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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 11th and 
12th 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 11th, 2004 corresponds to a light to moderate (4.6 m s-1) onshore MLVW regime from the 
S (188.6º), whereas August 12th, 2004 represents a strong (7.8 m s-1) offshore regime from the W (257.6º). 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.
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1) High-resolution network of 15 meteorological statio ns located along 
the shoreline of the Valencia region. Hourly WS (m s-1) and WD (º units 
and stored in 1º steps) data from the Laboratory of Climatology of the UA 
(reference station, RS) and the IVIA (14 stations).

2) The principal parameters of sea breezes calculated from the hourly 
wind hodographs are:

- Time (Otime) and lag (Olag) of sea breeze passage

- WS (Ows) and WD (Owd) at the time of onset 

- Time (Ctime) and lag (Clag) of sea breeze cessation

- Duration (Dt) of sea breezes

- Maximum WS (WSmax) and time of maximum WS (WStime) of sea breezes

- Inland propagation (SBext) of sea breezes

- 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 
moderate (0 to 5.14 m s -1) and strong (>5.14 m s -1) categories.

tvuSBext D*+�= 22

Fig. 1. Map of the Valencia region showing locations of stations.
WD of the MLVW regimes are shown in the lower-right corner

Fig. 2. Stüve diagram from the surface to upper 700 hPa height at 12h UTC on (a) August 11th and (b) 12th, 2004. The full wind barb corresponds to 5.0 m s-1, 
and each half wind barb to 2.5 m s-1. Source: Department of Atmospheric Science (College of Engineering, University of Wyoming, USA;
http://weather.uwyo.edu/upperair/sounding.html)

(a) ONSHORE REGIME FROM THE S (188.6º)  

LIGHT TO MODERATE (4.6 m s -1)

(b) OFFSHORE REGIME FROM THE W (257.6º)  

STRONG (7.8 m s -1)
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2.5114º-294ºC68.219:303.608:000:5820:0019:02168.0º1.66:4612:005:14Pilar de la Horadada

11.099º-279ºC102.415:004.908:000:2719:3019:03168.0º2.76:1711:305:13Almoradí

1.3133º-313ºA104.214:305.108:000:2719:3019:03197.0º2.46:1711:305:13Elx

5.1152º-332ºA128.013:305.810:000:5820:0019:02180.0º1.84:4810:005:12Alicante (RS)

3.5167º-347ºC99.114:003.510:300:2919:3019:01184.0º2.43:5009:005:10La Vila Joiosa

1.324º-204ºA76.519:002.710:302:3021:3019:0082.0º1.95:5211:005:08Dénia

8.454º-234ºA36.815:002.205:30-0:3218:3019:02112.7º2.17:5113:005:09Gandia

10.964º-244ºC84.816:004.607:000:5720:0019:0369.8º1.77:5113:005:09Polinyà de Xúquer

14.564º-244ºC63.616:303.008:000:2719:3019:0363.0º2.26:2111:305:09Benifaió

9.6122º-302ºC77.216:003.108:30-0:0419:0019:0494.0º2.65:2110:305:09Moncada

4.6123º-303ºC65.212:302.708:30-0:3418:3019:04104.0º1.94:5210:005:08Sagunt

7.3130º-310ºC102.213:303.709:300:2619:3019:0496.0º1.54:5310:005:07Nules

11.3130º-310ºA60.214:002.409:000:2719:3019:03109.2º2.05:2310:305:07Castelló

1.6121º-301ºC62.210:302.309:00-0:3318:3019:03133.7º1.64:2509:305:05Ribera de Cabanes

14.7128º-308ºC115.215:304.410:000:5720:0019:0399.0º1.84:5510:005:05Sant Rafael del Riu

Dist
(km)

SB-LB
central axis (º)

RSBext
(km)

WStime
(UTC)

WSmax
(m s-1)

DtClag
Ctime
(UTC)

Local
Sunset         
(UTC)

Owd   (º)
Ows    (m s-

1)
Olag

Otime
(UTC)

Local
Sunrise 
(UTC)

Station

2.5114º-294ºC62.618:004.107:000:2919:3019:01184.01.87:1512:305:15Pilar de la Horadada

11.099º-279ºC81.016:005.106:000:2819:3019:02179.03.88:1613:305:14Almoradí

1.3133º-313ºA61.215:004.805:00-0:0219:0019:02185.02.58:4614:005:14Elx

5.1152º-332ºC89.315:006.306:300:5920:0019:01112.54.58:1713:305:13Alicante (RS)

3.5167º-347ºC95.014:304.110:000:0019:0019:00138.01.63:4909:005:11La Vila Joiosa

1.324º-204ºA53.519:002.409:001:0120:0018:59143.01.75:5111:005:09Dénia

7.3130º-310ºA74.612:004.507:00-3:0316:0019:03161.01.93:5209:005:08Nules

11.3130º-310ºA74.819:304.907:300:5820:0019:02171.02.67:2212:305:08Castelló

1.6121º-301ºA60.013:002.208:30-0:0219:0019:02163.61.75:2410:305:06Ribera de Cabanes

14.7128º-308ºA82.811:303.807:30-0:0219:0019:02139.63.86:2411:305:06Sant Rafael del Riu

Dist
(km)

SB-LB
central axis (º)

RSBext
(km)

WStime
(UTC)

WSmax
(m s-1)

DtClag
Ctime
(UTC)

Local
Sunset         
(UTC)

Owd   
(º)

Ows   
(m s-1)

Olag
Otime
(UTC)

Local
Sunrise 
(UTC)

Station

Table I . Main characteristics of sea breezes for the 15 stations used in (a) the onshore case study (11th August 2004) and in (b) the offshore case study 
(12th 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, 
respectively. Note that sea breezes were not triggered in Sagunt, Moncada, Benifaió, Polinyà de Xúquer and Gandia stations, and were therefore omitted
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(b) Offshore case study

(a) Onshore case study
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(a) ONSHORE EPISODE (b) OFFSHORE EPISODERESULTS

(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 Olag 06h 31’).

(2) CESSATION OF SEA BREEZES

* Sea breeze cessations were observed later for
the light to moderate onshore flows (mean Clag

29’) than the strong offshore (mean Clag 04’) 
flows.

(3) DURATION OF SEA BREEZES

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

(4) VELOCITIES OF SEA BREEZES

* The mean Ows was much more intense (2.59 m 
s-1) for the offshore W flow than the onshore S 
wind (2.01 m s-1).

* Most intense sea breezes occurred under the
offshore large-scale winds. The mean WSmax

was greater for the offshore episode (4.22 m s-1) 
than the onshore event (3.84 m s-1). 

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

(5) INLAND PENETRATION

* The mean SBext 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.

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

Fig. 3. The hourly wind (m s -1) hodographs on (a) August 11th and (b) 12th, 2004 for the 15 to wers employed in the comparison case study. The numbers represent t he initiation and cessation (UTC) of sea breezes and the dotted line indicates the direction of the nearest shoreline. Note that th 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 cr oss (non sea breezes)

* 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.


