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ABSTRACT : The sea breeze (SB) blows under meteorological situations linked to the anticyclonic weather type; weak surface pressure gradient; intense solar radiation, and low-cloudiness. Total cloud cover (TCC) must be less than 4/8 to cause a
thermal and pressure difference between land and sea air which allows the development of this local wind circulation. Several empirical studies have checked the development of cloudiness associated with the SB and other local winds. The results
confirm the hypothesis that the primary impact of SB on cloudiness is to increase the relative frequency of low stratiform (St) and convective (Cu and Cb) clouds.

The goal of this study has been to statistically verify the hypothesis of the primary SB impact on both TCC and cloud types.

Cloud data are conventional surface observations at the Alicante-Ciudad Jardin meteorological station (00°29'40"W, 38°22"00"N, 82 m -height above sea level- and 4 km from sea, Figure 1),
during the period 2000-2005 with 3-daily observations (7, 13 and 18 UTC). Analysed variables are total cloud cover (TCC) in oktas and cloud type defined in the International Cloud Atlas (10 cloud
genera). The cloudiness data have been classified into four categories: 1) All days; 2) No SB days; 3) Qualitative SB days and 4) Quantitative SB days. The results are limited by the subjectivity of
the observations and the use of only one meteorological station.

Wind speed and direction data were obtained from the automatic meteorological station at the Laboratory of Climatology of the UA (0°30'68"W, 38°22'99"N, 102 m -height above sea level-
and 5.1 km from the sea, Figure 1).

Two experimental databases of SB have been created for Alicante: 1. Qualitative (475 pure SB days, using an objective method), and 2. Quantitative (1409 no-pure SB days, using a manual
method).

The statistical significance is verified by the chi-square (c2) test or Student’s t-test at the 95% (a= 0.05) or 99% (a= 0.01) significance level.

Wt e
S

Figure 1. Map of the study area:
Southeast Iberian Peninsula (Alicante, Spain)
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The SB can be classified into two categories by taking into account the effect on cloud formation: a) Primary SB effect : Low stratiform clouds (St, due to the inflow of moist sea air in the lower levels) and vertical clouds (Cu and Cb development in the
convergence zone of the sea breeze boundary), and b) Secondary SB effect : High clouds (Ci, Cc and Cs), middle clouds (Ac and As) and low clouds (St, Sc and Ns) associated with thunderstorm clouds (cumulo or cumulonimbo-genitus in the sea

breeze front -SBF-).
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Mean TCC on No Breeze days is 4.56 oktas (33% > All days mean value of 3.43 oktas); 2.05 oktas on Qualitative SB The t-test confirms an annual significant difference  at the 95% level (a= 0.05) on the TCC mean values among the four
days (40.06% < All days mean value) and 2.80 oktas on Quantitative SB days (18.36% < All days mean value). categories, especially month to month between Qualitative SB and No SB (also to a significant level a= 0.01, or 99%).
TCC on the SB days is lower than TCC on days when the local wind does not develop (Figure 2). The No Breeze days The t-test confirms (a= 0.05) a diurnal TCC evolution on the Qualitative SB days (Figure 4), and non diurnal TCC evolution

have more cloud cover (with maximum differences to the mean in summertime, August) during the whole year. When the ~ on No SB days (Figure 5). April, May, June have a significant diurnal TCC evolution at the 95% level on Qualitative SB days.
results are normalized to the All days cloud cover, the SB days have a negative difference (Figure 3), with extreme NOvember has also a significant diurnal TCC (a= 0.05), but in the inverse way.
negative values in winter (SB development under clear sky) and minimum from April till September.
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The annual analysis of the relative frequency distribution by cloud families and The medium clouds (Ac and As) decrease on Qualitative SB days (Figure 7) because
genera (Table 1) confirms the SB primary influence on the low stratiform (St) and vertical these genera interrupt the local SB development. On Quantitative SB days (this category
clouds (Cu and Cb), and secondary effect on high (Ci, Cc and Cs), medium (As and Ac) groups no-pure SB days vlnterrupted vhy medlqm clouds associated with the SBF) the medium
and low clouds (St, Sc and Ns). * The chi-square test (c2) verifies a different significant clouds are the 2" family in the cloudiness regimen.
pattern (a= 0.05) on the cloud types between SB days and No SB days for the annual T | O oS L G5 | G, SR
basis. . . The low stratiform clouds ~ (St) increase on SB days by the inflow of moist air in the lower
cl 240 171 336 298 levels coming from the sea. The Sc clouds decrease and generally are not associated with
The cloudiness regimen for each category, taking the 4 cloud families (High -H-; cc 08 08 10 0.9 the SB, unless the Sc developed over the top of the mountains due to the SB friction effect
Medium -M-; Low -L- and Vertical -V-) into account, is the following: All days (HMLV); No ES 82 65 9.7 97 (cause air to rise, which often condenses and forms Sc clouds).
SB days (MHLV); Qualitative SB days (HLVM) and Quantitative SB days (HMLV). L5 91 12.7 21 61
AC 202 244 138 16.6 The vertical clouds (Cu and Cb) also increase by the role of the SB and the convergence
The high clouds (Ci, Cc and Cs) increase on SB days (1* family in the cloudiness =il 40 37 44 43 areas on the deep convection (currents of rising air, known as updrafts).
regimen. Figure 6), due to: a) Stable weather types, and b) Low-cloudiness at the sc 177 191 171 164
medium and low levels of the troposphere. The high clouds genera do not disturb the SB NS 03 06 01 01
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+Relative frequencies (%) calculated with respect to the total observed gener  a for each category.

20

40\
30 v A
7N

’ W 5 )'$+ #, 3% & $I'SHG" H ' * C&)™ (N o(//1 '\/\

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Months
Figure 6. Monthly frequency of high clouds (%)
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Figure 7. Monthly frequency of medium clouds (%)

The Sb circulation influences the St cloud formation during summertime and especially in February and November The St clouds are more frequent at 07 UTC the day after a defined SB day (Exception: November) as the moist air
(Hypothesis: The moist SB air becomes cooled and contributes to low stratus formation in the late afternoon and evening,  brought in by the SB on the previous day is cooled during the night to form fog. The inflow of moisture driven by the SB
vid. Figure 8 and Figure 11). generates the formation of fragments of clouds at 13 and 18 UTC (Stratus fractus).

The SB may contribute to Cu cloud development , even during wintertime (when the thermals of rising air are not very The diurnal Cu evolution on Qualitative SB days is much higher at 13 UTC than 07 and 18 UTC during the whole year,
strong). The SB can provide the moisture to help form Cu clouds (Figure 9). mainly in the colder season.

Between April and November, the Cb clouds develop as a result of both the SB circulation and the thermal convective The Cb clouds can be observed at 13 and 18 UTC on Qualitative SB days (Exception: June and July at 07 UTC). A
period in mid latitudes- (Figure 10). The higher relative frequency of Cb occurs in May and September in relation to the  strong diurnal Cb cycle was detected: a) The Cb clouds are more frequent at 13 UTC and disappear at 18 UTC in spring
maximum occurrence of the SBF development. (April and May) and when summer ends (September and October). B) There is a delay in Cb development during the

summertime (particularly in July), which has a maximum at 18 UTC.
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The primary effect of the sea breeze is to increase the relative frequency of the low stratiform (St) and vertical (Cu and Cb) clouds. An important secondary effect is to increase high and medium clouds.
It was verified statistically that the TCC on SB days is lower than the Mean and No SB days. Moreover, the t-test detects a diurnal TCC evolution on the Qualitative SB days, and non diurnal TCC evolution on No SB days.
Future work : To statistically confirm the sea breeze impact on cloudiness in the monthly basis and diurnal cloud evolution (among the four categories).

To utilize and compare cloudiness data from other meteorological stations, located along the coast and inland. Remote sensing data can help to improve analysis and results concerning the effect of the SB on cloudiness.
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