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A case study on influences of synoptic-scale flows upon sea breeze development on the eastern fringe of the Iberian Peninsula (Valencia region, Spain) is presented. The sea breeze episodes of the 11 and
12t August 2004 were chosen and the hourly wind hodographs from 15 meteorological stations were analysed. The mean layer vector wind (MLVW) from 1000 to 700 hPa was computed using rawinsonde
data in Murcia (08430 sounding station) to designate synoptic-scale regimes influencing sea breeze evolution. August 11, 2004 corresponds to a light to moderate (4.6 m s) onshore MLVW regime from the
S (188.6°), whereas August 12", 2004 represents a strong (7.8 m s) offshore regime from the W (257.6°). The main parameters of sea breezes examined include time and lag of sea breeze passage, wind
speed and wind direction at the time of onset, time and lag of sea breeze cessation, duration or temporal dimension of sea breezes, maximum wind speed and time of maximum wind speed, inland penetration
and diurnal rotation of surface winds. Some of the sea breeze characteristics studied herein had not been previously considered in the literature. We found that in comparison with the onshore synoptic flow,
offshore one favors the delayed arrival and early termination of sea breezes, resulting in a shorter mean duration. It also produces the most intense sea breeze passages, higher sea breeze gust speeds,
shorter mean inland propagations, and an unexpected anticlockwise rotation of sea breezes. These results essentially support other numerical modeling results. Further analysis should be done using more
years of added data to generalize the findings.

1) High-resolution network of 15 meteorological statio ns located along
the shoreline of the Valencia region. Hourly WS (m s) and WD (° units (a) ONSHORE REGIME FROM THE S (188.6°) (b) OFFSHORE REGIME FROM THE W (257.6°)

and stored in 1° steps) data from the Laboratory of Climatology of the UA LIGHT TO MODERATE (4.6 ms ) STRONG (7.8 ms™)
(reference station, RS) and the IVIA (14 stations).

2) The principal parameters of sea breezes  calculated from the hourly
wind hodographs are:
- Time (Osme) and lag (Oag) Of sea breeze passage
- WS (Oys) and WD (O,q) at the time of onset
- Time (Cime) and lag (Ciag) of sea breeze cessation
- Duration (D) of sea breezes
- Maximum WS (WSy,a,) and time of maximum WS (WS;y,) of sea breezes
- Inland propagation (SBey) of sea breezes SB,.= W* o
- Diurnal rotation type (R) in the sea breeze phases

3) The upper air observations measured at Murcia (08430 sounding
station) were used to compute the MLVW from 1000 to 700 hPa at 12h
UTC. MLVW regimes are classified into onshore and offshore

typologies and each of the 2 main regimes is sub-classified into light to Fig. 1. Map of the Valencia region shoving locations of stations, F19- 2. Stuve diagram from the surface to upper 700 hPa height at 12 UTC on (a) August 11th and (b) 12th, 2004. The full wind barb corresponds to 5.0 m s,
- - i and each half wind barb to 2.5 m s, Source: Department of Atmospheric Science (College of Engineering, University of Wyoming, USA;
moderate (0 t05.14ms 1) and strong (>5_14 ms 1) categories. WD of the MLVW regimes are shown in the lower-right comer e s "‘”Up P (Colleg 9 9, ty of Wyoming,

(a) ONSHORE EPISODE RESULTS (b) OFFSHORE EPISODE

(1) INITIATION OF SEA BREEZES

* The initiation of sea breezes was detected in
each of the 15 coastal towers for the onshore
episode, whereas sea breezes were suppressed
under the offshore event for 5 stations.

* Sea breeze passages were observed earlier for
the light to moderate onshore flows (mean Olag
05h 42') than the strong offshore winds aloft
(mean Oisg 06h 31).

(2) CESSATION OF SEA BREEZES

* Sea breeze cessations were observed later for
the light to moderate onshore flows (mean Ciag
29") than the strong offshore (mean Ciag 04')
flows.

(3) DURATION OF SEA BREEZES

* Thus, the mean D, was greater for onshore
(08h 40") and lesser for offshore (07h 24")
episodes.

(4) VELOCITIES OF SEA BREEZES

* The mean O,s was much more intense (2.59 m
s1) for the offshore W flow than the onshore S
wind (2.01 m s%).

* Most intense sea breezes occurred under the
offshore large-scale winds. The mean WSy
was greater for the offshore episode (4.22 m s'%)
than the onshore event (3.84 m s).

* The mean WS;ne tends to occur earlier for the
onshore (14h 54’ UTC) than the offshore (15h 21’
UTC) episode.

(5) INLAND PENETRATION

* The mean SBey was greater for the onshore S
event (83.1 km) than the offshore background
episode (73.5 km).

(6) ROTATION

* On the onshore S flow day, the expected
cyclonic rotation (CR) dominates. ) SN . : = A B ~

* On the offshore W flow day, the unexpected ;
anticyclonic rotation (ACR) dominates.

Fig. 3. The hourly wind (m s ) hodographs on (a) August 11th and (b) 12th, 2004 for the 15 to  wers employed in the comparison case study. The numbers representt e initiation and cessation (UTC) of sea breezes and the dotted line indicates the direction of the nearest shoreline. Note thatth e wind vectors are directed toward the origin of
the coordinate system. The symbols show the R type in the sea breeze phases: circle (CR), triangle (ACR), and ¢ 0ss (non sea breezes)

(a) Onshore case study

Table I. Main characteristics of sea breezes for the 15 stations used in (a) the onshore case study (11" August 2004) and in (b) the offshore case study
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Staton Sumise O 0, O=™ 0.0 Sumet e b, WSy WS, SR, g seuws oist 121" August 2004). The theoretical sea and land-breeze (SB-LB) central axes and the distance from the coastline are shown in the last two columns,
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Note that sea breezes were not triggered in Sagunt, Moncada, Benifai6, Polinya de Xiguer and Gandia stations, and were therefore omitted

Sant Ratael del Riu S5 000 455 18 S0 1903 2000 057 1000 44 150 12 C 12O 147 (b) Offshore case study
Riera de Cabanes S5 093 425 1s 137 1903 1830 03 w0 23 100 62 € 1par 16
Castells so7 03 523 20 1002 1903 1930 027 0900 24 400 €2 A 1300 13 Local Local

station sumise Qi 0, O O sunset e G, D, WS WS, SB. g SBLB Dist
Nules 507 10:00 453 15 96.0° 19:04 19:30 0:26 09:30 37 13:30 1022 c 130°-310° 73 o) wre) ey (msY © oy wre) &) g (msh Wrc)  fkm) central axis (%) (k).
sagunt S08 1000 452 19 1040 1904 1830 034 080 27 1230 62 C  1¥30F 46
Moncada 500 1030 521 26 %4 1904 1900 004 0B 31 1600 772 C 122302 96 ‘Sant Rafael del Riu so6 130 e24 38 196 1902 1900 002 0730 38 L0 828 A LR3E 147
Benais 500 130 621 22 60 1903 1930 027 080 30 1630 626 C  6R24° 145 Ribera de Cabanes s 1030 S24 17 1886 1902 1900 002 0830 22 130 600 A 203X 16
Polnya de Xiquer 500 1300 751 17 & 1903 2000 057 0700 46 1600 848 C  6R24° 109 Gastels soe 120 72 26 W0 1902 2000 0S8 070 49 1930 748 A 130 13
Ganda S00 1300 7s1 21 2 1902 183 0% 050 22 1500 38 A Se2ae 64 Nules S8 oee0 2 19 1610 1903 1600 303 0700 45 1200 746 A 100 73
oéna S8 100 s52 19 80 1900 2130 230 1030 27 1900 765 A 24200 13 oéna 500 100 sS1 17 1430 1859 2000 101 0900 24 1900 535 A 2e208 13
La Via Joiosa 510 0900 350 24 140 1901 1930 020 1030 35 1400 91 C 1P 35 LaVia Joiosa 511 0900 349 16 1380 1900 1900 000 1000 41 1430 90 C 1P 35
Alcante (RS) s12 000 44 18 1800 1902 2000 055 100 S8 130 1280 A 15232 51 Alcante (RS) 513 133 s 45 125 1901 2000 059 0630 63 1500 93 C 150382 51
Ex 513 W ew 24 970 1903 1930 027 B0 51 430 1042 A 13®a® 13 e 514 1400 845 25 1850 1902 1900 002 0500 48 1500 612 A 13®a® 13
Amoradi S13 1w® ey 27 680 1903 1930 027 0800 49 1500 1024 C P2 110 Amoradi 514 133 816 38 1790 1902 193 028 0600 51 1600 80 C 902 110
Pilarde i Horadada 514 1200 m45 16 16800 1902 2000 058 0m00 36 1930 82 C 102 25 Piarde la Horadada 515 1230 715 18 1840 1901 1930 020 0700 41 1800 626 C  1a20e 25

|Future || Sea breeze statistics

* A series of numerical experiments and observational campaigns can be performed in future studies in order to analyse the impact of large-scale flows on the wind-vector rotation change. The hypothesis to be
tested is that onshore synoptic flows tend to produce usual CR, whereas offshore ambient winds tend to cause unusual ACR in most coastal areas of the Valencia region.

* The data from the hourly wind hodographs presented here can be used in a future modelling experiment for studying the effects of onshore and offshore large-scale flows on rotation rate in sea breeze phases.
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