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California Sea Grant, Project R/CZ-164 --- Technical Narrative Report.

Nearshore Temperature Variability.

John Largier
Scripps Institution of Oceanography, UCSD

Near-surface ocean temperatures off California vary from cold upwelling values
as low as 8oC to warm El Nino summer values greater than 23oC (and even
higher values in enclosed bays, over 26oC).  Temperature varies from place to
place, with colder waters typical along upwelling shores north of Pt Conception,
and temperature varies in time, with the seasons and in response to upwelling
events.  This project set out to explore the patterns of temperature variability
across different time and space scales, to explain the causes of these patterns,
and to identify the relationships with key ecological or environmental concerns.
Primarily based on several existing data sets, new data were collected to
describe notable temperature pattern at small alongshore scales associated with
coastal headlands and embayments.

These patterns of temperature variability reflect the movement of water, which
transports water-borne material, and define coastal habitat.  Temperature
correlates with nutrients and pollutants, as well as having direct affects on some
organisms.  Research activities have been diverse and opportunities to link with
a variety of other projects have greatly enhanced the description and
understanding of temperature variability and associated ecological/environmental
pattern that have been obtained through this project.  With the imminent
development of coastal ocean observing systems, this understanding of
temperature data has taken on new importance – and the ability to use affordable
temperature data as an index of ecological and environmental state or process.

Large-scale interannual patterns.

The longest records of temperature along the Californian coast are the daily data
collected via the “shore station” program, which started at Scripps Institution in
1916.  These daily data continue to be collected at 15 stations in California.
Analysis of these data was conducted to better describe seasonal variability and
interannual change.  While large interannual events, such as El Nino, are
observed throughout California, seasonal and higher frequency variability shows
a separation between southern and northern California (Figure 1).  These results
are reported in Largier et al (in prep).  The value of these long-term daily data is
great (Largier et al 2003b) and these data have led to a spin-off proposal to
deploy high-frequency electronic systems at 7 sites in California, each measuring
temperature, salinity and chlorophyll fluorescence every 4 minutes (NEOCO, see
http://www.es.ucsc.edu/~neoco/).



FIGURE 1.  Correlation (r2) between anomalies of daily temperature measured at 21
locations along the US west coast – anomalies defined as difference between observed

temperature and long-term annual harmonic cycle (Largier et al, in prep.).  Note high
correlations between records in the southern Californian Bight (#1-8) and moderate

correlations between records from upwelling sites between Pt Sur and Trinidad (#11-17).

Upwelling, retention, plankton and dispersal.

More detailed patterns of temperature are available from arrays of thermistors
deployed through specific projects.  These studies show the alongshore
coherence of some upwelling events and the onshore or alongshore movement
of specific water masses.  However, there are notably cooler waters associated
with headlands in both northern and southern California, indicating enhanced
upwelling at these sites.  While this has been previously described for strongly
upwelling areas, the recognition of small-scale upwelling sites in southern
California (Roughan et al, 2004) is new and important in understanding coastal
phytoplankton patterns and recirculation of pollutants.  The localized upwelling at
Pt Loma is observed to be a common feature with waters south of the headland
being cooler than north of the headland for much of the summer (Figure 2).  A
plume of high-chlorophyll water can be seen streaming south from the upwelling
site at times.  Further, the tendency for anti-clockwise turning of the southward
current (on passing the end of Pt Loma) results in an onshore flow of waters past



the South Bay Ocean Outfall and the potential for beach contamination.  This is
being explored further through a spin-off project reviewing the outfall for EPA.

FIGURE 2.  Daily average temperatures at several locations along 10m isobath between
La Jolla Cove and the Mexican border.  These thermistors were deployed on this project
and show the persistence of cooler waters south of Pt Loma (red through green lines).

Alongside headlands and enhanced upwelling are embayments and these exhibit
warm waters, a symptom of retention (Graham & Largier 1997).  Retention sites
are observed in all upwelling systems worldwide and this project has resulted in
improved description and understanding of these features (Penven et al 2000;
Castilla et al 2002; Kaplan et al 2003; Wieters et al 2003; Vander Woude et al in
prep; Largier 2004).  In upwelling areas, these embayments play a key role in
phytoplankton blooms and these locations are likely sites for harmful algal
blooms.  Enclosed bays exhibit even warmer waters (Largier et al 1997) and
similarly provide habitat for blooms.  Largier has been active in early meetings on
the GEOHAB program – a global program on the ecology and oceanography of
harmful algal blooms (see http://ioc.unesco.org/hab/GEOHAB.htm).



FIGURE 3.  Satellite-derived sea-surface temperature off the west coast of South Africa
(17 February 2000, AVHRR data).  Warm retention zones are evident in St Helena Bay
(immediately north of Cape Columbine), Table Bay (see Robben Island), and False Bay
(west of Cape Hangklip).  Colder upwelled water is evident streaming equatorward past

these bays.  Data courtesy of Scarla Weeks (Ocean Space).

These warm retention zones are also key features in the dispersal of eggs,
larvae and juveniles (Wing et al 1998) and thus an important factor in the design
of marine protected areas.  This has been explored further in work conducted in
this and related projects (Largier 2003b; Gaines et al 2003; Largier 2004; Clarke
& Largier in prep), showing this importance in upwelling regions worldwide
(Figure 3).  While most attention has been on open embayments, the high
temperatures and strong thermal gradients in enclosed bays poses the question
of to what degree these bays may harbor semi-closed populations  in weakly
flushed back-bay regions (Largier et al 2003a; Roughan et al in prep).
Temperature observations allow quantification of the bay-ocean exchange rates
and thus bay-bay connectivity (Figure 4) – connectivity results are being
prepared for publication.



FIGURE 4.  Preliminary results from a box model of connectivity between Mission Bay
and San Diego Bay, based on field observations of exchange rates within bays, between

bay and ocean, and alongshore.  The right panel shows the probability of passive
dispersal from a specific origin to a specific destination.

Nearshore circulation and fecal contamination.

The nearshore thermistors deployed along the San Diego County shoreline not
only reflect the upwelling effect of Pt Loma (and Pt La Jolla), but they also exhibit
the alongshore variability in internal tidal effects.  These cold-water pulses, which
may reach into the surfzone (Figure 5), have been invoked in the observed
contamination of Huntington Beach.  Work on this and related projects indicates
that this is not a major pathway for fecal bacteria contained in wastewater (Noble
et al 2003; Carrillo et al 2004).  However, these internal waves can play a role in
the nearshore dispersion of land runoff and this effect is being explored further, in
context with other effects due to tides, waves and wind – this work is part of a
Masters thesis prepared by trainee Carolyn Scearce (Scearce 2004) and a
significant unknown in our battle for clean beaches (Largier 2003a).  PI Largier
has been active in a variety of venues, including TV/radio interviews, the state
Clean Beach Task Force, the City of San Diego Clean Water Task Force, and
semi-popular writing (Largier 2003a).
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FIGURE 5.  Observations of cross-shore currents and water temperatures off Huntington
Beach, showing the intrusion of cold sub-surface waters into the surf zone.  Top panel:
near-surface (blue), mid-depth and near-bottom (red) currents at 10m isobath.  Middle
panel: near-surface temperatures at 10m (blue), 7.5m (cyan), 2.5m (yellow) and 0.5m

(red) isobaths.  Bottom panel: near-bottom temperatures on same moorings.  The 0.5m
site is within the surfzone.

Shoaling internal tides are evident throughout southern California and elsewhere
in stratified coastal waters.  Work on this project (e.g., Largier 2002; Kaplan et al
2003) has been early in the study of the importance of these flow patterns in
vertical fluxes of nitrate and enhanced nearshore primary production via either
phytoplankton or macro-algae.  A spin-off of these studies is a thesis being
developed by Drew Lucas to explore these ideas experimentally.



Literature Cited.

Carrillo, L., J. L. Largier, M. Noble, P. Hamilton and L. K. Rosenfeld.  2004.
Polarization of low-frequency currents and the importance of internal
waves in near-coastal waters off Huntington Beach, California.  To be
submitted to Journal of Geophysical Research.

Castilla, J. C., N. A. Lagos, R. Guinez, and J. L. Largier.  2002.  Embayments
and nearshore retention of plankton: the Antofogasta Bay and other
examples, p. 179-203.  In: J. C. Castilla and J. L. Largier (Eds.), The
Oceanography and Ecology of the Nearshore and Bays in Chile,
Ediciones Universidad Católica de Chile, Santiago.

Clarke L.C. and J.L. Largier.  The importance of retention sites in alongshore
dispersal.  In preparation.

Gaines, S. D., B. Gaylord and J. L. Largier.  2003.  Avoiding current oversights in
marine reserve design.  Ecological Applications 13:S32-S46.

Graham, W. M. and J. L. Largier.  1997.  Upwelling shadows as nearshore
retention sites: the example of northern Monterey Bay.  Continental Shelf
Research 17:509-532.

Kaplan, D. M., J. Largier, S. Navarrete, R. Guinez, J. C. Castilla.  2003.  Large
diurnal temperature fluctuations in the nearshore water column.  Estuarine
Coastal and Shelf Science 57:385-398.

Largier, J. L., S. V. Smith and J. T. Hollibaugh.  1997.  Seasonally hypersaline
estuaries in mediterranean-climate regions.  Estuarine Coastal and Shelf
Science 45:789-797.

Largier, J. L.  2002.  Linking oceanography and nearshore ecology: perspectives
and challenges, p. 207-239.  In: J. C. Castilla and J. L. Largier (Eds.), The
Oceanography and Ecology of the Nearshore and Bays in Chile,
Ediciones Universidad Católica de Chile, Santiago.

Largier, J., M. Carter, M. Roughan, D. Sutton, J. Helly, B. Lesh, T. Kacena, P.
Atjai, L. Clarke, A. Lucas, P. Walsh, L. Carrillo.  2003a.  Mission Bay
Contaminant Dispersion Study.  Prepared for City of San Diego, 77pp.

Largier et al.  2003b.  Early results and historical data from NEOCO (Network for
Environmental Observations of the Coastal Ocean).  California and the
World Ocean ‘02, in press.

Largier, J.  2003a.  Beach water pollution: learning what we need to know.
California Coast & Ocean, 19:12-19.

Largier, J. L.  2003b.  Considerations in estimating larval dispersal distances
from oceanographic data.  Ecological Applications 13:S71-S89.

Largier, J. L., 2004.  The importance of retention zones in the dispersal of larvae.
In:  Aquatic Protected Areas, American Fisheries Society, (in press).

Largier, J. L., A. Lucas, M. L. Carter.  Long-term observations of ocean
temperature along the west coast of the United States, 1916-2001.  To be
submitted to Deep Sea Research.

Noble, M., J. Xu, L. Rosenfeld, J. Largier, P. Hamilton, B. Jones, G. Robertson.
2003.  Huntington Beach Shoreline Contamination Investigation, Phase III:
Coastal Circulation and Transport Patterns – The Likelihood of OCSD’s



plume Impacting the Huntington Beach, CA Shoreline.  Executive
Summary, 30pp.  Prepared for Orange County Sanitation District.

Penven, P., C. Roy, A. Colin de Verdiere and J. Largier.  2000.  Simulation of a
coastal jet retention process using a barotropic model.  Oceanologica Acta
23:615-634.

Scearce, C.  2004.  Patterns and transport of fecal indicator bacteria along
Imperial beach shorelines.  MSc thesis, SIO/UCSD, (in preparation).

Roughan, M., E. J. Terrill and J. L. Largier.  2004.  Observations of divergence
and upwelling around Pt Loma, California.  Submitted to Journal of
Geophysical Research.

Roughan, M., J. L. Largier and L. Clarke.  2004.  Tidal dispersion in Mission Bay.
To be submitted to Estuarine Coastal Shelf Science.

Vander Woude, A. J., A. Lucas, R. Kudela and J. Largier.  2004.  Spatial and
temporal variability of phytoplankton over the continental shelf off central
California.  To be submitted to Deep Sea Research.

Wieters, E. A., D. M. Kaplan, S. A. Navarrete, A. Sotomayor, J. Largier, K. J.
Nielsen, F. Veliz.  2003.  Alongshore and temporal variability in chlorophyll
a concentrations in Chilean nearshore waters.  Marine Ecology Progress
Series 249:93-105.

Wing, S. R., L. W. Botsford, S. V. Ralston and J. L. Largier.  1998.
Meroplanktonic distribution and circulation in a coastal retention zone of
the northern California upwelling system.  Limnology and Oceanography
43:1710-1721.




