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Abstract:
Tomales Bay Oceanography and how Climate Change may Alter Bay Environments

By Dr. John Largier, Professor, Coastal Ecology University of California at Davis
Tomales Bay is a “low-inflow estuary” typical of west-coast environments characterized by dry
summers and wind-driven coastal upwelling. In winter, the oceanography of the bay is driven by land
runoff events, whereas in summer the waters in the bay are only flushed infrequently by ocean-driven
intrusion events. Following well-timed upwelling events, a cold near-bottom layer of high-nutrient
ocean water can be observed intruding at least 2/3 of the length of the bay, delivering nutrients and
plankton. The oceanography of Tomales Bay is thus driven by ocean and watershed, in addition to
direct atmospheric effects. Being long and narrow the bay has a marked longitudinal structure, with
many properties varying strongly with distance from the ocean. Stratification is generally weak. In
contrast in the two tributary estuaries that form where Lagunitas and Walker Creeks enter the Bay,
highly stratified waters are observed with strong tidal fluctuations, more characteristic of the drowned -
river valley estuaries on the outer coast. During the long dry summers, a spatial maximum in
phytoplankton is observed in mid-Bay.

Tomales Bay is subject to forcing from three systems, which are all changing in response to global
climate change — watershed, ocean and atmosphere. Observations of rising sea level, increasing
upwelling, decreasing pH, and more intense winter storms in the region are likely to lead to significant
changes in the oceanography and ecology of Tomales Bay. Ongoing monitoring and study of
environmental conditions in Tomales Bay are essential for developing credible projections of ecosystem
change in the Bay.

See video of this presentation at: http://vimeo.com/17062496
Complete proceedings, individual presentations, and links to video from the 2010 State of the Bay
Conference are available on the Tomales Bay Watershed Council’s website:

http://www.tomalesbaywatershed.org/stateofthebay2010.shtml
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Speaker Biography:

Dr. John Largier is Professor of Coastal Oceanography at the University of California Davis (UCD),
resident at Bodega Marine Laboratory. Prior t02004, he was Research Oceanographer at Scripps
Institution of Oceanography. He has also held positions at the University of Cape Town and the
National Research Institute for Oceanology (CSIR) in South Africa. His research, teaching and public
service 1s motivated by contemporary environmental issues and centered on the role of transport in
ocean, bay, nearshore and estuarine waters. His work has addressed transport of plankton, larvae,
contaminants, pathogens, heat, salt, nutrients, dissolved oxygen, and sediment — and he places this work
in the context of issues as diverse as marine reserves, fisheries, mariculture, beach pollution,
wastewater discharge, wildlife health, desalination, river plumes, coastal power plants, kelp forests,
wetlands, marine mining, coastal zone management and impacts of coastal development. At UCD he
heads the 16-person Coastal Oceanography Group. Dr Largier is a leader in developing the field of
“environmental oceanography” through linking traditional oceanographic study to critical
environmental issues. Dr Largier serves on the Science Advisory Team for the California Marine Life
Protection Act (MLPA), the Governing Council for CeNCOOS (Central and Northern California Ocean
Observing System), the Sanctuary Advisory Committee for the Gulf of Farallones, and several other
advisory boards. He is president of the California Estuarine Research Society. In 2002-2004, Dr Largier
played a significant role in advising the state on beach pollution and in the late 1990°s, he played a key
role in developing the knowledge foundation for the new coastal zone management policy in South
Africa. He is an Aldo Leopold Leadership Fellow. Following undergraduate studies in Math and
Physics, he obtained a Ph.D. in Oceanography from the University of Cape Town (South Africa) in
1987.



Tomales Bay Oceanography
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Oceranogr aphyécroce

Tomales Bay oceanography is driven by changes in the
ocean, expressed through water properties and sea level,
and by changes in the watershed, expressed as river flow.



Tomales Bay oceanography =—

AIR-WATER EXCHANGE
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Water properties and currents in Tomales Bay
due to influx of waters and energy from ocean and/or river.
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Mediterranean climate —

Figure <: Rainfall into Lake Lagunitas and Wells Fargo Banlk, 1987 - 1996
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Seasonal upwelling =
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OQcerano0/g.r ap/hlyéciusep a

Tomales Bay structured by distance from the ocean,
and strength of tidal fluxes from ocean.

Two tributary estuaries connected to bay,
exhi bit theilir own ocean
Lagunitas Creek & Wall



Tidal excursion =
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Longitudinal hydrography =—>

SALINITY TEMPERATURE CHLOROPHYLL

(and residence time) (and nitrate availabllity) (Vs nitrate & res-t)
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Longitudinal zones =

Zones defined by distance from cold & salty ocean
- o1, inversely, by distance from head.

estuarine inverse thermal tidal
circulation exchange exchange pumping
X
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Lagunitas Creek Estuary =)

|l ntrusi on and tr alkeopengoast f
estuaries — estuary extends to delta — separate system.
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Oceranog.r aphoy éenisn t

In addition to background tidal fluxes, Tomales Bay subject

to river and ocean i1 nflow ev
runoff and surface pl
upwel l i ng and col d 1In



Variation in ocean waters —
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Thermal intrusion =

Temperature [°C]
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Salinity [psu] Jenny Baldwin thesis

Cold dense water plunges beneath inner bay waters —
forms a distinct bottom layer.
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Temperature °C

Thermal intrusion =

Temperature at moorings 2km, 8km, 12km from mouth

Bottom water at 8km cools on day 717.
Bottom water at 12km cools on day 7109.

Vent i | at i1 orhitrae &ind plankter b ay

Days 712-722 correspond to 12-22 June 1993

712 713 714 715 716 .2 718 719 720 21 722 723

Jenny Baldwin thesis



Salinity

Pulses In river flow =

Salinity at moorings 8km and 12km from mouth
Surface water salinity drops on days 562 and 600
Stratification of 10-15 persists for about a week
Weak stratification persists for months

Initial plume phase & rapid export of runoff.
Persistent partially mixed phase & retention of runoff.

Days 600-700 correspond to 20 Feb-31 May 1993
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Clreimaitres. Checanige é

Ocean conditions fluctuate from year to year and decade
to decade — also watershed (although more direct human
Impacts).

Example: see ecosystem change in San Francisco Bay
due to strong changes in coastal ocean climate.

f



San Francisco Bay =

Between 1999 and
2000 NPGO and

PDO changed sign
... change ts ™¢0o0 I‘e-r
more southerly, and !

more productive
coastal ocean

l hcr ease
benthic populations
IN outer San
Francisco Bay,
representing major

ecosystem change. 1980 1985 1990 1995 2000 2005 1980 1985 1990 1995 2000 2005
Cloern et al 2010
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Observed climate change |1 mpc
ri sing sea | evel
l ncreasing upwelling

war mi ng waters
changing water gcahdephhi st
Il ntensi fying rain event



Rising sea level

=

Tide gage at mouth of SF Bay shows sea level rising

~2mm/ ye

20cm over

ar

State Is planning for 40cm rise by 2050 (~10cm/yr)
and 140cm rise by 2100 (~20cm/yr)
Coast al fl

Maters

-0.30—

-0.45-

-0.60

San Francisco, CA

oOo0dI er os |

ng1

2.01 +/- 021 mmliyr

0.60

0. 45— 1

0.30

0.15

0.00=

0151

average seasonal cycle remowved
Linear trend

S S

— = = alle ——

L — — - - e e e e e e - - = -

O N

dddddddddddd

dddddddddddddddddddddd

P



Enhanced upwelling =

27-year trends to stronger winds and colder water;
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Warming waters =—>

Warming over land.
Warming of surface ocean waters.

Warming of inner bay? Cooling of outer bay?
Ther mal Il ntrusi ons, change
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Changing chemistry =

Ocean acidification — increased CO,, and lower €

..ref er t o Ann Russell s t al

Other changes in concentrations of gases & nutrients,

and changes in exposure to upwelled waters.

Calculated pH Along line 7: May 2007
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Intensifying rain events =

Preci pitation variabil i1ty
Drier dry years & wetter wet years
Heavy precipitation events more common

More dry years with longer low-inflow season ?
More runoff moves rapidly out of bay — plume phase ?
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Clreimatiec Checanmigeé s

Some thoughts on what may happen in Tomales B a y
phytopl ankton bl ooms
b dgean connectivity

del i very & retention of
del i very & retention of
wetl and retreat
salinity I ntrusion

Monitoring & understanding TomalesBay oceanog
mo n sumvieys of stratification and chemistry
depl oymeonng ~#&krh from mouth

... paleo-studies (sediment cores)
S p e experimants (e.g., ocean acidification)
... comparison with historical data (and other bays)
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Climate change scenarios.
Thanks to many collaborators !



