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Introduction

Determination of the solar flux divergence, or solar transmission, at the 10( N, 95( station, and understanding its variability are our primary EPIC goals.  Data collected during the EPIC field program, and the subsequent analysis, will give necessary results for EPIC scientists addressing upper ocean heat budget, stratification, and air-sea heat exchange questions.  Measurements of surface irradiance, in-water solar flux profiles, optical data profiles, and standard CTD profiles, collection of sea-water for chlorophyll and nutrient analysis, and acquisition of high resolution SeaSeaWiFS ocean color data are all key to achieving our goals.  Additionally, we sample at the 10( N, 95( W EPIC-2001 “station”, and along the 95( W line (“transect”), every 0.5(, from 10( N to 1( S.

Instrumentation

In-water solar flux data are collected with a Satlantic SeaWiFS Profiling Multichannel Radiometer (SPMR).  The instrument measures downwelling spectral irradiance in 11 narrow (nominal 10nm bandwidth) wavebands ranging from the ultraviolet (325nm) to the red (683nm), and upwelling radiance in the same spectral bands.  The SPMR is equipped with Ocean Sensors temperature and conductivity probes, and a WET Labs WETStar chlorophyll fluorometer.  Data is collected at 6 Hz while letting the instrument free-fall to 100 m at a rate of ~1 m s-1.  Coincident measurements of downwelling spectral irradiance incident at the surface are made with an identical Satlantic radiometer mounted on the ship’s mast.

Standard CTD measurements are made using the ships dual sensor Sea-Bird 911plus CTD system with 12 bottle rosette.  A WETLabs chlorophyll fluorometer and 25cm red light transmissometer have been interfaced with the CTD system.

Chlorophyll concentrations are directly determined at sea by filtering seawater collected during CTD casts, extraction in acetone, and measurement with a Turner Designs 10-AU bench fluorometer. 

Nutrient analysis (nitrate, phosphate, silicate) will be performed at the UCSB lab on water samples collected during CTD casts presently stored in the ship’s science freezer. 

Near surface temperature time series data are determined with a set of Sea-Bird SBE-39 temperature sensors attached to the 10( N, 95( W TAO mooring.  One of the sensors also records pressure. 

 High-resolution SeaWiFS ocean color data are downloaded daily using the ship’s TeraScan system.

Data collection activities

Our data collection activities during EPIC began on 11 September with a CTD/Rosette cast (hereafter “CTD”) to 500 m near the 12( N, 95( W TAO buoy.  A second CTD was performed later in the day at 11( N, 95( W.  The 10( N, 95( W EPIC station (hereafter “station”) was reached on 12 September.  Temperature sensors were attached to the top 10 meters of the 10( N, 95( W TAO buoy immediately after arrival.  This was followed by a 500 m CTD cast near the TAO buoy.  Our station operations began on the afternoon of 12 September and lasted through 30 September.  Each day we collected ~8 solar flux profiles to 100 m at various times during daylight hours.  CTD casts to 300 m were performed once a day near local noon (+/- 1 hour).  Water samples from each CTD were collected at 12 depths and analyzed at sea for chlorophyll concentration, and frozen for nutrient analysis back at the UCSB lab.  High-resolution ocean color data from SeaWIFS were also received each day near local noon.  Interruptions in the daily station operations occurred on 23 September due to lightening, and on 28 September for retrieval of temperature sensors from the 10( N, 95( W TAO buoy. 

The transect south along 95( W began with a 500 m CTD at the 10( N TAO mooring on October 1.  CTDs to 500 m were performed every 0.5( to 1(S.  Water samples collected during the CTDs were analyzed for chlorophyll concentration and frozen for future nutrient analysis.  Solar flux profiles have been recorded along with each transect CTD performed during daylight.  High-resolution SeaWiFS data continue to be downloaded each day.

Data listing

In-water solar flux profiles:  Roughly 8 profiles per day while on station (10( N, 95( W) from 12 through 30 September for a total of 135 profiles.  A total of 8 profiles were collected during the 95( W transect (8.5(, 8.0(, 5.5(, 5.0(, 4.5(, 2( N, and at the equator).  All SPMR profiles are to 100 m.  A total of 145 SPMR profiles were recorded including 2 dark casts to be used for calibration.

CTD casts:  One CTD profile per day was taken while on station (10( N, 95( W) from 12 through 30 September (except on 23 September due to bad weather).  The 18 station CTDs were to 300 m.  CTD profiles to 500 m were taken at 12( and 11( N (95( W) on 11 September.  CTD profiles to 500 m were taken near the 10( N, 95( W TAO buoy on arrival (12 September) and at departure (1 October) from station.  CTD profiles were recorded every 0.5( along 95( W from 10( N to 1( S during the transect south.  A total of 44 CTD casts were performed. 

Water sampling (chlorophyll and nutrients):  Water was collected at 300, 200, 160, 140, 120, 100, 80, 60, 40, 20, 10, and 1 m during each 300 m CTD cast performed on station.  Water was collected at 500, 400, 300, 200, 150, 120, 100, 80, 60, 40, 20, and 1 m during each of the 500 m CTD casts.  Chlorophyll measurements were made on samples taken at depths up to 150 m.  Nutrient measurements are to be made on all samples.  

Near-surface temperature:  Sea-Bird temperature sensors were attached to the 10( N, 95( W TAO buoy at 9, 8, 7, 6, 5, and 4 meters.  The instrument at 9 m also measured pressure.  Ocean temperature data were recorded synchronously every 1 minute from 12 to 28 September.

Ocean color (SeaWiFS):   Daily images of high resolution (6 km) ocean color data were downloaded.  Data coverage varies, but generally includes (at least) the region from 5 to 15( N, and 90 to 100( W.

Data Processing:

The SPMR data has undergone preliminary processing only.  This entails applying calibration coefficients and dark offsets to the raw data and saving ascii values.  The calibration coefficients are traceable to a NIST standard lamp.  Dark offsets were determined in the lab prior to the cruise.  The dark offsets are known to be temperature dependent.  As such, we have collected data profiles during the night-time that will be used to determine temperature dependent dark offsets.  Additionally, the SPMR will be post calibrated.  Thus, the data will be reprocessed eventually.  Further processing steps are to include smoothing, removal of data where cloud effects result in a light field that is significantly different at the surface sensor (ship’s bow) than at the profiling unit (ship’s stern), and computation of spectrally integrated solar flux fields, solar transmission, and ocean optical properties. 

The CTD data has undergone preliminary processing only, which includes application of existing calibration coefficients through the Sea-Bird Seasoft software. 

Chlorophyll extractions have been performed following Joint Global Ocean Flux Study (JGOFS) methodology.  The Turner Designs 10-AU bench fluorometer will be post calibrated when it returns to the lab.

The near-surface temperature time-series data have had calibration coefficients applied and are in their final form.

Preliminary results:

The SPMR data requires additional processing before direct radiant heating results can be determined.   Previous studies and our extracted in-vitro chlorophyll data suggest that biologically induced changes in solar transmission will need to be resolved in heat budget work performed with EPIC data.  Chlorophyll values at the sample depths for 9 casts are illustrated in the attached figure.  Chlorophyll values within the mixed layer are near 0.13 mg/m-3 and increase to more than 0.4 mg/m-3 in the deep chlorophyll maximum (~40 m) from 13 through 15 September (blue lines).  Mixed layer chlorophyll values increase to near 0.2 mg/m-3 for the period 22 through 25 September (red lines), and further increase to near 0.33 mg/m-3 from 28 through 30 September (green lines).  This 250% increase in mixed layer chlorophyll concentration will no doubt alter the solar flux at the mixed layer base.  It remains to quantify the biological influence on solar transmission during EPIC, and to understand the mechanisms that force the observed changes in upper-ocean chlorophyll biomass.
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