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1. INTRODUCTION

The SMARA (Servicio Meteorológico de la Armada Argentina, Argentine Navy Meteorological Service) started operatively with a computer based analysis-forecast cycle in 1985 with a barotropic model and eventually replaced it in 1986 by a two-level quasi-geostrophic model. Later, in 1987, a 5-level baroclinic model began running (Etala et al., 1987, Etala and Alonso, 1997). Such model, upgraded in 1996, includes the parameterization of physical processes of the atmosphere. The physics of the said model focuses on three general areas, that is, friction dissipation, diabatic heating in the w-equation, moisture sources, and sinks in the moisture equation (Barreira, 1996, a, b, c). The model outputs draft geopotential heights, vorticity and geostrophic winds at five levels (900, 700, 500, 300, and 200 hPa, respectively), vertical velocity, temperature, humidity, long and short radiation, sensible and latent heat in the intermediate levels (i.e. 800, 600, 400, and 250 hPa), and surface, clouds (convective and large scale), as well as precipitation every three-hour intervals during a 48 hour period. The model covers the zone from 19º S to 70 º S latitude and 10 º W to 115º W longitude (see fig.1), grid resolution 3º x 3º. Cyclic boundary conditions are used extending the domain ten columns eastwards with linear interpolation at intermediate points; two rows northward and five southward, with moving boundaries and linear interpolation.

In this model domain, accurate identification of weather systems developing at both South Pacific and Atlantic Oceans which move West-East, are of utmost importance to assure analysis and prediction reliability. South Pacific Systems, however, move toward the continent causing heavy showers, strong winds and sharp warm air mass change to cold. The South Atlantic systems, on the other hand, could develop close to southern Brazil or near Uruguayan coastline bringing in storms affecting south of Brazil, Uruguay, NE of Argentina and Buenos Aires province. Moreover, other systems originating in the Polar Low Belt bring about severe weather conditions in the South Atlantic Ocean, and are therefore important to predict high waves probability.

The lack of weather observation data has made it difficult for forecasters to identify and analyze oceanic weather systems despite Satellite Imagery aid, since it is impossible to determine the intensity of such weather systems.
2. GENERAL STRUCTURE OF THE ARGENTINE NAVY WEATHER ASSIMILATION AND PREDICTION SYSTEM  (ANWAPS)

Data are supplied by Argentina's National Meteorological Service (SMN) via a Teletype extension of the GTS at 75 baud. Observational data, first decoded and eventually pre-analyzed, undergoes cross-checking processes to eliminate and/or correct erroneous data as well as suffer recalculation of the upper-air soundings to verify hydrostatic consistency (Gonzalez de De Francesca and de Souza Frade, 1991; Segura and Gonzalez de De Francesca, 1996). Hence, radiosonde data, geopotential heights, winds, temperature and humidity at all mandatory levels, wind satellite data, remote-sonde thickness, surface station, drifting buoys and ship data are used to determine geopotential height, temperature and specific humidity analysis. Widely known as it is, data distribution in this part of the world has large uncovered oceanic areas that remain a core need for meteorological analysis quality. This drawback may be improved by using remote-sondes within the said areas. These sondes supply for the thickness among different isobaric levels. ANWAPS aims at optimizing the use of such data as well as that from satellite winds. The trouble now appears to be to determine a reference field from which to begin adding up thickness. That is why emphasis lies on 1000-hPa analysis over oceanic areas including all ships, drifting buoys and island data. System operators, however, should frequently introduce bogus data from satellite imagery over oceanic areas to place weather systems.

A weighted successive correction objective analysis (Cressman and Bedient, 1957) is used to correct heights first guess fields at the five models levels. Generally, a 12-hour model forecast provides a first guess (FG) to the following analysis. The 1000 hPa FG field is extrapolated from the lower three model levels (last model level 900 hPa). Variational method presented by Sasaki (1958, 1969) is then used to obtain the objective analysis-initialization scheme for temperature and geopotential field with hydrostatic consistence (Jover Albá and Etala, 1989,1994). Spline interpolation functions are used to put mean layer temperatures obtained from satellite thickness into standard levels. Specific humidity analysis makes use of relative weights to adjust data to first guess temperature and humidity fields (Etala and Barreira, 1996). All this processes are run over an IBM RS 6000 with an AIX operational system.

3. DATA BUOY OBSERVATIONAL SYSTEM

Data buoys are now accepted as a very cost-effective means for obtaining meteorological and oceanographic data from remote ocean areas. As such, they form an essential component of marine observing systems established as part of the World Weather Watch, the World Climate Research Programme, the Global Ocean Observing System, the Global Climate Observing System, the Integrated Global Ocean Services System and other meteorological and oceanographic operational and research programmes. The Data Buoy Co-operation Panel (DBCP) is a mechanism of the World Meteorological Organization (WMO) and the Intergovernmental Oceanographic Commission (IOC) for co-ordination and co-operation in the implementation of drifting buoy deployment programmes and a forum for discussing technical problems related to buoy operations including all ocean data buoys on the high seas. 

The utilization of data buoys and many other remotely located environmental observation systems depend critically on the data collection and location services provided by the Argos system. This system, which is flown on the NOAA (USA) Polar-orbiting Operational Environmental Satellites (POES) and operated by CLS (Collecte Localisation Satellite, Toulouse, France), and Service Argos Inc., works through the Argos Global Processing Centres in France and the USA, as well as through Local User Terminals (LUTs) in a number of countries. Data collection platforms that utilize the Argos system for meteorological and oceanographic purpose can be categorized into three groups: (a) Moving platforms: drifting buoys, ships and ice buoys; (b) Fixed platforms: moored buoys and automatic weather stations; and (c) Sub-surface floats.

The variables measured at a data buoy station include one or more of the following elements: atmospheric pressure, atmospheric pressure tendency, wind speed, wind direction, air temperature, sea-surface temperature, sub-surface temperatures, sea-surface salinity, sub-surface salinity, and wave period and height.

Buoys (drifting and moored) provide critical coverage of environmental phenomena in Antartic´s seas, Tropical and Southern Hemisphere oceans. The different types of buoys system, each uniquely engineer for application in different regions of our planet contribute to a broad objective of advance weather and climate prediction specially in those regions where an sparse network of observations exist; and studies in several special ways: sea-ice motion, ocean circulation, sea-air interaction, green-house effects, ENSO pattern, etc.

4. DATA BUOY IN THE ANWAPS

As is known the land station observation network is very dense in the ANWAPS area and the data of good quality, but there is a real lack of meteorological data in the oceans (see fig. 2), particularly in the data sparse areas not covered by Voluntary Observing Ships reporting weather data in real time onto the GTS. This is one of the reasons why buoy data are so important in ANWAPS area. From figure 2 we could see that for this special month, South Atlantic Ocean is better cover than South Pacific Ocean by drifter buoy. 

Buoy data have been processed in the ANWAPS since 1995 with satisfactory results. Although data are transmitted to the satellite right away every 90 seconds or so, ANWAPS uses data close to synoptic observation times of 0000GMT and 1200GMT. Table 1 presents the amount of buoy data messages received, day by day, at 0000GMT from June 1998 to May 1999. Table 2 shows same information but for 1200GMT. It could be seen the different amount of data received at SMARA for both hours. Due to GTS-SMARA transmission slow speed, we were forced to wait four hours at 1200GMT (1200GMT + 4 hours) to collect enough amount of all kind of meteorological data for ANWAPS. However, unfortunately, during this 4-hs-period we could not acquire a considerably amount of buoy data messages (see table 2). But at 0000GMT we wait for the complete package of data to begin ANWAPS. 

From tables 1 and 2, it also could be seen that there exist “blanks” and “cero numbers”. “Cero” mean data were not received. “Blanks” correspond to periods when GTS-SMARA link did not work. To clarify these concepts we could see a comparison between both hours in figure 3. March highlight from the rest of the months. We could introduce to ANWAPS a month total of 628 data at 0000GMT. However, little amount of data was presented at 1200GMT as an ANWAPS constant behavior. March 1999 was the month we choose to conduct experiments.

Table 3 shows the total amount of data that were introduced to ANWAPS on March 1999. This table includes TEMP, PILOT, SYNOP, SHIP, SIRS, GOES, BUOY, and GRID messages, and a column called ¨seudo¨ that represents the number of BOGUS data that the operator introduced to ANWAPS.

5. EXPERIMENTS AND RESULTS

During the Vth meeting of the International South Atlantic Buoy Programme, Bs. As, Argentina, July 1998 we presented a report comparing April 20-27, 1998 SMARA operational hand-made analysis which are made previously to buoy data arrived to SMARA, with ANWAPS analysis including buoy data. Although mean buoy data amount received over that period was only of ten messages at 0000GMT, intensity and location of the systems, which respond to buoy data, were well resolved by ANWAPS. Continuing with this experiments, we select a 10 days period, from 3/8/99 to 3/17/99 which contains the largest amount of buoy data received at SMARA over a year (see table 1). For this period, analysis and 24-hs forecast were prepared for the two principal hours with and without buoy data. We conducted two kinds of experiments: with a climatological first guess at 0000GMT and 1200GMT every day and with a 12-hours model forecast first guess.

At this point, we would like to present some cases depicting a sharp difference. Hereafter, we will denominate the experiments with a climatological first guess with a C and those with a 12-hours forecast first guess with a F. The experiments in which we did not include buoy data are presented with a NB. When buoy data are considered, we designate them with only a B.

Beginning with the cases with climatological first guess, it could be seen from figure 4 that shows 0000GMT 3/9/99 CNB surface pressure analysis and from figure 5 that represent the same but in CB case, that the most remarkable features are presented over the South Atlantic Ocean. A high-pressure system centered at 43ºS, 37ºW in CB experiments, is not manifest in CNB case. Also, the axis of the depression in CB is westward for CNB axis position. Other remarkable feature is the intensity and position of the South Pacific Ocean Anticyclone. All these peculiarities are sustained by the data provided by the buoy stations shown in figure 6.

Although at 0000GMT 3/10/99 we did not received the complete package of buoy data, as it is shown in figure 7, this few data are useful to determine the presence of a trough over the Atlantic Ocean (see figure 8) in CB case that is absent in CNB case (fig. 9), with the consequent lost of this information for the forecast. 

Figure 10 (CB case) shows a very intense anticyclone system centered at 40ºS, 45ºW which introduces high-pressure values southward with two axis poleward. This system is smooth in CNB case (fig.11). There are some other differences over South Pacific Ocean as it could be seen from figures 10 and 11. The amount of buoy data for this day is good for South Atlantic Ocean, but there is a lack of data over the Pacific Ocean as is the case of all March days (fig. 12).

Considering the same days presented above but in the case of a 12-hours forecast first guess, the differences between both experiments are less remarkable due to the memory of ANWAPS. In 0000GMT 3/9/99 FNB experiment (fig. 13) the Atlantic anticyclone is well positioned but the axis of the depression centered at 60ºS, 25ºW is westward of the right position marked by buoy data in fig. 6 and present in FB case (fig. 14). We could also see that the two Pacific Ocean buoy data are useful to locate the position of the South Pacific Ocean anticyclone and its intensity.

Figure 15 shows 0000GMT 3/10/99 FNB case and figure 16 shows 0000GMT 3/10/99 FB case. As in this case (see fig. 7), buoy data are located at the east side of ANWAPS domain, the differences between both case are more remarkable eastward of 45ºW. Differences between the location and intensity of the low-pressure system centered at 42ºS, 47ºW in FNB case (fig. 15) and at 45ºS, 42ºW in FB case (fig. 16), is the principal features of both figures. Other characteristic is a trough that extends to 30ºS in fig. 15 and does not exist in FB case (fig. 16), as it could be seen from buoy data (fig.7).

As it was described in climatological FG cases the 0000GMT 3/14/99 FB and FNB experiments present remarkable differences in the intensity and position of the South Atlantic high-pressure system and troughs (not shown).

6. FINAL COMMENTS

We have presented the results obtained after four 10-days ANWAPS run with and without buoy data and with different first guess. As it could be expected remarkable features are present when ANWAPS have no memory of the position and intensity of systems, as is the case of climatological first guess. On the other hand, March buoy location is principally over South Atlantic Ocean, so that, corrections of ANWAPS are mostly over that region. ANWAPS resulted greatly improved by the introduction of buoy data. It is well known that systems move from west to east in middle latitudes. For that reason it is important to count with more drifting buoys at our forecast area, especially the one surrounding Antarctica and the South Pacific Ocean.
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Figure 1. SMARA regional model area.
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Figure 2. Drifting buoys position during March 1999. Different dots indicate 0000GMT daily buoy location
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Table 1. Total amount of buoy data received, day by day, at 0000GMT from June 1998 to May 1999.
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Table 2. Total amount of buoy data received, day by day, at 1200GMT from June 1998 to May 1999.
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Table 3. Total amount of all kind of data introduced to ANWAPS on March 1999. “seudo” correspond to the number of  bogus data introduced to the System.
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Figure 3. A comparison between 0000GMT and 12000GMT total amount of buoy data messages received at SMARA for the period June 1998-May 1999.
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Figure 4. CNB 0000GMT 3/9/99 surface pressure analysis.

Figure 5. CB 0000GMT 3/9/99 surface pressure analysis.
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Figure 6. 0000GMT 3/9/99 buoy position and pressure data.

[image: image10.png]



Figure 7. 0000GMT 3/10/99 buoy position and pressure data.
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Figure 8. CB 0000GMT 3/10/99 surface pressure analysis.
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Figure 9. CNB 0000GMT 3/10/99 surface pressure analysis.
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Figure 10. CB 0000GMT 3/14/99 surface pressure analysis.
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Figure 11. CNB 0000GMT 3/14/99 surface pressure analysis.
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Figure 12. 0000GMT 3/14/99 buoy position and pressure data.
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    ***************************************************************************************************

    *  Day   |  TEMP | PILOT | SYNOP | SHIP  | SIRS  | GOES  |  BUOY | SEUDO |   GRID(*98)   |  TOTAL *

    * (hour) |  (*11)| (*12) | (*31) | (*34) | (*41) | (*61) | (*81) | (*99) |  SUP.|   500  |  DATA  *

    ***************************************************************************************************

     * 01(00)|    9  |    2  |  112  |    2  |    0  |   NO  |   11  |    3  |   YES |   YES |  141  *

     * 01(12)|   15  |    4  |   98  |    1  |    0  |   NO  |    0  |    0  |   NO  |   NO  |  119  *

     * 02(00)|   11  |    1  |  107  |    2  |    0  |   NO  |   31  |    2  |   NO  |   NO  |  154  *

     * 02(12)|    9  |    4  |  107  |    3  |    2  |   NO  |    0  |    0  |   NO  |   NO  |  128  *

     * 03(00)|   12  |    3  |  108  |    3  |   48  |   NO  |    7  |    2  |   NO  |   NO  |  183  *

     * 03(12)|   17  |    5  |  110  |    2  |    0  |   NO  |    0  |    0  |   NO  |   NO  |  137  *

     * 04(00)|   11  |    2  |  115  |    3  |    6  |   NO  |   18  |    3  |   NO  |   NO  |  158  *

     * 04(12)|   20  |    9  |  111  |    3  |    0  |   NO  |    0  |    0  |   NO  |   NO  |  145  *

     * 05(00)|    8  |    0  |   99  |    3  |   13  |   NO  |   38  |    3  |   NO  |   NO  |  164  *

     * 05(12)|   15  |    9  |  116  |    5  |    0  |   NO  |    0  |    1  |   NO  |   NO  |  147  *

     * 06(00)|   11  |    1  |  102  |    6  |    0  |   NO  |    2  |    0  |   NO  |   NO  |  122  *

     * 07(12)|    5  |    7  |  114  |    5  |    0  |   NO  |    0  |    0  |   NO  |   NO  |  131  *

     * 08(00)|    8  |    3  |  104  |    3  |   13  |   NO  |   30  |    1  |   NO  |   NO  |  162  *

     * 08(12)|   14  |    7  |  110  |    4  |   14  |   NO  |    0  |    1  |   NO  |   NO  |  150  *

     * 09(00)|   11  |    5  |  113  |    5  |   47  |   NO  |   34  |    1  |   NO  |   NO  |  216  *

     * 09(12)|   15  |    7  |  112  |    4  |    0  |   NO  |    0  |    0  |   NO  |   NO  |  138  *

     * 10(00)|   11  |    2  |  115  |    6  |   21  |   NO  |   13  |    1  |   NO  |   NO  |  169  *

     * 10(12)|   18  |    6  |  115  |    6  |    0  |   NO  |    0  |    1  |   NO  |   NO  |  148  *

     * 11(00)|   10  |    2  |   93  |    3  |   71  |   NO  |   12  |    1  |   YES |   YES |  195  *

     * 11(12)|   17  |    8  |  109  |    7  |    0  |   NO  |    0  |    1  |   NO  |   NO  |  144  *

     * 12(00)|   10  |    2  |  116  |    4  |   52  |   NO  |   29  |    2  |   YES |   YES |  217  *

     * 12(12)|   20  |    9  |  117  |    4  |    0  |   NO  |    0  |    1  |   NO  |   NO  |  151  *

     * 13(00)|    0  |    0  |    0  |    0  |    0  |   NO  |   33  |    0  |   NO  |   NO  |   36  *

     * 13(12)|    0  |    0  |    0  |    0  |    0  |   NO  |    0  |    0  |   YES |   YES |    2  *

     * 14(00)|    8  |    2  |  105  |    5  |   68  |   NO  |   33  |    1  |   NO  |   NO  |  222  *

     * 14(12)|    4  |    8  |  111  |    8  |   11  |   NO  |    2  |    0  |   YES |   NO  |  145  *

     * 15(00)|    7  |    2  |  109  |    0  |  154  |   NO  |   13  |    1  |   YES |   YES |  288  *

     * 15(12)|    8  |    9  |  114  |    5  |    0  |   NO  |    0  |    0  |   NO  |   NO  |  137  *

     * 16(00)|    9  |    2  |  109  |    3  |   15  |   NO  |   33  |    3  |   YES |   YES |  176  *

     * 16(12)|   21  |    7  |  118  |    3  |    0  |   NO  |    0  |    0  |   NO  |   NO  |  151  *

     * 17(00)|    9  |    2  |  112  |    3  |    4  |   NO  |   29  |    1  |   YES |   YES |  163  *

     * 17(12)|    8  |    7  |  111  |    0  |    0  |   NO  |    0  |    0  |   NO  |   NO  |  130  *

     * 18(00)|    9  |    2  |  110  |    2  |   50  |   NO  |    3  |    2  |   YES |   YES |  180  *

     * 18(12)|   13  |    3  |   99  |    2  |    0  |   NO  |    0  |    0  |   NO  |   NO  |  118  *

     * 19(00)|    5  |    2  |  100  |    2  |    0  |   NO  |   32  |    2  |   NO  |   NO  |  143  *

     * 19(12)|    6  |    0  |   98  |    2  |    0  |   NO  |    0  |    0  |   NO  |   NO  |  106  *

     * 20(00)|   10  |    2  |  101  |    5  |    0  |   NO  |    0  |    0  |   NO  |   NO  |  118  *

     * 20(12)|    2  |    4  |  105  |    4  |    0  |   NO  |    0  |    0  |   NO  |   NO  |  116  *

     * 21(00)|    3  |    2  |  108  |    5  |    0  |   NO  |   27  |    0  |   NO  |   NO  |  147  *

     * 21(12)|   15  |    8  |   84  |    4  |    0  |   NO  |    0  |    0  |   NO  |   NO  |  111  *

     * 22(00)|   11  |    2  |  109  |    6  |    0  |   NO  |   14  |    1  |   NO  |   NO  |  143  *

     * 22(12)|   20  |    7  |  104  |    3  |    0  |   NO  |    4  |    2  |   YES |   YES |  142  *

     * 23(00)|   11  |    3  |  112  |    5  |   54  |   NO  |   19  |    2  |   YES |   YES |  208  *

     * 23(12)|   13  |    8  |  114  |    7  |    8  |   NO  |    0  |    0  |   NO  |   NO  |  150  *

     * 24(00)|   11  |    3  |   97  |    6  |   70  |   NO  |   30  |    1  |   YES |   YES |  222  *

     * 24(12)|    8  |    7  |  107  |    6  |    0  |   NO  |    0  |    0  |   NO  |   NO  |  128  *

     * 25(00)|   11  |    3  |  113  |    6  |   33  |   NO  |   12  |    2  |   YES |   YES |  182  *

     * 25(12)|   10  |    6  |  103  |    6  |   41  |   NO  |    0  |    0  |   NO  |   NO  |  169  *

     * 26(00)|   10  |    4  |  111  |    4  |   17  |   NO  |   25  |    2  |   YES |   YES |  177  *

     * 26(12)|   12  |    9  |  103  |    3  |    0  |   NO  |    0  |    0  |   NO  |   NO  |  130  *

     * 27(00)|   10  |    4  |    5  |    3  |    0  |   NO  |   30  |    0  |   NO  |   NO  |   54  *

     * 27(12)|    5  |    6  |  101  |    3  |    0  |   NO  |    0  |    0  |   NO  |   NO  |  115  *

     * 28(00)|    6  |    2  |  105  |    3  |    0  |   NO  |   16  |    0  |   NO  |   NO  |  134  *

     * 28(12)|    4  |    6  |  109  |    1  |    0  |   NO  |    0  |    0  |   NO  |   NO  |  120  *

     * 29(00)|    8  |    2  |  109  |    1  |   74  |   NO  |   18  |    2  |   YES |   YES |  218  *

     * 29(12)|   11  |    9  |  116  |    3  |    0  |   NO  |    0  |    2  |   NO  |   NO  |  143  *

     * 30(00)|   11  |    2  |  109  |    4  |    2  |   NO  |   25  |    2  |   NO  |   NO  |  155  *

     * 31(00)|    3  |    1  |  101  |    5  |    0  |   NO  |   11  |    0  |   NO  |   NO  |  123  *

     *************************************************************************************************


Figure 13. FNB 0000GMT 3/9/99 surface pressure analysis.
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Figure 14. FB 0000GMT 3/9/99 surface pressure analysis.
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Figure 15. FNB 0000GMT 3/10/99 surface pressure analysis.
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Figure 16. FB 0000GMT 3/10/99 surface pressure analysis.
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