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1. INTRODUCTION

The atmosphere plays a prominent role in the management of natural resources. One of
the preconditions for the reasonable management of natural resources is a profound knowledge
of biologica processes depending on climatic conditions because the spatid distribution of plant
and animal species depends on climatic elements as radiation, light, warmth, humidity, the amount
of soil water and other meteorological occurrences. As climate is one of the key factors, we
have to understand it, to use its advantages and to protect ourselves from its negative influences.
For example, a prolonged precipitation deficiency, high ar temperatures and reinforced
evapotranspiration can cause drought, with possible catastrophic consequences for both plants
and the economy. Therefore, some meteorologica parameters as evapotranspiration and
moisture loss from the soil significantly influence the land and idand flora.

The project Preservation of biological diversity in the Adriatic sea in order to protect
some special areas along the Adriatic coast was started in Croatia. In one of these areas — the
idand of Silba - the water balance components have been researched, to estimate possible
climatic variability. To determine climatological standards, meteorological data such as air
temperature, precipitation, relative humidity, cloudiness, wind and occurrences of dew, fog, hail
and thunder have also been andlysed. The idand of Silbais Situated in the northern Adriatic and
meteorological observations have been performed since 1964. Meteorologica data and water
baance components have been studied for the period 1964-1993, except for wind strength and
direction in the period 1981-1990.

2. WIND REGIME

The wind regime on the Adriatic coast is one of the decisive factors affecting the land-
idand flora and fauna with its characteristic winds, known as bura, jugo and maestral blowing
along the Adriatic coast.

As there is no instrument for wind speed measurements at the Silba station, its strength
is determined by its effects on objects in nature. Wind strength is evaluated according to the 12
degree Beaufort scale. Wind drection is determined visually by means of a wind vane. These
wind data are observed three timesa day (7, 14 and 21 h).

To show the flow regime on Silba it was necessary to analyse the probabilities of a
simultaneous occurrence of different wind strengths and directions (Fig. 1). At the Silba station,
the most frequent wind is the bura blowing from NE (14.5%), then the SE wind known as jugo
(11.9%) and a NW wind (9.3%). The bura is a dry, cold and gusty wind and intensifies the
feeling of cold (Penzar and Makjanic, 1978). A strong bura wind over the sea tears the crests of
the waves and causes marine spray. The coast exposed to the bura is sprinkled with sdt from
evaporated seawater brought there by the bura with sea spray. Plants hardly grow on such
areas and the soil is bare. In contrast to the bura the jugo blows uniformly and causes high
waves. In the southern wind regime warm air penetrates the Adriatic sea from North Africa
adopting maritime characteristics and thus rain falls. Closer to the mainland the maestral occurs
in summer. The etesian winds (seasonal winds from the NW direction) superpone with the sea
breeze (a day wind from the same direction in accordance with coastal circulation) and the
maestral occurs. The maestral is refreshing in summer and is always followed by bright and dry



wesather. The negative influence of strong wind on the idand plants is wind erosion. In the areas
where a frequent wind from the same direction is observed, trees are bent but their crowns
develop into the side opposite to the wind direction.

If wind strength is considered independently from direction, then it can be noticed that
winds from 1 to 3 B prevail (from light breeze to weak wind) in 69.4% of cases. The relative
frequency of moderately strong winds (4-5 B) is 14.0% and that of winds stronger than 6 B is
4.3%. Cam is relative frequent on Silba (12.3%). Strong wind (? 6 B) is most frequent in the
winter season with 56 days per month and it is mainly bura or jugo. The mean annua number
of strong and severe wind daysis 37.8 days and 4.9 days, respectively. It can be concluded that
severe wind on Silba is a rare phenomenon in comparison to the northern and mid-Adriatic coast
(V. Vucetic, 1991, 1993)
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Figure 1 The annual wind rose for Silba during the period 1981-1990.

3. THERMAL AND PRECIPITATION CONDITIONS

Air temperature is a meteorological parameter that is most frequently used as a climatic
indicator. The greatest temperature changes take place in the lowest air layer. In this layer near
the ground it can be very warm during the day and very cold during the night, when the weather
is clear and cam. However, standard temperature measurements are taken at 2 m above the
ground, where the daily temperature fluctuation of air is smaller. Temperature conditions on Silba
have been anadysed taking into account the mean and extreme monthly and annud air
temperature and the number of days with different temperature characteristics.

The annual course of air temperature resembles a smple wave with its lowest
temperature in January and its highest in July. The mean annual air temperature is 15.12C (Tab.
1). The absolute maximum was 35.22C and absolute minimum -5.97C. Negative air temperatures
may occur from December to March, but only very rarely (in average 3.8 days). The maximum
number of with days air temperature above 302C (hot days) occurred from June to September
(16.8 days in average) and most of them were in August. A warm night is a day when the
minimum daily temperature exceeds 207C. In July and August this is a very frequent
phenomenon on the Adriatic coast (M. Vucetic and V. Vucetic, 1995, 1995a, 1995b) and also on
Silba (32.8 days in average).

Relative air humidity has an annual course opposite to that of ar temperature. In
average, a maximum relative humidity occurs in January (76%) and a minimum in July (68%),
which indicates that the air is relatively rich with humidity on Silba. Such annua courses of
relative humidity are characteristic for the maritime climate where the difference between the
maximum and minimum mean monthly relative humidity is usudly small.



The next meteorologica parameter defining the climate of a certain areais precipitation.
The annua course of precipitation at Silba can be defined as maritime (Penzar and Makjanic,
1978). A minimum precipitation falls in July (37.6 mm) and a maximum in November (127.7
mm). Such distribution of precipitation is caused by different kinds of paths of atmospheric
disturbances (cyclone and front) in which humid air rise and cools, resulting in clouds and
precipitation. Because of a genera atmospheric circulaion in winter, numerous cyclones pass
over the Mediterranean and the Adriatic sea. With the maritime type of annual course, the
maximum amount of precipitation and the maximum number of overcast days (about 10 days per
month) occur at that time. In summer, the cyclone paths are further to the north, the Adriatic is
under the influence of the Azores anticyclone, which causes a minimum amount of precipitation,
and a maximum number of clear days (about 15 days per month). In the 30-year period the
maximum daily precipitation amount was 144.7 mm. However, days with a large amount of rain
are rare, the annua mean is 1.5 days with an amount exceeding 50 mm.

The meteorologica phenomena, which mostly influence the land and idand flora, are
dew, fog and hail, which are often connected with thunderstorms. Dew covering the soil, can be
of great importance for the plants on the Adriatic islands during the dry season. In some aress, it
gppears in quite a large amount and it may be the only source of humidity for plants. Fog, on the
contrary, may have negative impacts on the flora, preventing transpiration and triggering plant
diseases. Because of insufficient air turbulence during fog, an amount of dangerous components
in the air increases and so does pollution, which can have a negative effect on plants. Although
hail is a rare phenomenon aong the Adriatic - just one situation with heavy hail and strong wind
might aready cause significant damage to plants. On Silba thunder (37.8 days in average), fog
(7.0 days) and hail (1.8 days) are neither very frequent nor very rare phenomena, but dew is
frequent (86.3 days). All these analyses contribute to a better knowledge of climatic conditions.
However, the wet and dry conditions in a certain area can not be determined only by
precipitation amount and ar temperature. The necessary water amount for evaporation and
transpiration must be aso taken into to consideration. In the next chapter one of methods for the
calculation of water balance componentsiis applied.

Thelist of symbols

t mean monthly air temp erature ?72C?

tmax maximum monthly air temperature ?2C?

tmin minimum monthly air temperature 72C?

N mean monthly number of cold days?tmin <02C?

Nwd mean monthly number of warm days Amax ? 257C?

Nhd mean monthly number of hot days Amax ? 302C?

Nwn mean monthly number of days with warm nights?tmin ? 202C?

RH mean monthly relative humidity 267?

RHmin. minimum monthly relative humidity 246?

NRH230% Mmean monthly number of dayswith relative humidity ? 30 %
NRH280% mean monthly number of days with relative humidity ? 80 %

P mean monthly precipitation amount 2hm?

Pmax ~ maximum monthly precipitation amount 2mm?

Np2o.1 mean monthly number of days with precipitation amount ? 0.1mm
Np210  mean monthly number of days with precipitation amount ? 10.0mm
Np22o  mean monthly number of days with precipitation amount ?20.0mm
Np25p  mean monthly number of days with precipitation amount ? 50.0mm

C mean monthly cloudiness ?71/10?

Noc mean monthly number of overcast days7C < 2/10?
Ng mean monthly number of clear days 2C > 8/10?

Nh mean monthly number of hail days

N¢ mean monthly number of fog days

Ng mean monthly number of dew days



Nt mean monthly number of thunder days
Nstw mean monthly number of days with strong wind ?7? 6 Beaufort?
Nsaw mean monthly number of dayswith severe wind ?? 8 Beaufort?

Table 1 A atistical review of meteorologica parameters for Silba during the period 1964-1993.
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4. APPLICATION OF THE PALMER METHOD

The Pdmer method (Palmer, 1965) is one of methods for the calculation of the mean
monthly values of water balance components (potential and actua evapotranspiration, moisture
loss from the soil, recharge and runoff). Penzar (1976) and Pandzic (1985) were the first to
apply the Palmer method to the meteorological data of Zagreb and the Adriatic coast area. After
that, PandZic and M. Vucetic (1995, 1996, 1997); M. Vucetic and V. Vucetic (1993, 19944,
1994b, 1996a), V. Vucetic and M. Vucetic (1993, 1996), Stambuk and M. Vucetic (1993) and
Ggic-Capka and Zaninovic (1998) applied this method to different parts of Croatia.

The Palmer method assumes that precipitation amount is distributed between the
evapotranspiration and drenching soil with the excess water running off. If the precipitation
amount is insufficient, the soil water storage evaporates and there is no runoff. The
mathematical expression is the following:

P+L=ET+R+RO

P is the amount of precipitation, L is the moisture loss from the soil, ET is the actud
evapotranspiration, R is the recharge (soil water storage) and RO is the run off (Palmer 1965,
Penzar 1976 and PandZc, 1985). Using the climatological data of mean monthly air temperature
and relative humidity, the monthly amount of precipitation as well as the pedologica data of soil
moisture capacity it is possible to caculate the actua evapotranspiration. Potentid
evapotranspiration is computed by the Eagleman relation (Eagleman, 1967, Pandzic, 1985, V.
Vucetic and M. Vucetic, 1996a). Palmer assumed that the soil consists of two layers. The upper
layer is caled surface layer and is roughly equivaent to the plow layer (approximate depth 20
cm). This is the layer onto which the rain falls and from which evapotranspiration takes place
until al the available moisture in the layer has been removed. There is no recharge to the
underlying layer of the root zone (gpproximate depth from 20 cm to 100 cm) until the surface
layer has been brought to field capacity. The loss from the underlying layer depends on its initia
moisture content as well as on the computed potential evapotranspiration and the available
capacity of the soil system.

The Pamer method was applied to the climatologica data from the Silba station during
the period 1964-1993. The annual courses of potentia and actua evapotranspiration are similar
in the cold season (Tab. 2). The greatest differences between potentiad and actua
evapotranspiratiomn  (64-71 mm) were in July and August. The maximum of mean monthly
moisture loss from soil (55.7 mm) occurred in July. After that, the moisture loss from soil
abruptly decreased because the soil water storage was very small.

Table 2 The mean monthly and annual values of potentid [PET, mm] and actud
evapotranspiration [ET, mm] and moisture loss from soil  [L, mm] for Silba during the period
1964-1993.
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5. LINEAR TRENDS OF THE PALMER INPUT AND OUTPUT
VARIABLES

In order to edeblish the kind of dimétic vaigtility in the maine park of Silba, thelineer trendsfor the input
and output vaiables of the PAmer method have been andlysad. One of the methods meking possible the edtimetion
of gaidicdly sgnificant chenges of the levd around which the tarms of the time saries are digributed 1. e then
esimation of the exigence of alineer trand is the nonHparametric ManntKendd rark test (Mitchdll e d, 1966). This
test is besed on the vdue of theindividud tem in the saries and the position of thistam in the saies Namdy, if a
lineer trend exids then the vaues ought to be drondogicaly more or less inreedng or decressing. Thisted is
ddfined by two paramdas the Kenddl codffident ? andthesgnificantlevd ?. Thedoser the ?-vaduesareto zero,
thehigheristhelevd of dgnificancei. e theandysed vaues do nat increese or decreese dvondlogicaly.

Table 3 Linear trends 72C, % or mm/10 years? the Kendal coefficients (?) and the
corresponding significant levels (?) for the time series of mean annua air temperature 2, 2C7,
relaive humidity RH, %7, precipitation amount P, mm?, potentia PET, mm?and actua T,
mm? evapotranspiration and moisture loss from soil 1, mm? for Silba during the period 1964-
1993.

The dengesin anud vaues of ar tempaature, rdaive humidity and predpitation amount for Slbaare
presanted from year to year in FHgure 3. Acoording to the curve of a Syear sies of ar teamparature moving
avaage, from which vay short-tem fludtugtions were demingted, the wamest peariod was natiosd in the mid-
gxtiesand the cddet in the trangition period from the seventiesto the eghties During thewarmest pariod the meen
annud ar temperaure deviaion from the long-term meen reeched amaximd vaue of 0.82C. Inthe same pariod,
the mean annud rdaive humidity reeched the minimd vaue of 70%A patticulaly high predpitation anount wes
noticed in the seventies Two peiods of ddfident predpitation amount were recorded in the previous and fallowing
decede The maximum  poditive anomdy inannud predpitation amount wiss 394.6 mm (1974) and the maximum
negetiveanomdly -2704 mm (1985).

The gregtet prabehillity of nat finding a lineer trand is in the saries of ar temperature and moisure loss
from the il (Teb. 3 ad Fg. 3). A sgnificart linear trend & the 0.05 levd ocours in the time saries of rdative
humidity and potentid evgpotrangairation. However, agreat prabdhlity of alinesr rend isdso naticed inthe series of
predpitation amount and adud evgpatrangoiration. A tendency towards a decreese of predpitation amourt ((55.8
mMnY10 years) causss a decrease in evgpotrangairation (215 mnv10 yearsfor patentid and —26.1 mm for actud
evgparangairation). In saite of thet adecrease in evgpatrangairation may have apostive influence on plants whilea
decreae in annud predipitation amount hes a negative dfect on the idand vegaaion. In arder to eteblish which
effect will domingte we should have longer time saries According to Pandiic e d (1993) and Ggjic-Capkaand
Zaninovic (1998), a sgnificant secular trend of predipitation exigts, but an actud evgpatrangairation trend was not
expaiencad in the lagt hundred years a Grikverica which isthe neerest meteorolagicd station to the marine perk of
Slba Therefore, it can be expactad thet the decreese in anud predipitation amount on theidand of Slbacould be
fagter then the decressein annud actud evgpotrangpiration.



y =-2,2235x + 989,06
y =-5,7689x + 1009,8

SILBA 1964-1993

y = 0.0003x + 9.7605 y =-2,6988x + 773,18

y = 0,0974x + 72,09 y = 0,0794x + 160,87

Fig. 2 The time series (dots) of mean annua air temperature t [°C], relative humidity RH [%0],
annual precipitation amount P [mm], potentid PET [mm] and actual ET [mm]
evapotrangpiration, moisture loss from soil L [mm] the 5year moving average and the linear
trends for Silba during the period 1964-1993. x is the number of years (1,2...30).



6. CONCLUSION

Knowledge of the development of biologica processes depending on climatic
conditions is the basic precondition for the effective management of natural resources. Thisis
the reason why the climatic conditions and their variability have been analysed on the idand of
Silba. The analysis of linear trends has shown that a significant decrease in potential
evapotranspiration and an increase in relaive air humidity occurred during the period 1964-
1993. A decreasing tendency in precipitation amount and actual evapotranspiration has aso
been established but it is not statistically significant. A further decrease in precipitation amount
could have a negative influence on the idand flora

Findly it should be mentioned that the flora and fauna and the environment on the
whole can only be protected by further co-operaion among meteorologists, biologists,
zoologists, oceanologist, geologists, geophysicists and other scientists of close profiles.
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