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CRUISE OBJECTIVES: 

· Define the Subpolar Front regional variability by characterizing the seasonal position of the front and the formation and dissipation process.  Compare in situ observations with 2 year satellite time series to determine inter-annual variability.

· Characterize the SST and bio-optical response of the Subpolar Front to the passage of a major cold front. Determine what influence the cold air outbreak has on the SST (especially in the northern coastal areas.) Examine the bio-optical fronts during the winter to understand how convective overturning influences the surface optical signatures.

· Define how the surface satellite imagery is associated with the subsurface structure. Examine the vertical extent of long and short-lived Subpolar Front eddy features. 

· Characterize the thermal and bio-optical properties of the Subpolar Front and define their inter-relationship. Examine the models used for satellite ocean color imagery to determine how absorption / scattering and chlorophyll can be determined from remote sensing reflectance and use these relationships to understand and extend SeaWifs algorithms for determining bio-optical properties.

· Define how the Subpolar Front surface characteristics as defined by satellite and surface in situ measurements is linked with the subsurface physical and bio-optical features. 

DATA COLLECTION: 

This was the second cruise to investigate the Japan/ East Sea Subpolar Front. The NRL team main focus on this cruise was shipboard reception and processing of real time thermal (AVHRR) and ocean color (SeaWifs) satellite imagery for use in the operations of the cruise data collection. In this regard, NOAA 12 , 14, and 15 and SeaWifs data were processed within 20 minutes of satellite passage. However, only a limited number of SeaWifs images could be processed because of a frame sync problem.

The satellite data indicates that the region in Jan/Feb is typically cloud covered. Thus, the days during the cruise that the imagery could display SST and ocean color were sharply limited. In addition to the frame sync problem, SeaWifs imagery were constrains to daytime operation. The imagery was also received and processed at NRL through our Japanese and NASA Goddard colleagues. Thus, our inability to capture all SeaWifs data at sea was mitigated by this redundant data set. All of the processed imagery are on our web site.

In all, 200 AVHRR images and 25 SeaWifs scenes were collected and processed. The SST images have been composited and made into movie loops to show the ocean features variability. The imagery thus displayed, clearly show the passage of several major cold fronts.. 

NRL is presently constructing image composites of the Japan/East Sea from 1998 to present (Figures 1 and 2). These images will provide an assessment of the inter-annual variability of the Subpolar Front during the two winter periods. 

In addition to the satellite imagery, an AC9 instrument collected continuous absorption and scattering surface flowthrough data. Similar salinity, temperature, fluorescence and air temperature data was also collected. These data provide information on their variability during the ship’s repeated crossing of the Subpolar Front. Using these data sets, we will define the spatial and temporal coherence of the SST and bio-optical properties.

Spectral remote sensing reflectance was measured during the cruise using an above water spectrometer. Twenty two stations were measured at different water masses during clear sky conditions. The RRS were collected at 1.3 nm spacing from 380 to 1100 nm. The RRS used spectra from the sky, a gray spectral reflectance standard and the water. 

DATA SAMPLING SCHEME: 

Following the initial South Korea coast transect, we steamed along the offshore east/ west transect at 37.75o N as during the previous cruise. Seasoar and alongtrack data were collected continuously during this period. Figures 3 and 4 show the cruise track and locations of the Hydro stations, Remote Sensing stations (remote sensing reflectance) and the Bio-optical Profiler.

 

PRELIMINARY OBSERVATIONS AND RESULTS: 

Several Cold Air outbreaks occurred during the cruise.  The imagery (Figures 5 and 6) shows clear skies along the coast with developing cloud streaks as the cold air extended offshore. Wind direction was from the northwest with velocities about 30 knots. Clear coastal regions appeared to extend offshore approximately 50 km where cloud formation began to occur. 

The offshore cloud development included most of the Subpolar Front and made it difficult to use the satellite imagery to define surface conditions. These cloud conditions were typical winter cold air outbreak development and evolution. There continuous nature during the cruise indicated the persistence in winter of these outbreaks. 

The coastal SST showed a general decrease in temperature with the passage of the fronts. Quantifying the temperature decrease in the coastal regions will be the next step in our data analyses. The surface cold waters that developed at the coast did not appear to develop coastal eddies or filaments as would normally occur in other regions. Since we observed little evidence of SST water masses transported off shore, we believe that the cooler water generated at the coast increased in density from strong cooling and strong evaporation and may have sunk at the coast and shelf break to form denser subsurface water. 

From our experience with what occurs during the passage of a continental air mass on the US Gulf Coast, we had expected that the passage of a dry cold air-break would result in clear, dry skies, thus enabling us to have clear observations of the SST and bio-optical properties. However, in the Japan / East Sea, rapid formation of clouds offshore immediately followed the cold air outbreak. This suggests that the coastal regions had the strongest cooling and highest surface evaporation during the cruise period. The high percent cloud cover that was observed offshore in the central basin during and following the passage of a cold air outbreak suggests that that heat is transported from the coastal region more rapidly than in the central basin. 

 The cruise track in Figure 7 is shown overlain on the AVHRR Channel 4 image for Jan 28. This image was the best day of the entire cruise to observe the surface structure.  The cruise track shows that the eastern radial track crossed an anticyclonic eddy approximately 80km across. The eddy was warmer then the cold waters to the north and cooler then the southern waters. The extension of the Kuroshio warm current is observed extending from the south and forming this extension over the Yamato Rise.  

This position of the warm water front appears semi – permanent as does the position and location of the eddy to the north. Figure 8 shows imagery from Jan 18 and Feb 2 that suggests that these features were present during the entire cruise. The position of the Subpolar Front entailed this entire region (39.5 N to 41.0N). However, we focused on the northern eddy front as the major region where convective overturning was more likely to occur. The eddy feature clearly showed subduction of the surface chlorophyll in the SeaSoar and the CTD section. 


The Subpolar Front as observed in the satellite imagery, appears to be characterized by a wide, undulating, complex region (~100 km).  The surface expression of the Front is confirmed by the subsurface structure shown in SeaSoar and Hydro Sections. The Front can be defined by 3 regions that represent a 3-step process to the north:

1) Southern region - warm salty waters (st 26.5; psu - >34.30 chlo max 90m. Deep MLD 

2) Central region – cooler fresher water (eddy region)- st 27.8, psu 33.9) chlorophyll max 110. Intermediated MLD

3) Northern region – cold, intermediate salinity water ( st 27.2, psu 34.60 chlorophyll distributed in the upper 150 m. No MLD. 

 

The SeaWifs diffuse attenuation coefficient (k532) for Jan 28 (Figure 9) illustrates the bio-optical properties along the Subpolar Front.  Comparison of SST and k532 (Figure 7 and 9) indicates that many of the features in the SST field are also observed in the k532 field. Along the north/south track, the eddy appears as elevated values compared with the waters to the north and south. Other features of the k532 image suggest the bio-optical response observed during this time of year is found adjacent to frontal turbulence. This suggests that increased bio-optical response may result from frontal upwelling / downwelling processes. 

This is different from that observed in the previous cruise where the spring bloom showed elevated values and a wide variability. The chlorophyll values computed from SeaWifs using the NASA SeaBam algorithms was higher then expected; ranging from 0.6 to 1.5 mg/m3 (Figure 10). These values agree with the in situ measurements. A direct comparison is being conducted, as is a correlation with the absorption and scattering properties.  The bio-optical response of the passage of  the cold air outbreak is also shown in Figure 10 for Jan 21, 2000. Cold waters appear to have higher chlorophyll concentration, especially in the coastal regions. The evolution of these bio-optical properties is being investigated.

The Jan 16 – Feb. 1 mean SST composite image (Figure 11) shows the three regions of the Subpolar Front (Southern as red, Central as green and Northern as blue)  region.  The red warmer region shows two major extensions of the Tsumani current into the subpolar region. Previous research has shown three or even four major extensions of this current (the May cruise showed three extensions). They have been labeled East, Central and Western (?) Extensions.  The Western Extension had significant clouds and is difficult to identify. However, the Central Extension shows warm waters over the Yamato rise and was the region sampled during this cruise. The green region shows the transition waters of the Subpolar Front and appears to represent modified  Tsumani current waters.  The blue cold waters identify the extent to which the northern Japan /East Sea Basin joins with the southern basin.  

We show an example of the absorption and attenuation coefficient (c) optical properties along a south to north transect (Figure 12).  Surface AC9 flowthrough sensor data is shown crossing the eddy’s northern portion extending in the northern waters.  A thermal IR image example is shown for several days following the flowthrough data collection. The surface values show the central region to have elevated c as compared with the north and southern regions, similar to what was observed in the SeaWifs k532. The elevated optical signatures are observed at the northern eddy front where values of 0.16 m-1 rapidly decrease to half (0.08m-1) within a region of 3 km. A similar feature is observed in the absorption front at the same location. We are currently looking at how these changes respond to the surface temperature and the salinity structure across the front.

In general, all data were collected as planned, except for the SeaWifs frame sync problem. The winter persistent cloud cover was unexpected and indicates a revised analyses of the air-sea interaction during that season is needed.  
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