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LONG-TERM GOALS 

Our long-term goal is to develop an efficient, sustainable, and relocatable observing system suitable for 
a variety of exploratory, process-oriented oceanographic studies and naval applications.  Our basic 
strategy is to combine technology development with significant field experiments which advance our 
understanding of the ocean environment. 

OBJECTIVES 

During the LOCO program our goal is to describe how the structure and evolution of thin layers vary 
regionally and temporally in different physical environments and under different forcing regimes.  
Specifically, we hope to address three significant research questions: 

1.	 How does thin layer structure and occurrence frequency vary in different physical and 

biological environments and under different forcing regimes? 


2.	 What are the typical horizontal spatial scales associated with these layers, and what processes 
control their horizontal extent and spatial structure? 

3.	 On what timescales are layers generated and destroyed, and how is this evolution related to the 
ambient physical environment and atmospheric forcing? 

APPROACH 

Investigation of the relationship between thin layers and their physical context requires simultaneous 
measurement of physical and biological properties at high vertical resolution, over large horizontal 
areas, and for extended periods of time. Most thin layer observations to-date have been collected 
either at fixed sites (using, for example, moored profiling instruments) or during relatively brief, 
spatially-constrained research cruises with ship-based profilers.  Our interpretation of the available 
measurements suggest that sustained regional observations over spatial scales of 5-15 km are critically 
needed to map the horizontal structure of these layers and to connect inferences drawn from the 
illuminating but localized fixed-point measurements with the larger scales of variability associated 
with background physical environment. To this end we are using high-endurance autonomous gliders 
to collect environmental measurements (physical, optical, and acoustic) which emphasize variability 

1 


mailto:dfratantoni@whoi.edu�
https://glider.whoi.edu/�


Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number. 

1. REPORT DATE 
2008 2. REPORT TYPE 

3. DATES COVERED 
  00-00-2008 to 00-00-2008  

4. TITLE AND SUBTITLE 
The Physical Context for Thin Layers in the Coastal Ocean 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
Woods Hole Oceanographic Institution,Physical Oceanography
Department,266 Woods Hole Road,Woods Hole,MA,02543 

8. PERFORMING ORGANIZATION
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release; distribution unlimited 

13. SUPPLEMENTARY NOTES 

14. ABSTRACT 
 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 
Same as

Report (SAR) 

18. NUMBER
OF PAGES 

6 

19a. NAME OF
RESPONSIBLE PERSON 

a. REPORT 
unclassified 

b. ABSTRACT 
unclassified 

c. THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 



 

 
 

 
 

 

 

 
 

 

 

 

 
 

on horizontal scales of a few hundred meters to several kilometers, and vertical scales from centimeters 
to a few meters. 

WORK COMPLETED 

ONR-supported research programs in addition to LOCO have contributed to a large collection of 
glider-based physical and bio-optical measurements in the Monterey Bay region spanning 2003-2006 
(Figure 1, Table 1).  We anticipate using all of this data to support our LOCO research. 

During the first year of the LOCO program we focused on development of new sensor capabilities for 
the WHOI glider fleet. These new capabilities were applied during the first major LOCO field 
experiment in Monterey Bay in 2005.  Eight gliders equipped with physical, bio-optical, and acoustic 
sensors were deployed along seven parallel cross-shore sections in an 12 km x 8 km rectangular 
region adjacent to the primary LOCO moored array.  The glider fleet occupied this study region with 
1.5 km along-shore and better than 0.1 km cross-shore resolution approximately once every 8 hours 
and for almost one month.   

In July 2006 we used a single glider to repeatedly occupy a cross-shore transect to the southwest of the 
main LOCO moored array. This sampling scheme was chosen to be complementary with mesoscale 
profiling operations conducted on the R/V Thompson and offered numerous opportunities for ship-
based vs. glider-based sensor comparisons.  The transect spanned the 25 m to 80 m depth range and 
was approximately 10 km in length. During the course of the deployment (16-26 July) the glider 
collected approximately 2400 multivariate vertical profiles over 210 km of trackline.  The cross-shore 
transect was occupied a total of 20 times. The PI monitored and glider’s performance from onboard 
the R/V Thompson. At-sea interaction with scientists performing in-situ biological sampling, high-
resolution profiling, and acoustic measurements was particularly enlightening.   

RESULTS 

Given the volume and complexity of this dataset we are still finalizing the data processing and quality 
control.  We are able to report that all sensors appear to have worked well and the quality of the data is 
good. The prototype fast CTD and ADCP performed as expected.  

In addition to our standard Seabird CTD, Wet-Labs bb2f, and WHOI PAR sensors (Figure 2),  two 
gliders (one each in 2005 and 2006) carried a prototype fast-response CTD system designed in 
collaboration with Ray Schmitt (WHOI) to measure vertical finestructure in temperature and salinity at 
a resolution of 2-5 cm.  A prototype Nortek 1MHz ADCP with a custom head design was also used in 
2005 and 2006 to collect measurements of shear and acoustic backscatter.  The acoustic backscatter 
data is being analyzed and validated by Malinda Sutor.  All sampling was performed between the 
surface and approximately 3 meters above the bottom. 

Data from the gliders can be used in several ways to support the overall goals of the LOCO program.  
Profile data can be objectively mapped (Figure 3) to delineate physical structures (eddies, fronts, etc.) 
that may be controlling the distribution and scale and biological features.  Individual profiles can also 
be searched for the thin layers. A very coarse first-look at the profile data indicates that numerous thin 
layers were evident in chlorophyll fluorescence during the 2005 experiment, and far fewer layers were 
observed during 2006. Many more layers were found in shallow water in the northeastern sector of the 
Bay than offshore (Figure 4). We are in the process of developing an assessment of the differences in 

2 




 

 
 

 

 

 

 

 

 

 

 
 

 
 

 

 
 
 
 
 

the physical environment (both oceanographic and meteorological) between the 2005 and 2006 field 
seasons. We will also be looking at groupings of layer observations in an attempt to deduce the 
horizontal scales of the layers and their relationship to the background physical oceanography. 

We are currently working on several manuscripts based on the LOCO field data.  A collaborative paper 
with Dr. Malinda Sutor (LSU) on direct, optical, and acoustic measures of zooplankton distribution 
will be submitted to a special volume of Continental Shelf Research.  A paper focusing on glider-based 
measurements of phytoplankton thin layers and their statistics will be submitted to JGR in early 2009.  
This latter article will be co-authored by new MIT/WHOI Joint Program student Nick Woods. 

IMPACT/APPLICATIONS 

The application of high-resolution autonomous sampling such as used in LOCO will improve 
understanding of spatially inhomogeneous, transient ocean phenomena such as planktonic thin layers, 
submesoscale eddies, and fronts as well as the broader physical environment in which they form and 
evolve. Continued development and field application of this technology will result in an enhanced 
capability for streamlined environmental assessment in remote or hostile locations and provide, in an 
efficient and cost-effective manner, high-quality, near-real-time environmental information for 
operational ocean/atmosphere forecasting and model validation.  

PUBLICATIONS 

Fratantoni, D. M. and J. M. Lund, Observations of Thin Phytoplankton Layers in Monterey Bay using 
Gliders, EOS Trans. AGU, 87 (36), Ocean Sci. Meet. Suppl., Abstract OS34M-05. 

Fratantoni, D. M., B. A. Hodges, and J. M. Lund, Autonomous Investigation of Thin Phytoplankton 
Layers and Their Physical Context. Poster presented at AGU Ocean Sciences Meeting, March 2008, 
Orlando, FL. 

Hodges, B. A., Fratantoni, D. M., and J. M. Lund, Propagation of a thin layer through a synthetic 
mooring array. Oral presentation at AGU Ocean Sciences Meeting, March 2008, Orlando, FL. 

Hodges, B. A. and D. M. Fratantoni.  A thin layer of phytoplankton observed in the Philippine Sea 
with a synthetic moored array of autonomous gliders.  (in preparation for submission to Deep-Sea 
Research). 

ENVIRONMENTAL COMPLIANCE 

A portion of this work was performed within the Monterey Bay National Marine Sanctuary.  No harm 
to the environment occurred.  Operations were conducted in accordance with the permit.  All 
equipment was recovered.  
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Figure 1: Map of the Monterey Bay region showing locations of WHOI glider profile measurements 
between 2003-2006. Green squares show the location of the LOCO moored array. 

Table 1: Summary of glider operations in the Monterey Bay region 
during 2003-2006. 
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Figure 2: Time-depth contour plots of various parameters measured by glider we11 
during the 2006 LOCO field program in Monterey Bay.  (Left column) Temperature, 
salinity, potential density, and slab velocity. (Right column) Chlorophyll fluorescence, 

blue (470 nm) and red (700 nm) optical backscatter, and PAR. 
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Figure 4: Objectively-mapped snapshot of the depth of the 25.2 potential density 
surface derived from glider measurements during the 2005 LOCO field program.  

Green squares show the location of the LOCO moored array. 

Figure 3: Map of the Monterey Bay region showing in (blue) Location of all glider profiles 2003-
2006, and (red) those profiles in which a thin layer of chlorophyll fluorescence was detected. 
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