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LONG-TERM GOALS

The primary goal of this project is to provide an enhanced near-real-time capability for measurements of temperature and salinity through the upper 1500 m of the Black Sea and to contribute to a basin-wide description of the seasonal cycle and interannual variability of the circulation and water mass characteristics. Such enhancements are urgently needed to sustain improved understanding of variability of the Black Sea over a range of space and time scales and to underpin a range of operational oceanographic applications. 

OBJECTIVES

· produce an updated and more realistic climatology of monthly mean temperature and salinity as a function of depth with error bars and statistics of variability,

· produce accurate time-series of heat and freshwater storage and of temperature and salinity structure, and volume of the Cold Intermediate Water mass structure,

· determine dominant patterns and evolution of interannual variability in temperature and salinity,

· provide maps of the absolute sea surface height with an accuracy of 2 cm by allowing profiling floats and altimeter combinations,

· obtain an unprecedented data set for model initialization and data assimilation, which will enable realistic operational real-time global ocean forecasting for the first time in the Black Sea.

APPROACH

A total of 5 profiling floats will be deployed at various sites and depths of the Black Sea. Two of them will be put into the strong peripheral Rim Current zone near the Bosphorus exit at the depths between 100 m and 1600 m to monitor the surface and intermediate-depth characteristics of the flow fields and water mass structures. The other two floats will be released at the centers of the western and eastern cyclonic gyres at 500 m depth. The fifth float will not be deployed at the initial phase of the project, and will be kept as a backup for a certain period of time. It will however be put into the water at a later stage at a specific site and depth depending on the data gathered by the other four operational floats.

Describe your proposed technical approach. Briefly identify the key individuals participating in this work at your own or other organizations and the roles they play.

WORK COMPLETED

Three profiling floats are built by Dr. Riser’s group, University of Washington and provided to Turkey/Ukraine. Turkish specialist has visited University of Washington for deployment training. The floats are deployed by Turkish research vessel on the September 2 on the section across the Bosphorus Strait. The float 587 is deployed to the parking depth 1550 m, the float 631 is on the parking depth 750m and the float 634 is on the depth 200m. All floats provide profiling from the depth 1550m. The data are recovered from the floats via the Argos system. These floats spend 7 to 8 hours transmitting on the surface with one message transmitted every 46 to 54 seconds. Data are transmitted weekly. The temperature and salinity profiles via pressure and T-S relation together with float trajectories are presented in near-real time on the web site http://flux.ocean.washington.edu/metu. The web site is developed and maintained by Dana Swift (email:swift@ocean.washington.edu) of the University of Washington, Seattle, Washington. Automatic PALACE Profile E-mail Distribution Unity transfers data to IMS and MHI. 30 profiles of temperature and salinity are available now. The life of the profiling float, assumed to be 4 years. Evolution of interannual variability in temperature and salinity and current velocity on different levels are analyzed based on the available data.

PERSONNEL EXCHANGES AND TRAVEL COMPLETED

Table 1. Summary of personnel exchanges and travel conducted under this NICOP.

	Name
	Home Institution
	Institution / Location Visited
	Scientific / Technical Purpose of visit
	Dates (mm/dd/yy)

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


RESULTS

Three profiling buoys are successfully deployed in the Black Sea and operate now for more than year. The Automatic PALACE Profile E-mail Distribution Unity transmits in the near-real time mode all measurements to the project participants. Preliminary analyze has shown good quality of the data. 

1. Discoveries of the deep-circulation features.

The Black Sea is rather well investigated basin. Regular observations of temperature, salinity and currants are carried out since 1920 year. More than 100 000 hydrographic stations were fulfilled during those years.  However an overwhelming majority of observations concerns upper 500 meters. The reason of the restricted interest to the deep circulation follows from the peculiarity of the Black Sea stratification. The Black Sea is characterized by a very sharp and shallow permanent pycnocline.  It is situated on the depth 150-200m while the full depth of the basin is up to 2100m. Therefore the general opinion is that the Black Sea deep flow should be very weak and no need to spend efforts to carry out deep-sea observations of currents. 

The concept of the slow deep-sea dynamics was the base of the idea to bury the nuclear waste in the Black Sea basin. The opinion that the deep-flow in the Black Sea basin is very weak is popular until now. Thus in the recent paper of Stanev (1998?) is demonstrated from numerical simulations that the Black Sea circulation is important only above the permanent pycnocline. Reconstruction of the climatic circulation in the Black Sea based on assimilation of seasonal arrays of temperature and salinity fields (Korotaev et. al 2001) manifests deep current speed with upper limit about  0.1-0.2 cm/s, which is even higher the expected earlier values. 

The opinion about the slow deep-circulation in the sharply stratified deep basin has good scientific background. It is well-known that if the two-layer system is driven by wind and if the depth of the upper layer is much less than the full basin depth then the deep currents should be weak even if the bottom topography is not uniform. Based on this understanding is often used so-called one-and a half layer model of oceanic circulation. This model is very successful in the Tropical Ocean and is applied for the explanation of the seasonal cycle of the Black Sea circulation (Korotaev, Saenko, Koblinsky 2001) and for investigation of interannual and mesoscale variability of the Black Sea basin (Korotaev, Oguz et al. 2003). However successful application of the one-and a half layer model for the explanation some features of the upper layer dynamics does not mean that deep currents are weak. This means only that they are not so strong with respect of the upper layer currents. 

The conclusion about the weakness of deep layer flow which follows from the analysis of in two layer model in case when the full depth of the basin exceeds significantly the depth of the upper layer also is not suitable for the Black Sea due to the specific of the bottom topography. The question is that the isolines of f/h (f is the Coriolis parameter and h is the basin depth) are closed for the Black Sea and therefore we are able to await the resonant intensification of deep currents.  Resonant intensification of the circulation in the basin with closed f/h contours is well-known for the barotropic case (Birchfield, 1972). However the same mechanism should work also in two-layer basin while this problem was not investigated yet to our knowledge. 


The assumption about possible intensification of deep currents in the Black Sea is tested now with the help of the profiling floats. Three floats operating now in the basin permit to evaluate the current velocity on different depths. One float was specially launched on the depth 1550 meters. The first two month of the float operation have shown surprisingly strong current velocity on this depth. The observed current speed has varied from 1 to 2.5 cm/s, which is almost ten times higher than the expected one after the simulation of climatic circulation and much higher than it is assumed previously. The highest velocity on the depth 1550 m was 6cm/s as the following observations have shown. The float trajectory has demonstrated a general eastern propagation that corresponds to climatic estimations and indicates the cyclonic transport by deep currents.


[image: image1]
Fig.1. The trajectory of the float 587 and isoline of f/h. Blue and red points are the location of float at the successive sinking and rising.  

The special analysis has been carried out to show the bottom topography control of deep currents and to support the idea of the resonant intensification of the deep currents in the sharply stratified basin with closed isolines of f/h. We need to have in mind the specific of the profiling floats operation. A float is launched on the parking depth (200m, 750m and 1550m in our case) and propagates along the constant pressure surface during a week. Then it sinks until 1550m in our case and rises to the sea surface measuring temperature and salinity profiles.  A float spends on the sea surface about eight hours to transmit through the satellite measured temperature and salinity profiles and to take co-ordinates.

Therefore a float is transported by deep currents approximately during the time between the last fixation of its position before sinking and the first fixation after the rising. Being on the surface a float is transported by surface currents.

Let now consider the trajectory of the float launched on the depth 1550m with respect to f/h contours. Bearing in mind the bottom topography control of the deep currents we need to consider only the trajectory segments between the successive sinking and rising (Fig.1).  We are using the bottom topography with 5’ grid step, which is prepared by Anatoly Avdeev from Marine Hydrophysical Institute and kindly presented for the analysis.

Fig. 1 shows that the float propagates initially approximately along the contour of the f/h isoline. However closing to the shore the float leaves initial isolines. It is easy to understand what happen. Moving to the coast the float gets into the Rim Current jet when it is surfacing. Since the Rim Current streamlines does not regulated by the bottom topography the float is transported across the f/h isolines. The summary transport of the float when it is on the surface is not significant until it comes to the Rim Current and float only slightly deviates from the initial f/h isoline. However the float moves significantly across f/h isolines being into the Rim Current jet due to high current velocity. Therefore we are using another method of analysis presented on Fig. 2. 
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Fig. 2. The value of the h/f ratio at the position of successive sinking and rising of the float. Blue line is the value at the sinking position and the red one is the value at the rising position. 

The value of h/f value at the position of successive sinking and rising of the float is shown on Fig.2. This value should be the same if the float moves along the isoline of f/h. The plot presented on Fig. 2 shows that the value of f/h at the sinking and rising points is approximately the same in spite it is different for each selected pair of points.  Some difference between values of h/f at the sinking and rising positions can be explained by small inaccuracy of the bottom topography map, inaccuracy of the float positioning and the float drift in the period between its appearance on (disappearance from) the surface and the first (last) fixation of the location.

Thus our analysis definitely shows that the deep currents in the Black Sea are subjected to the bottom topography control. The finding of the bottom topography control is supported the assumption about the resonant intensification of the deep circulation in the closed mesoscale basins. More detailed investigation of this phenomenon will be carried out later on.

2. Validation of the near-operational Black Sea circulation model output.

Profiling floats are the essential part of the Black Sea observing system. This system is constructed now in frame of the Black Sea GOOS and ARENA projects.  A new generation of the Black Sea observing system will include coupled biogeochemical and circulation models capable assimilate available measurements and provide operational nowcast and forecast.  

The pilot version of the near-operational circulation model is running now by Marine  Hydrophysical Institute. The model is based on primitive equations and assimilates altimeter data of all available missions, sea surface temperature derived from AVHRR observations and sea surface wind available from QUIKSCAT or from atmospheric models. The important issue is the validation of the model output. Profiling floats providing regularly temperature and salinity profiles and weekly mean current velocity on three depths are very efficient tool for validation of the near-operational model  products. Now the weekly mean velocity measured by profiling floats is used for validation of currents simulated by the model. 

The following procedure is applied to simulate an equivalent weekly mean velocity. A fluid particle trajectory is simulated during a week beginning from the point where the profiling buoy has sink to the parking depth using simulated current velocity field. Then the current velocity is averaged along the particle trajectory. Of course the simulated trajectory differs from the observed one. Let remember that this difference is the source of errors of simulated and observed velocities additionally to the internal inconsistency of the model. 

The scatter plot of the measured and simulated velocities is presented on Fig. 3.
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In spite of the noticeable scatter of points the model shows encouraging results. There is an evident consistency of values of measured and simulated velocities. Fig. 4 shows temporal evolution of measured and simulated velocities during a year.
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Fig. 4. Temporal evolution of the measured (red line) and simulated (blue line) current velocity components. The left column is zonal component. The right column is meridional component.


Fig. 4 shows that simulated velocity has the tendency of temporal evolution, which is rather similar to the measured one. Thus we can see that the profiling buoys provide important independent information which permits to validate the model output and in future to tune the model parameter for better quality of nowcasting and forecasting.

3. Interannual changes of the basic stratification.

One of the objectives of the current project is to study the basin stratification at the beginning of the new century. Available data set permits to carry out the comparison of the climatic data and measured profiles. We are using for the comparison the four-dimensional climate of the Black Sea constructed by the specialists of MHI by means of assimilation of monthly temperature and salinity climatic arrays. The comparison of the salinity profiles for the float 587, situated near the center of the western gyre is shown on Fig. 5 for the upper and deep layers of the basin. There is significant increase of salinity measured by the float on the depths between 50m and 1200m. The float observes more shallow and sharp halocline. Similar results follow from the comparison of the climatic salinity profile with the data of float 631, which is situated closer to the Rim Current jet.
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Fig. 5. Salinity profiles in the upper 300m and below 500m from climate and measured by the float 587.

Further analysis is carried out using the salinity measurements obtained at September of different years using the MHI archive stations, which were fulfilled in September in the circle of 30km radius around the position of the float 587. The deep halocline is observed during 1950 – 1970 years (Fig. 6, left). This corresponds to the climatic profiles, which were built based on observations carried out prior to 1980 year. At the beginning of 80-ies it rises to the surface and some profiles manifest even higher salinity then that observed by the float (Fig. 6, right). Then in the mid of 80-ies the deep halocline is observed again and at the beginning of 90-ies the salinity profile accurately corresponds to the observations by the float 587 (Fig. 7). Thus observations by floats indicate that the salinity profile in the center of the western gyre during the year 2002 corresponds well to observations of early 90-ies. Following analysis should show the situation in other parts of the basin. 

Temperature profiles below 300m measured by floats are in good consistency with climatic ones. Therefore we shall consider only the temperature distribution in the upper 300m. The comparison of the climatic temperature profile with that measured by the float 587 is shown on Fig. 8. We can see that the lowest temperature in the CIL is very closed from the climatic and float data. However the core of the CIL is shifted to the surface with respect to the climatic position and the thermocline is much sharper and also is observed closer to the sea surface. 
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Fig. 6. Salinity profiles in the upper 300m from archive in 1959 and 1980 and measured by the float 587.
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Fig. 7. Salinity profiles in the upper 300m from archive in 1986 and 1991 and measured by the float 587.
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Fig.8. Comparison of the temperature profiles measured by the float 587 with climate and 1980 year data.
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Fig. 9. Temperature profile measured by the float 587 and in 1986 and 1991.

. Fig. 9 shows that the deepest and most intense CIL was observed in 1986 year. It is reduced and rises to the surface in 1991 approximately at the position where it is found by the float 587. Nevertheless the intensity of the CIL is much lower in 2002 year than it was observed at the beginning of 90-ies.

IMPACT/APPLICATIONS

Profiles collecting by floats over a few seasons will describe continuous evolution of the upper layer stratification. Observations of the interannual variability of the minimal temperature of CIL and its relation with the winter air temperature in the northern part of the basin is another potential input to the study of the Black Sea dynamics.

The joint analysis of temperature/salinity profiles and sea surface elevation obtained from altimeter data for the development of algorithm of data assimilation in the basin-scale circulation model is the area of potential impact of the project to the development of the Black Sea GOOS and ARENA projects.

FUTURE PLANS


Two more profiling floats should be launched at the Black Sea at the end of 2003 or at the beginning of 2004 year. 


The paper for publication in the special volume of Deep-Sea Research will be prepared to show a major advantages of the use profiling floats in the Black Sea basin.


Broad analysis of the resonant intensification of the Black Sea deep circulation will be carried out.


Validation of the model hydrography by means of the comparison with the profiling float data will be fulfilled.


The procedure of assimilation of temperature and salinity profiles in the model of the Black Sea circulation will be developed.

TRANSITIONS 

The Black Sea profiling buoys program was presented on the Black Sea GOOS Steering Committee meeting in October 2002. The experience of the first application of the profiling buoys to the study of the Black Sea dynamics is used in frame of the ARENA project of the Accompanying measures the European Commission's Research Programs for the outline of the Black Sea operational nowcasting/forecasting system. The Task Team meetings of Work Packages 5, 6 ARENA project, which was held in June 2003 is considered the profiling floats as one of key elements of the initial observing system of the Black Sea basin.  Validation of the near-real time model output operating with assimilation of altimetry is reported on the conferences in Varna and in Kiev in October 2003 and  on the ARENA steering committee meeting. 

RELATED PROJECTS 

The profiling buoy project is contributed to the development of the Black Sea observing system in frame of the Black Sea GOOS project of IOC and ARENA project of EC Framework 5. Analysis of deep-currents in the Black Sea and validation of the circulation model output is carried out in frame of the project 2241 of Science and Technology Center in Ukraine “Remote Sensing of Marine Ecological systems”.

Fig.3. The scatter plot of the measured (horizontal axe) and simulated (vertical axe) velocity components on three depths.


Blue points are zonal velocity and red ones are meridional velocity. 
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