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Performance measures for the health of the Bay

YIS VYA IEWRPT EBEK Mike Connor K

There is an increasing emphasis in government agencies on developing performance measurements to track the progress of programs.
In environmental management, the general structure for these performance measures is the use of a Pressure-State-Response (PSR)
framework. This framework links pressures on the environment resulting from human activities with changes in the state of the
environment. Programs and policies are then developed in response that reduce or mitigate the pressures or restore the natural resources.
This framework has been adopted by many OECD countries.

In the United States, performance measures are now used for the management by all the ”Estuaries of National Significance” managed
by EPA’s National Estuary Program (NEP). Generally these performance measures can be categorized into fisheries, water quality,
sediment quality, habitat quality, and land use change. While these indicators are used by every one of EPA’s NEPs, the conceptual model
linking the pressure, state, and response can be weak or absent.

This paper investigates the performance measures for San Francisco Bay developed by the San Francisco Estuary Program and the
California Bay Delta Authority. It then evaluates how these performance indicators can be improved by exploring four examples where
PSR performance indicators have failed due to:

Incompatible Goals: flow-based goals to protect salmon and native fish;
Incomplete Knowledge: source reduction requirements for mercury discharges;

Uncertain Causality: mercury contamination in fish; and

Inappropriate Solutions: the evolution of stream toxicity from urban pesticides.
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Performance Measures for
Improving Estuarine
Environmental Management:
Lessons Learned From
San Francisco Bay

Dr. Michael Connor
Executive Director
San Francisco Estuary Institute
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The Quintessential Environmental
Performance Measure
“Bernie Fowler Sneaker Index”
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Ulth Anmual Patznt River Wade, June 1905 Photogragh
Sneaker Index Score: 355 inches
Goal: 5710 63 inches

Bernie Fowler has a Goal

GOAL: Restore
Bernie's sneaker
visibility to chest
depth (57 to 63
53051 | inches).

Iy

Visibility in Feet
w

N

"Although this is
not a scientific
measure, it puts
restoring the River

“Pressure — State — Response” Model
for water quality management

Pressure
Contaminant sources:
soil, water, air and
direct application

Response
Management & policy actions
affecting soil, water, air and
direct application
contaminant sources

50's60's 88 89 90 91 92 93 94 95 96 97 98 992000| ON @ human scale.”
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Sustainable Performance Measures
Link to Conceptual Models

Outline

» Performance Measures Background
— How They Work:Bernie Fowler Index
— Survey of US Estuary Measures

» San Francisco Bay Case Study
— 2 Successful examples
— 4 measures needing improvement

» Lessons Learned
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Estuary Watersheds of
National Estuary Program (NEP)

% Puerto Rico

NEPs Emphasize State Measures
(709 Measures from 28 Estuaries)

Response Pressure

19% 13%

4P

State
68%
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Pressure Indicators

Base Flows

Loadings

Land Use Patterns

Invasive spp.

% NEPs

San Francisco Bay
Case Studies

Wetland Restoration Goals
Dissolved Oxygen

Chlorophyll

* Mercury in Fish

» Riverine flow (salinity excursion)
+ Water & Sediment toxicity

Guidelines
for Future
Baylands

Q International Importance for
Migratory Birds

« Pacific Flyway Migration and
Wintering Area (20% of N. A.
waterfowl in the Central Valley
& SF Bay)

* Western Hemispheric

SHOREEIRD Shorebird Reserve Network

MIGRATION
STOPOVER

LocATIONS
ON
THE

PACIFIC
FLywaAy
LEGEND

'Major Stopover Locations|
100,000 to 1,000,000

Western Waterfowl Migration
Routes

Shorebirds in Spring
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Managed Pond

Adapted from:

e California Environmental Protection Agency
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Performance Measure Evaluation

Conc. Causality Mgmt. Feasible
Model Action Goals
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Current Mercury Loads
and Proposed Allocations

Current Load
Mercury  Allocation
Sources Load Goal
(kglyr) (kglyr)
Central Valley Watershed 440 420
In-Bay Dredged Material Disposal 410 70
Guadalupe River Watershed 100 10
Urban Storm Water Runoff 95 38
Rural Storm Water Runoff 62 62
Direct Atmospheric Deposition 27 27
Wastewater 1414 18
Other Sources 16 16
TOTAL 1,200

Hg Sediment Cores Show
Significant Decreases in Hg Loads

Depth (cm)

7]
:
sof . .
e o] ity B g
-100 == =4
£ iy
-150 I g r a
200 & GB90-6 - ‘> SP90-8: -
Biologically Important MEHg Not Correlated with
Total Sediment Hg
2.50 &)
=]
z 200 y=1.06x+023
% 150
% 1.00
=
0.50
0.00
0.0 0.2 0.4 0.6 0.8 1.0
Hg mg/kg dw
Performance Measure Evaluation
Conc. Causality Mgmt. Feasible
Model Action Goals
WetlandS * * *kk *kk
Oxygen *kk *kk *kk *kk
Chla * ? ? ?
Fish Hg ? ? ? ?
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Since 1956, the
California Water
Projects have routed
~30% of inflow to
irrigation and Southern
California. Can Bay
fisheries be preserved?
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Highly variable freshwater input:

Seasonally and Annually

River inflow (cms)
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Goal to Improve Salmon Runs

Total Valley Escapement
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Performance Measure Evaluation

Conc. Causality Mgmt. Feasible
Model Action Goals
Wetlands * * skskok skskok
Oxygen ok sk kok skskok skskok
Chla * ? ? ?
Fish Hg ? ? ? ?
Flow ok i ok 2?2?
Goals

Water Column Toxicity Declined With Phase-

L 4

Out of OP Pesticides 1996-2001

Diazinon and chlorpyrifos
toxicity has declined at
these 4 sites
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But Sediment Toxicity has Increased

75%
% 50%

N -

0%

% of Amphipod Survival Tests
that were Toxic

1993-1999 2000-2005

Time Period

Performance Measure Evaluation

Conc. Causality Mgmt. Feasible
Model Action Goals
Wetlands * * sk sk
Oxygen sk kokok sk sk
Chla * ? ? ?
Fish Hg ? ? ? ?
Flow Goals ok ** ok ”
Pesticide ** ** 777 ?
Toxicity

San Francisco Summary

+ Successes- Wetlands, DO good
conceptual models, linkages to actions;

» Chlorophyll - causality, incomplete
knowledge, no linkage to Management
actions;

+ Mercury contamination in fish—
expensive source reduction requirements
with incomplete conceptual model;

» Flow-based Goals—Incompatible Goals
to protect both salmon and native fish;

 Pesticides—management solutions
inappropriate.

=

Lessons Learned

e Performance Measures Need to
Link to a Conceptual Model that
Includes Pressure-State-Response

e Performance Measures Depend on
Scientifically-Based Linkages

e Performance Measures Need to
Link to Clearly Articulated Goals.
Multiple Goals Must Be Compatible

&
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Symposiuffi “Tokyo Bay, Now”
Date : Friday, Oct. 22, 2004
Venue : Hall D-7, Tokyo Kokusai Forum
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San Francisco and Tokyo Bay

Bottom Topography of Tokyo Bay

SF Bay/Tokyo Bay Geography

SF Bay Tokyo Bay

Size (A) 1200 km? 1380 km?
Average depth Sm 15m
Volume 6 km? 20 km3
Width at mouth (W) 1.5 km 7-20 km
Enclosure index (A%5/W) 23 1.5-5.7
Ratio Area Watershed/Bay ~100 ~5
Watershed Land Use Ag>Urban Urban>>Ag

Population 8 million 26 million
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SF Bay/Tokyo Bay Oceanography

FNHLBEFMABEmMINVAVNEHYETINOT, 22
?DStratification EVWSDIEFET HICKBIKETT,
EEVWKEBVWKIABRIZCE > TRHRE, TS50V 5K

SF Bay Tokyo Bay RBUDABLOA, 4I5S RIBRERICH L
Climate Mediterranean Monsoon ATYT, TORE. RRBEIANBRVATYT., FEIC
Winterrain | Summer rain RERENBNETT.
Water T (min/max) 8/23°C. 9/26°C.
Tidal Range 1.5m 1m
Stratification Weak Strong
Annual riverine flow 40 km? 11 km?
Residence Time <1 month 1-3 months
Secchi Depth <Im 1-10m

SF Bay/Tokyo Bay Biology

EMERLGRICDVTEVFET LN WAVEHD
ATIA, RIFERLEFE2—45y FDRed tide, &

SF Bay Tokyo Bay BTTH, Connor SANRBNALELEAYLUISOVR
Annual Nitrogen Loads 30 g/m2-d 84 g/m2-d ABRFEFINFTCEREICRBITE>ATT R, &
Winter DIN 50 uM 10-50uM CHONTEHMDESICHRREEZFRAA L Lo6w S
CoT. 100 H, HVEZEAULEEISTDHEVSHR
Mean Chlorophyll 3 mg/m? ~30 mg/m? K BT,
Primary Production 0.3mgC/m?>-d | 0.2-4 mgC/m’-d
Red Tide frequency Was rare, now 100 days
mcereasing
Summer min. DO >5 ppm <2 ppm
Productivity controls Light>N>P Light>P>N
Fisheries Crabs,herring Clams, small fish

etc.
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COFRBORBBEIZDNT Connor SANL &2 &I
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ho ECHN—BMBINI A8 B, 1T ZVEDFH
NEBI->THATITR, 53T EMNLIELIERI S
K3ITHEL2TETHLS5TT,

s U
0 25 500 25 50
Chl a (mg nr3)

30 40 5‘0
Distance Along Transect (km)
Figure 1. Horizontal distributions of near-surface
chlorophyll a along transect 4-D in San Francisco Bay
during (a) 8 September and (d) 14 September 2004. Panels

to the right show vertical distributions of temperature
and Chla at locations B and C on 8 September (b,¢) and

AiSepmmbes (o) Cloern et al. (2005)
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s BEOAICTFCATTFE, WORTHIAKBTT R,
FBEANEOHTEI>TAHLoBLMENSBEL
(2 HHATY,

Red tide in Tokyo Bay. September 1, 2005
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Turbulence Ocean Microstructure
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Global Ecology and Oceanography of
Harmful Algal Blooms
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Vertical distribution of temperature (degrees C), particulate total volume (relative unit), and ractional
cell concentration of dinofl agellates (percent) off the “Pertuis d’Antioche,” France (simplifi ed and
redrawn from Gentien et al., [1995]). In this example, Dinophysis acuminata formed as part of the dinofl
agellate assemblage in the pycnocline, but was absent elsewhere in the water column. The distribution of
this dinofl agellate was associated with an increase in organic aggregates.

Distance (km)

Chlorophyll fl uorescence (relative units) along a transect in Bantry Bay (SW Ireland).

Shaded areas represent values greater than 10. Th e major species in the assemblage
was Karenia mikir j (alias Gyrodir . Redrawn and modifi ed from Raine
et al. (1993)
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Figure 1. Horizontal distributions of near-surface
chlorophyll a along transect 4-D in San Francisco Bay
during (a) 8 September and (d) 14 September 2004. Panels
to the right show vertical distributions of temperature
and Chla at locations B and C on 8 September (b,c) and

diScpmmbe (e Cloern et al. (2005)
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