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SUMMARY:

The organization and surveillance of the ship based meteo-service in Croatian Adriatic is conducted by the Croatian Maritime Meteorological service from Split. This Service is a part of the Croatian meteorological and hidrological service based in Zagreb, Croatia's capital.

This article will verify the ship based meteo-reports from 1961-1990, obtained along the main travel route (south-north).

For this purpose, the Adriatic has been divided into 28 1(x1( quadrants. We will compare the following meteo-data: the frequency of the wind direction and speed, sea and air temperature obtained from the ship-based meteo-stations in three squares (1st square from 44(- 45(N and 14(- 15( E, 2nd from 43(- 44( N and 14.5(- 15.5( E, and the 3rd from 42(- 43( N and 16(- 17( E) and the data obtained from three relevant meteorological island-based stations (Mali Lošinj, Tajerske sestrice and Palagruža) in the same quadrants. The number of ship-based observations is: 408 for the quadrant I, 673 for the II, and 10055 for the III.

The analysis and comparison of the height of the wind waves in all three quadrants for the 1979/80 winter season is also discussed here. This is the time when most of the ship based-observations was done.

The results of the comparison have established that quadrant II has the best data concordance, which is not the case for the quadrants I and III. In quadrant I this was expected, because it is closer to the Dinarid mountain range that affects the characteristics of the meteo-data in the Adriatic. Better concordance in the II and not so good in the III is a result of the precision of maritime measurements of Tajer and Palaguža meteo-stations.

INTRODUCTION:

The weather is one of the key factors of the navigational safety and of the safe and economic maritime connections. The most important meteo-data are the wind speed and direction, waves, visibility, air pressure and the sea and air temperatures. Tracking the weather conditions on the sea is the basis for creating maritime meteo-service data (warnings, analyses, forecasts) for ships, fishermen, tourists etc. Ship-based meteo-stations played and will play a key role in the global maritime measurement and observation system.

Ships according to their equipment, personnel, and sea-routes are included into observational system as main, aid or additional ships. They perform meteorological measurements and observations during their travel in the main UTC s (00.00, 06.00, 12.00, 18.00) and additionally at 03.00, 09.00, 15.00, 21.00 hrs. The data obtained in this way are used for making of various climatological brochures, charts, atlases, maps etc.

The WMO system of voluntary meteo-observations includes some 7.500 ships. 98 of those are of the Croatian merchant marine and out of those 39 are main ships, 36 are aid ships and 23 are additional ships (12/31/1997). Fig. 1. shows the graph including the number of Croatian merchant ships and the number of their reports from 1953 - 1997.
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Figure 1. Number of Croatian VOS Ships and Weather Observations, 1953-1997
These ships send their reports to the Croatian maritime centre in Split, where these data are climatologically processed. The Adriatic is divided into 28 1(x1( quadrants and for each we calculate the frequency of the wind direction and speed, sea and air temperature and other. In the three quadrants - 1st square from 44(- 45(N and 14(- 15( E, 2nd from 43(- 44( N and 14.5(- 15.5( E, and the 3rd from 42(- 43( N and 16(- 17( E - we will compare these ship-obtained data with the same data obtained from island-based meteo-stations: Mali Lošinj (44.32 N, 14.28 E; H = 53 m), Tajer (43.51 N, 15.12 E; H = 35 m) and Palagruža (42.24 N, 16.16 E; H = 98 m. Their position is showed in the table 2.

[image: image2.wmf]15

0

15

0

16

0

16

0

17

0

17

0

19

0

19

0

18

0

18

0

14

0

14

0

13

0

13

0

46

0

46

0

45

0

45

0

44

0

44

0

43

0

43

0

42

0

42

0

41

0

41

0

40

0

40

0

Tajerske

sestrice

Palagruža

Mali

Lošinj

Pula

Rijeka

Zadar

Veli rat

Šibenik

Split

Dubrovnik

Hvar

Zagreb

I

II

III


Fig. 2. The Adriatic with the I, II, III quadrants amd meteo-stations Mali Lošinj, Tajer and Palagruža.

These particular quadrants have been selected because they are on the main merchant route from Otranto in the south to the bay of Trieste in the north and because we were able to compare them with the data obtained from the high sea station (Palagruža) and those open to the high sea (Lošinj and Tajer).

In the I and II quadrant we have used data obtained from 1981-1990, and for the III quadrant data obtained from 1961-1990. 

The analysis of the wave height was done in the winter period 1979/1980 for months X,XI,XII,I,II and III because in this period we recorded the greatest number of observations in the Adriatic. This analysis was based on the ship-based visual observation and island-based observation according to the WMO scale. 

The most important meteo-element for navigation is definitely the wind that makes waves. The safety of navigation depends so very much on the wind.

WINDS IN THE ADRIATIC

Winds in the Adriatic depend on its geographical position on one hand, and on the other they depend on the influence of the Mediterranean and the mainland. Other factors are its deep protraction into European mainland, the direction of the surrounding mountain ranges, the vicinity of land and numerous island and the depth and the sea currents that make winds so specific in the Adriatic.

The Adriatic sea is basically under the influence of the Mediterranean; in the area of medium geographic latitude. In the cold part of the year this area is included into the zone of the main western winds in which weather continually changes depending on the cyclones movement across western Europe and the Mediterranean, and anticyclones across the European mainland. In the warm part of the year one can feel the influence of subtropical high pressure with stable weather and weak winds; this means a warm and dry summer. 

The system of air-mass movement and thus of the winds in the Adriatic depend primarily on arrangement of the air pressure over Europe.

During the winter period the air generally flows from the high pressure area over Eurasian mainland towards the Adriatic and northern Mediterranean where the air pressure is lower due to cyclones activity. During the summer period one can notice the air flow from the Atlantic (Azorian anticyclone ) towards the eastern Mediterranean and Karachi depression. 

This is all very simplified. This movement actually changes continually because the pressure arrangement also changes rapidly especially in the cold part of the year. In this period the strength of the Eurasian anticyclone changes it gets weaker or stronger, just as the intensity of the Mediterranean cyclone changes. Over the western Mediterranean and northern Adriatic one can find one of the strongest cyclogenetic areas in the world. From this area cyclones move towards the E and SE and not so often towards NE. Table 3. shows the diagram of the cyclonal trajectories in the Adriatic based on the cyclonal movement from 1949-1958 (Radinović-Lalić) and from 1976-1980 (Hodžić).
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Fig. 3: Diagram of the cyclone tracks in the Adriatic(Radinović-Hodžić)

The Adriatic is situated at very busy place with regard to the general atmosphere circulation. Across the Adriatic air-masses switch from polar to equatorial, both cyclonic and anticyclonic air-masses in the system of polar air front and secondary frontal turbulences. In the Adriatic predominant winds come from SE, S , NE i NW .

Southeastern or south wind is called jugo (scirocco) and it generally blows in the cold part of the year. It blows on the frontal side of the Mediterranean or of the Adriatic cyclone. It is a gradient wind of cyclonal circulation. Jugo blows in the summer too, but rarely when there is a high-pressure area over the Balkan peninsula.

On the eastern part of the Adriatic during the whole year, and especially in the winter period a strong and cold wind blows from the NE quadrant: it is called bura (bora). Bura blows most frequently in the northern and middle Adriatic where it achieves its greatest speed (>50m/s). The frequency and the strength of bura diminishes towards the SE.

Bura is formed in many ways or by their combination. The most frequent case happens when the Adriatic is between the European winter anticyclone and the cyclone over middle and eastern Mediterranean or over the southern Adriatic. In this case the mountain barrier of the Dinarid mountain range contributes to its strength.

The second case happens when the Mediterranean or the Adriatic cyclone moves along the Adriatic and then jugo (frontside) and bura (backside) interchange.

The third case happens when bura develops as the consequence of the local coastal circulation, but then it is considerably weaker. In the first two cases it requires high altitude cold air movement from the northern quadrant.

Along the Adriatic coast the frequency of bura and jugo changes; in the northern part bura is far more frequent , in the middle part the frequency is almost the same, and in the southern part jugo is dominant. On the high sea and external islands bura is rare, but jugo and NW wind are far more frequent; especially jugo. On the high sea there is an obvious ethesian currents coming from NW especially in the summer. Along the coast this summer ethesian currents covered by daily and nocturnal winds: during the day from the sea(direction SW and W) and during the night from land (NNE and NE). In the cold part of the year there is 30% of sea calm and weak winds, moderate winds cca.50% , and strong and stormy winds cca.20% . In the warm part of the year there is cca.40% of sea-calm and weak winds, 55% of moderate winds and only 5% of strong winds. Only in the summer months there are no strong winds. The frequency of strong winds increases in autumn and it reaches maximum in December, and it decreases greatly in April. 

When we talk about the winds in the Adriatic, we do not mean specific directions and speeds only; we also speak about the weather that accompanies ascertain wind. Thus we speak of jugo and bura weather.

ABOUT WAVES IN THE ADRIATIC

In the sea, as well as in the atmosphere there are different currents and movements. The sea surface is almost never completely calm. The atmosphere and its currents (winds) exert the main influence on the sea surface. The waves are therefore the most important factor one has to count on when determining travel routes. The Adriatic is a relatively small and closed sea where big waves (ocean waves) simply don't get created. However, in specific wind conditions very dangerous waves can occur as a result of strong or stormy winds. These then affect the safety of navigation for small and medium size vessels, sometime even for bigger size vessels. Of all winds in the Adriatic the biggest waves are generated by jugo (SE wind, then bura (NE wind) , tramontana (NW wind) and rarely lebić (SW wind). Jugo blows from the southeast, along the axis of the Adriatic sea. Therefore, fetch is longer,  its waves are therefore of fuller and longer form, and the crests are of oval size. These crests break in stormy jugo but they do not get carried away, which is the case by bura. Jugo waves are the highest in the open sea of the middle and southern Adriatic. In the hurricane strong jugo they can be from 8-10 meters. One of the biggest height measured was 10,20 meters in the north Adriatic (measured from 21-23.12 1979). At the time it was 8,4 m in the middle Adriatic and 8,9 m in the south Adriatic. Maximum height wave in the jugo weather up to date was measured on 01/31/1986 in the northern Adriatic (10,80 m). Since bura blows from NE the biggest wave heights were measured in the north Adriatic (5-7 m). Though bura sometimes achieves hurricane speeds its waves are never too high; they are rather short and steep. The waves generated by the NW wind are always shorter then those generated by jugo except when this wind reaches hurricane strength in the open sea of  the middle and south Adriatic.

The waves caused by the SW wind are not big but they often cause coastal damage in the harbours that aren't protected because this wind blows vertically to the coast.

Long-lasting waves of S and SE direction are especially important for the safety of navigation because they generate very big waves. The NW wind also generates waves dangerous for navigation. 

If  we compare these wave heights with WMO scale, we can see that average wave condition in the Adriatic corresponds to the grade IV of the WMO scale. 

So, the  SE and NW winds witch have no orographic obstacles make waves of H 1/3> 5m, and the the highest waves are > 7-9m, with occasional peaks >= 10m.

Stormy sea in the Adriatic occurs only in winter and the waves from 6.1 - 9.1 m are caused by jugo (SE), tramuntana (N & NW) and bura (NE).

Waves from 0.0 - 0.5m occur in 11.2% of the cases, from 0.1  -0.5m in 24.6%, from 0.5 - 1.25m in 31.7%, from 1.25 - 2.5m in 40.2%, from 2.5 - 4.0m in 12,8%, from 4.0 - 6.1m in 3%, from 6.1 - 9.1m in only 0.9% and for the calm in 10% average frequency.

Visually observed wave height (Hv or hv) is defined as an average value of 10 well formed waves following one another. It is usually equal to essential wave height (h1/3) that shows the average value of 1/3 of the highest waves in a determined wave sample, i.e. Hv = H1/3.

RESULT ANALYSIS

We compared the data nearest in quadrants I, II, III obtained from ship with the data obtained from the island meteorological stations to the center of quadrants respectively. The measured data were: the frequency of the wind direction and speed, sea and air temperature and other. To compare the sea temperature we chose the nearest meteo-stations that measure sea temperature. For the quadrants I and II this is the Veli Rat station and for III Hvar station. (Fig2.)
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Direction
C
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW

Palagruža
3,8
8,5
3,7
4,1
2,1
1,7
1,6
8,7
7,7
9,9
3,9
4,3
2,5
3,3
5,5
18,0
11,0

Ships
15,8
4,8
2,8
6,2
1,7
4,2
3,8
14,8
4,2
4,0
1,4
2,6
1,3
3,8
4,5
18,4
5,1

Difference
11,9
-3,7
-0,9
2,0
-0,4
2,6
2,2
6,1
-3,4
-5,8
-2,5
-1,7
-1,2
0,5
-1,0
0,4
-5,9
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Speed

N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW

Palagruža

6,1
6,4
4,9
4,8
3,9
5,6
5,8
8,1
6,7
5,8
4,8
4,9
3,4
4,9
5,1
6,6

Ships

5,6
5,2
5,5
4,7
4,3
5,1
5,7
6,0
6,0
5,4
5,0
5,3
4,6
4,7
4,7
5,1

Difference

0,5
1,2
-0,6
0,1
-0,4
0,5
0,1
2,1
0,7
0,4
-0,2
-0,4
-1,2
0,2
0,4
1,5

Fig 4. Average annual rose of winds in % and rose of wind speed in m/s for Palagruža station (III quadrant) with the table for 1961-1990 period.

If we compare wind directions from ship-based observations with those from Palagruža we can see differences among wind frequencies, especially with the N and NW winds and S winds. Average annual difference is the biggest for the SE wind  (6.1%) , for NNW wind (5.9%) and S wind (5.8%). The smallest difference is for NNE, NW  and WNW directions.

If we compare average speeds the difference is again most notable with the SSE wind with the difference of 2.1 m/s of the NNW wind amounting 

1.5 m/s. Among other directions the speed is not very high and the concordance is high between wind speed measured from ships and from an island station

Before we analyze the air and sea temperatures according to climatological station and ship observations we wish to say a few words about them. According to its geographical position in the Adriatic climate is mild; the heat and cold are not excessive. Maximum temperatures amount up to 36(-38(C in the summer, and the lowest winter temperatures are between -6( and -16(C .

As for the sea temperature we can say that Adriatic is a warm sea. The temperature of the deepest part is around 11(C. The highest surface temperatures are 22(-26(C in the summer. Minimal sea temperatures in the winter are 9(C in the north and 10(C in the south.
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Fig.5 Average monthly distribution of air temperature on Palagruža station and according to the ship-based observation in III quadrant from 1961-1990.

In fig.5 we can see a fairly high concordance of the temperatures measured on Palagruža and on the ships in the III quadrant.  The concordance would be even better if we included the correctional factor (vertical temperature gradient 0.5(C/100 m; because Palagruža station is 100m above the sea level. The difference is higher in autumn/winter period and lower in the summer. Difference is highest in the third month and lowest in the fifth month. 
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Fig.6 Average monthly sea temperature measured from ships in the III quadrant and on the Hvar station from 1961-1990.

Since the Palagruža station does not measure the sea temperature we used the data from the Hvar station - the nearest station in the III quadrant. According to fig.6 the concordance is better in the summer period when the weather is stable. The highest difference can be seen in autumn (3.2(C in October) of course, the temperature in the Hvar bay is higher because deeper waters do not mix with coastal waters as well as in the open sea. There is also the influence of the coast. 
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Direction
C
N
NNE
NE
ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW

Mali Lošinj
4,3
6,3
17,7
5,8
6,1
4,0
6,1
3,9
5,0
9,7
3,2
4,7
6,8
5,8
3,3
2,8
4,6

Ships
22,0
5,8
6,7
9,8
4,7
4,1
3,4
8,9
7,6
3,7
2,1
2,2
1,8
2,9
3,4
10,1
8,5

Difference
17,7
0,5
11,0
-4,0
1,4
-0,1
2,6
-5,0
-2,6
6,0
1,2
2,5
5,0
2,8
-0,1
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Speed

N
NNE
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ENE
E
ESE
SE
SSE
S
SSW
SW
WSW
W
WNW
NW
NNW

Mali Lošinj

3,3
4,0
4,1
3,2
2,5
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4,5
3,7
3,4
3,2
3,0
2,4
2,2
2,6

Ships

3,3
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3,3
2,9
2,6
3,2
4,2
4,0
4,1
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3,0
3,5
2,8
2,8
2,7
3,2
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Fig.7 Average annual rose of winds in % and rose of wind speed in m/s for Mali Lošinj station (I quadrant) with the table for 1981-1990 period.

If we observe fig.7 we can see considerable differences in the wind direction observed on ships passing through I quadrant from 1981-1990 and the Mali Lošinj meteo-station. The highest difference can be noted with main open sea wind directions (NW, SSE and SE). Ship based data describe open sea winds in the north Adriatic rather well. Rose of directions for Mali Lošinj indicates that the station is closer to the coast and therefore NE wind is dominant. Furthermore one can clearly see the influence of WSW ad W winds. As for the wind speed these are generally in concordance and they are never more different than 1m/s with NNE an NE winds.
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Fig.8 Average monthly air temperature measured from ships in the I quadrant and on the Mali Lošinj station from 1981-1990.

From the air temperature diagram in fig.8 we can see very high concordance between ship- and island-based data in I quadrant. The difference is rather small in the warm part of the year and a bit bigger in the cold part of the year. This difference is never bigger than 1.2(C in November and December and 2.5(C in March. 
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Fig.9 Average monthly sea temperature measured from ships in the I quadrant and at the Veli rat station from 1981-1990.

In fig.9 we can see high concordance in the winter months. However, as it gets warmer the difference is higher and it reaches maximum in the autumn months when a series of atmospheric turbulences from western European mainland starts.
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Direction
C
N
NNE
NE
ENE
E
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W
WNW
NW
NNW

Tajer
16,2
6,01
4,98
18,9
3,8
4,4
2,84
7,1
2,2
7
2,78
3,91
1,96
7,1
1,41
7,4
2,03

Ship
17,7
8,21
7,65
5,94
3,3
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4,87
12
4,6
3,4
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2
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13
6,91

Difference
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-0
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5
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Fig.10 Average annual rose of winds in % and rose of wind speed in m/s for Tajer station (II quadrant) with the table for 1981-1990 period.

The biggest differences can be seen for the main wind directions in the Adriatic for NW, SE, and NE winds. The highest difference is for NW wind (7.7%), and then for NE wind (6.8%) and the highest of them all SE wind (9.2%). Speed differences are not so great; never greater than 0.6 m/s. The difference is highest for NW and WNW winds and not so high for SSE and SE winds. 
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Fig.11 Average monthly air temperature measured from ships in the II quadrant and at the Tajer station from 1981-1990.

High concordance between air temperatures measured on ships and Tajer station can be seen in the summer period, not so high concordance occurs in the winter months especially in February and March where the differences amount 2.4, i.e. 2.3(C probably because Tajer is closer to the coast line. Therefore the air temperatures are lower due to vicinity of land.
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Fig.12 Average monthly sea temperature measured from ships in the II quadrant and on the Veli rat station from 1981-1990.

Differently then with air temperature the sea temperature concordance between II quadrant and Veli rat station can be seen in the winter period, and the lower for the summer/autumn period when differences are bigger but never over 2.8(C. This is so because of the fact that open sea temperatures are generally lower, whereas the warm land in summer and autumn affects coastal sea temperatures.

In this article we have also compared average highest wave heights in all three quadrants according to ship reports and the highest average height in meteorological observations on Mali Lošinj, Tajer and Veli rat stations. The comparison was conducted for the cold period of the year X,XI,XII 1979 and I,II,III 1980. 

These values are according to the data written in the ship and meteorological depeches according to the WMO scale and ship depeche scale. We wish to stress that wave heights were selected so that we took the data for the highest condition to which the rule (50% cases plus one more case) is applicable. For instance, if we had eight cases in a day and out of those four plus one had mark 3 according to the WMO scale then 3 was the highest average height of waves for that day. If there were six cases in six measurements we chose no.4 of the wave height (according  to the WMO scale for the highest average wave height) we had three plus one mark 4 waves. In table 1. we can see the scale of sea condition according to the WMO and ship observation measurements.

Code
Highs in meters
”ship” highs in ½ meters

0
0
0

1
0 - 0,1
0

2
0,1 - 0,5
1

3
0,5 - 1,25
2

4
1,25 - 2,5
3, 4, 5

5
2,5 - 4
6, 7, 8

6
4 - 6
9, 10, 11, 12

7
6 - 9
13, 14, 15, 16, 17, 18

8
9 - 14
19, 20, 21……28

9
preko 14
>28

Table 1. Scale of sea condition according to the WMO and ship observation measurements.

If we analyse the waves and appertaining tables in the fig.13 we can see that the best concordance between ship measurements in I quadrant and those from Mali Lošinj. Slightly higher difference can be seen in directions S, SW and W.
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Fig.13 Roses of the highest average waves on Mali Lošinj, Tajer and Palagruža stations in I,II,III quadrant with appertaining tables in cold periods 1979/80.

If we take a closer look into the average and maximum values of difference between ship and station Tajer data in the II quadrant, we can see that the concordance is lower than in I quadrant. In those roses the difference is obvious in the N, NNE and S directions. This can be clarified with the fact that ships pass far more west to Dugi otok than where station Tajer is situated; it is therefore influenced by the vicinity of the land and the winds blowing towards the sea. The lowest concordance is a bit of a surprise in the III quadrant where the roses of maximum average wave values in that quadrant differ most from those observed at Palagruža station. We emphasise that waves in NNW and S-SE direction have high concordance for both groupes. Bigger differences in ESE, S, W and NW quadrant of the III quadrant can primarily be assigned to the fact that Palagruža station is situated 100m (less estimation of the waves) above sea level. 

CONCLUSION

By comparing roses of wind, speed and direction for all three selected quadrants in the Adriatic that were obtained by observations on ships and on meteo-sations Mali Lošinj, Tajer and Palagruža and by analising average and maximum difference defined in contingency list we have established that the best concordance is for the Palagruža station in the III quadrant when it comes to wind direction. It is followed by the Mali Lošinj in I quadrant and Tajer in II quadrant. 

By analysing the diagrams and the appertaining tables on air temperature we conclude that the best concordance is in the III quadrant, and then in II and I. Of course we should mention that this result is obtained only when air temperature on Palagruža station is reduced according to th evertical gradient of 0.5(C/100m.

When it comes to sea temperature the highest concordance is in II quadrant and then in II and I. As for the waves and their values in the appertaining tables we noticed the highest concordance in the quadrant II and then in I and III.

The analysis of all meteo-elements in all three quadrants show the best results in concordance for the II quadrant (Tajer) then for the III quadrant (Palagruža) and at the end the most concordance of the ship reports for the I quadrant (Mali Lošinj). Still, we believe that the highest concordance would be obtained in the II quadrant, if the altitude of the station were lower. This 100m difference diminishes the sharpness of visual observation of wave height, which is not the case with observations performed by ships.

The respective differences can even get bigger because the meteo-data on stations get collected regularly, whereas the data collected by ships depend on how frequently they pass through the area. They are gathered not so often.

The value of the ship-based observation is further decreased by the space dispersion, in different southern points whereas the station stays fixed all the time. Compared to ships the instruments on the stations are also more precise and the personnel is better educated. This can also influence the measurements.

We also wish to stress that concordance differences because of the different year strings that we had at our disposal.

In any case it is necessary to further conduct and monitor ship-based meteorological sea and ocean observation. These observations will continue to provide us with good climatological picture of the sea, especially in the areas without or with rare meteo-stations. Of course, we have to stress their great operational value in forecasting and when facing grave meteorological conditions. This is very important in the oceans, but in the small seas such as Adriatic as well. The safety of navigation is always connected to strange shifts of weather conditions. Croatian maritime service in Split therefore continually organizes, supports and controls the naval meteo-service on Croatian merchant ships.
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