)	



intent	
diversion	
beneficial	use	
priority	



Raquel	Baranow	



Cobalt123	





hAp://viewer.na8onalmap.gov/viewer/	



Whiskey	is	for	Drinking;		
	Water	is	for	Figh8ng	Over	
Whiskey	is	for	Drinking;	

Water	is	for	Figh8ng	Over	

matching	fixed	supply	with	growing	demand	





Las	Vegas		

Big	Bend	



Las	Vegas		Fixed	amount	of	water	per	
year	

Big	Bend	



Las	Vegas		Fixed	amount	of	water	per	
year	

Next	years	alloca8on	is	based	
on	this	years	consump8on	

Big	Bend	



Las	Vegas		Fixed	amount	of	water	per	
year	

Boulder	City	got	scared:		
Opened	the	fire	hydrants	at	
night	in	December	1990	

Next	years	alloca8on	is	based	
on	this	years	consump8on	

Big	Bend	



Las	Vegas		Fixed	amount	of	water	per	
year	

Boulder	City	got	scared:		
Opened	the	fire	hydrants	at	
night	in	December	1990	

Feb	14th,	1991:	Valen8nes	
Day	Massacre	

Next	years	alloca8on	is	based	
on	this	years	consump8on	

Big	Bend	



Las	Vegas		Fixed	amount	of	water	per	
year	

Boulder	City	got	scared:		
Opened	the	fire	hydrants	at	
night	in	December	1990	

Feb	14th,	1991:	Valen8nes	
Day	Massacre	

June	27th,	1991:	Southern	
Nevada	Water	Authority	was	
created.		

Next	years	alloca8on	is	based	
on	this	years	consump8on	

Big	Bend	



Las	Vegas		Fixed	amount	of	water	per	
year	

Boulder	City	got	scared:		
Opened	the	fire	hydrants	at	
night	in	December	1990	

Feb	14th,	1991:	Valen8nes	
Day	Massacre	

June	27th,	1991:	Southern	
Nevada	Water	Authority	was	
created.		

Next	years	alloca8on	is	based	
on	this	years	consump8on	

1993:	Return	Flow	Credit	
Established	 Big	Bend	
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What	combina8on	of	infrastructure	change,	
popula8on	growth	and	policy	choices	drove	Las	
Vegas’	decline	in	residen8al	water	consump8on?	



Outline	

•  Data		
•  Regression	Model		
•  Regression	Results	
•  Decomposi8on	Analysis	





popula8on	area	cartogram		
based	on	1996	popula8on	



popula8on	area	cartogram		
based	on	2007	popula8on	
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Home	Vintages	



Conserva8on	Policies	
96	 •  WSL	program	begins	

99	•  Irriga8on	Clock	Rebate	program	begins	

00	
02	

04	

05	

07	

•  Restric8ons	on	turf	in	new	construc8on		

•  Conserva8on	TV	ads		

•  Pool	Cover	program	begins	
•  Water	Waste	fines	increased	

•  WSL	program	scales	up	
•  Water	Smart	Homes	program	begins	
•  Car	Wash	Coupon	program	begins	
•  Strict	restric8ons	on	water	features	
•  Water	Waste	cita8ons	possible	in	prac8ce	
•  More	restric8ons	on	turf	in	new	construc8on	
•  Water	price	increase	

•  Water	Waste	cita8ons	by	LVVWD	legally	possible	





semi-log	regression	with	temporal	
dummy	variables	
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Model	specifica8ons	

•  Model	1:		Temporal	Dummy	Variables	Only	
•  Model	2:		Model	1	+	Infrastructure,	Weather	&	
Census	



Regressors	
•  living	area		
•  bedrooms		
•  plumbing	fixtures	
•  vintage	
•  pool	ownership	rate	
o  vegeta8on	area	
o  dirt	area		
	

§  Clark	County	Assessor			 		
o  Brelsford	&	Shepherd	2014 	 	
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•  precipita8on		
•  temperature		
o  vegeta8on	*	temp	
o  vegeta8on	*	precip	
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•  PRISM	
	 	 		

	



Regressors	
•  living	area		
•  bedrooms		
•  plumbing	fixtures	
•  vintage	
•  pool	ownership	rate	
o  vegeta8on	area	
o  dirt	area		
	

•  precipita8on		
•  temperature		
o  vegeta8on	*	temp	
o  vegeta8on	*	precip	
o  dirt	*	temp	
o  dirt	*	precip	
•  pools	*	temp	

u  Owner	occupied		
u  Race	&	Ethnicity	
u  Household	size	
u  Income	

	

§  Clark	County	Assessor			 		
o  Brelsford	&	Shepherd	2014 	 	

		

	

•  PRISM	
u  US	Census	2000 	 	 		

	



SELECTED	REGRESSION	RESULTS	
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DECOMPOSITION	
ANALYSIS	
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COUNTERFACTUAL		
SCENARIO	ESTIMATION	



Scenario	Es8ma8on	Method	

•  In	each	scenario,	the	variable	in	ques8on	is	
held	constant	at	the	1996	levels.		

		
•  Using	our	regression	results,	we	compare	
expected	consump8on	under	the	scenario	to	
true	consump8on.			

•  The	actual	changes	that	occurred	in	x	caused	
the	difference	between	measured	and	
scenario	consump8on.		

!!" = !!!""#!



1.  How	did	changing	household	infrastructure	
characteris8cs	like	house	size,	number	of	bedrooms	
or	plumbing	fixtures,	and	pool	prevalence	influence	
household	water	consump8on?	

2.  How	did	changing	vegeta8on	area	per	household	
influence	household	consump8on?	

3.  How	did	popula8on	growth	and	new	construc8on	
influence	household	water	consump8on?		

	
4.  How	did	behavior	change	in	response	to	the	2004	

drought	alert	influence	household	water	
consump8on?	



Example	

•  Pool	ownership	rates	declined	by	a	small	amount	in	
both	the	periphery	and	core	between	1996	and	2007.	

•  The	es8mated	coefficient	on	pool	ownership	is	large	
and	posi8ve:		in	a	given	neighborhood,	an	increase	in	
pool	ownership	from	0	to	100%	increases	average	
household	consump8on	there	by	52%	

•  In	the	pools	scenario,	we	es8mate	what	household	
consump8on	would	have	been	if	pool	ownership	rates	
stayed	at	the	higher	1996	level:			
–  The	observed	decline	in	pool	ownership	caused	a	decline	
in	household	consump8on.		



Household	Infrastructure	
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1.  How	did	changing	household	infrastructure	
characteris8cs	like	house	size,	number	of	bedrooms	
or	plumbing	fixtures,	and	pool	prevalence	influence	
household	water	consump8on?	

2.   How	did	changing	vegetaBon	area	per	household	
influence	household	consumpBon?	

3.  How	did	popula8on	growth	and	new	construc8on	
influence	household	water	consump8on?		

	
4.  How	did	behavior	change	in	response	to	the	2004	

drought	alert	influence	household	water	
consump8on?	



1996	Veg	%	

2007	Veg	%	

2C	

2B	

1996	Lot	Area	

2A	

True	

2007	Lot	Area	
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Question Two: Lot Size and Composition

2A: Vegetation Intensity 2B: Lot Size 2C: Combined Effect



1.  How	did	changing	household	infrastructure	
characteris8cs	like	house	size,	number	of	bedrooms	
or	plumbing	fixtures,	and	pool	prevalence	influence	
household	water	consump8on?	

2.  How	did	changing	vegeta8on	area	per	household	
influence	household	consump8on?	

3.   How	did	populaBon	growth	and	new	construcBon	
influence	household	water	consumpBon?		

	
4.  How	did	behavior	change	in	response	to	the	2004	

drought	alert	influence	household	water	
consump8on?	



Scenario	3A	



Scenario	3B	
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Question Three: Vintage and Weight

3A: Vintage 3B: Weight 3C: Combined Effect



-.6
-.4

-.2
0

Lo
g 

P
oi

nt
s

1996 1998 2000 2002 2004 2006

Core

-.6
-.4

-.2
0

Lo
g 

P
oi

nt
s

1996 1998 2000 2002 2004 2006

Periphery

-.6
-.4

-.2
0

Lo
g 

P
oi

nt
s

1996 1998 2000 2002 2004 2006

City

Summary

1A: Indoor 2C: Lot Size & Comp 4: 2003-2004 Effect
1B: Pools 3C: Weight & Vintage 5: Scenario Summary

Measured Changes



sub-urban.com	

christabrelsford.com																						christa@santafe.edu 	 	 		







epa.gov	

Indoor	Residen8al	Water	Use	

Indoor	 Outdoor	

Residen8al	Water	Use	

SNWA	es8mates	of	water	use	





norcalwater.org	



Blaine	Hanson,	Dept.	of	Ag	and	Resource	Economics	at	UC	Davis	
in	talk	to	California	EPA	in	2012	


