Long-term forecast of northern Adriatic winter conditions
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Abstract


Presented results indicate that a long-term (several months ahead) forecast of the winter northern Adriatic conditions is possible and that it can be based on the analysis of meteorological conditions and geostrophic circulation fields. Using 1981-2007 February data we show that in winters of the type A, salinity in the northern Adriatic is lower and production of phytoplankton higher than in the B type winters. This indicates that the impact of the Po River waters on the northern Adriatic is more pronounced during the A type winters. The two types, A and B, have already been identified on the basis of the bottom density differences between eastern and western part of the northern Adriatic but more precise definition is given here. Based on the data collected during hydrographic cruises in 2000 (type B conditions) and 2001 (type A conditions), we found that the two winters differed in geostrophic circulation patterns as well. Eastward of the Po River delta there was a large cyclonic gyre in 2000 and a large anticyclonic gyre in 2001. Circulation patterns were highly dependent on autumn conditions, with bottom density changes as the most likely triggering cause. Strong surface heat losses and many bora episodes preceded the winter of 2000, while moderate cooling and sirocco events preceded the winter of 2001. 
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Highlights
1. Introduction


The northernmost part of the Adriatic Sea, to the north to the Rimini-Pula section (Figure 1) is shallow, semi-enclosed and relatively small. It is exposed to the inflow of one of the largest Mediterranean rivers, the Po River. Main winds in the region are the north-eastern bora and the south eastern sirocco. Bora, one of the strongest Mediterranean winds, is dry, cold and spatially inhomogeneous. On the other hand sirocco, SE wind, since it blows over the sea, is uniform and full of moisture (e. g.  Cushman-Roisin et al., 2001; Grisogono and Belušić, 2009). The northern Adriatic gains heat from March to August (Supić and Orlić, 1999), and its water column is generally stratified during summer and mixed in winter (e. g. Franco and Michelato, 1992). In winter, the northern Adriatic is a location where one of the densest Mediterranean waters, North Adriatic Dense Water (NAdDW; with sigma-t over 29.2) can form (e. g. Artegiani et al., 1997a, Cushman-Roisin et al., 2001). Its formation is related to episodes of bora wind. NAdDW flows out of the Adriatic along the western slope and sinks to deep Adriatic depressions, Jabuka Pit and South Adriatic Pit. It sinks in the latter rapidly though the Bari Canyon to a thousand meters (Trincardi et al., 2007) and, together with the Adriatic Deep Water (ADW) generated in the centre of the South Adriatic Gyre through deep-convection process (Manca et al., 2002; Vilibić and Šantić, 2008), flows out in deep layers of the Otranto Strait and fills the deep Eastern Mediterranean (e. g. Cushman-Roisin et al., 2001; Vilibić and Orlić, 2002).

Chemical and physical characteristics of the northern Adriatic are very specific. Spring and summer are in some years characterized with formation of large mucilaginous aggregates, which can extend for hundreds of meters or even more (e. g. Precali et al., 2005). In autumn, massive death of benthic organism can occur in the bottom layer due to lack of oxygen (anoxia; e. g. Degobbis et al., 2000). It is thought that both, accumulation of mucilage and anoxia events occur within pools of stagnant water, whose position is well described by the distribution of the surface geostrophic currents (e. g. Supić et al., 2000; Supić et al., 2003; Djakovac et al., 2006). Due to a large nutrient input from the Po River, the northern Adriatic is considered to be one of the most productive regions of the Mediterranean Sea (Sournia, 1973). It is in winter when the largest phytoplankton blooms appear (e. g. Kraus and Supić, 2011). Blooms are especially intense when large amounts of the low salinity waters from the Po River enter the northern Adriatic both in surface and deeper layers.


Waters from the Po River can be either restricted to the coastal zone or can be drawn into the open northern Adriatic. Po River spreading across the sea depends on the combined effects of ambient stratification, intensity of river discharge rates and on prevailing winds (e. g. Beg Paklar et al., 2001; Bignami et al., 2007; Mauri et al., 2007). Po River waters are more likely to be restricted to the western part during winter than during summer (e. g. Russo et al., 1996; Artegiani et al., 1997b, Krajcar, 2003). 


A long-term analysis (1966-2000) based on monthly measurements of temperature and salinity in February at transect between the Po River delta and Rovinj (Figure 1; Supić and Vilibić, 2006) showed that two types of winter hydrographic conditions, A and B, can occur in this region. The study showed that for type A bottom salinity and density were higher in the eastern  than in the western part of the northern Adriatic and for type B vice versa. It was during B winters when the densest NAdDW was formed. In this paper we give a new and more precise definition of A and B winters and give a list of A and B winters in the period from 1981 to 2007. We show that in winters of type A the salinity of the northern Adriatic was lower and production of phytoplankton was much larger than in winters of type B. We also analyze the correlation between bottom density of northern Adriatic and density in deep layers of the southern Jabuka Pit (Appendix). The correlations were high indicating that NAdDW leaked in the bottom part from northern Adriatic towards the south. In addition, the results support the hypothesis that bottom waters of the Jabuka Pit are in winters of B type produced in the western Adriativ and in years of A type winters in eastern part of the northern Adriatic.


The list of A and B winters from 1981 to 2007 given in this paper was based on long-term thermohaline data collected during February cruses at the Po River delta-Rovinj transect (Figure 1).

Winter of 2000 was a B type winter, while winter of 2001 was an A type winter. In these winters, but also in the months preceding them, large amounts of hydrographic data were collected in the region within the frame of project Processes of mucilage formation in the Adriatic and Tyrrhenian seas: monitoring of the profile Rovinj-Po River delta (Mucilage formation in the Adriatic and Tyrrhenian seas - MAT). The data were collected monthly at 45 stations in transects X, Y and Z (Figure 1). This enabled us to study in more details oceanographic conditions of the A and B winters and also the conditions preconditing them. It should be noted that available data do not alow investigation of the oceanographic codnitions of the entire Adriatic basin. However they give good insight intio the area between northern and central Adriatic in which important water exchange processes occur. Spatial resolution of stations, althouhg good along the trasects X, Y and Z, is low in areas between them and thus some facts concerning spatial distribution of oceanographic conditions remain unrevield. An investigation of the northern Adriatic oceanographic conditions for the two periods of interest, from August 1999 to February 2000 and from August 2000 to February 2001, is based both on hydrographic and meteorologic data. More precisely, it is based a) on analysis of distribution of temperature, salinity, density and geostrophic currents at transects X, Y and Z during monthly cruises and b) on analysis of daily and monthly changes in the Po River discharge rates and in meteorological parameters and surface fluxes in the region (namely at the meteorological stations of Trieste, Rovinj, Pula and Mali Lošinj; Figure 1). 

To relate oceanographic and environmental conditions of the region in winters of A and B types data concerning February phytoplankton abundances at stations of the Po River delta-Rovinj transect  from the 1990-2007 period were used, 
2. Data and methods

2. 1. Hydrographic data
2. 1. 1. Hydrographic data used in determination of A and B winters in the 1966-2007 interval

A new definition of A and B winters is based on the temperature and salinity data collected during February cruises in the 1981-2007 interval at the Po River delta - Rovinj transect from Center for Marine Research (CMR), Rovinj. The data were sampled at standard depths (0 m, 5 m, 10 m, 20 m and 2 m above the bottom) at six standard stations of the section - X14, X03, X05, X07, X09 and RV001. (X14, X03, X05, X07 and X09 in CMR data base equal to SJ108, SJ101, SJ103, SJ105 and SJ107, respectively). Temperature was measured by protected reversing thermometers (Richter and Wiese, Berlin, precision ± 0.01°C).  SEQ CHAPTER \h \r 1Salinity was determined using Mohr and Knudsen's method with an accuracy of ± 0.05 (data between 1966 and 1977) or by high precision laboratory salinometers with accuracy of ± 0.01 (data from 1978 onwards). The temperature and salinity data were used to compute (t values in standard way. A type winters occur when the average 30 m (t value in the eastern part of the Adriatic [(t (east)] is for at least 0.1 higher than 30 m sigma-t in western part of northern Adriatic [(t (west)] and B type winters occur when it is just the opposite. The western part of the Adriatic is defined with stations X14 and X03 and eastern part with X09. A special C type winter occurs when sigma-t values in the bottom layer of the eastern and western part of the northern Adriatic are the same, e. g. the difference is under 0.1.  

Average value of a parameter p (temperature, salinity or (t) for a certain station for a certain cruise [STAT (p); STAT=X14, X03, X05, X07, X09 and RV001] was computed following the assumption that the bottom depth is equal to 30 m and that the parameter value within layers 0-2.5 m, 2.5-7.5 m, 7.5-15 m, 15-25 m and 25-30 m can be approximated by its values at 0, 5, 10, 20 and around 30 m, respectively [
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; l=0 m, 1 m, ..., 30 m; STAT,(p,l) - value of parameter p at station STAT at level l]. Average values of each parameter p at the entire Po River delta-Rovinj transect, X(p) was then computed as:  X(p)=1/6 [X14 (p)+ X03 (p)+ X05 (p) + X07 (p) +X09 (p) + RV001 (p)].
2. 1. 2. Hydrographic data used in description of periods August 1999-February 2000 and August 2000-February 2001
The investigation of oceanographic conditions in the northern Adriatic in period from August 1999 to February 2000 and from August 2000 to February 2001 was based on Conductivity-Temperature-Depth (CTD) data collected along the three transects, X, Y and Z; Figure 1). The cruises were undertaken on the following dates: August 9-11 1999, September 7-8 1999, October 7-9 1999, January 3-5 2000, February 21-24 2000, August 22-25 2000, October 23-27 2000, December 12-14 2000 and February 19-22 2001.
The data were collected with a SeaBird Electronic SBE 25 (transect X) and a SBE 911plus (transects Y and Z). CTD sampling frequencies were 8 Hz (SBE25) and 24 Hz (SBE 911plus). Data were acquired and processed according to UNESCO (1988) standards, obtaining pressure-averaged data (0.5 db interval). Every year all the utilised CTD probes were calibrated at the NATO Undersea Research Center (NURC) in La Spezia, Italy; results confirmed that the accuracy of the probes was within the manufacturer’s stated accuracy. A careful examination showed that the CTD data within the two periods of interest were not in all cases sampled in the 0-2 m surface layer, e. g. at 0 m, 0.5 m, 1 m and 1.5 m. Therefore we restricted our analysis on the data collected at 2 m depth and below. We used 2-30 m layer CTD data and computed dynamic depths of the 30 dbar surface, according to standard methods (Supić et al., 2000, and references therein). Density of the surface layer - e. g. between 0 and 2 m - was taken to be equal to the one at 2 m depth. Data from all stations were not available for each cruise and some stations were to shalow to perform the computation of the dynamic depths of the 30 dbar surface. List of station used in analysis of northern Adriatic oceanographic conditions in August 1999, September 1999, October 2000, January 2000, February 2000, August 2000, October 2000, December 2000 and February 2001 is given in Table 0. Correlation coefficients rl (p1, p2) between two oceanographic parameters p1 and p2 (p equals to temperature, salinity, (t and dynamic depths of the 30 dbar surface) at layer l (l=2 m or 30 m) were computed using data from set of stations available for a certain month. E. g., to compute correlation coefficient between (t and temperature at 2 m layer in August 1999, 29 pairs of data, representing (t and temperature of 2 m layer at the same station, were used.

2. 2. Phytoplankton data

Phytoplankton abundance measured in February from 1990 to 2007 at stations X14, X03, X05 and X09 were used to analyse long-term changes in environmental conditions in A and B winter types. Sampling was performed using  Niskin bottles  at 0 m, 10 m and 2 m above the bottom (30 m at X14 and X03; 35 m at X05 and X09).   Subsamples of 50 ml, after sampling with Van Dorn bottles, filtration through 300 µm mesh plankton net and fixation with Lugol's solution, were left to sediment for 40 hours. Phytoplankton abundance and composition were determined by a method of random fields of vision with a Zeiss inverted microscope, using the Utermöhl (1958) settling technique. In the analysis we used phytoplankton data in the size range 20-200 µm (microphytoplankton). 

 Values for phytoplankton abundance were assessed at western  [X14 and X03] and at eastern [X07 and X09] region for upper and lower layer of water column.  

Values for upper layer were computed as an average from data collected at 0 m and 10 m and the ones for lower layer as an average from data collected at 10 m and 30 m (X14 and X03) or 35 m (X07 and X09).
2. 3. Meteorological and hydrologic data

Daily values of base meteorological parameters (air temperature, wind speed, fractional cloud cover, water vapor pressure and precipitation) and sea surface temperature (SST) at station Pula, of air pressure at nearby station Pula airport and of Po River discharge rates were analysed for two periods: 1 August 1999 to 29 February 2000 and 1 August 2000 to 28 February 2001. 
Daily values of air temperature, wind speed, fractional cloud cover, water vapor pressure, air pressure and SST were computed from measurements taken three times a day (6, 13 and 20 h UTC), while precipitation was measured daily. The data were provided by the Hydrometeorological Institute, Zagreb, the Maritime Meteorological Center, Split, and the Assessorato Programmazione, Pianificazione e Ambiente of the Emilia Romagna region (Italy). Daily values of surface heat flux (Q; sum of insolation Qs, longwave radiation Ql, latent heat flux Qe and sensible heat flux Qc) and water fluxes (W; difference between precipitation P and evaporation E) were computed from meteorological and SST data for the two periods. The method of computation is described in more details by Lyons et al. (2006). The flux component Qs was computed after Reed (1977) and Gilman and Garrett (1994), and Ql, Qe and Q, were computed after Gill (1982).  
Monthly means of total surface heat flux over the northern Adriatic (mean value for the three stations in north-eastern Adriatic - Trieste, Rovinj and Mali Lošinj) for the 1966-2007 interval were computed following more complex method of computation, based on the three different sets of formulae for flux derivation (Supić and Orlić, 1999). Data used in this analysis were provided by the Trieste University, the Hydrometeorological Institute, Zagreb, and the Maritime Meteorological Center, Split. As the data for the 1966-2004 period were already described (Supić and Orlić; 1999; Supić and Vilibić, 2006; Kraus and Supić, 2011) we will discuss here only the 2005-2007 interval. Air pressure, air temperature, scalar wind speed, cloud cover and water vapour pressure data were collected hourly at Trieste and three times a day (6, 13 and 20 h UTC) at Rovinj and Mali Lošinj. Air pressure for Rovinj was measured at the nearby station Pula (44° 52' N, 13° 55' E). SST data for Rovinj [Ts (RV)] were computed from measuremenst at a nearby location, the lighthouese St. Ivan [(45° 03' N, 13° 37' E); Ts (IV)] using the formula Ts (RV) = 1.09 * Ts (IV) - 0.6, derived from monthly means of simultaneous measurements in previous periods. SST was collected three times a day (6, 13 and 20 h UTC) at St. Ivan lighthouse and Mali Lošinj, and once per day (9 h UTC) at Trieste. Small data gaps were interpolated. Flux values used by Supić and Vilibić (2006) and Kraus and Supić (2011) are subject to a small error in computation, which is here corrected.
 
Daily values of Po River discharge rates for 1966-2007 interval were collected at the Pontelagoscuro station (e. g. Figure 1 in Kraus and Supić, 2011). The data were supplied by Assessorato Programmazione, Pianificazione e Ambiente of the Emilia Romagna region (Italy). They were also used to compute monthly means of Po River rates.
3. Results and analysis
3. 1. Determination of A and B winters

List of A, B and C winters in the 1981-2007 interval, the corresponding (t values in bottom layers of eastern and western northern Adriatic and averages of temperature, salinity and (t values at the Po River-Rovinj section is given at Table A1. The most frequent were the B type  winters, occuring in 1987, 1990, 1991, 1994, 1999, 2000, 2003, 2005 and 2006. The A type winters occured in 1993, 2001, 2004 and 2007 and the C type winters in 1981, 1982, 1995 and 1998. The abundance of phytoplankton in the surface and bottom layers of eastern and western northern Adriatic averaged for A and B type winters is presented at Figure A1. In winters of type B the average temperature at the Po River delta - Rovinj section was lower while salinity and density were higher (8.8°C, 38.1, 29.6) than in winters of A (10.2°C, 37.5, 28.9) or C (9.2°C, 37.7, 29,2) type. At the same time, abundance of phytoplankton in winters of A type was much higher than in winters of B type, especially in the eastern part of the northern Adriatic (Figure A1).
3. 2. Case study of winters 2000 and 2001

3. 2. 1. Atmospheric and hydrologic conditions between the August and February 1999-2000 and 2000-2001 period

Daily values of base meteorological parameters and sea surface temperature in the region for the August and February 1999-2000 and 2000-2001 period are presented in Figures 2 and 3. 

Air and sea surface temperature were relatively constant during summer (August-September) and winter (January-February, Figures 2 and 3), with a pronounced decreasing trend in autumn (October-November-December). During the 1 August 1999-29 February 2000 period both air and sea temperatures were generally higher than during the 1 August 2000-28 February 2001 period.

Wind speeds were lower during summer than in autumn and winter. Changes in daily values of wind speed were primarily induced by changes in NE-component of wind speed. In autumn of 1999 winds from NE were frequent and strong and in autumn of 2000 SE component of wind prevailed. In winter of 2000 winds with NE component prevailed and in winter of 2001 both NE and SE components were pronounced but episodes of bora were stronger and more frequent than in winter of 2000.
Daily changes in NE wind component governed also daily changes in evaporation and total surface heat flux (Table 1). The largest evaporation and surface heat losses occurred during the three strongest bora episodes: on 7 November and 20 December of 1999 (over 18 mm d-1 and between 600 and 750 W m-2) and on 14 January 2001 (over 22 mm d-1 and around 890 W m-2; see Figure 2). Note that surface heat losses in winter 2001 were larger than in autumn of 2000. A decreasing trend in Q (in both study period) from the start of August until beginning of winter was induced by a decreasing trend in Qs (not shown). Changes in water fluxes W were more dependent on changes in precipitation rates than evaporation. Po River rates were much higher in autumn than in winter and spring, especially in autumn of 2000.
During oceanographic cruises, which lasted for several days, meteorologic conditions were generally stable without any drastic changes.  
The analysis of monthly values (Figure 4) shows surface heat fluxes and Po River rates (black dots) during the two periods of investigation in comparison with 1966-2007 average values (solid lines) and the corresponding standard deviations (dashed lines). The first period of investigation is characterised with average heat gains in August-September and January-February, intense (e. g. overpassing the average value for around 1 standard deviations or more) heat losses in October-December, low to average Po River discharge rates in August-September and December-February and intense Po River discharge rates in October-November.  On the contrary, the second period was marked with average values of heat fluxes, low to average Po River rates in August-September and February, and intense or exceptionally intense (e. g. overpassing the average value for around 2 standard deviations or more) in October-January. 
3. 2. 2. Water density fields between August and February 1999-2000 and 2000-2001 period
The analysis of vertical density distribution in water column of the northern Adriatic during monthly cruises (Figure 5), computed from all available data for each month (Table 0), shows that vertical mixing processess for the two periods of interest were similar. The water column was in both August 1999 and August 2000 stratified, with similar amounts of (t values at surface (24-25) and bottom (around 28.5). In October, surface (t values were significantly lower than in August (around 26.5), but bottom (t values did not differ much from August values (around 28). The observed changes indicate that pycnoclyne destruction took place during autumn.  The watrer column is well mixed in winter. However, high (t values in February 2000 (over 29.5) with respect to February 2001 (around 29) indicate that it was in autumn-winter of the first period when the NAdDW was produced.

Values of correlation coefficients between oceanographic parameters at available stations were computed for each month and for upper and bottom layer (Table 0.m, Table 2). Density distribution at 2 m layer was during all the cruises mainly dependent on surface salinity distribution, as shown by high correlation between  t at 2 m depth with salinity of the same layer and low correlation between  t at 2 m depth with temperature of the same layer. On the contrary, density distribution in the bottom (30 m) layer was primarily driven by temperature distribution. The exception to this rule took place in December 2000 and February 2001, when bottom density distribution was primarily salinity dependant. During winter cruises (January 2000, February 2000 and February 2001) correlations between t at 30 m and dynamic depth of 30 dbar surface were high, meaning that in winter surface geostrophic currents reflected the bottom density distribution. In periods when water column is quasi-well mixed (Figure 5) this is an expected result. It is however interesting to note that surface geostrophic currents can reflect bottom densuity distribution even in during summer, as it is shown by high correlation between  t30m and (30m in August 1999 and September 1999.
3. 2. 3. Winter conditions

3. 2. 3. 1. Oceanographic conditions

February 2000 and February 2001

Figure 6 and 7 show spatial distribution of oceanographic parameters  during February 2000 and February 2001 cruises. Surface and bottom values are values measured or computed for 2 m and 30 m depth, respectively. The spatial distribution of surface density, temperature and salinity in February 2000 and February 2001 was similar, with low values in vicinity of the Po River delta (down to 28.1, 7.6°C and 36 in 2000; and down to 22.9, 10.3°C and 29.8 in 2001) and rising towards the east and south (up to 29.8, 11.4°C and 38.6 in 2000; up to 29.1, 14.2°C and 38.7 in 2001; Figure 6). However, note that minimal values of salinity and density were in 2001 lower than in 2000, implying the presence of larger quantity of freshened water from the Po River in the area in 2001. 
On the contrary, density distribution near the bottom in February 2000 and 2001 significantly differed. In 2000 maximal density (sigma-t 29.9) was found at the station closest to the Po River delta. These high density values were induced by both low bottom temperature (down to 8.5°C) and high bottom salinity (38.4) in the region close to the Po River delta. The bottom density decreased and bottom temperature increased towards the east and toward the south, down to 29.4 and up to 11.5°C in the region bordering the central Adriatic. In this region, under the influence of the intermediate central Adriatic high salinity waters, salinity - which for most of the study region was between 38.3 and 38.4 - also reached its maximum (38.6). In 2001, bottom waters in the vicinity of the Po River delta were less dense (28.9) than other parts of the investigated area (up to 29.1). Bottom temperature distribution was similar to the one already described for February 2000 and therefore did not contribute to low density values in the vicinity of the delta: the values were the lowest in the vicinity of the Po River delta (11.5°C) and the highest in southernmost region (up to 14°C). Low density close to the delta was induced by extremely low salinity values (37.6). Salinity over larger part of the investigated area was somewhat lower (38-38.2) than in 2000 and, like in February 2000, values as high as 38.6 appeared again in the southernmost part of the region.

The differences in bottom density distribution reflected on geostrophic circulation patterns (Figure 7). In February 2000 there was a large cyclonic motion in the northern and an anticyclonic gyre in the southern part of the analysed region. These motions were present both in surface and bottom layers. On the contrary, in February 2001, both in surface and bottom layers, there was an anticyclonic motion east of the Po River delta. Across the Z transect there was a cyclonic motion, but only in the surface layer. 
January 2000 and December 2000
Our next step was to analyse dynamic conditions in the region during the January 2000 and the December 2000 cruises, which directly preceded the February 2000 and February 2001 ones. Therefore spatial distributions of oceanographic parameters  during these cruises were presented (Figure 8). 
During these cruises surface density, temperature and salinity rose, similar by to February of 2000 and 2001, from the vicinity of the Po River delta (down to 27.3, 7.8°C and 35 in January; down to 18.2, 11.4°C and 24.1 in December) towards east and south (up to 29.5, 14.3°C and 38.7 in January; up to 28.5, 17.6°C and 38.7 in December; Figure 8). However, the surface layer in December 2000 was under much larger impact of waters from the Po River and a broad band of low density, low salinity and low temperature water extended from the western coastal region far towards the open sea. 

Bottom density distributions of January 2000 and December 2000 were alike and resembled the ones observed in February 2000 and February 2001, respectively. In January 2000 the highest density (29.7) appeared in the north-western part of the region close to the delta, with sigma-t values decreased towards the south-east (down to 29). The high density pool was colder (down to 10.2°C) than the rest of the investigated region and of relatively high salinity (38.3-38.4). Like in February 2000, the warmest and the highest salinity (up to 14.3°C and 38.7) was the southern region bordering the central Adriatic. Like in February 2001, in December 2000 the density close to the Po River delta section was low (27.8-27.9) and rose towards the south-east (up to 28.2). But, bottom temperature and salinity distribution in December 2000 were different than in February 2001: near the Po River delta temperature reached maxima values (up to 18.2°C) while salinity there was relatively high (around 38.3). The southern area bordering central Adriatic had the highest salinity (up to 38.7) but was relatively cold (17-17.5°C). Therefore, the low bottom density pool close to the delta in December 2000 was induced by warm water in spite of the salinity being relatively high.
The geostrophic circulation patterns did not change much between the subsequent winter cruises (Figure 7). In January 2000 there was a cyclonic gyre in the northern and an anticyclonic gyre in the southern part of the investigated region, both in surface and in bottom layer. In December 2000 there was an anticyclonic gyre in the northern and a cyclonic gyre in the southern part of the investigated region in the surface layer. 
The analysis of air-sea processes showed that in the periods between the January and February cruises in 2000, as well as in the period between the December 2000 and February 2001 cruises, NW and NE components of wind speed prevailed (Figure 2 and 3). There were several strong episodes of large evaporation and surface heat losses during both periods, but the ones in winter of 2001 were more pronounced and more frequent. However, surface heat losses were in both January 2000 and January 2001 above the average value (Figure 4). Po River discharge rates during the analysed periods were relatively constant, low in winter of 2000 and high in winter of 2001 (Figures 2, 3 and 4).
3. 2. 3. 2.  Phytoplankton abundances


In February of the  2001 (A type winter) phytoplankton abundances in the eastern region were much higher (105 cells l-1 at surface and at bottom) than in February 2000 (B type winter; 104 cells l-1 at surface and at bottom). In western part values were lower in February 2001 (106 cells l-1 at surface and 105 cells l-1 at bottom) than in February 2000  (105 cells l-1 at surface and at bottom).  
3. 2. 4.  Preconditioning

Circulation and hydrographic parameters between the August and October 1999 and 2000 periods

The two periods, the one between August 1999 and October 1999 and the second between August 2000 and October 2000, were analysed on the basis of spatial distribution of oceanograpfic parameters in August 1999, September 1999, October 1999, August 2000 and October 2000 (Figures 9-11). Note that no cruise was performed in September 2000.
Circulation patterns from August to October of 1999 were characterised with large anticyclonic motions between the X and Y transect and large cyclonic motions in the southern part of the region, between the Y and Z transect, as it is indicated by distribution of surface geostrophic currents (Figure 9,). The presence of a large anticyclonic motion in the open northern Adriatic is typical for the August-October period (Krajcar, 2003; the finding is based on computation of geostrophic current fields). This gyre is formed around low density water extending from the Po River delta towards the east (Krajcar, 2003; Krajcar, 2004).
Circulation pattern of the bottom (25 m deep) layer (not shown) were very similar to fields in the surface layer.

Between October 1999 and January 2000 a drastic change in circulation occurred, the large anticyclonic gyre of open northern Adriatic became restricted to an area close to the Po River delta and the large cyclonic gyre in central Adriatic changed to an anticyclonic gyre. On the contrary, between October and December 2000, the anticyclonic gyre in the north and the cyclonic gyre in the south, remained. 
Surface and bottom density distribution was very similar during August-October periods in both 1999 and 2000.  To demonstrate this we present here spatial distribution of (t values, temperature and salinity at surface and at  bottom layers in October 1999 and October 2000 (Figures 10 and 11). Like in the winter cruises (as described above) surface density and salinity were low near the delta and rose towards east and south. Temperature was high near the Po River delta in August and low in the same region in October, but our correlation analysis indicate that it did not influence surface density fields (Table 2). Ranges of (t values, temperature and salinity were in August-October 2000 larger than in August-October 1999. This stands especially for October 2000, when fresh and very low density water occupied the western part of northern Adriatic, increasing stability of its water column. In bottom layers, during both August-October 1999 and August-October 2000 periods, there was a warm and lower density core in open waters between the X and Y transect (Figures 10 and 11). Remember that during the two periods of interest the bottom density distribution was temperature induced (Table 2). Bottom salinity was lower in the northern part of the investigated region and showed a general increase towards southern parts bordering with the central Adriatic. 

Between October 1999 and January 2000 the pool was decomposed, and the northern parts of the investigated region become denser than the southern part. On the contrary, between October 2000 and December 2000 the warm and low density pool extended to a larger area. 


The period between October 1999 and January 2000 were characterised by very intense heat loss in conditions of the prevailing NE wind component, and the period between October 2000 and December 2000 by moderate heat losses in conditions of prevailing SE wind component (Figures 2 and 3). Surface losses in autumn of 1999 were highly above average. However, even heat losses in autumn 2000 were higher than average (Figure 4). Po River rates were higher than average in October and November of 1999 and of average value in December 1999. In autumn of 2000 Po River rates highly exceeded average values, especially in October and November.  
3. 2. 6. Summary of results

Before starting the discussion we state one by one the main observations of our analysis.

February 2000 and 2001

1. The main difference between February 2000 (type B) and February 2001 (type A) hydrographic conditions was in the bottom density fields. In 2000 the bottom density was high in the northern part of the investigated region close to the Po River delta and decreased towards the south and east. In 2001 bottom density was low close to the Po River delta and increased towards the east and south.  

2. A high density pool close to the delta in 2000 was supported by both low temperature and high salinity. On the contrary, low density near delta in 2001 was induced by low salinity values in spite of temperature in the region being low. 

3. Geostrophic circulation patterns in surface and bottom layers were similar in both years. In 2000 there was a surface cyclonic gyre in the northern part of the investigated area and an anticyclonic gyre in southern part of it. In 2001, on the contrary, there was an anticyclonic gyre in the northern part of the investigated region and a cyclonic gyre in the southern part of it. 

4. Geostrophic circulation reflected bottom density distribution. 


January 2000 and December 2000
1. Surface and bottom density distribution, as well as geostrophic circulation patterns, did not change much between January and February 2000 as well as between December 2000 and February 2001. 

2. In spite of bottom density remaining unchanged between December 2000 and February 2001 the bottom layer had cooled. Therefore salinity of that layer lowered. 

Winter forcing

1. Even large episodes of heat loss were not able to change bottom density distribution and geostrophic circulation patterns during winters of 2000 and 2001.

2. Strong surface heat losses in winter 2001 were obviously responsible for decrease in bottom temperature, as observed between December 2000 and February 2001 cruises, but were not able to alter the bottom density distribution. 

3. Po River discharge rates were in winter 2001 much larger than in winter of 2000.
Preconditioning

1.  Circulation patterns were in summer and early autumn of both 1999 and 2000 characterised with large anticyclonic motions in the northern, and large cyclonic motions in the southern part of the northern Adriatic. This circulation pattern is similar to the one in winters of type A.


2. Between October 1999 and January 2000 a drastic change in circulation took place. A large cyclonic motion appeared in the northern and a large anticyclonic gyre in the southern parts of the investigated area. The change in circulation patterns coincided with the observed drastic change in bottom density distribution.


3. Atmospheric and hydrologic conditions in autumn of 1999 and 2000 were very different. 


Phytoplankton abundance


Phytoplankton blooms in the eastern part of the northern Adriatic were more intense in winter of 2001 of A type than in winter of 2000 of B type.

4. Discussion
Results presented here indicate important and specific features concerning the dynamics of the northern Adriatic. 
First, the results indicate that the differences in A and B winter types can be determined by analysis of geostrophic currents dynamics
. We showed that winters of 2000 (B type) and 2001 (A type) differed in geostrophic circulation fields. A large anticyclonic gyre east of the Po River delta in 2001 drew waters from the Po River towards east, while a cyclonic gyre in 2000 exported freshened waters out of the northern Adriatic. Difference in circulation patterns reflected also on the distribution of the phytoplankton community, whose large blooms extended over the entire northern Adriatic in 2001 while in 2000 remained restricted nearly to the western part. Winter circulation patterns were persistent and did not change even during large surface heat loss episodes. They were highly dependent on bottom density fields, as indicated by the analysis of correlation coefficients between bottom density fields and dynamic depths of the 30-dbar surface for each cruise. Therefore, we expect that anticyclonic motions drawing waters from Po River towards east, as in 2001, should be typical for all A winters - remember that A and B winter types were primarily defined on the basis of density differences. During an A winter bottom density is lower in the western part of the northern Adriatic, close to the Po River delta, than in the eastern part of the region, and  vice versa in winters of type B (Supić and Vilibić, 2006; Appendix 1). Also, a large cyclonic gyre keeping waters from the Po River confined to western coast, as in 2000, most likely appears also in other winters of type B. The schematic of the two different hypothesized circulation types is given in Figure 12. The mean modelled 5 m circulation field in winter 2003 (of B type) given by Martin et al. (2007), strongly resembles the winter geostrophic fields obtained here for the B winter 2000, supporting our thesis. Therefore, we would expect that in winters of the A type the amount of Po River waters entering the northern Adriatic is larger than in winters of type B. The analysis of A and B winter conditions (Appendix 1) supports this idea. In winters of type A the overall salinity and density at the transect delta Po-Rovinj are generally lower than in winters of type B (Appendix 1).  Moreover, the phytoplankton abundance of the entire northern Adriatic is much higher in winters of type A than in winters of type B, as it is expected to be when freshened and nutrients rich Po River waters are present in the area. 
Second, our results show that main characteristics of the A and B winter types appear in autumn and rest invariant during winter even in conditions of large surface heat losses. Although difficult to explain but we will try to do it, basing our discussion on the two hypotheses: 

a. The first hypothesis is that in the northern Adriatic, where the spatial surface flux variations are very large - as it was documented by Supić and Orlić (1999) - lateral variability in surface fluxes may produce larger currents than the wind stress. Therefore the episodes of large and spatial variable heat losses might induce high spatial variability in the density field, resulting in strong geostrophic currents. These currents might be stronger and more pronounced than wind-induced Ekman motions. There is some support for the hypothesis. For example, a simple model study of initially uniform Adriatic response to sirocco wind indicated that consequent vertically averaged flow in the open north-western Adriatic is strong and directed to the south (Orlić et al., 1994). This is similar to geostrophic current fields formed in December 2000 after several sirocco events. Also, the vertically averaged current field developed in a uniform Adriatic after a bora episode (Orlić et al., 1994) consisted of a large cyclonic gyre in the northernmost part of the sea and an anticyclonic gyre south to it. Such circulation pattern is similar to geostrophic fields obtained in the present analysis for January 2000, after strong bora events. Similarity between model simulations and empirically-derived geostrophic currents therefore draws attention to the importance of geostrophic component in the total sea response to atmospheric forcing. 
b. As we have shown, bottom density fields play an important role in the northern Adriatic geostrophic circulation fields. Therefore we hypothesize that only processes able to change bottom density fields can change circulation geostrophic patterns. 

It was in autumn when significant changes in geostrophic currents and bottom density fields appeared in the two investigated periods. In this season the surface layer cooled and pycnocline was totally destructed (Figure 5). While autumn of 1999 was characterised with many bora episodes and consequent very large surface heat losses, the autumn of 2000 was marked with strong sirocco events and moderate surface heat fluxes. Frequent sirocco episodes in autumn 2000 induced some changes in bottom density fields and circulation patterns but, basically, circulation between October 2000 and December 2000 remained similar, being anticyclonic east of the Po River delta and  cyclonic south of it, as it is typical for the A circulation pattern (Figures 9 and 12). On the contrary, strong bora wind in autumn 1999 induced significant changes in bottom density fields and circulation patterns, altering the A-type circulation pattern into the B-type (Figures 9 and 12). While sirocco is a spatially uniform wind, bora is inhomogeneous in space (e. g. Orlić et al., 1994; Dorman et al., 2006). We presume that in conditions of homogenous wind, surface heat losses would be uniform over a large area, while in conditions of inhomogeneous wind they would significantly vary in space. Therefore, during episodes of homogenous wind it is to be expected that geostrophic circulation fields remain stable, as density changes uniformly over the entire area and existing density differences are preserved. On the other hand, in conditions of spatially variable wind, drastic changes in density fields are to be expected. Bottom density fields can be rapidly changed - areas exposed to large surface heat losses would be subject to strong overturning in the entire water column, reaching the bottom layers. In areas where surface cooling is less, mixing in the water column would be less intense and changes may not reach the bottom. As a result of this spatially variable surface cooling, bottom density fields would be variously affected in different areas. Thus, we expect that bottom density fields before and after bora event to be dissimilar. That would affect geostrophic circulation fields, dependant on bottom density distribution. In line with the stated thesis, the change in circulation fields after sirocco (autumn 1999) was less pronounced than the change after bora (autumn 2000). 
What happened in winter? Between December 2000 and February 2001 density fields and geostrophic current fields did not change much and main characteristics of the A type remained stable even during extremely strong bora episodes of 14 and 30 January, with surface losses up to 400-500 W m-2 (Wang et al., 2007). Why had the bottom density fields not changed drastically, like they did between the autumn cruises? One possible explanation is that the distribution of heat and salt is in winter, when pycnocline is already destructed, less dependent on vertical motions than in autumn. Horizontal transport of heat and salt prevails and bottom fields are less likely to change. That might be the case as the coefficient of vertical turbulent mixing is in northern Adriatic in December around 10 times higher than in January or February (see Supić et al., 1997; their Table 7). A more detailed analysis of turbulence in the northern Adriatic in conditions of intense heat losses in February 2003 shows that the vertical motions in the water column were for about an order of magnitude lower than the horizontal ones  (Peters and al., 2007).  
The persistence of geostrophic fields is, in our opinion, the key to understanding of northern Adriatic dynamics. They are persistent and as we have shown here play the major role in the distribution of heat, salt and phytoplankton.
Finally, we would like to point to some more indications on the importance of geostrophic currents in total current fields. Namely, it seems that also numerically modelled data show a difference in response to bora events in A and B type winters. Winter of 2001 (type A) was discussed by Wang (2004) and Wang and al. (2007). The modelled sea response to bora of 14 January included a single very large cyclonic gyre appearing over the entire northern Adriatic and southern motions in the western part of the Adriatic. This is similar to the A circulation type and is very different from the northern Adriatic responses to bora wind given in B type winters 1987 (Beg-Paklar et al., 2001) and 2003 (Kuzmić et al., 2007; Martin et al., 2007). They were similar among themselves and did not differ much from the B circulation patterns. However, it is to be stated here that the models were based on different wind data sets and are maybe not entirely comparable. Therefore more research work on sea dynamics in A and B  type winters is needed.

Thus, our results indicate that winter dynamic of the northern Adriatic depends to a great deal on autumn geostrophic fields. These fields depend on bottom density spatial distribution. Thus bottom density distribution seems to be the key for understanding dynamical processes of the region.  Only forcing which is capable to change the bottom density conditions can alter the geostrophic circulation fields. Our results do not mean that northern Adriatic is "insensitive" to strong  winter winds - they just mean that in winter bottom density distribution is less likely to change than in autumn. 

On the large scale the Adriatic thermohaline conditions regulate the water exchange between the region and Mediterranean Sea in the sense that the cooling of the Adriatic intensifies the water exchange between the two basins (Orlić, 2007). The Ionian Sea, a part of the Mediterranean sea, is connected with the Adriatic by a strait. Circulation of the region can be invariant for a interval of several years, of cyclonic or anticyclonic sense (Gačić et al., 2010). During a large cyclonic gyre in the Ionian Sea, surface waters of the eastern Mediterranean enter the Adriatic. The opposite occurs in situations when circulation is anticyclonic and the surface waters of the western Mediterranean enter the Adriatic. The Ionian circulation is thus found responsible for the appearance of the Adriatic "ingressions", periodic inflows of the high saline waters, known for a long time and described by Buljan (1953). According to Civitarese et al. (2010), the presence of the allochthonous organisms from Atlantic/Western Mediterranean and Eastern Mediterranean seems to be concomitant with the anticyclonic and cyclonic Ioninan circulation type, respectively. This study is based on the analysis of several records of the appearance of mentioned organisms between 1982 and 2007 (in 1982, 1993, 1995, 2002, 2006 and 2007; Table 1, Civitarese et al., 2010). Interestingly, species from the western Mediterranean were found in the Adriatic exclusively in the years in which winter circulation was of A or C type (in 1982, 1993 and 1995; Civitarese et al., 2010). Recent investigations have shown that characteristics of the southern Adriatic bottom waters reflect on the surface circulation of the Ionian Sea (Gačić et al., 2010). On the other hand, the impact of the northern Adriatic deep waters on the southern Adriatic deep water is compelling (Appendix). Thus the presence of specific A or B winter circulation pattern seem to be related to a specific type of Ionian circulation. At this stage we can speculate that winter conditions in northern Adriatic trigger the water exchange between the Adriatic and Ionian Sea and influence even the sense of the large-scale Ionian gyre. But, it is also possible that both northern Adriatic and Ionian Sea dynamics is dependant on the same, at present unknown, large scale process.
An interesting finding of the paper is the possibility of a long-term (several months ahead) forecast of northern Adriatic winter conditions, based on the analysis of meteorological conditions and geostrophic circulation fields. Even though its practical implementation is still to be developed this type of forecast can be valuable. For example, there are indications that large increases in Adriatic anchovy catch depend on northern Adriatic winter conditions and appear after large February phytoplankton blooms (Kraus and Supić, 2011). Thus an increase in anchovy population is to be expected after winters of the A type. This new scientific insights about the impacts on the fish stock could in the future be concretized and implemented alongside the regular fishery regulations and monitoring activities in the sustaining efforts of the optimization of the Adriatic fish stock. A monetary stimulation of anchovy catch in Adriatic in years starting with A type winter and deprivation of it in years starting with B winter could be a possible measure.
5. Summary and conclusions 
The work presented gives strong indications that the two winter types, termed A and B and differing in distribution of hydrographic parameters, also impose distinctive marks in geostrophic circulation patterns. In winters of the type A, when larger amounts of Po River waters are present in the northern Adriatic and higher amount of organic matter is produced, there is a large anticyclonic gyre off the Po River delta drawing waters from Po in the northern Adriatic (Figure 12 a). In winters of type B, the Po River waters are flushed out of the northern Adriatic (Figure 12 b), while waters from southern parts of the Adriatic enter the region. It is in winters of type B when the densest northern Adriatic water is produced. The appearance of a certain winter type seems to depend on autumn conditions: strong surface heat losses and many bora episodes in autumn favor the appearance of winter of B type, while moderate cooling and sirocco events the A type. Particular winter type gives an indication of the potential productivity of the region. On a wider scale, winter types A and B can play a certain role in large scale circulation patterns such as Ionian Sea-Adriatic water exchange. The possibility of a long-term forecast of northern Adriatic winter conditions offers various but yet undeveloped implications. 

We believe that results presented here make a basis for fruitful future research which is of interest in the fields of both physical oceanography and environmental protection. At present we are analyzing the possibility of a forecast of northern Adriatic conditions, using a numerical model (ROMS).
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Figures

Figure 1. Map of the northern Adriatic with position of oceanographic stations. Stations X1-X14, Y1-Y16 and Z1-Z14 are locations at which measuremenst were performed in the frame of MAT project. Stations X14, X03, X05, X07, X09 and RV001 (dark circles) are locations at which measuremenst are performed regulary, since 1971, in organisation of CMR.
Figure 2. Daily values of air and sea temperature (solid and heavy solid line, respectively; T), wind speed (u), NE and SE (u-NE and u-SE) components of wind speed, evaporation (E), total heat flux at the air-sea interface (Q), precipitation (P) and total water flux at the air-sea interface (W) in northern Adriatic, as computed from data at Pula station, along with the daily values of the Po River rates (F) between 1 August 1999 and 29 February 2000. Dates when oceanographic cruises were performed are marked with vertical grid lines. 

Figure 3. Same as Figure 2, but for the period between 1 August 2000 and 28 February 2001. 
Figure 4. Monthly values of air-sea heat flux (Q) in the northern Adriatic  and the Po River discharge rates (F) in the 1999-2001 interval (black dots) with respect to the 1966-2000 average values (solid lines) and the corresponding standard deviations (dashed lines). Flux is positive when the sea gains heat.

Figure 5. Average vertical density distribution in northern Adriatic computed on the basis of data collected at all available stations of the three transects in August 1999, October 1999, Februaey 2000, August 2000, October 2000 and February 2001.

Figure 6. Spatial distribution of surface and bottom density, bottom temperature (°C) and bottom salinity for February cruises.  Surface and bottom values are values measured or computed for 2 m and 30 m depth, respectively.
Figure 7.  Spatial distribution of dynamic depths (m2s-2) of the 30 dbar surface at the surface (2 m) and at 25 m depth during the four cruises (in February 2000, In January 2000, in February 2001 and in December 2000). Cruise station locations are plotted in the figure.
Figure 8. Spatial distribution of surface and bottom (t, bottom temperature (°C) and bottom salinity for January 2000 and December 2000 cruises.  Surface and bottom values are measured or computed for 2 m and 30 m depth, respectively.
Figure 9.  Spatial distribution of dynamic depths (m2s-2) of the 30 dbar surface during the August 1999-January 2000 interval (a; in August 1999, September 1999, October 1999 and January 2000) and during the August 2000-December 2000 interval (b; in August 2000, October 1999 and December 2000. Note that no cruise data existed for September 2000.

 Figure 10. Spatial distribution of (t values, temperature (°C) and salinity at surface (2 m) and at  bottom (30 m) layers in October 1999.
Figure 11. Spatial distribution of (t values, temperature (°C) and salinity at surface (2 m) and at bottom (30 m) layers in October 2000.
Figure 12. The schematics of hypothesized circulation patterns of A (a) and B (b) water types. 

Figure A1 promjena broja slike. Average (1990-2007) phytoplankton abundances in February at two western (X14 and X03) and two eastern (X05 and X09) stations of the Po River delta-Rovinj transect for A and B type winters. "Surface" denotes the 0-10 m layer and "bottom" the 10-30/35 m layer. 

Figure A2. promjena broja slike. Correlation diagrams with correlation coefficients (r) between February bottom density in the northern Adriatic and bottom density in  the Jabuka pit. (t (east) and (t (west) stand for density of the eastern and western part of the northern Adriatic, respectively, and are taken from table A1. Max [(t (east), (t (west) ] is the lergest value of the (t (east) and (t values. Two figures in the last row present data collected in B type winters. (The data were to scarce to dtraw the correlation diagram tor A type winters.) 

Tables
Table 0. List of stations used in anaysis of oceanographic conditions in the August 1999-February 2000 and August 2000-February 2001 intervals
Table 1.  Correlation coefficients between daily values of surface heat flux (Q) and wind speed (u), wind speed from NE (u-NE), wind speed from SE (u-SE) and evaporation (E) in the northern Adriatic (Pula station) for the periods 1 August 1999-29 February 2000 and 1 August 2000-28 February 2001.

Table 2. Correlation coefficients rl (p1, p2) between two different oceanographic parameters p1 and p2 (T - temperature, S-salinity, (t and (30m dynamic depths of the 30 dbar surface) at layer l (l=2 m or 30 m) for each of the nine cruises (in August 1999, September 1999, October 2000, January 2000, February 2000, August 2000, October 2000, December 2000 and February 2001).
Table A1. Bottom sigma-t values in February in the eastern [(t (east)]  and western [(t (west)]  part of the northern Adriatic for the 1981-2007 period, the corresponding type of density distribution (TYPE), and the corresponding averages of temperature, salinity  and sigma-t  values at the Po River delta-Rovinj transect [X (T;°C), X (S) and X ((t )].   

Appendix  

In the 1981-2007 period sea water density was measured during 14 cruises within the March, April or May at station J3 (43°04'N 15°06'E) at the bottom (255-260 m) of the Jabuka Pit (see Figure 1), using Niskin bottles and CTD probes (data base of Institute of Oceanography and Fisheries, Dadić et Ivanković, 2007. We compared these data to February (t values in the northern Adriatic (Table A1) in the same

and in the previous year (Figure A2). Our results indicate that long-term changes in characteristics of the Jabuka Pit water depend both on characteristics of water formed in the same (1 to 3 months before measurements) and in the previous (13 to 16 months before measurements) year. High correlation between Jabuka Pit density and higher between (t (east) and  (t (west) indicate that bottom waters of the Jabuka Pit are in winters of B type produced in the western Adriativ and in years of A type winters in eastern part of the northern Adriatic. This is confirmed by higher correlation between Jabuka Pit density and (t (west) in years of B winter types. 
Table 0. List of station used in analysis of periods August 1999-February 2000 and August 2000-February 2001.
	August 1999
	A3-A11; B4-B13; C3-C12

	September 1999
	A3-A11; B4-B13; C3-C12

	October 1999
	A3-A11; B4-B13; C3-C12

	January 2000
	A3; A5-A11; A14; B4-B15; C3-C14

	February 2000
	A2-A7; A09-A11; A14; B4-B15; C3-C14

	August 2000
	A2-A11; A14; B4-B15; C3-C7; C9; C12-C14

	October 2000
	A3-A11: A14; B4-B15; C4-C7; C10-C12

	December 2000
	A2-A11; B6-B15; C3; C8; C11; C12; C14

	February 2001
	A2-A11; B4-B15; C3-C5; C7-C14


Table 1
	
	u
	u-NE
	u-SE
	E

	1 August 1999-28 February 2000
	0.83
	0.72
	0.29
	0.87

	1 August 2000-28 February 2001
	0.69
	0.57
	0.15
	0.81


Table 2

	
	r2m(t ,T)
	r2mt ,S)
	r30mt ,T)
	r30mt ,S)
	r2mt, (30m)
	r30mt, (30m)

	Aug 99
	-0.47
	0.98
	-0.98
	0.65
	0.26
	-0.78

	Sep 99
	-0.61
	0.99
	-0.98
	0.64
	-0.67
	-0.59

	Oct 99
	-0.20
	0.99
	-0.98
	0.32
	-0.88
	0

	Jan 00
	0.22
	0.82
	-0.95
	-0.73
	-0.88
	-0.79

	Feb 00
	0.10
	0.82
	-0.94
	-0.37
	-0.66
	-0.88

	Aug 00
	-0.75
	0.99
	-0.98
	-0.66
	-0.64
	0.26

	Oct 00
	0.80
	0.99
	-0.98
	-0.56
	-0.97
	0.10

	Dec 00
	0.87
	0.99
	0.00
	0.84
	-0.88
	-0.62

	Feb 01
	0.50
	0.98
	0.26
	0.79
	-0.89
	-0.79


Table A1
	year
	[(t (west)]
	[(t (east)]
	TYPE
	X(T)
	X(S)
	X((t)

	1981
	29.8
	29.8
	C
	8.6
	38.3
	29.8

	1982
	29.4
	29.4
	C
	9.2
	37.6
	29.2

	1987
	29.8
	29.5
	B
	8.3
	38.0
	29.6

	1990
	29.6
	29.2
	B
	10.1
	38.2
	29.4

	1991
	29.9
	29.8
	B
	8.3
	37.9
	29.5

	1993
	29.0
	29.2
	A
	8.9
	37.3
	28.9

	1994
	29.5
	29.2
	B
	9.6
	37.9
	29.3

	1995
	29.2
	29.2
	C
	/
	/
	/

	1998
	29.1
	29.1
	C
	9.9
	37.1
	28.6

	1999
	29.8
	29.6
	B
	8.7
	38.2
	29.7

	2000
	29.9
	29.6
	B
	8.7
	38.1
	29.6

	2001
	28.7
	29.0
	A
	11.6
	37.8
	28.8

	2003
	29.7
	29.6
	B
	8.5
	38.1
	29.6

	2004
	29.6
	29.7
	A
	8.7
	37.0
	28.7

	2005
	29.9
	29.6
	B
	/
	/
	/

	2006
	29.9
	29.7
	B
	8.2
	38.3
	29.8

	2007
	29.0
	29.1
	A
	11.6
	38.0
	29.0
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Figure 3
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Figure 4
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Figure 6
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Figure 7 feb 2001 25 m-greška!
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Figure 8
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Figure 9 popravuiti metež jan **feb!!!
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