OC 391 Cruise Report

Draft June 27, 2003

Summary

Hydrodynamic transport is a key factor regulating the occurrence of harmful algal blooms along the Maine coastal margin.  Fluctuations in the Maine Coastal Current (MCC) influence the abundance and distribution of the toxic dinoflagellate Alexandrium fundyense, and thereby play a role in outbreaks of Paralytic Shellfish Poisoning (PSP).  The central objective of this cruise was to obtain three synoptic snapshots of A. fundyense in a regional domain from Casco Bay to Penobscot Bay out 100km from shore (Figure 1).  This region is of particular interest because the MCC is prone to significant changes in its configuration due to forcing on time scales ranging from synoptic to seasonal to interannual.  The mean seasonal path of the MCC in March/April tends to veer offshore under the influence of the Jordan Basin Gyre (Figure 1, left panel).  In May/June, the MCC tends to remain closer to the coast as the Jordan Basin Gyre expands under seasonal forcing (Figure 1, right panel; also see Lynch et al. [1997]).  These two different states of the MCC have important implications with respect to hydrodynamic connectivity (and associated transport of A. fundyense populations) between eastern and western Maine coastal margins.
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	Figure 1: Station locations for primary transects 1-6 (red dots) and auxiliary transects a-d (blue dots).  Bathymetry (in meters) is indicated by color shading.  Vectors indicate depth-averaged velocity  for March-April (left) and May-June (right) from the Dartmouth climatology for the region (see Lynch et al. (1996) and http://www-nml.dartmouth.edu/circmods/gom.html.)


The cruise plan was to obtain three snapshots of the survey grid.  There were two options for execution: (1) upstream – downstream - upstream, or (2) downstream – upstream - downstream.  The overall objective of following patches would tend to favor the latter option as downstream orientation maximizes sampling of the same water mass.  However, this objective cannot be accomplished until patches of Alexandrium are found.  Thus the overriding objective of the first survey is to locate patches.  This favors sampling in the upstream direction, with additional transects to be added toward the east as necessary.  

Niskin bottle samples were taken at 1m (3 bottles), 5m, 10m, 15m, 20m, 30m, 50m, 100m, 150m, and 200m.  Salinity samples to be collected at selected stations (inner shelf, mid shelf, and outer shelf) on each transect of Surveys 1 and 3 as outlined in stationum.xls (plan devised by Ruoying He).  

Survey 1 (Figure 2, upper panels) was completed during a period of mild upwelling-favorable winds (Figure 3).  Underway measurements of surface salinity reveal a plume of freshwater near the coast, and a tongue of fresh water extending offshore almost all the way out to the end of Transect 4.  The offshore tongue of fresh water is geographically coincident with the western edge of a cold temperature anomaly emanating from the eastern boundary of the domain, presumably associated with the MCC. Surface cell counts (from microscopy on live samples) generally corresponded to the surface salinity field, with higher abundances in the near-coastal strip of fresh water, as well as the offshore tongue.

A strong wind event occurred near the beginning of Survey 2.  Winds in excess of 40 knots were observed on the ship, beginning from the northeast and subsequently shifting to northwest.  The signature of this wind event is clearly visible in the buoy record (Figure 3).  Wind-driven vertical mixing tended to reduce the near-surface salinity anomaly (Figure 2).  In addition, the generally downwelling-favorable winds during this period shifted the offshore tongue of fresh water and MCC cold temperature anomaly toward the west, such that it was centered on Transect 3 during Survey 2 (it was previously centered on Transect 4 during Survey 1).  Cell concentrations in the offshore tongue generally declined in Survey 2, as to be expected from dilution due to increased vertical mixing.  A westward shift in near-surface salinity anomaly is also evident at the coast.  Surface cell concentrations in the freshest waters near the inshore stations of Transects 1 and 2 appeared to double, which may be a result of accumulation due to upward swimming in the presence of coastal downwelling.  Note that auxiliary transects A and B were occupied during Survey 2 in order to determine whether or not the coastal strip of cells continued into Casco Bay.  Observations suggest that the near-coastal band of cells does indeed continue further to the west.

Survey 3 was begun during upwelling-favorable winds, and then completed with two days of downwelling-favorable winds (Figure 3).  The amplitude of the offshore tongue continued to subside, both in terms of salinity anomaly and cell abundance (Figure 2).  As expected with downwelling winds, the near-coastal salinity anomaly appears to have propagated further to the west.

Early completion of the third survey allowed for additional stations on Transect 2 (fourth occupation) and Transect 1 (third occupation).  Referred to as Survey 4 (partial), these observations reveal persistence of the features observed the day before on the previous survey.
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	Figure 2: Underway salinity (left) and temperature (right).   Stations where Alexandrium was found are indicated by open circles, with numerals reporting the concentration in cells per liter.  Stations where Alexandrium was not found are shown as crosses.
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	Figure 3: Wind record from GoMOOS Buoy E.


Satellite Data

Satellite data were sent to the ship via email when images of suitable quality were available.  Three sources of sea surface temperature imagery were examined on a daily basis by the shore-based team of Drs. Laurence Anderson and Xingwen Li: Rutgers University, http://marine.rutgers.edu/mrs/sat.data2.html; NOAA Coastwatch, http://narwhal.gso.uri.edu/cwatch.html; and the Gulf of Maine Ocean Observing System (GoMOOS), http://www.gomoos.org/.  In addition, real time ocean color imagery was obtained from NASA’s SeaWiFS instrument (http://seawifs.gsfc.nasa.gov/SEAWIFS.html).  The complete archive of satellite images used during sampling operations is included in Appendix 1.

Drifters (J. Manning)

The drifter inventory included six satellite-tracked drifters: 3 ARGOS (3-hourly fixes) and 3 GPS (1/2 hourly fixes).  Also included in the drifter program are 12 surface drifters deployed inshore of the 50m isobath in association with Manning’s EMOLT (Environmental Monitoring of Lobster Traps) project.  The six satellite-tracked drifters were deployed along the easternmost transect at the conclusion of Survey 1 (Figure 4).  A surface drifter was deployed at the innermost location (in association with a line of 6 EMOLT drifters inshore), with the remaining five drifters drogued at 17.5m.  The drifter array was intended to resolve the cross-isobath structure of the coastal current, while favoring the inshore portion where the highest concentrations of Alexandrium reside.  As expected, the drifters reveal a generally southwestward flow of approximately 15-20 cm s-1, although the individual trajectories are quite complex and cross over each other in several instances.  Details of the trajectories are discussed below in the context of evaluating model predictions.

The drifters were left at sea to continue measuring currents in the coming months. Automated updates to their positions are posted daily at http://www.nefsc.noaa.gov/~jmanning/me/merhab.html.  Our plan is to recover them with opportunistic use of fishing boats as they make their way southwest.
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	Figure 4:  The first five days of drifter tracks overlayed on an SST image for June 3 (image three days after drifter deployment on May 31).  Satellite data were provided in real time via GoMOOS.


Radium Isotopes as Tracers of Coastal Mixing Rates (M.Charette and M. Allen)

The large-scale input of radium isotopes along the coastline is akin to a purposeful tracer release, with the short-lived radium isotopes providing the rate of dispersion based on their decay as they mix away from the source. Naturally-occurring radium isotopes (226Ra–t1/2  = 1600 years, 228Ra–t1/2  = 5.75 years, 224Ra–t1/2  = 3.66 days, and 223Ra–t1/2  = 11.4 days) have been used for decades to quantify lateral mixing processes between shelf waters and the open ocean (Moore et al., 1980; Key et al., 1985; Moore et al., 1995). Until recently, however, radium analyses were primarily restricted to the two longer-lived Ra isotopes, 226Ra and 228Ra, which limited the utility of this tracer quartet to time-scales of months to years. A new technique for measuring the short-lived Ra isotopes, 224Ra and 223Ra, has greatly expanded the power of these tracers to include short-term mixing processes on time-scales of days to weeks (Moore and Arnold, 1996; Moore, 2000a,b).  Results from the first survey are shown in Figure 5 (left panels).  Generally speaking, the radium isotope distributions resemble the salinity patterns (Figure 2), consistent with the notion of a coastal source.  Preliminary calculations suggest a lateral diffusivity of 300 m2 s-1, somewhat higher than has been measured in other coastal environments.  Radon gas was also measured during the cruise, starting with the second survey (Figure 5, right panel).  Its distribution is also reminiscent of the salinity field, with the offshore tongue of low salinity water clearly visible on Transect 3.
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	Figure 5: Surface concentrations of two isotopes of Radium measured during Survey 1 (left panels), and 222-Radon measured during survey 2 (right panel).


Nutrients (M. Charette and C. Herbold)

Nutrient samples were taken at all bottle depths during Surveys 1 and 3, and in the upper 30m during Survey 2.  Results from the Survey 1 indicate nitrate depletion in surface waters in the western portion of the domain, with high concentrations of nitrate, phosphate, and silicate present in the eastern portion of the domain in association with the MCC (Figure 6).  Also noteworthy are the high concentrations of silicate present in the outflow region of the Kennebec/Androscoggin rivers.  Vertical sections of nutrients along each of the six transects in Survey 1 are shown in Figure 7.  Nitrate to phosphate ratios for the entire Survey 1 data set (not shown) are consistent with a nitrogen limited system, with phosphorus present in samples with nitrate concentrations below the limit of detection.  Nitrate to silicate ratios (not shown) indicate nitrogen limitation of diatom production, as would be expected in the relatively silicate-rich waters in a coastal margin heavily influenced by riverine discharge.
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	Figure 6: Surface nutrient concentrations observed during Survey 1.
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	Figure 7: Nutrient sections for transects 1-6 of Survey 1.  Note that the coastline is on the right in Sections 1, 3, and 5; it is on the left in Sections 2, 4, and 6.


Modeling (K. Smith, C. Stock, V. Kosnyrev, D. McGillicuddy)

Real-time nowcasts and forecasts of regional hydrodynamics were constructed at sea using the Dartmouth Numerical Methods Laboratory finite element model.  Shipboard ADCP data and velocity observations from GoMOOS moorings B, E, and I were assimilated, with atmospheric forcing provided from a combination of buoy observations and NOAA weather radio forecasts.  Operational products included surface velocity maps posted in the ship’s main laboratory (see examples below), in addition to a suite of standard horizontal maps and vertical sections (“Defplots”) made available via web interface on one of the main lab computers (now available at http://science.whoi.edu/users/mcgillic/merhab/oc391.html).  Quantitative evaluation of model skill was evaluated by inserting numerical drifters into the model solution at each of the release points, and comparing simulated and observed trajectories.  In the most skillful at-sea simulation (OC391_FC22; see Run Table for details), simulated drifters separate from the real drifters at a rate of 3.4 km d-1 (Figure 8).  This level of error is similar to that achieved by a real-time forecasting effort undertaken during the U.S. Globec Georges Bank Study in 1999 (Lynch et al., 2001), and is close to the observational error associated with the measurements assimilated into the model (shipboard and moored ADCP).
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	Figure 8: Comparison of simulated (cyan and yellow) and observed (red) drifters for the most skillful at-sea simulation (OC391_FC22).  Two simulated trajectories are shown: the best prior estimate (yellow) and the posterior estimate resulting from assimilation of shipboard and moored ADCP data.


Narrative

5/28/03

Departure at 1015; through Quick’s Hole, Buzzards Bay, and out the Cape Cod Canal.  Test stations T1, T2, and T3 occupied for training.  ADCP returns are poor at 11kt cruise.  Ship slowed to 10kt and the returns are near 100%.

A map of station identifiers for the six primary transect lines was devised to facilitate communication with the bridge (Figure 0528.1).
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	Figure 0528.1: Station identifiers for the six primary transects.  Depth of each station is indicated to the left of each station mark.


Pre-cruise Modeling Objectives

1) Shrink-wrap new forecast system FCAST_2.0

2) Identify and verify benchmark result (CAS, KS, DJM)

3) Benchmark Globec 99 result (DJM)

4) Synthesize pre-cruise inversions

Data: ADCP, mooring

Software: FCAST_1.1B1 vs. FCAST_2.0

BOF BC: elevation vs. v.nhat

Prior: new vs. old

Parameters: WLS weights, time step

5) Begin RT forecasts based on moored data

Pre-Cruise Run Table

	
	FCAST rev
	Data
	BoF BC
	Prior
	WLS weights
	Dt
	RMS(Obs, Prior, 1st iter)
	Remarks

	CAS1
	1.1B1
	ADCP
	elev
	old
	
	21.8
	12.33 / 7.69 / 7.51
	

	CAS2
	1.1B1
	Mooring
	elev
	old
	
	44
	15.06 / 9.12 / 7.65
	

	KS1
	2.0β
	ADCP
	v.nhat
	new
	
	
	12.33 / 7.44 / 6.38
	

	CAS3
	2.0β
	ADCP
	v.nhat
	New
	
	
	12.33 / 7.11
	Wind problem

	KS2
	2.0β
	ADCP
	v.nhat
	STW/JA
	
	
	
	

	Bench-CAS
	2.0
	ADCP
	v.nhat
	STW/JA
	
	
	12.33 / 7.05 / 6.29 / 6.19
	

	Bench- KS
	2.0
	ADCP
	v.nhat
	STW/JA
	
	
	12.33 / 
	


Run CAS1 was the first attempt to assimilate ADCP data from the August 1998 ECOHAB large-scale survey (OC 328)—a hindcasting exercise that serves well as a  “practice run” for the RT modeling effort (Figure 0528.2).  Shipboard ADCP measurements indicate RMS velocities of 12.33 cm s-1.   Approximately 40% of the velocity variance can be explained by climatological winds, tides, and baroclinic flow that comprise the best prior estimate (BPE), such that the RMS difference between the observations and the BPE is 7.69 cm s-1.  One iteration of the data-assimilative loop (without the Casco module used for wind-band inversion) results in modest reduction of the residual velocity variance, bringing the RMS error down to 7.51 cm s-1.  The relative improvement of velocity predictions resulting from data assimilation in this case is not as large as has been achieved in other contexts (e.g. Lynch et al. 1998).
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	Figure 0528.2:  Left: ADCP velocity observations from R/V Oceanus cruise 328 in August 1998.  Middle: vector differences between observed velocity and predictions based on the best prior estimate.  Right: vector differences between observed velocity and predictions after one iteration of the data assimilation procedure.


Run CAS2 was the first attempt to assimilate GoMOOS mooring data.  The inversion showed more skill than in case CAS1, with the error dropping from 9.12 cm s-1 in the BPE to 7.65 cm s-1 (Table 1).  

The new forecast system, FCAST_2.0, includes a number of improvements over the FCAST_1.1B1 system used in the 1999 Globec real-time modeling work:

a) Forward model upgraded from Quoddy4 to Quoddy5


b) Implementation of a new boundary condition capability in Truxton: v.nhat


c) Output of daily subtidal velocity fields based on 2 M2 tidal cycles (.sbt files)

Various software issues were worked out in runs KS1, CAS3, and KS2 in what is referred to in retrospect as version 2.0β.  Run Bench_CAS is the benchmark run for FCAST_2.0.  Results are similar to, but not exactly the same as run KS1 with the beta version of the software.  Differences are attributable to roundoff error differences between computers, so we consider this to be successful benchmarking of codes with version 2.0.

We are now poised for assimilation of new data, to commence on May 29.

5/29/03

Transect 1 completed at 1000; the 12 stations comprising this transect were completed in 9 hours.  Roughly speaking, this amounts to 2.5 transects per day, which is approximately what we anticipated.

Cell counts detected Alexandrium in the innermost three stations.  Highest concentration was 930 cells/l at the most inshore station (12).  This brought up the question as to whether or not we should occupy alternate sections A and B inside Casco Bay to see if the high cell concentrations persist “around the corner.”  Although this would be an interesting thing to do, several considerations would argue against doing so.  To begin with, the main objective of the cruise is to examine the relationship between hydrodynamic forcing and Alexandrium populations.  Our best chance of success for doing so is in the context of the regional-scale fluctuations in the coastal current.  Our ability to resolve the detailed near-shore hydrodynamics inside Casco Bay with observations and models is rather limited at this point.  Moreover, we hope to finish the first survey prior to the arrival of a wind event forecasted for this weekend.  Therefore the decision made by McGillicuddy and Keafer was to continue the survey as planned.

A mishap with the CTD occurred at station 24 (identifier 2c).  A problem with the Knudsen sounder caused ambiguity in depth readings, causing the operator to think the water was 20m deeper than it really was.  The CTD package hit the mud.  Package was brought on deck, thoroughly cleaned, and appears to be operating normally.  Salt bottles were collected at the following station (25), deviating slightly from the original salt bottle plan.  Settings on the Knudsen were adjusted, and the machine is producing more reliable depth information.

Modeling Activity:

Specification of OC391_FC01

Summary of available initial conditions:


STW: overmixed


NLLC0: interpolated diagnostic


NLLC2: 2 tidal cycle adjustment


NLLC4: 4 tidal cycle adjustment

NLLC4 was determined to be the most suitable initial condition for our forecast runs.
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Year day
139
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149

May

19
20
21
22
23
24
25
26
27
28
29

2.07 day ramp-up from cold start

1 day burn in prior to saving hot start

1 tidal cycle ramp-up of perturbation BCs

3 day burn in of perturbation BCs

assimilate GoMOOS moorings B,E,I for 4 days

forecast for three days

The velocity record at mooring I is dominated by tidal motions (Figure 0529.1, lower panels).  The inversion produces minor adjustments in phase and amplitude that improve the fit.  Tidal motions are also evident at mooring E, as is a mean flow to the southeast (Figure 0529.1, middle panels).  Assimilation of the mooring data tends to strengthen the eastward component of the mean flow, but leaves the meridional velocity unchanged at mooring E.  The data at mooring B are very noisy (Figure 0529.1, upper panels), especially in the meridional direction.  In contrast to the results at mooring E, the inversion tends to strengthen the southeastward mean flow in both velocity components.
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	Figure 0529.1: Comparison of observed and predicted (prior plus two iterations of the forecast system (inv1 and inv2).


A forecast subtidal circulation map for May 30 from OC391_FC1 was posted in the main lab (Figure 0529.2).  Predicted currents indicate that the coastal current is veering offshore in the vicinity of Penobscot Bay.
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	Figure 0529.2: May 30, 2003 subtidal currents forecast from OC391_FC1.  Top: domain-wide view.  Bottom: zoom of the survey area.


5/30/03

Transect 3 completed at 0930, roughly 1.3 days into Survey 1.  We are therefore on schedule to complete the survey in 3 days.

Transect 4 completed at 2130, with warm salty waters clearly present in the deeper portions of the offshore stations.

Today’s satellite image (Figure 0530.1) indicates that the gate may be open, with filaments of the coastal current apparently reaching as far west as Casco Bay.

The operational forecast continues to be scrutinized, aided by the output available in Defplots (see Figure 0530.2 for an example).
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	Figure 0530.1:  SST image from the Rutgers site emailed to the ship on April 30.
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	Figure 0530.2: Example Defplots from operational simulation OC391_FC1.


05/31/03

Transect 5 completed at 0945.  Transect 6 begins at 1145.   Five EMOLT drifters deployed between stations 70 (6n) and 72 (6l).  The plan is to occupy the rest of the section with live Alex counts at every station and plan satellite-tracked drifters release points accordingly.  Deployments will then take place as we steam back toward shore along Transect 6 (no CTDs).  This strategy has two advantages: (1) the Alex counts and hydrography can be used to plan the release points, and (2) the timing is such that we will be back inshore at daylight.

Received message from Laurie Bean at Maine DMR.  During the week of May 28, there was weak toxicity (low 40s) at the Boothbay Harbor dock and Ogunquit River.  Nothing anywhere else (<40).

Bottle 8 was noted to be leaking out the seals of the bottom cap (minor leak).  The bottle was changed out between stations between 70 and 71.

Alexandrium counts show cells near the coast in the fresh water, as well as in an offshore extension of the plume jutting out from the coast on Transect 4 (Figure 0531.1).  Our next objective is to observe how this structure will change over time.  Having completed the first survey at 2000 hours on May 31, the decision was made to deploy a line of drifters along transect 6 and commence Survey 2 starting with station 5o.  Surface drifters will be deployed in one or both of the two innermost stations, as 15m drogues would likely become entangled in lobster gear.  Five drogues are available for this transect, as we wish to hold one in reserve should we come upon a large patch during Survey 2.  The drifter array is intended to resolve the cross-isobath structure of the coastal current, yet favoring the inshore portion where highest concentrations of Alexandrium reside.  Our plan is therefore to deploy at 6f,h outside and 6j,k,l inside.  CTDs to 30m will be occupied to provide Alexandrium sampling just prior to drifter deployment.  Nutrients will not be sampled in the 2nd occupation of transect 6, but will recommence at the beginning of Survey 2 in the 0-30m depth interval.  Any additional deep nutrient samples that are needed will be taken during Survey 3. 
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	Figure 0531.1: Underway salinity (left) and temperature (right).   Stations where Alexandrium was found are indicated by open circles, with numerals reporting the concentration in cells per liter.  Stations where Alexandrium was not found are shown as crosses.


Summary of Recent Modeling Activities

ADCP processing with CODAS has proven to be problematic due to issues with intermittency in bottom tracking.  We therefore resort to brute force methods based on ADCP4QUODDY matlab scripts.  One key unknown is the angular offset of the transducer relative to the fore-aft line of the ship’s hull.  We sweep through a range of offset angles and note the RMS of the resulting vertically averaged velocity estimates (Figure 0531.2).  Because the ship’s velocity is so much larger than that of the currents, any projection of the ship’s motion into the apparent current will tend to dominate the observed velocity.  Assuming a random distribution in the orientation of the ship heading and the true current, the correct offset angle will occur at the minimum in RMS error.  We therefore choose 0.5 for the offset angle and proceed with assimilation.
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	Figure 0531.2: RMS Velocity as a function of transducer offset angle.


A comparison of forecast runs 1-3 is shown in Figures 0531.4 and 0531.5.  OC391_FC1 is forced by climatological winds from the southwest, and the coastal current and adjacent offshore waters take on their characteristic structure.  Assimilation of the mooring data in this case accentuates offshore veering of the coastal current in the vicinity of Penobscot Bay.

Actual winds during this time period were more from the northeast (Figure 0531.3).  These downwelling-favorable winds tend to amplify the coastal current (OC391_FC2, middle panels of Figures 0531.4 and 0531.5).  Assimilation of the mooring data slows the coastal current somewhat, and tends to amplify this northeastward current along the offshore boundary (Figure 0531.5, middle row, right panel).  Our working hypothesis to explain this behavior is as follows.  The mooring data indicate that the coastal current is not as strong as it is in the prior.  Lacking any data near the offshore boundary, the most economical way for the inversion procedure to slow the coastal current is to set up the offshore boundary (Figure 0531.6).  The result of this is northeastward flow offshore.  

Assimilation of the mooring data also induces problematic velocities along the southern boundary east of Cape Cod (Figure 0531.4, middle row, right panel).  It was conjectured that the source of the problematic velocities east of Cape Cod was incompatibility of the density field with the perturbation BCs.  In order to test that hypothesis, the density field was allowed to evolve prognostically in run OC391_FC3.  Prognostic density did reduce the amplitude of the problematic velocities, but it did not solve the problem (Figures 0531.4, bottom row).  Another approach to solving this problem could be to adjust the weights in the WLS inversion.  Specifically, we may wish to penalize slope less and size more to allow the outflow boundary condition more flexibility to handle the required transport.

It was also noted that the prognostic density field had a strong impact on the structure of the coastal current in the region of interest (Figure 0531.5, lower panels).  Interrogation of Defplots output for this run reveals significant departure from the climatological initial conditions during the course of the simulation.  In particular, density gradients appear to have been eroded by strong mixing.  There are several potential explanations for this, including the lack of surface heat flux in the present simulations, which may be needed to maintain the stratification in some key areas.  Time does not allow for further investigation of this at sea, so it was decided to stick with diagnostic density fields for forecasting purposes. 

The effect of assimilating the data is to slow down the coastal current in the BPE (Figure 0531.6).  This is accomplished by a setup along the offshore boundary.  In turn, the setup of the perturbation BCs results in an anomalous eastward current along the offshore boundary where the solution is not constrained by observations.  These results point to the need for assimilation of the ADCP data to constrain the solution in the offshore waters.  
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	Figure 0531.3:  Wind record from GoMOOS buoy E.
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	Figure 0531.4: Comparisons of prior and posterior velocity fields for OC391_FC1 (top), OC391_FC2 (middle) and OC391_FC3 (bottom). 
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	Figure 0531.5: Comparisons of prior and posterior velocity fields for OC391_FC1 (top), OC391_FC2 (middle) and OC391_FC3 (bottom).NEW
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	Figure 0531.6: OC391_FC3 prior (upper left), 1st posterior (upper right), and difference field (lower left).  Color shading indicates surface elevation.


Configuration of the “Survey 1” runs is as follows:
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CS





 [ADCP---------]

Year day
142
143
144
145
146
147
148
149
150
151
152

May

22
23
24
25
26
27
28
29
30
31
1

6/1/03

Drifter deployments completed, and Survey 2 begun.  Illness of a crewmember introduces a contingency plan of a stop in Rockland to drop him off.  That decision will not take place until the shift change at 0800.  Given the timing and route logistics, it makes sense to start with stations 5m,n,o.  At the completion of 5o the contingency decision had not been made yet so we took the opportunity to sample an extra station 5p further inside Penobscot Bay toward Rockland harbor.  Shortly thereafter it was decided to treat the crewmember on board, so we turned around and resumed Survey 2 at station 5l.

Survey 2 CTD protocol:  (1) Dip down to 20m above bottom.  (2) Bottles in upper 30m only (same depths as in survey 1).  (3) No salt bottles.

At 1600 there was a power problem with the ship’s gyro, and sampling operations were suspended.  The problem appears to have been fixed by 1830, but it was deemed too rough for sampling operations to continue.  Winds NE, gusting to 40.  Sampling recommenced at 2100 when conditions improved slightly.

Configuration of the “Survey 2” runs is as follows:






          ------------------------------------------------------------
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*



CS





 [ADCP--------------------]

                                                                                             [Moorings----------------------]

Year day
142
143
144
145
146
147
148
149
150
151
152

May

22
23
24
25
26
27
28
29
30
31
1

Wind forcing specified from NWS forecast

Tonight: Gale warning N-NE 30-40 becoming NW 20-30

Mon: NW-W decreasing to 15-20

Mon night: W 15-20

Tues: SW 15-25

Tues night: N 10 or less

Wed: variable less than 10 becoming E to NE 10-15

Thu: NE 15-25

Fri: N to NW 10-15 becoming SW late

6/2/03
In order to keep on schedule we began to consider eliminating selected stations.  Given the low counts in the outermost stations of transects 4 and 5 (Figure 0531.1), these seemed like good candidates.  The question was whether to eliminate two or one station on each transect.  Stations 4a and 4b both had low counts, and 4c was a no-detect.  In order to be sure we could delimit the outermost extent of the salinity/Alexandrium tongue in transect 4, it was decided to only eliminate the outermost station from each transect.  Therefore stations 5a and 4a were skipped in survey 2.

By morning the seas had calmed enough so sampling operations could speed up.  With all the delays on Sunday (medical contingency, gyro problem, weather) we may have lost as much as 8-10 hours.  Planning for making up the time are developing.  Given that sampling will end on our easternmost transect, the Captain estimates that our breakoff time is 1900 on Friday in order to arrive at WHOI by noon on Saturday.

Long-term planning:

Date

Sampling days remaining

Mon 1900
4.0

Tues 1900
3.0

Wed 1900
2.0

Thu 1900
1.0

Fri 1900
0.0

Sat 1200 – arrive WHOI

6/03/03

The offshore filament of low salinity water observed in section 4 of Survey 1 appears to have shifted westward to section 3 in Survey 2 (Figure 0603.1).  The amplitude of the salinity anomaly inside the tongue in Survey 2 is less than observed in Survey 1, and the 31.6 isohaline resides much closer to shore in Survey 2.  These changes are not inconsistent with what one would expect to result from the storm during June 1-2.  Wind-driven mixing would tend to reduce the surface salinity anomaly, and the Ekman flow would be shoreward (downwelling-favorable winds).  At this time it is not possible to determine which of these two aspects are more important in controlling the observed changes.  Nevertheless it is clear that, as in Survey 1, the tongue of fresh water is associated with elevated Alexandrium counts.

	[image: image43.emf]
	[image: image44.emf]

	Figure 0603.1: Underway salinity (left) and temperature (right).   Stations where Alexandrium was found are indicated by open circles, with numerals reporting the concentration in cells per liter (microscope counts to the left, sandwich hybridization assay to the right).  Stations where Alexandrium was not found are shown as crosses.


High cell counts were also observed in the inshore stations of transects 2 and 3 during Survey 2, generally higher than observed in the same area during Survey 1.  In addition, today’s report from Laurie Bean at Maine DMR suggests that shellfish toxicity is on the rise:  Bear Island is in the 40s, with their offshore buoy reading in the 60s.  Harpswell samples will be collected today.  Boothbay Harbor is 54 (new observation), and Ogunquit River is 46 (reading from last week).  A new sample of Modiolus from Pemmaquid Point showed 56.  Phytoplankton samples from downeast (Eastport and Mt Desert) are beginning to show Alexandrium cells.

Given that toxicity is on the rise and we have observed increased cell concentrations in the near-coastal stations in transects 2 and 3, we have decided to occupy auxiliary sections A and B.  The objective is to determine whether or not the strip of high concentrations continues into Casco Bay, and thereby assess the degree to which the near-coastal current inoculates Casco Bay with cells from upstream.

Of course, these additional stations will have to come at the expense of others in the third survey.  Our current thinking is to coarsen the resolution of the offshore reaches of the easternmost transects if necessary.  Nutrients will be sampled in the upper 30m, with deeper samples to be taken as time and bottles are available.  Salts may be scaled back to outermost stations only.

Two forecast runs were conducted: OC391_FC12 and OC391_FC13.  They differ only in that the latter includes a “Pseudo-Casco” component that allows for time-dependent changes in elevation along the open boundary on periods of 1,2,4,8,16, and 32 days.  This effectively adds 6*NBDY degrees of freedom to the inversion, where NBDY is the number of boundary nodes.  As expected , the extra degrees of freedom resulted in a tighter fit to the observations than the standard forecast.  Comparison of the output with the standard forecast runs suggest qualitative behavior of the solution is quite similar.  However, given the experimental nature of Pseudo-Casco, it was decided that the standard run OC391_FC12 would be published as the operational forecast. N.B., it is noteworthy that Pseudo-Casco was invented by Keston in his spare time while at sea…

Results of the operational forecast reveal substantial fluctuations in near-surface currents associated with wind forcing (Figure 0603.2).  Northeasterly winds tend to confine the coastal current near shore in the Monday Hindcast (upper left), whereas northwesterly winds in the Tuesday hindcast begin to favor offshore branching in the vicinity of Penobscot (upper right).  Offshore branching is further accentuated by upwelling-favorable southwesterly winds in the forecast for Wednesday (lower left).
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	Monday Hindcast – NE to N
	Tuesday Hindcast - NW
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	Wednesday Forecast - SW
	

	Figure 0603.2:  Results of OC391_FC12, posted as an operational product.


6/4/03

Survey 3 begun shortly after midnight.  

Modeling activities focused on evaluation of  the ensemble of the Survey 2 forecast runs (run table).  The first three days of drifter tracks were available for this purpose (Figure 0604.1).  

Drifter 1 (the only a surface drifter) begins moving southwestward and then turns toward the south.  All runs capture the initial southwestward movement, but only run 14exhibits the observed turn to the south.  Drifter 1 turns toward the west in runs 12 and 13.

The westward path of drifter 2 is well predicted by all runs, with separations ranging from 0.2 to 6km after 2 days.

Drifter 3 has a very peculiar path, as noted above.  None of the simulations represent its initially southward trajectory.  Separations after 2 days range from 36 to 39 km.

The southwestward drift of number 4 is reasonably well represented in the model, with separations after 2 days ranging from 7 to 14 km.  Runs 12 and 13 predict a more westward track, whereas run 14 predicts a more southwestward track.

Drifter 5 is observed to move west-southwest initially, followed by a sharp turn to the south.  None of the simulations capture the west-southwest movement, as they all move predominately toward the southwest.

The west-southwest movement of drifter 6 is not represented in any of the runs either.  The simulated drifters generally begin by moving southwest, and in some cases are followed by a turn to the south and even east (runs 12 and 14).

Summary statistics are presented in the table below, with the error representing the average rate of separation between simulated and observed drifters.  Whether or not there is something wrong with the drifter 3 (e.g. detachment of the drogue) is unknown.  However, we cannot exclude the possibility that the early part of its trajectory (southward and then southwestward) is a result of a small scale oceanographic feature, as evidenced by a satellite image from approximately 2 days subsequent to deployment (Figure 0604.2).

	
	
	Error (km d-1)

	Run Identifier
	Description
	Prior
	Posterior

	OC391_FC12
	Pseudo-Casco
	
	10.3

	OC391_FC13
	FCAST_2.0
	9.06
	8.2

	OC391_FC14
	(12) + prog + Q + Ekmin
	
	8.8

	OC391_FC15
	(14)-Moorings
	
	11.0

	OC391_FC16
	(13) + prog
	
	


Potential avenues for improving skill:

Wind stress formulation

ADCP data windowing

Density field – JA climatology

	OC391_FC12
	OC391_FC13
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	OC391_FC14
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	Figure 0604.1:  Comparison of simulated (cyan) and observed (red) drifters for the first three days subsequent to deployment.
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	Figure 0604.2:  The first 3 days of drifter tracks overlayed on an SST image for June 3 (image three days after drifter deployment on May 31).


6/5/03

End game planning:

EMOLTS at 6L, 6L-M, 6M, 6M-N, and 6N - Jim

Surface drifter and drogue at 6L or 6M, to be decided by cell count at 6L – Bruce and Jim

Plankton nets at 6J (or later) and 6N – Bruce

Steam to line 2; station to be determined.  Commence sampling toward shore, then over to line 1 and work offshore.

Plankton nets at first station on line 2, 2J, 1L, last station on line 1 – Bruce

Friday at 2200 – head for the barn.

Forecast runs OC391_FC17 through OC391_FC21 were considered in choosing the operational model product for Survey 3 (Figure 0605.1).  Run OC391_FC20 showed the best skill (Figure 0605.2 and Table).  Operational products from this run were posted in the main lab (Figure 0605.3).

	OC391_FC17
	OC391_FC18

	[image: image52.emf]
	[image: image53.emf]

	OC391_FC19
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	Figure 0605.1:  Comparison of simulated (cyan) and observed (red) drifters for the first three days subsequent to deployment.
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	Figure 0605.2: Operational forecast OC391_FC20, comparison of simulated (prior: yellow; posterior: cyan) and observed (red) drifters for the first four days subsequent to deployment (one more day of drifter data beyond that reported in Figure 0605.1, lower right. 


	
	
	Error  (km d-1)
	RMS Obs, prior, 1st Iter

	Run Identifier
	Description
	Prior
	Posterior
	

	OC391_FC17
	pers
	8.9
	8.9
	10.2 / 8.8 / 8.6

	OC391_FC18
	prog
	9.5
	8.0
	9.4 / 8.8 / 8.6

	OC391_FC19
	(18) + 1011
	9.5
	12.2
	9.4 / 8.9 / 8.9

	OC391_FC20
	(18) + wind stress change +

Ekmmin = 2 10-4
	9.3
	7.8
	9.6 / 8.9 / 8.8

	
	
	3.9
	3.9
	

	OC391_FC21
	(20) ADCP only
	3.9
	3.7
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	Tuesday Hindcast – NW to SW
	Wednesday Hindcast - SW
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	Thursday Forecast - NE
	Friday Forecast - SW

	Figure 0605.3:  Results of OC391_FC20, posted as an operational product.


6/6/03

Survey 3 completed (Figure 0606.1).
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	Figure 0606.1: Underway salinity (left) and temperature (right).   Stations where Alexandrium was found are indicated by open circles, with numerals reporting the concentration in cells per liter (microscope counts to the left, sandwich hybridization assay to the right).  Stations where Alexandrium was not found are shown as crosses.


Forecast runs OC391_FC22 through OC391_FC24 were considered in choosing the operational model product for Survey 4 (Figure 0606.2).  Run OC391_FC22 showed the best skill (Figure 0606.2 and Table).  Operational products from this run were posted in the main lab (Figure 0606.3). 
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	Figure 0606.2:  Comparison of simulated (cyan) and observed (red) drifters for the first four days subsequent to deployment. Lower right: observed drifter trajectories plotted on the SST image from June 3.


	
	
	Error  (km d-1)
	RMS Obs, prior, 1st Iter

	Run Identifier
	Description
	Prior
	Posterior
	

	OC391_FC22
	ADCP + Moorings
	4.0
	3.4
	12.7 / 9.1 / 8.7 / 8.5

	OC391_FC23
	ADCP only
	4.0
	3.9
	13.4 / 9.2 / 8.5 / 8.4

	OC391_FC24
	Moorings only
	4.0
	3.7
	10.2 / 9.0 / 8.7 / 7.7
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	Friday Nowcast - SSW
	Saturday Forecast - SSW

	Figure 0606.3:  Results of OC391_FC22, posted as an operational product on June 6..


Run Table.  Prior ICs are NLLC4; prior BCs are the Moody inversion.  Mooring data are from GoMOOS buoys B,E, and I.  Winds are from buoy B through FC19, and buoy E thereafter.

	
	Data
	Density

Field
	Winds
	WLS

weights
	RMS Obs, prior, 1st Iter
	Remarks

	Pre-cruise runs and runs “on the way out”

	OC391_FC1
	Moorings
	diag
	Clim
	
	12.7 / 9.2 / 8.4 / 8.2
	

	OC391_FC2
	
	
	Obs
	
	12.7 / 
	2nd and 3rd forward runs crashed

	OC391_FC3
	
	prog
	
	
	12.7 / 10.9 / 8.8 / 8.7
	

	OC391_FC4
	
	
	
	
	
	FC3 + Type 3 BCs; archive lost

	Survey 1 Runs

	OC391_FC5
	ADCP
	
	Obs
	100;

1012
	11.24 / 10.35 / 8.51 / 8.2
	

	OC391_FC6
	ADCP + Moorings
	
	
	
	11.0 / 9.8 / 8.9 / 8.9
	

	OC391_FC7
	ADCP + variable angle correction
	
	
	
	10.9 / 9.8 / 8.0 / 7.7
	

	Survey 2 Forecast Runs

	OC391_FC8
	
	
	
	
	
	scrubbed

	OC391_FC9
	ADCPac + Moor
	diag
	obs
	100;

1012
	12.94 / 9.68 / 8.73 / 8.61
	

	OC391_FC10
	
	
	
	1000;

1011
	12.94 / 9.68 / 8.81 / 8.65
	

	OC391_FC11
	
	
	
	
	
	scrubbed

	OC391_FC12
	ADCPac+ Moor
	diag
	Obs +

NOAA
	100;

1012
	13.9 / 10.19 / 8.60 / 8.49
	Pseudo-Casco

	OC391_FC13
	
	
	
	
	13.9 / 10.19 / 9.22 / 9.08
	FCAST_2.0

	OC391_FC14
	
	prog
	
	
	13.9 / 9.37 / 8.34 / 8.12
	(12) + 25 W m-2
Ekmin = 2 10-5

	OC391_FC15
	ADCPac only
	
	
	
	14.69 / 9.44 / 8.24 / 8.18
	(12) ADCPac only (Pseudo-Casco)

	OC391_FC16
	ADCPac+ Moor
	prog
	Obs +

NOAA
	
	
	(13) + prog density

[archive lost]

	Survey 3 Forecast Runs

	OC391_FC17
	ADCPac+

Moor
	pers
	
	100;

1012
	14.0 / 10.2 / 8.8 / 8.6
	

	OC391_FC18
	
	prog
	
	
	14.0 / 9.4 / 8.8 / 8.6
	

	OC391_FC19
	
	prog
	
	100;

1011
	14.0 / 9.4 / 8.9 / 8.9
	

	OC391_FC20
	
	prog
	
	100;

1012
	14.0 / 9.6 / 8.9 / 8.8
	(18) + buoy E winds + 

Ekmmin = 2 10-4

	OC391_FC21
	ADCP only
	
	
	
	13.74 / 9.6 / 8.5 / 8.4
	(20) – Moorings

	Survey 4 Forecast Runs

	OC391_FC22
	ADCPac+

Moor
	prog
	
	100;

1012
	12.67 / 9.1 / 8.7 / 8.5
	

	OC391_FC23
	ADCP
	
	
	
	13.41 / 9.16 / 8.54 / 8.42
	

	OC391_FC24
	Moorings
	
	
	
	10.24 / 8.97 / 8.74 / 7.74
	


	OC391 Drifter Deployment Log
	
	
	
	
	
	
	
	
	
	
	
	

	Id#
	date
	gmt
	lat
	lon
	depth
	sst
	salinity
	station
	type
	distinction
	depth
	drogue
	yearday
	notes
	
	

	35381
	31-May
	1600
	4401.80
	6832.20
	64
	7.8
	31.37
	6N
	eMOLT
	red
	1
	
	151
	
	
	

	35382
	31-May
	1615
	4400.30
	6830.80
	70
	7.7
	31.30
	
	eMOLT
	black
	1
	
	151
	
	
	

	35283
	31-May
	1647
	4358.90
	6829.70
	57
	6.9
	31.50
	6M
	eMOLT
	green
	1
	
	151
	lost flag
	
	

	35284
	31-May
	1702
	4357.50
	6828.50
	76
	8.4
	31.48
	
	eMOLT
	purple
	1
	
	151
	
	
	

	35385
	31-May
	1732
	4355.95
	6827.21
	90
	8.0
	31.62
	6L
	eMOLT
	yellow
	1
	
	151
	
	
	

	631
	1-Jun
	354
	4339.28
	6812.88
	186
	9.6
	32.19
	
	ARGOS
	
	14
	1.6X6
	152
	
	
	

	630
	1-Jun
	455
	4344.53
	6818.21
	160
	7.1
	31.81
	6F
	ARGOS
	
	14
	1.6X6
	152
	
	
	

	629
	1-Jun
	600
	4350.38
	6822.65
	112
	8.4
	31.77
	6J
	ARGOS
	
	14
	1.6X6
	152
	
	
	

	213
	1-Jun
	644
	4353.10
	6825.18
	115
	7.7
	31.97
	6K
	ARGOS/GPS
	3 sec lantern
	14
	1X10
	152
	
	
	

	87
	1-Jun
	743
	4356.00
	6827.71
	95
	7.7
	31.20
	6L
	ARGOS/GPS
	3 sec strobe
	14
	1X10
	152
	stuck on Matinicus Rocks

	277
	1-Jun
	900
	4401.69
	6832.15
	40
	7.6
	31.35
	6N
	ARGOS/GPS
	10 sec strobe
	1
	
	152
	
	
	

	36381
	6-Jun
	426
	4356.23
	6827.40
	95
	7.2
	31.40
	6L
	eMOLT
	red
	1
	
	156
	
	
	

	36382
	6-Jun
	442
	4357.59
	6828.56
	75
	7.2
	31.34
	
	eMOLT
	black
	1
	
	156
	
	
	

	36383
	6-Jun
	519
	4358.86
	6829.78
	55
	7.4
	31.24
	6M
	eMOLT
	green
	1
	
	156
	
	
	

	196
	6-Jun
	520
	4358.86
	6829.78
	55
	7.4
	31.24
	6M
	ARGOS/GPS
	
	1
	
	156
	
	
	

	89
	6-Jun
	521
	4358.86
	6829.78
	55
	7.4
	31.24
	6M
	ARGOS/GPS
	large floater
	14
	1X10
	156
	
	
	

	36384
	6-Jun
	532
	4400.29
	6830.99
	70
	7.6
	31.24
	
	eMOLT
	purple
	1
	
	156
	
	
	

	36385
	6-Jun
	600
	4401.80
	6832.04
	55
	7.7
	31.18
	6N
	eMOLT
	yellow
	1
	
	156
	
	
	


Appendix 1:  Satellite images.
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Appendix 2: Cruise Participants

1. Bruce Keafer (Research Associate – Anderson lab)

2. Madeline Galac (REU Dyhrman lab)

3. Jennifer Fichter (Guest Student, Anderson lab)

4. Pat Curran (Guest Student, Anderson lab)

5. Chrissy Jadlowic (volunteer, Anderson lab)

6. Liz Jablonski (Research Assistant, Anderson lab)

7. Dennis McGillicuddy (chief scientist)

8. Charlie Stock (MIT/WHOI Joint Program Student)

9. Valery Kosnyrev (Research Associate – McGillicuddy lab)

10. Olga Kosnyreva (Research Assistant – McGillicuddy lab)

11. Ruoying He (postdoc, McGillicuddy lab)

12. Maureen Lynch (Guest Student, Anderson/McGillicuddy)

13. Keston Smith (Dartmouth College)

14. Jim Manning (NMFS Woods Hole)

15. Judy Kleindinst (Anderson lab)

16. Matt Charette

17. Craig Herbold – nutrients

18. Matt Allen – Radium

Email addresses:

bkeafer@whoi.edu
mgalac@ic.sunysb.edu
jfichter@email.smith.edu
pcurran@southampton.liu.edu
adcj63@aol.com
ejablonski@whoi.edu
dmcgillicuddy@whoi.edu
vkosnyrev@whoi.edu
okosnyreva@whoi.edu
cstock@whoi.edu
ruoying@marine.usf.edu
mlynch@mail.colgate.edu
keston.smith@Dartmouth.EDU
jmanning@whsun1.wh.whoi.edu
jkleindinst@whoi.edu
mcharette@whoi.edu
cherbold@whoi.edu
mallen@whoi.edu
Watch schedule:

CTD/Alexandrium Sampling

	Task
	Watch 1: 8-12
	Watch 2: 12-4
	Watch 3: 4-8

	Alex ID/SHA
	Jablonski
	Fichter *
	Keafer

	Wetlab chief
	Jadlowic
	Kleindinst
	Curren (CTD asst)

	Wetlab asst-qPCR
	Kosnyrev (CTD asst)
	Lynch * (CTD asst)
	Galac

	Wetlab asst
	Kosnyreva (CTD asst)
	Stock (CTD asst)
	He (CTD asst)

	CTD ops chief
	McGillicuddy
	Manning
	Smith


Radium/CTD Nutrient collection

Matt Charette- noon-midnight

Matt Allen- midnight-noon

Nutrient Analysis

Craig Herbold- 6 am-6 pm
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