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1. Identify	stakeholders:	who	is	involved	in	decision-making,	can	sway	
decision-making,	or	would	be	strongly	affected	by	decisions?

2.	Identify	objectives	and	units	of	measurement	for	each	objective:	what	are	the	overarching	goals?

4.	Predict	outcomes	of	each	option:	how	well	
would	this	option	meet	the	objectives?

6.	Integrate	steps	4	&	5	to	rank	options	and	analyze	results

7.	Find	“robust”	or	consensus	alternatives
Share	results	with	stakeholders

5.	Elicit	and	quantify	stakeholder	preferences	for	outcomes:	
what	is	the	relative	importance	of	each	objective?

3.	Identify	range	of	options

What	is	multi-criteria	decision	analysis?

Diagram	adapted	from	Judit Lienert,	2016



Why	multi-criteria	decision	analysis?

Supports	finding	
widely	acceptable	

options

Supports	systematic	
and	transparent	

evaluation	of	options

Enables	valuation	of	
non-monetary	

benefits

Clarifies	issues	of	
agreement	and	
disagreement

In	Switzerland	case,	
justifies	infrastructure	
expenditures	to	rate-

payers



Example:	MCDA	to	evaluate	options	for	
managing	nutrients	loads	to	SF	Bay



Example:	MCDA	results	for	nutrient	
management	in	SF	Bay

From:	Harris-Lovett,	S.,	Lienert,	J.,	&	Sedlak,	D.	(2019).	A	mixed-methods	approach	to	strategic	planning	for	multi-benefit	regional	
water	infrastructure.	Journal	of	Environmental	Management,	233,	218-237.

Key	take-away:	increased	recycling	of	wastewater	for	irrigation	and	
construction	of	horizontal	levees	(wetlands	for	wastewater	

treatment)	provide	enough	other	benefits	that	they	rank	more	
highly	than	the	‘Do	Nothing’	option	for	most	stakeholders

Identified	research/data	
gaps

Identified	policy	
recommendations

Identified	technology	
gaps

Identified	key		social	
discrepancies
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Figure 6-1: Resiliency Option Criteria Weights 

 

To allow comparison across all criteria, scores were normalized, with a higher number 
indicating that the option performed better against that criterion.  After each resiliency option 
was scored against the evaluation criteria, the option scores and evaluation criteria weights 
were input into Criterium Decision Plus (CDP) software. CDP computed a “decision score” for 
each option by applying the weight of each criterion to the option’s score for that criterion.  
Two sets of decision scores were developed: one that considered costs and one that did not.  
More information on the evaluation criteria scoring and CDP results can be found in Appendix 
H. 

Resiliency options were then analyzed using a four-quadrant methodology.  Figure 6-2 shows 
the results of the quadrant analysis.  Each option was placed on the chart depending upon its 
decision score (without cost) and annual cost in dollars per acre-foot per year ($/AFY).  This 
trade-off curve compared the decision score to the annual cost. Resiliency options that scored 
well include conservation, recycled water, watershed management, and groundwater. 
Appendix H presents additional information on the quadrant analysis. 
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Figure 6-2: Example Quadrant Analysis Results 

 

 Alternatives Development and Analysis 
Alternatives, as defined for this Plan, are combinations of options to improve the district’s 
resiliency under one or more of the reliability threats. Because no one option addresses all 
potential reliability threats, options were combined into multi-option alternatives around 
specific themes to better address resiliency needs. Five alternatives were developed, 
organized along the following themes:  

• Expand Existing Programs 

• Minimize Infrastructure 

• Dry Year Actions 

• Maximize Reuse 

• Maximize Resiliency 

The district grouped options into the alternatives, focusing on the highest benefit to cost 
options.  Some options were used in more than one alternative and some options were not 
used in any alternative.  Table 6-1 below shows the composition of each alternative, as well 
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Legitimacy	of	potable	water	reuse



From:	Harris-Lovett,	S.	R.,	Binz,	C.,	Sedlak,	D.	L.,	Kiparsky,	M.,	&	Truffer,	B.	(2015).	Beyond	user	acceptance:	A	legitimacy	framework	for	potable	water	reuse	in	
California.	Environmental	science	&	technology,	49(13),	7552-7561.



From:	Harris-Lovett,	S.	R.,	Binz,	C.,	Sedlak,	D.	L.,	Kiparsky,	M.,	&	Truffer,	B.	(2015).	Beyond	user	acceptance:	A	legitimacy	framework	for	potable	water	reuse	in	
California.	Environmental	science	&	technology,	49(13),	7552-7561.



GOOD	NUTRIENT	MANAGEMENT	FOR	SAN	FRANCISCO	BAY
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resource	
recovery
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removal	of	

contaminants	of	
emerging	
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Social	support
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use

Beautiful	Bay	and	
shoreline	access

Ease	of	
permitting

Low	costs

Minimize	capital	
investment	and	
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reliability

From:	Harris-Lovett,	S.,	Lienert,	J.,	&	Sedlak,	D.	(2018).	Towards	a	new	paradigm	of	urban	water	infrastructure:	identifying	
goals	and	strategies	to	support	multi-benefit	municipal	wastewater	treatment.	Water,	10(9),	1127.

Example:	Goals	for	controlling	nutrient	loads	into	San	Francisco	Bay



1. Identify	stakeholders:	who	is	involved	in	decision-making,	can	sway	
decision-making,	or	would	be	strongly	affected	by	decisions?

2.	Identify	objectives	and	units	of	measurement	for	each	objective:	what	are	the	overarching	goals?

4.	Predict	outcomes	of	each	option:	how	well	
would	this	option	meet	the	objectives?

6.	Integrate	steps	4	&	5	to	rank	options	and	analyze	results

7.	Find	“robust”	or	consensus	alternatives
Share	results	with	stakeholders

5.	Elicit	and	quantify	stakeholder	preferences	for	outcomes:	
what	is	the	relative	importance	of	each	objective?

3.	Identify	range	of	options

Today’s	task

Diagram	adapted	from	Judit Lienert,	2016



Example:	goals	from	Swiss	sustainable	water	infrastructure	planning
Good	water	supply	and	wastewater	disposal	infrastructure

(today	and	in	future)
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From:	Lienert,	J.,	Scholten,	L.,	Egger,	C.,	Maurer,	M.	(2015)	Structured	
decision-making	for	sustainable	water	infrastructure	planning	and	four	
future	scenarios.	European	Journal	on	Decision	Processes	3(1-2):	107-140



14
From:	Harris-Lovett,	S.,	Lienert,	J.,	&	Sedlak,	D.	(2018).	Towards	a	new	paradigm	of	urban	water	infrastructure:	identifying	goals	
and	strategies	to	support	multi-benefit	municipal	wastewater	treatment.	Water,	10(9),	1127.

Example:	stakeholders'	relative	importance	of	the	objectives	for	good	nutrient	management	in	SF	Bay



Example:	
Nutrient	
management
MCDA
results	
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From:	Harris-
Lovett,	S.,	
Lienert,	J.,	&	
Sedlak,	D.	(2019).	
A	mixed-methods	
approach	to	
strategic	planning	
for	multi-benefit	
regional	water	
infrastructure.	
Journal	of	
Environmental	
Management,	
233,	218-237.


