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UPDATE ON PRIORITY CONTAMINANTS

A Bay-wide nutrient discharge permit for 
municipal wastewater dischargers went into 
effect in July 2014, which sets aside funding to 
support science and monitoring to inform nutrient 
management decisions.

A multi-stakeholder Steering Committee was 
formed in April 2014 to guide implementation of 
the Bay Nutrient Management Strategy.

A network of moored sensors for measuring 
water quality parameters such as chlorophyll and 
dissolved oxygen has been initiated.

Method development and monitoring program 
design are underway for harmful algae, algal 
toxins, and more efficiently characterizing 
phytoplankton community composition.

More information, reports, and updates  
are available at: www.sfbaynutrients.sfei.org
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LATE SUMMER CHLOROPHYLL IN THE SOUTH BAY 

Nutrients: Summary; Recent AdvancesPCBs: Next Steps

RECENT ADVANCES

The middle range (between the 25th and 75th percentiles) of annual chlorophyll concentrations in the 
South Bay in late summer. Historically, the South Bay had low chlorophyll production compared to other 
estuaries with comparable nutrient inputs.  Data from USGS. Additional details on page 61.

KEY POINTS

•	Nitrogen (N) and phosphorus (P) concentra-
tions in the Bay substantially exceed those in 
other estuaries where water quality has been 
impaired by nutrient pollution 

• To date, the Bay has exhibited resistance to 
the problems that have plagued other nutrient-
enriched estuaries, such as large algal blooms 
and low dissolved oxygen

• Observations over the past 15 years suggest 
that the Bay's resistance to its high nutrient 
loads is weakening

• Late summer chlorophyll in the South Bay 
increased from roughly 1995 to 2005 but has 
since leveled off

• Nitrogen loads and concentrations vary con-
siderably by Bay segment and by season

• Nitrogen concentrations have shown long-term 
declines in Lower South Bay, and long-term 
increases in Suisun Bay

• Dissolved oxygen levels are generally above 
the water quality objective of 5 mg/L in the 
open Bay, but frequently below it in some 
sloughs on the Bay margins

• Algal toxins are commonly detected at low to 
moderate concentrations year-round through-
out the Bay

• To address concerns about potential adverse 
impacts of nutrients, the Water Board and 
stakeholders developed the San Francisco Bay 
Nutrient Management Strategy in 2012

Graph from SFEI’s Pulse of the 
Estuary, 2015



Nutrient control is a big investment for the long term – so 
how might it most effectively fit into other long-range 
planning for the region with regards to habitat restoration, 
climate resilience, and water infrastructure (e.g. drinking 
water, wastewater, and stormwater)?

Photo: Ryan Koenigs at www.sfestuary.org
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1. Carry out stakeholder analysis

2. Identify objectives and units of measurement for each objective (attributes)

4. Predict outcomes of
each alternative

6. Integrate steps 4 & 5 to rank alternatives
Analyze results, carry out sensitivity analysis

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

5. Elicit and quantify stakeholder
preferences for outcomes

3. Identify range of alternatives

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)

Intergener-
ational equity

Low future 
rehabilitation 
burden (2050) 

Flexible system 
adaptation

Protection of 
water / resources

Good state of 
surface water 

(chemic, hydrol.)

Good state of 
ground water 
(chem., regime)

Efficient use of 
resources 

(phosp., energy)

Good supply 
with water

Drinking water 
(quality & 
reliability)

Household 
water (quality 
& reliability)

Firefighting: 
(quantity & 
reliability)

Safe waste-water 
disposal

Good hygiene 
(no illness if (in-) 
direct contact)

High reliability 
of drainage 

(failure, floods)

High social 
acceptance

High water 
resource  

autonomy 

High quality of 
managem. & 

operations

High co-
determination 

of citizens

Low time and 
area demand for 

end users

Low 
unnecessary 
road works

Low costs

Low annual 
costs 

(CHF/person/yr)

Low cost 
increase

From: Lienert, J., Scholten, L., Egger, C., Maurer, M. (2015) Structured decision-
making for sustainable water infrastructure planning and four future scenarios. 
EURO J. on Decision Processes 3(1-2): 107-140
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From: Zheng, J., Egger, C., Lienert, J. (2016) A scenario-based MCDA framework for wastewater infrastructure planning 
under uncertainty. Journal of Environmental Management 183 (3): 895-908.

SUPPLEMENTARY MATERIAL: A scenario-based MCDA framework for wastewater infra-
structure planning under uncertainty; Journal of Environmental Management 
   

 20 

2.3 Visualization of outcomes of alternatives 

 
Figure SM-1. Prediction of attribute levels by alternative (A1a to A9; see Tab.SM-2) in four future sce-
narios. Main objective1: Intergenerational equity. Each horizontal block corresponds to an attribute. The 
abbreviations of attributes (Tab. SM-1) are labeled on the right. Top: realization of the rehabilitation de-
mand [% ] (from 0 to 100%); bottom: flexibility of technical extension or deconstruction of infrastructure 
[% ] (from 0 to 100%). The alternatives A1a – A9 are shown on the x-axis; the predicted attribute levels 
with uncertainty on the y-axis (simulation size 5’000). The time range of the predicted outcome levels is 
until the year 2050. Horizontal bars stand for the median, solid vertical lines represent the 25% to 75% 
quantiles, dotted vertical lines the 5% to 95% quantiles. 
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SUPPLEMENTARY MATERIAL: A scenario-based MCDA framework for wastewater infra-

structure planning under uncertainty; Journal of Environmental Management 
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weighted attributes concerning surface and ground water quality indicators (‘chem’, ‘exfilsew’, and ‘exfil-
trstruct’) highly (Tab. SM-4) but all alternatives performed similarly with respect to them (Fig. SM-2–3). 

Therefore, the relatively important attribute annual costs (‘costcap’) resulted in the low rank of A8b. 

SH7–SH10 considered attribute ‘illn’ important, which could largely explain why A8b achieved a bad 

performance for them. The same pattern applied for the Boom scenario.  

In the Status Quo scenario, alternatives A1a (centralized, privatization; high environmental protection; 

rehabilitation according to prioritization), A2 (centralized; IKA; rehabilitation according to condition), and 

A6 (maximal collaboration; centralized; rehabilitation according to condition; Tab. SM-2) performed in-

adequately, except that A6 was the second best for SH8. In the Boom scenario, A2 performed worse for 

all stakeholders, A6 performed worse for nine, and A1a worse for half of them. A1a followed a strategy 

that rehabilitation was realized according to prioritization (10% of the length of pipes in condition 3 (very 

bad condition) are rehabilitated), while A2 and A6 used a strategy that rehabilitation was realized ac-

cording to condition (if more than 10% pipes are in very bad condition, rehabilitation measures are im-

plemented to minimize to 10%). In the Boom scenario, the sewer network was massively expanded, so 

the three alternatives only realized a very low fraction of the actual rehabilitation demand (Fig. SM-1). 

Because of the high influence of the attribute ‘rehab’ (discussed in Section 5.1, main text), they accord-

ingly ranked lower.  

Alternatives A3, A4, and A9 were incompetent alternatives for all stakeholders in both scenarios. Almost 

in all of the cases, their HRAI were very low (Fig. 5, main text). 

The most promising alternatives A7, A8a, A8b, and A8d covered completely different types of infrastruc-

tures, from today’s centralized to fully decentralized systems. However, they shared the characteristic 

that rehabilitation was realized with a constant budget and consequently they performed well concerning 

the required rehabilitation demand. The according attribute that the realization of rehabilitation demand 

‘rehab’ appears quite influential on the final ranking, first because it is important for many stakeholders. 
Second, the performance of ‘rehab’ directly influences other attributes such as the annual costs (‘cost-
cap). Third, the alternatives do not differ strongly concerning some other important attributes such as a 

good chemical state of surface water (‘chem’), or the protection of ground water (‘exfiltrsew’), so they 
contribute little to distinguish the alternatives. Therefore, we encourage a more systematic research on 

the rehabilitation strategy, as exemplified for the water supply system by Scholten et al. (2014). Moreo-

ver, alternatives that did not perform well could be improved by employing other rehabilitation strategies. 

 

Figure SM-25. Rank acceptability indices (bi
r
) when considering all sources of uncertainty (i.e. S4, see 

Tab. 5, main text), for stakeholder SH1 in the Status Quo scenario. y-axis = alternatives A1a–A9; x-axis 

From: Zheng, J., Egger, C., Lienert, J. (2016) A scenario-
based MCDA framework for wastewater infrastructure 
planning under uncertainty. Journal of Environmental 
Management 183 (3): 895-908.


