PROJECT 2a
Title: EOY Satellite-Derived Climatologies: The California Current Large Marine
Ecosystem— Surface Forcing and Response Along Western North America

Principal Investigator: P. Ted Strub

Name and NOAA Office of the Primary Technical Contact: Paul DiGiacomo,
NESDIS/STAR/SOCD

NOAA Collaborator on the Project: Cara Wilson, NOAA/NMFS/ERD; Roy
Mendelssohn,
CoastWatch West Coast Node

CIOSS Research Theme:
Theme 3 — Ocean-Atmosphere Fields and Fluxes

Related NOAA Goal from the NOAA Strategic Plan:
Goal 1 — Ecosystems

Project Description

This project has two areas of focus: Project 2a presents Large-Scale climatological
fields of surface forcing (wind stress) and surface ocean response (sea surface
temperature [SST], sea surface height [SSH] and surface chlorophyll-a pigment
concentrations [CHL]) in the 500 km next to the coast in the area stretching from Baja
California (~23°N) to Canada (~50°N), derived from satellite sensors; and Project 2b
presents Regional-Scale fields describing the Lagrangian connections between different
areas and retention within an area, derived from ocean circulation models that assimilate
satellite fields. Project 2b is restricted to the region along the coasts of Northern
California to Washington, since that is the domain of the circulation model used in these
analyses (the Kurapov model described in Projects 6-7b). The areas chosen for
Lagrangian analysis are also regions of existing or proposed Marine Protected Areas.
Project 2a is described herein; Project 2b is described in the next section.

Satellite Climatology: This report builds on last year’s report in a somewhat cumulative
fashion. Only a single year of funding was provided to this “End-of-Year” (“unfunded”)
project. Those funds were expended but we have continued to support the construction
of select climatologies with funds from other, related NASA projects.

Some delay in this work was caused by a change of personnel, when Roberto Venegas
left OSU to go to Hawaii. Craig Risien took over responsibility for the project and
completed six climatologies during this past year.

Introduction

Climatologies derived from three satellite-based data sets, CHLA, SST and MSLA, and
one model product (10m U and V wind components and scalar averaged wind speed)
were developed for the California Current System (22 - 51°N, 135 - 105°W) for the 11-



year period July 2002 through June 2013. The CHLA and SST climatologies are based on
daily Moderate Resolution Imaging Spectroradiometer (MODIS) Aqua fields. The MSLA
climatology is based on the weekly AVISO, delayed-time, up-to-date fields. The wind
field climatologies are based on 3-hourly, NCEP North American Regional Reanalysis
(NARR) surface fields.

Climatology Fields

MODIS CHLA and SST

The daily, 0.0125° x 0.0125°, MODIS Aqua CHLA (http://coastwatch.pfel.noaa.gov/
infog/MW _chla las.html) and SST (http://coastwatch.pfel.noaa.gov/infog/MW _sstd las.
html) fields were downloaded from the CoastWatch West Coast Regional Node website.

These fields were processed using a successive 3x3, 5x5 and 7x7 grid cell hybrid median
filtering technique (http://www.biomecardio.com/matlab/hmf.html), which was found to
effectively reduce noise in the daily fields while maintaining features and detail in
important regions such as capes and headlands (Figure 1). The resulting median filtered
daily fields were then linearly interpolated to a 0.025° x 0.025° grid and averaged to
create 132 monthly mean fields (July 2002 through June 2013). The seasonal cycles at
each 0.025° x 0.025° grid cell were obtained by fitting each multiyear time series of
monthly means to a nine-parameter regression model consisting of a constant plus four
harmonics (frequencies of N/(1-year), N-1,4; Risien and Chelton, 2008).

Even with the median filtering and the temporal averaging of the daily fields, the highly
inhomogeneous nature of the MODIS fields still resulted in regression coefficients that
were excessively noisy. We therefore applied the same successive 3x3, 5x5 and 7x7
hybrid median filtering technique, described above, to the regression coefficients before
finally spatially smoothing the coefficients using a loess smoother (Schlax et al. 2001)
with filter cutoff wavelengths of 0.25° latitude by 0.25° longitude. The seasonal cycles
were then calculated from the filtered regression coefficients for each 0.025° x 0.025°
grid cell using the mean and all four harmonics (Figures 2 and 3). Figure 4 shows the
fraction of variance explained for SST and CHLA for the nine-parameter regression
model described above.

AVISO MSLA

Global, weekly, 0.25° x 0.25°, composite MSLA fields were downloaded from the
AVISO website (http://www.aviso.oceanobs.com/en/data/products/sea-surface-height-
products/global/). Data were extracted for the domain of interest (22 - 51°N, 135 -
105°W) and the weekly fields were temporally interpolated to create daily mean fields.
These interpolated daily fields were then averaged to create monthly mean fields for the
period July 2002 through June 2013. The seasonal cycles at each 0.25° x 0.25° grid cell
were obtained by using the same nine-parameter regression model described above. No
filters were applied to the regression coefficients. The seasonal cycles were then
calculated from the regression coefficients for each 0.25° x 0.25° grid cell using the first
two harmonics (Figure 5).



NCEP North American Regional Reanalysis 10m Winds

10 meter, u and v wind fields were downloaded from NOAA’s Earth System Research
Laboratory (http://www.esrl.noaa.gov/psd/data/gridded/ data.narr.monolevel.html) for the
period July 2002 through June 2013. Data were extracted for the domain of interest (22 -
51°N, 135 - 105°W) and the 3-hourly fields were averaged to create monthly mean scalar
averaged wind speed, as well as u and v wind fields. The seasonal cycles at each ~ 0.3° x
0.3° grid cell were obtained by using the same nine-parameter regression model
described above. No filters were applied to the regression coefficients. The seasonal
cycles were then calculated from the regression coefficients for each ~ 0.3° x 0.3° grid
cell using the first two harmonics (Figure 6).

Distribution to End Users

The climatology fields described above have been distributed to two end users namely
the Northwest Association of Networked Ocean Observing Systems (NANOOS),
Regional Association of the national Integrated Ocean Observing System (I0OS) in the
Pacific Northwest, and J-SCOPE (JISAO’s Seasonal Coastal Ocean Prediction of the
Ecosystem: http://www.nanoos.org/products/j-scope/), which is a FATE (Fisheries And
The Environment) project, funded by NOAA and presented by NANOOS.

NANOOS has successfully integrated the MODIS CHLA and SST climatology fields
into the NANOOS Visualization System (Risien et al., 2009). These fields are available
at http://nvs.nanoos.org/Explorer under the “Remote Sensing” button (Figures 7 and 8).
JSCOPE is currently working towards integrating the CHLA and SST climatology fields
into their regional, seasonal forecasting effort. The results of this effort will be made
available later this year.

We have spoken with Cara Wilson and Roy Mendelssohn regarding transitioning the
CHLA and SST climatology fields to the West Coast CoastWatch Node. This transition
will take place in May 2014. In addition to transitioning the climatology fields to
CoastWatch, we will transition the regression coefficients as well as the monthly
anomaly fields calculated for the period July 2002 through March 2014.
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Figure 1. The top left panel shows the MODIS daily mean CHLA field for July 30, 2006.
The top middle, top right, and bottom left through right panels show the results of the
successive 3x3, 5x5, 7x7, 9x9 and 11x11 grid cell hybrid median filtering technique
applied to the July 30, 2006 CHLA field. It was determined that the 3x3, 5x5 and 7x7
median filtering technique was sufficient to reduce the noise in daily fields prior to
calculating the monthly mean fields.
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Figure 2. January (left) and July (right) MODIS CHLA climatology fields.
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Figure 3. January (left) and July (right) MODIS SST climatology fields.
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Figure 4. The fraction of variance explained for SST (left) and CHLA (right) for the nine-
parameter regression model described above.
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Figure 5. January (left) and July (right) AVISO MSLA climatology fields.
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Figure 6. January (left) and July (right) NCEP NARR scalar averaged wind speed (color)
and u and v (vectors) climatology fields.
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Figure 7. The NANOOS Visualization System showing the April MODIS CHLA
climatology field.
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Figure 8. The NANOOS Visualization System showing the April MODIS SST
climatology field.



