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Abstract

Stratus Ocean Reference Station project was conceived in order to investigate the surface meteorological forcing and ocean-atmosphere coupling under the persistent Stratocumulus cloud deck off the West coast of South America, and to provide long-term time series of these variables for climate studies. The Stratus Ocean Reference Station (ORS Stratus) is supported by the National Oceanic and Atnospheric Administration (NOAA) Climate Observation Program. It is recovered and deployed annually, with cruises that have come between October and December.

During the October-November 2007 cruise of NOAA’s R/V Ronald H. Brown to the ORS Stratus site. The primary objectives of the cruise are: (1) recovery of the Stratus 7 mooring deployed in October 2006, and deployment of a replacement mooring (Stratus 8) nearby; (2) recovering meteorological sensors modules deployed in October 2006 on the tsunami warning buoy operated by the SHOA and deployment of a fresh set of meteorological modules on that buoy; (3) in situ calibration of the sensors on these two moorings; (4) collection of oceanographic and atmospheric data to characterize the upper ocean and lower atmosphere under persistent stratus clouds; (5) deployment of an NDBC DART buoy; (6) deployment of profiling ARGO floats and surface drifters, and (6) collection of underway oceanographic and meteorological data off the coasts of Ecuador and Peru. These activities will be done in four Legs, Leg 1 - from Ecuadorian border to SHOA DART buoy, Leg 2 - from SHOA DART to WHOI buoy, Leg 3 – from WHOI to NDBC buoy, and Leg 4 – from NDBC buoy to 200 nm from Galapagos.

The Preliminary Report of Leg 1 is presented here. This Leg was realized between October 18th to 23rd, 2007. The present document covers the description and interpretation of underway oceanographic and meteorological data along a transect off Ecuador and Peru. Among all the multidisciplinary data set obtained, in the present document we report on current patterns which were analized using (1) time series of surface temperature and salinity, (2) a meridional section of temperature and salinity, (3) meridional and zonal components of currents, (4) time series of meteorology at surface (5) radiosoundings. Time series and sections are based on the different termosalinograph, UCTD (underway conductivity-temperature-depth), ADCP (acoustic doppler current profiler), and meteorological instrumentation.
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Preface

This Preliminary Report of the underway oceanographic and meteorological data off the coasts off Ecuador and Peru realized onboard Ronald H. Brown Cruise RB-07-09 between October 16 to 23, 2007 is presented. This is a coordinated initiative between institutions including IMARPE, INOCAR. The Peruvian Hydrographic Service, the NOAA ESRL, and the Woods Hole Oceanographic Institution in the frame of the Stratus Ocean Reference Station project supported by the NOAA Climate Observation Program. 
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The Stratus Ocean Reference Station project was conceived in order to investigate the surface meteorological forcing and ocean-atmosphere coupling under the persistent Stratocumulus cloud deck off the West coast of South America, and to provide long-term time series of these variables for climate studies. The Stratus Ocean Reference Station is located at 20°S, 85°W, near the climatological maximum in stratus cloud cover.  In addition, collaboration with the Servicio Hydrografico y Oceanografico de la Armada de Chile (SHOA) has led to a partnership for observations at a SHOA tsunmai warning buoy at 20°S, 75°W.  Further, observations made over the years during Stratus Ocean Reference Station cruises form the long-term context for a collaborative process study, VOCALS (VAMOS Ocean Cloud Atmosphere Land Study) planned for October – November 2008.  This year’s cruise was planned as a pilot for VOCALS and to obtain observations along the coasts of Ecuador and Peru during the transit to the SHOA DART buoy.

I. INTRODUCTION

I.A. Background and Purpose

The presence of the stratus deck in the south eastern Pacific (SEP) is the subject of active research in atmospheric and oceanographic science. Its origin and maintenance are still widely debated. A better understanding of the processes responsible for it is desirable not only because the nature of air-sea interactions in this region is of unique interest, but also because uncertainties in the regional radiative budget, altered by the clouds, seems to introduce errors in the South Pacific SST field from current computer models. There is also a desire to monitor in-situ data because of the inability of satellites to effectively cover the area under the stratus deck.

The Ocean Reference Station at 20°S, 85°W under the stratus clouds west of northern Chile is being maintained to provide ongoing, climate-quality records of surface meteorology, of air-sea fluxes of heat, freshwater, and momentum, and of upper ocean temperature, salinity, and velocity variability.

During the October-November 2007 cruise of NOAA’s R/V Ronald H. Brown (RHB) to the Ocean Reference Station (ORS) at 20°S, 85°W ORS Stratus site, an underway set of oceanographic and meteorological observations were realized alongshore off the coasts of Ecuador and Peru, region which climate variability is largely related to remote forcing of equatorial origin [Pizarro et al., 2002] and is modulated by coastal trapped waves along the shelf and by ENSO (El Niño Southern Oscillation) cycle at interannual and seasonal  timescales.

The SEP is characterized by a complex three dimensional Temperature-Salinity structure, with the presence in the upper 2000 m of distinct water masses originating from tropical, equatorial, subtropical, sub-Antarctic, and the Antarctic regions, and a persistent stratus cloud deck. Superimposed to these rather large-scale synoptic characteristics, oceanic mesoscale activity is seen as an important factor for both the transfer of heat and salt from the offshore waters to the surface coastal layers, and for the offshore propagation of physical and biogeochemical properties from the coastal upwelling regions. In addition, the instability of the thermic front, separating coastal upwelling regions and open-ocean waters, generates mesoscale features such as squirts, filaments or eddies [Sánchez and Relvas, 2001] which have been observed from both hydrographic data and satellite measurements [Hormazabal et al., 2004; Chaigneau and Pizarro, 2005; Chaigneau et al., 2007].

I.B. 2007 Context

The RHB cruise track for this reporting period is shown in Fig. Ib.1.  This cruise is performed under moderate to strong La Niña conditions, which has evolved in the western coasts of South America since April 2007 (IMARPE, 2007a).  From September to mid October 2007, negative SST anomalies as high as -2°C and -2,4°C were observed in the southern coasts off Ecuador and Peru, respectively. These conditions are associated with the intensification of the Peru Coastal Current (PCC) (IMARPE, 2007b) due to the presence of persistent winds from the south with anomalies of +1.0 ms-1 (BAC, 2007) that favored the development of upwelling alongshore Peru (ENFEN, 2007). However, with a difference of a few days, the RV Jose Olaya (IMARPE, 2007b) reported a displacement of equatorial waters to 6°S, meanwhile RHB ADCP data showed at 120 nm off 5° and 6°S, a prevailing eastward flow to the coasts off Peru that can be associated to the Peru-Chile Counter Current (PCCC). The rapid changes in northern Peru and the onshore transport of central Pacific water mass are normal seasonality, however delayed in time this year. 

The Stratus Cruise coincides in time with the regional initiative Joint Regional Oceanographic Research Cruise in the South East Pacific which is being executed from the coasts off Colombia to Chile since 1998. These two research efforts provide additional sampling opportunities and mutual benefits for the institutions involved, resulting in a more complete interpretation of the information collected. The present document benefits from this cooperation.
The Chief Scientist of Stratus Cruise is Dr. Robert Weller, who is affiliated with the Woods Hole Oceanographic Institution (WHOI). There are 15 people in the science party (see table below).

Table I.A.1.  Stratus 2007 Science Party

	
	Name
	Sex
	Affiliation
	Nationality

	1
	Robert Weller
	M
	WHOI
	USA

	2
	Jeff Lord
	M
	WHOI
	USA

	3
	Nan Galbraith
	F
	WHOI
	USA

	4
	Sean Whelan
	M
	WHOI
	USA

	5
	Lisan Yu
	F
	WHOI
	USA

	6
	Megan O’ Leary
	F
	NOAA TASS
	USA

	7
	Chris Fairall
	M
	NOAA ESRL
	USA

	8
	Simon De Szoeke
	M
	NOAA ESRL
	USA

	9
	Sergio Pezoa
	M
	NOAA ESRL
	USA

	10
	Edward Bradley
	M
	CSIRO
	Australia

	11
	James Coleman
	M
	NDBC/SAIC
	USA

	12
	Russel Spiers
	M
	NDBC/SAIC
	USA

	13
	Luis Morales
	M
	INOCAR
	Ecuador

	14
	Carmen Grados
	F
	IMARPE
	Peru

	15
	Jorge Piana
	M
	DHN
	Peru
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Figure I.B.1: Ship track of Stratus Cruise-Leg 1(dates are indicated by colors) with    UCTD sampling locations (black dots) superimposed.

II.  DATA AND METHODS

The RHB supports a large suite of sensors for meteorological and oceanographic data acquisition most of them integrated into the Scientific Computing System (SCS). A set of meteorological and oceanographic observations were collected along the ship track.

Underway temperature and salinity at surface was measured with a Seabird Electronics SBE-21 thermosalinograph. Temperature and Salinity at depths up to 250 m were collected hourly with an Underway Profiling System Oceanscience 10-400 UCTD.

Vertical profiles of ocean currents at depths up to 800 m were measured with a hull-mounted 75KHz "Ocean Surveyor" ADCP. The collected data is initially processed by the University of Hawaii Data Acquisition System (UHDAS) in real time and updated every hour into a Matlab file in a directory that is accessible for the scientific party on board of the ship. For this preliminary report a subset of data has been obtained from 1˚N to 18˚S and from 40 m to 260 m, spikes were removed and the data was averaged every 4 available positions.

Temperature, radiometry, pressure, rain and wind were measured according to Bradley and Fairall (2007). A Vaisala radiosonde RS92 - SGP was used.
The ESRL observations include air-sea fluxes/near-surface bulk meteorology, a cloud ceilometer, a Doppler radar wind profiler, a scanning Doppler C-band precipitation radar, a microwave radiometer for column water vapor/liquid, and aerosols in the 0.1 to 6 micrometer range.  Rawinsonde launches began at 1200 GMT on Oct. 18 and continued every 6 hours until reaching the buoy location at 20 S 75 W (Oct. 22) when the frequency was increased to every 4 hours.
III. RESULTS

III.A.
Ocean Temperature and Salinity Characteristics

The Sea Surface Temperature (SST, °C) and Sea Surface Salinity (SSS, psu) time series (Figure. III.A.1) shows SST and SSS values fluctuating from 27.2 to 15.1°C and from 28.6 to 35.1 psu, respectively. According to IMARPE (2007), the lesser temperature values observed along the coast during the Stratus cruise are related to intensification of southeasterly winds (04 - 15 ms-1) along the Peruvian coasts at the end of September and beginning of October 2007 that enhanced the coastal upwelling especially off southern Peru and between 04°S and 5°S where moderate to strong temperature negative anomalies (-3°C) were observed. These conditions favored the displacement of coastal waters to the NW, where the equatorial cold tongue is developed, exhibiting coldest temperatures in September-October (Fiedler and Talley, 2006).

Coinciding with the classification of but not the magnitude of Fiedler and Talley (2006), there were found four types of water masses off Ecuador and Peru. These water masses were defined by the patterns of surface temperature and salinity during October 2007 and are Tropical Surface Water (TSW: T >25°, S< 33.7 ups) north of the equator, Equatorial Surface Water (ESW, T<25°, 33.74>S<34.8 ups) along the equator. Along the coast were found salinities between 34.8 and 35.05 psu corresponding to Cold Coastal Waters (CCW, 20°<T>14°C, 34.8>S<35.1).  These water masses are separated by the equatorial front located nearly on the equator to the east of the Galapagos and 2°-3° north of the equator to the west. Subtropical Surface Water masses (STSW, T>25°C, S>35.1 psu) occupied the central and southern areas from 7°S to the south.
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Figure III.A.1. Time Series of Sea Surface Temperature (°C) in red color and Sea Surface Salinity (PSU) in blue color along a transect parallel to Ecuador and Peru

III.B.
Ocean Vertical Structure
The structure of temperature and salinity are presented in Figures III B1-B2 for a transect extending from approximately 40 nm (off Ecuador) to 120 nm (off Peru) and as deep as 200 m. Temperature structure (Figure III.B.1) showed the presence of warm surface waters (>24°C) in the northern boundary of Ecuador, decreasing southward. The equatorial front occurred from 0°30’S to 3°30’S, with values of 24°C to 16°C. Salinity showed a similar pattern as of temperature, with minimum values in the north (< 33.0 psu) and maximum in the south (35.10 psu).

The structure of the near-surface water column to the north of 4°S is characterized by its shallow and strong thermocline coincident with the strong halocline beneath the warm, low salinity TSW and ESW.

Four types of water masses on the surface were identified. TSW between 1°N to 1°S were above the first 30 meters of depth. The ESW occurred between 2°S and 3°S, becoming deeper towards the north of the 1°30’S under the TSW. South of the equator, South Pacific Subtropical Surface Water (STSW) is subducted into the thermocline and forms a salinity maximum centered at 60 m depth (Figure III.B.2), to the south. The CCW were distributed from 12°S to the south due to intensification of the PCC. Above 200 m, in central and southern Peru from 9°S to 17°S prevails STSW, according to the seasonality. Centered at 200 meters of depth, the Equatorial Subsurface water mass (ESSW) was observed throughout the entire extension of the section with a thickness of approximately 100-150 meters. The Subantarctic water mass (SAW), which has characteristic values 12° to 14°C and <34.8 psu of salinity, in October 2007 appears represented by a minimum of subsurface salinity between 20-100 m at 17°S.

Upper Ocean temperature-salinity measured by Stratus cruise
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Figure III.B.1.
Temperature distribution in the upper 200 meters

composed from UCTD measurements along the ship track.
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Figure III.B.2.
Salinity distribution in the upper 200 meters

composed from UCTD measurements along the ship track.

III.C.
Current Measurements
Figure. III.C.1 shows the distribution of currents for 50 m depth along the track, the graphic was obtained averaging the information of the first two available depths (40 m and 60 m).

The pattern found shows that currents are mainly southward.

Figure. III.C.2. shows the distribution in depth of the zonal (u, ms-1) current component, values are mainly eastward, with maximum values of +0.3 ms-1 at 9° and 11°S associated to relative warmer waters than surroundings areas as in Figure III.B.1. A similar pattern on Figure. III.C.1. can be found on Figure. III.C.3, where the values are mainly southward. Some northward patches of less than 0.1 m s-1  where found, a  maximum value of 0.25 m s-1 at 16˚ S.
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Figure. III.C.1 Current velocity at 40 m and 100 m depth superimposed on altimetry from the CCAR website..
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Figure III.C.2  Zonal velocity Component (u, cms-1) vs depth along the track

[image: image17.emf]
Figure III.C.3  Meridional Velocity  Component (v, cms-1) vs depth along the track

III.D.
Ship meteorology
The ‘coast hugging’ nature of this year’s transect south is new this year and it provides a unique snapshot of the spatial structure of the atmosphere off S. America.  Fig. III.C.4 shows the behavior of the near-surface meteorological variables on the transect.  Air-sea temperature difference remained small throughout the upwelling region (S of 5 S), sensible heat flux is near zero and latent heat flux fairly featureless at about 50 W/m^2 (significantly lower than typical values at the WHOI buoy this time of year).  Fig. III.C.5 shows a time-height cross section of cloud base height for the same period.  The steady increase in cloud base height corresponds to the decrease in near-surface relative humidity (not shown).  This also tracks an increase in boundary layer height (see below) implying a roughly constant cloud thickness.  
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Figure III.C.4.  Near-surface meteorological variables as a function of latitude: top panel: wind speed; middle panel: SST (black) and air temperature (red); bottom panel: sensible heat flux (black) and latent heat flux (red).
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Figure III.C.5.  Time-height cross section of cloud base height from the ceilometer.  Year day 291.0 corresponds to 2 N and 296.0 corresponds to  20 S.
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Figure III.C.6.  Time series of aerosol concentrations from Oct 17 through October 22.  
  Upper panel: Total concentration for sizes from 0.1 to 5 micrometer.  Lower panel: size resolved concentrations.  Year day 290.0 corresponds to 5 N and 296.0 corresponds to 20 S.
Data from the aerosol system are shown in Fig. II.C.6.  In this case we show data from the transect from the Gulf of Panama to 20 S (290 to end of 295).  Note the lowest aerosol concentrations in the precipitation region of the Gulf of Panama; the high values off N. Peru (about 300/cm^3) are typical of larger values usually found at the WHOI buoy site.  A general trend appears in the transect south with the number of smaller particles increasing after a minimum on JD 293 but the number of larger particles is decreasing (possibly because of the lower wind speeds the last few days).  However, on our arrival at the DART buoy site, aerosol concentrations dropped abruptly.  This drop is associated with a ‘pocket of open cells’ (POC) cloud spatial structure that was visible on satellite images.  

III.E.
Radiosonde profiles
Fig. III.C.4 Displays a longitude-height cross section from the rawinsonde data.  The deepening of the boundary, intensification of the lower tropospheric thermal gradient, and rapid drying of the troposphere as we go away from the equator are striking.  At 20 S relative humidity above the boundary layer is only a few percent.  The strong jets in the lower troposphere (southeasterly at 8 S and northwesterly at 15 S) are thought to be transient features.
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Figure III.C.7.  Longitude-height cross section from the rawinsonde data: top panel: temperature; second panel: relative humidity; third panel: zonal wind component; bottom panel: meridional wind component.
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