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25ABSTRACT

26The meteorological model Regional Atmospheric Modeling System (RAMS) in its
27version 4.4 has been applied operationally within the Valencia Region. The model
28output is being used as support for a heat-wave warning system, a wind forecasting
29system for fire warnings and prevention, and for general forecasting tasks. For the
30winter period of 2010-2011 and the summer period of 2011, the model version 6.0 has
31been included within the operational forecast environment. In this study, the verification
320f the model using both versions has been performed taking advantage of the automatic
33weather stations from the CEAM network and located within this area. Surface
34meteorological observations have been compared with the RAMS forecasts in an
35operational verification focused on computing different statistical data for coastal and
36inland stations. This verification process has been carried out both for the summer and
37the winter seasons of the year separately. As a result, it has been revealed that the model
38presents significant differences in the forecast of the meteorological variables analysed
39throughout both periods of the year. Moreover, the model presents different degrees of
40accuracy between coastal and inland stations as well as for both versions of RAMS for
41the meteorological variables investigated. On the other hand, we have also found that
42there is little difference in the magnitudes analyzed within the two daily RAMS cycles
43and that RAMS is very stable in maintaining skilful forecast results at least for three
44forecast days, although the performance of the simulation slightly decreases as the
45simulation moves forward.
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731. Introduction

74 The Valencia Region, located in the Western Mediterranean Basin, due to its ge-
750graphical position and its climatic and physical characteristics, has a significant meteo-
76rological interest as it is especially sensitive to certain severe weather events such as tor-
77rential rain (Millan et al., 1995; Pastor et al., 2001; Estrela et al, 2002; Pastor et al.,
782010; Gomez et al., 2011), forest fires (Gomez-Tejedor et al., 1999) or heat waves (Mir6
79et al., 2006; Estrela et al., 2007; Gomez et al., 2010; Gomez et al., 2013). The east part
80of the Valencia Region is bordered by the Mediterranean Sea, while not far from the
81coast and more inland, mountain ranges are found exceeding 1500 m in height (Fig. 1).
82The terrain of the Western Mediterranean Basin exerts a strong influence on its weather
83regimes by generating local and regional mesoscale circulations on diurnal time scales
84(Millan et al., 1997, Gangoiti et al., 2001). Thus, the Valencia Region combines the dif-
85ficulty of land-sea contrasts, mountainous terrain and large-scale mesoscale circulations
86(Pérez-Landa et al. 2007).

87 Under summertime conditions, a marked diurnal cycle of the wind direction and
88pressure is observed in the Valencia Region (Pérez-Landa et al. 2007; Azorin-Molina et
89al., 2008; Azorin-Molina et al., 2011). This period is characterized by a nocturnal
90drainage flow with katabatic winds chanelled by the valleys, a combined breeze regime
91during which the sea breeze merges with convective uplift over the mountain ranges
92followed by a subsiding flow over the sea, and an evening regime where a large inland
93pressure can interact with the combined breeze and change the flow pattern (Pérez-
94Landa et al. 2007, Salvador et al. 1997). During the warm period, high summer

95temperatures over this region are observed, permitting record maximum temperatures



96exceeding 30°C, as well as record low temperatures exceeding 20°C, during so-called

97tropical nights (Estrela et al., 2007, Miro et al. 2006).

98 Under winter conditions, Atlantic frontal systems crossing the Iberian Peninsula

99dominates, together with the migration of high pressure areas towards the center of the
100continent. The movement of these high pressure areas towards the east provokes the
101entrance of cold continental air over the Mediterranean (Millan et al., 2005). During the
102cold period of the year, the Valencia Region is affected by low temperatures, mainly
103related to the entrance of northerly arctic air, entrance of northeasterly continental polar
104air or anticyclonic situations. Besides, strong radiative cooling of the ground and the
105corresponding surface temperature inversion are also found in valleys and flat areas
1060ver the Valencia Region, specially located inland. This situation produces very low
107temperatures, but located in specific areas affected by thermal inversion phenomenon.
108Finally, the entrance of northwesterly air can cause relatively low temperatures, but in
109principle this kind of situation is not responsible for very low temperatures over this
110region.

111 Taking into account the sensitivity of the Valencia Region to climate hazards,
112the use of a mesoscale model operating at high resolution would be useful as a warning
113forecasting tool. In this sense, a meteorological real-time forecasting system was
114designed and implemented at the CEAM (Centro de Estudios Ambientales de
115Mediterraneo; Mediterranean Center for Environmental Studies) Foundation (Gémez et
116al., 2010), based on the Regional Atmospheric Modeling System (RAMS) (Pielke et al.,
1172002; Cotton et al., 2003).
118 The aim of the current work is to investigate the skill of the RAMS model within

119the operational weather forecasting system implemented for the Valencia Region



120(Gomez et al., 2010). For this, we have taken advantage of the available data on this
121area. It consists of near-surface meteorological observations provided by the CEAM
122weather stations network. In order to achieve a comprehensive description of the
123performance of the RAMS model, the verification process has been developed by
124dividing the available information into three steps. Firstly, instead of performing a
125verification of the model for the whole year, we have separated winter and summer. Due
126to the fact that the dominant wintertime meteorological processes are different from
127those observed in the summertime over the area of study (Mir6 et al.,, 2009), this
128division between both seasons of the year will provide a more detailed picture of the
129RAMS results within the Valencia Region. In addition, it will be helpful to detect
130differences that could appear between both periods of the year. Secondly, RAMS in its
131version 6.0, has been implemented for the winter of 2010-2011 and the summer of 2011,
132simultaneously with the version 4.4, within the operational forecasting system (Gomez
133et al., 2010). These two seasons are used in this study to operate a correlative
134verification process for both seasons of the year separately. As a result, the
135corresponding simulations acquire a description of the differences between the most
136recent versions of the model. In Miré et al. (2009), they developed a methodology to
137automatically identify and characterize the daily atmospheric situation for the period of
1381958-2008. Applying the same approach to the winter of 2010-2011 and the summer of
1392011, we have examined to what degree these specific seasons vary from the typical
140prevailing in the region, considering the original time interval 1958-2008. As a result, it
141has been found that the percentage of occurrence of the distinct meteorological
142situations that this procedure detects is similar when using the whole climatic period

143separating winter from summertime than when using the winter of 2010-2011 and the



144summer of 2011 independently. Thus, it may be said that these particular seasons follow
145the typical patterns prevailing in the Valencia Region (Mir6 et al., 2009). In the third
146place, coastal stations have been isolated from inland ones, to evaluate differences
147between station locations, as it was already done by Gémez et al. (2013).

148 The paper is structured as follows: section 2 presents the model configuration, as
149well as the observational data used in this study and the verification procedure. The
150results of the verification procedure are given in section 3. Finally, section 4 is devoted
151to the conclusions of this work.

1522. Data and verification methodology

1532.1. RAMS model

154 RAMS model in its version 4.4 (RAMS44) and 6.0 (RAMS60) has been used in
155this study (Pielke et al., 2002; Cotton et al., 2003). The current RAMS set-up includes
156the Mellor and Yamada (1982) level 2.5 turbulence parameterization, a full-column two-
157stream single-band radiation scheme that accounts for clouds and calculates short-wave
158and long-wave radiation (Chen and Cotton, 1983), and the cloud and precipitation
159microphysics scheme from Walko et al. (1995), applied in all the domains. The Kuo-
160modified parameterization of sub-grid scale convection processes is used in the coarse
161domain (Molinari et al., 1985), whereas grids 2 and 3 utilize explicit convection only.
162Finally, the LEAF-2 soil-vegetation surface scheme (Walko et al., 2000) is used within
163the RAMS44 environment while LEAF-3 is used for RAMS60. This parameterization
164permits to calculate sensible and latent heat fluxes exchanged within the atmosphere,
165using prognostic equations for soil moisture and temperature. The main improvement in
166developing LEAF-3 from LEAF-2 was to input the Normalized Difference Vegetation

167Index (NDVI) and use it to compute essential vegetation characteristics of different



168vegetation parameters. The NDVI value provides valuable information on the spatial
169and temporal variability of greenness, which is absent from the simple model used in
170LEAF-2. A detailed description of the diverse changes performed is included in Walko
171et al. (2005).

172 In the current CEAM RAMS implementation, the following two-way interactive
173nesting domain configuration (Fig. 1) is used: Grid 1 covers the southern part of Europe
174at a 48-km horizontal grid resolution and a large part of the Mediterranean basin, Grid 2
175covers the Iberian Peninsula and the Western Mediterranean with a grid resolution of 12
176km, and a high resolution domain (3 km) (Grid 3), includes the Valencia Region. In the
177vertical, a 24-level stretched scheme has been selected, with a 50-m space near the
178surface increasing gradually up to 1,000 m near the model top at 11,000 m and with 9
179levels in the lower 1,000 m. A summary of the horizontal and vertical grid parameters is
180provided in Table 1. The lowest model level of this configuration is located
181approximately 24 m above the ground. This configuration was selected from different
182sensitivity exercises (Unpublished work) as the best compromise for resolving the
183mesoscale circulations in the Valencia Region within a time frame regarded as useful for
184the model forecast, considering the available computational resources.

185 RAMS initial and boundary conditions are derived from the operational global
186model of the National Centre for Environmental Prediction (NCEP) Global Forecasting
187System (GFS), at 6 hr intervals and 1 x 1 degree resolution globally, using a Four-
188Dimensional Data Assimilation (FDDA) technique applied to define the forcing at the
189lateral boundaries of the outermost five grid cells of the largest domain. In this sense,
190we are nudging toward the GFS gridded data, where the nudging time scale at the lateral

191boundary corresponds to 900 seconds for each operational cycle. Weather forecasts are



192performed twice a day, at 0000 and 1200 UTC, for RAMS44 and RAMS60, using the
193GFS forecast grid from its forecast cycle 12-h earlier, and for a forecast range of three
194complete days (today, tomorrow and the day after tomorrow). RAMS forecast outputs
195are available once every hour for display and analysis purposes.

1962.2. Observational data

197 A total of 6 automatic surface weather stations from the CEAM network have
198been used to perform the verification of the RAMS results (2 corresponding to coastal
199locations and 4 corresponding to inland ones) (Fig. 1). These representative stations for
200coastal and inland locations are used to show the model skill focused on specific areas
201within the Valencia Region (Gémez et al., 2013). Although the CEAM weather stations
202network stores data in a 10-minute basis, hourly-mean measures of near-surface
203temperature, relative humidity and wind speed and direction from this network have
204been used in the verification process, in order to match the RAMS output frequency.
2052.3. Verification procedure

206 To analyse the RAMS results, we have followed a procedure that uses the
207simulated results obtained with the higher resolution domain to account for the terrain
208influence on the atmospheric flows (Salvador et al., 1999). We have developed a
209software tool to extract and store, for each daily simulation within the period of study
210(The winter of 2010-2011 and summer of 2011), diverse hourly RAMS forecasted
211magnitudes. On the one hand, we saved the near-surface temperature, relative humidity,
212wind speed and direction, at each selected CEAM station location using Grid 3 (Fig. 1).
213This surface data has been stored in a database for the three days of simulation and for
214the two RAMS versions. On the other hand, as only surface measurements are available

215for this model verification, besides the near-surface RAMS variables, other relevant



216magnitudes such as the 2-m temperature and the 10-m wind speed were saved in the
217same terms. Therefore, both forecasting products are evaluated by comparing them with
218the observations which are available at the specific sensor height. This may be helpful
219in order to investigate which of these variables represents the meteorological patterns
220reproduced by the observations more accurately.

221 The software developed to evaluate the RAMS model uses the RAMS/HYPACT
222Evaluation and Visualization Utilities (REVU) software (Tremback et al., 2002) applied
223to Grid 3. Specifying the latitude, longitude and sensor height for each observational
224]location, REVU interpolates forecast data in three dimensions from surrounding RAMS
225grid points. For sensor heights below the first model physical level, REVU vertically
226interpolates between the belowground computational level and the first physical level
227above ground rather than performing similarity theory calculations (Case et al., 2002).
228In this sense, the simulated near-surface variables have been interpolated to the
229corresponding sensor height for each observational location.

230 Separate processes are carried out in the RAMS verification. A series of
231statistical scores have been computed for each CEAM station and for each simulation
232hour independently (Willmott, 1981; Pielke, 2002; Palau et al. 2005; Pérez-Landa et al.,
2332007). The statistical calculations carried out in both cases include the mean bias, root
234mean square error (RMSE) and index of agreement (IoA) for temperature, relative
235humidity and wind speed. The IoA is a modified correlation coefficient that measures
236the degree to which a model's prediction is free of error (Willmott, 1981). A value of 0
237means complete disagreement while a value of 1 implies a perfect agreement. This

238statistical score is represented by the following expression:
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239 S )
240 N represents the number of observations included in the calculation. F represents the
241simulated value and O the observation, while O corresponds to the time average
2420bserved. Besides, the average of the observed values and the average of the modelled
243values, for these variables and the wind direction, for graphical depiction purposes. In
244addition, for the wind direction variable, we have computed the root mean square error
245for the vector wind direction (RMSE-VWD).

246 The operational verification for all these meteorological variables has been
247carried out for all days of simulation independently: today, tomorrow and the day after
248tomorrow, and the winter of 2010-2011 and summer of 2011 seasons separately.
249Dividing the information for each day of simulation will permit us to evaluate the
250degree of the forecasts as the simulation progresses and define the model skill that will
251be expected from its initialization. Dividing the available data for each season of the
252year would permit us to evaluate the model skill in reproducing the meteorological
253characteristics within the Valencia Region for each season. Winter is defined by the
254months December-February while summer corresponds to June-August of the
255corresponding year. For each of these periods, the statistical scores for the
256meteorological magnitudes indicated above have been computed, on the one hand,
257merging all coastal stations and all inland stations separately, and on the other hand,
258merging all stations so as to provide a global analysis of the results.

259 Additionally, the operational verification has been applied to both versions of the
260model separately (RAMS44 and RAMS60). RAMS forecasts are released twice daily, at

2610000 and 1200 UTC, for both simulations. However, the main information used by the
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262forecasters to generate the forecast as well as to provide the RAMS products to the
263general public is that of the 0000 UTC simulations. Thus, in this paper, just the results
264obtained for this simulation will be presented, although similar results can be found for
265both simulations, as it was already pointed out in the case of evaluating the RAMS
266maximum and minimum temperature forecasts within the region of study (Gomez et al.,
2672013).

2683. Results

2693.1. Summer

270 In terms of processes and taking into account the results of temperature, it can be
271said that RAMSA44 is capturing very well the daily heating for all sort of stations (Fig.
2722a,b). Within the daily period of heating, the temperature observed and forecasted are
273really close to each other, and the same is found for the relative humidity, especially for
274inland stations. In contrast, the model is not capturing properly the daily cooling
2750bserved for these weather stations. As a consequence, the maximum temperature for
276coastal stations is quite well reproduced by the model, both in magnitude and
277occurrence, although slightly under-predicted. Moreover, the magnitude of the
278minimum temperature for these stations is rather well captured by the model. In this
279case, a delay of approximately one hour is observed. For inland stations, the model
280slightly overestimates the maximum temperature. Additionally, the minimum
281temperature is delayed by about one hour, with a model tendency to overestimate this
282magnitude. These results correspond as well with those found in Gémez et al. (2013).
283 In relation to RAMS60, the maximum temperature for all stations shows a
284tendency to underestimate the observations as well as the values provided by RAMS44.

285However, the daily minimum temperature captured by RAMSG60 is a better estimation

12



286than that of RAMS44. In addition, the relative humidity for both versions of the model
287is rather similar at day-time. In contrast, RAMS60 produces higher relative humidity
288than RAMS44 during the night, producing the RAMS60 simulation to become closer to
289the observations. In general, the relative humidity presented by RAMSG60 is higher than
290the values produced by RAMS44 for the whole day, although these differences are more
291significant at night.

292 During summer (Table 2), the IoA for the temperature is above 0.8 at day-time,
293with higher values for inland stations, indicating that RAMS is capturing the day-to-day
294and daily evolution properly. The bias computed for both sort of stations reflects the
295above comments on Fig. 2a,b: a positive bias inland and a negative one over the coast
296during the day. This statistic score shows an opposite trend between day and night. In
297general, the RMSE is lower for RAMS60, especially at night-time. For the relative
298humidity, the IoA offers values higher than 0.8 at day-time. Moreover, the bias shows a
299tendency to underestimate the observations. The RMSE is lower than 10% in general.
300However, the model presents more difficulties in forecasting the relative humidity for
301the RAMS44 simulation at night-time, showing the highest values of bias and RMSE.
302 Comparing the 2-m temperature with the near-surface temperature and the
303observations (Figs. 4a,b and 5a,b), we can see that the 2-m temperatures simulated by
304RAMS44 underestimate the observations for inland stations during the night (Fig. 4b).
305However, this magnitude is overestimated for coastal stations at day-time (Fig. 5a). It
306seems that the 2-m temperature computed by RAMS60 shows a better performance than
307the one on RAMS44.

308 The best results both in relative humidity and temperature are obtained in the

309first day of simulation. Thus, as the forecast moves forward, the magnitude of the

13



310difference between the observations and the simulation is more notable (not shown).
311Also Fig. 2a,b shows a slight descending trend as the simulation progresses.

312 In terms of the wind speed (Fig. 2c,d), both RAMS44 and RAMS60
313overestimate this magnitude for the central period of the day and for both type of
314stations. However, the whole day is better capture by RAMS60. Furthermore, the
315model, in general, is able to capture the wind direction observed quite well. In contrast,
316RAMS60 shows more differences between the observations and the simulation for
317coastal stations. The period between 6:00 and 8:00 UTC shows the start of the transition
318between the land breeze observed at night and the sea breeze that is maintained during
319the day. RAMS is able to capture this regime wind flow transition very well in general,
320as it is also shown in the match between the observed and forecast wind speed and
321direction, especially using RAMS44. Also, this issue is clearly reproduced in the
322relative humidity hourly distribution (Fig. 2a,b).

323 In Table 3, we include the statistical scores for the wind speed and the RMSE-
324VWD. The evolution of the near-surface wind speed is better captured at night, when
325both RAMS44 and RAMSG60 reproduce higher values of IoA, above 0.5. On the
326contrary, the model presents more difficulties in describing the observed values at day-
327time. In general, RAMSG60 presents a better performance than RAMS44. This result is
328also reflected in the values of bias and RMSE for both stations. In Table 3, we may
329highlight the values of bias (0.12 °C) and RMSE (about 1.0 °C) produced by RAMS60
330at 05 UTC. Similar results are also observed for RMSE-VWD.

331 Comparing the 10-m wind speed with the near-surface wind speed and the
3320bservations (Figs. 4c,d and 5c,d), we can see quite a explicit distribution of the day-

333time data (Fig. 5c,d). The variability included in these figures shows a gap between the

14



334four computed-variables (10-m wind speed and near-surface wind speed for both
335RAMS44 and RAMS60). As indicated previously in Fig. 2c,d, the model shows a
336tendency to overestimate the observations, especially at day-time and when applying
337RAMS44. However, the 10-m magnitude within the RAMS60 simulation reproduces
338the observations properly (Fig. 5c,d), presenting the best performance when compared
339with the measured wind speed.

3403.2. Winter

341 During the winter season, one can find that the daily warming of RAMS is
342delayed compared to the observations (Fig. 3a,b), producing a delay in the maximum
343temperature and an underestimation of this magnitude, marked in the RAMS60
344simulation. In contrast, the model is able to forecast the minimum temperature quite
345well, especially using RAMSG60. In addition, it seems that the nocturnal cooling pattern
346is smoother compared to the other observations. As a result, the simulated temperatures
3470overestimate the measurements within this period of the day. Contrasting the near-
348surface temperature produced by RAMS60 with that obtained with RAMS44, Fig. 3a,b,
349it shows lower value in the first case, for the whole simulation period and for both
350coastal and inland stations.

351 In the transition between the daytime heating and cooling, there are differences
352in relative humidity. With regard to this, it is observed how the model is increasing
353relative humidity causing a delay in this transition, while the observed relative humidity
354is stabilized earlier. Consequently, the daily heating is also delayed in the model
355compared to the observations, as mentioned before. In Fig. 3a,b it is shown that the
356differences between the observations and the simulation results become larger as the

357simulation progresses. These divergences are detected with both RAMS simulations.
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358However, opposite to the summer season, during the winter the model reproduces a
359slight increase tendency as the simulation moves forward.

360 Another dissimilarity discovered in the winter in relation to the summer is that
361the model produces a near-surface relative humidity that overestimates the observations,
362especially when using RAMS60. In contrast, the near-surface relative humidity is
363underestimated in the summer. In the case of wintertime, the differences between the
364observations and the forecasts are significantly reduced and the cooling does not follow
365the same pattern detected for the summer season. On the contrary, the minimum
366temperature is properly captured by RAMS44, while it remains slightly below the
3670bservations using RAMS60.

368 These results are also reflected in Table 4. It is shown that the model is able to
369capture quite well the daily evolution of the near-surface temperature and the inter-day
370progress of this magnitude, with a global IoA above 0.8 for all RAMS simulations. The
371bias score shows an opposite trend between day and night for this magnitude.
372Additionally, the daily evolution for relative humidity is quite well captured by the
373model during day-time, with more difficulties at night. If we compare the bias and
374RMSE for the near-surface relative humidity during winter and summer, it is observed
375that both scores are significantly reduced in winter compared to the values observed
376within the summer season.

377 Contrasting the 2-m temperature with the near-surface temperature and the
378observations (Figs. 6a,b and 7a,b), it has been found that the 2-m temperature simulated
379by RAMS44 underestimates the observations for inland stations both during night and

380day-time. However, this magnitude is overestimated for coastal stations during day-
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381time. As within the summertime, the RAMS60 2-m temperature shows a better
382performance than the one from RAMS44.

383 In Fig. 3c,d, it is shown that the transition between the day and night flow is well
384captured by the model for both sort of stations. In this case, RAMS44 and RAMS60
385provide similar results and are really close to the observations. In addition, comparing
386the wind speed magnitude, RAMS reproduces the measurements properly, with
387RAMS60 showing slightly lower values than those simulted by RAMS44.

388 In Table 5, one may see a general slight overestimation for the wind speed, lower
389than 1 m/s for both inland and coastal stations. The evolution of this magnitude is rather
390well captured by the model, with IoA above 0.7 in general. The RMSE wind speed
391remains in general below 2 m/s, with lower values for coastal stations and at night.
392Finally, as another contrast with the summer season, the RMSE-VWD during the winter
393shows no differences between day and night, nor between the two RAMS versions.

394 Comparing the winter near-surface wind speed with the 10-m wind speed (Figs.
3956¢,d and 7c,d), the results are not as clear as they are for the summer. In this case, it
396seems that there is greater variability during winter, not only at night and day-time, but
397also for both coastal and inland stations. This variability is observed in a larger
398dispersion of the data compared to the one observed within the summer season. These
399results could be related to a much more extended range of distinct meteorological
400situations during the winter.

4014. Conclusions

402 The main aim of this paper has been to perform a verification of the operational
403forecasting system implemented in the Valencia Region, which has been established on

404different approaches. Firstly, the verification has been managed so as to compute the

17



405model skill by season of the year, specifically winter and summer. Secondly, two
406versions of the model have been implemented to use in the operational system. And,
407finally, the available information for the weather stations used in this study has been
408processed separately to distinguish between inland and coastal locations.

409 It has been shown that the main RAMS features for the summer season are a
410proper reproduction of the wind speed, especially using the RAMS60 simulation, and
411direction. Furthermore, the model is able to capture the daily heating very well. This has
412its implication while forecasting maximum temperatures. However, RAMS44 presents
413more difficulties in describing the nocturnal cooling observed. Thus, the model trend
414shows an over-estimation of the daily minimum temperature. In this case, RAMS60
415predicts better the near-surface minimum temperature as well as the near-surface
416relative humidity observed. During the winter, we have seen that the model is able to
417capture the wind speed and direction properly, using the RAMS44 and the RAMS60
418simulations. Moreover, RAMS is able to reproduce the daily cooling temperatures,
419although it presents more problems while dealing with the daily heating. These results
420have a direct impact on the maximum and minimum temperature forecasts. Both in
421summer and winter, RAMS60 shows a tendency to reproduce higher values of near-
422surface relative humidity and lower values of near-surface temperature than those
423simulated by RAMS44.

424 Comparing the summer and winter forecasts, it is shown that there is a larger
425variability for the last one. This result has been observed for all magnitudes analysed. It
426seems as if the forecast within the summer season was more stable than that simulated
427for the winter, indicating a likely different performance under distinct weather and

428atmospheric conditions. This is due to the fact that for the Valencia Region, and during
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429the summer, mesoscale circulations are the predominant meteorological situations (Mir6
430et al., 2009; Azorin-Molina, 2011). However, during the winter the most dominant
431situation is that associated with northerly-western circulations (Miré et al., 2009, Estrela
432et al., 2010). In this sense, it appears that during summer more similar meteorological
433conditions are observed, mainly connected with mesoscale circulation. On the contrary,
434distinct weather situations were recorded during winter, producing more variability. This
435has been highlighted especially considering the scatterplots for the wind speed, where
436the different RAMS simulations showed a concrete pattern within the summer, but
437produced greater variability in the winter season. Additionally, the RAMS44 near-
438surface wind speed shows the highest differences with the observations in the summer-
439time, while the RAMS60 10-m wind speed is suitable to represent the observed wind
440speed within this season of the year, especially at night-time.

441 Likewise, although the same model configuration has been maintained throughout
442the year, significant differences for the near-surface relative humidity have been
4430bserved between the simulation of the whole summer and winter seasons separately,
444with the last one providing more accurate results in this regard. Taking into account
445these findings, the relevance of the atmospheric humidity has been shown, as it has
446already been pointed out in several studies performed within other areas with
447Mediterranean-type climate regimes (Gershunov et al., 2009; Gershunov and Guirguis,
4482012). Even though some differences have been detected between RAMS44 and
449RAMS60, a comparable trend is obtained in relation to the observations. Considering
450this issue, these RAMS results could also be associated with the initialization data and
451the boundary conditions provided by the GFS model to run RAMS. Besides, the

452differences distinguished between RAMS44 and RAMS60 could be linked to the
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453change in the LEAF scheme used in both versions, which are responsible for the role of
454the energy budget between the atmosphere and the soil-vegetation surface.
455Unfortunately, the information needed to validate these questions is not available for
456this current study. Thus, it is the author's plan to investigate these questions in future
457research in addition to the introduction of upper air data to analyse the model
458performance at different heights and its impact on the surface results obtained here.

459 RAMS has been implemented for a concrete area within the Western
460Mediterranean Basin. However, due to its similar climate and physical characteristics,
461we strongly believe that the outcome of this study could be projected to other areas as
462well. In this sense, the results reproduced in the present paper are analogous to those
463found in other Mediterranean Regions, not only using the RAMS model (Pasqui et al.,
4642004; Federico, 2011), but also using other real-time mesoscale models (Bartzokas et
465al., 2010). On the contrary, the forecast temperature within the summer season presents
466a cold bias for the RAMS simulations over east-central Florida (Case et al., 2002).
467Regarding this subject, the results presented in the current work might also be useful,
468firstly, for researchers that plan to implement a mesoscale model operationally as
469presented in this paper, and secondly for researchers that already run this sort of system
470based on the RAMS model.

471 Finally, it must be said that the stations used in this study provide a detailed
472picture of the application of RAMS within the Valencia Region. We must also remark
473that, despite the implicit complexity of the implemented system and the limitations and
474constraints of such a system in terms of the ability to test diverse model parameters and
475factors that could positively affect the simulation results, it is very encouraging to notice

476that RAMS is able to reproduce the main patterns observed, on the whole, very well.
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640Figure captions

641Fig. 1. RAMS model domain configuration, and representative coastal and inland
642CEAM stations with orography of domain 3 (m).

643Fig. 2. Measured (continuous line) and simulated (discontinuous line) near-surface
644temperature (°C) and relative humidity (%) time series: coastal stations (a) and inland
645stations (b); near-surface wind direction (°) and wind speed (m/s): coastal stations (c)
646and inland stations (d), for both RAMS44 and RAMS60 configurations, the 2011
647summer season and the 00 UTC RAMS cycle.

648Fig. 3. Same as Fig. 2, but for the 2010-2011 winter season.

649Fig. 4. Scatterplot of the simulated near-surface temperature (°C) and 2-m temperature
650(°C) at 05 UTC: coastal stations (a) and inland stations (b); near-surface wind speed
651(m/s) and 10-m wind speed (m/s): coastal stations (c) and inland stations (d), for both
652RAMS44 and RAMS60 configurations, within the 00 UTC RAMS cycle and the 2011
653summer season, versus the corresponding measured magnitude.

654Fig. 5. Same as Fig. 4, but at 13 UTC.

655Fig. 6. Same as Fig. 4, but for the 2010-2011 winter season.

656Fig. 7. Same as Fig. 5, but for the 2010-2011 winter season.
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664Tables

665Table 1. Rams model settings for the three simulation grids: number of grid points in the
666x, y and z directions (nx, ny and nz), horizontal grid spacing (dx) and timestep (t).
Grid nx ny nz dx (m) t(s)
1 83 58 24 48000 60
2 146 94 24 12000 30
3 78 126 24 3000 10
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687Table 2. Statistical scores for near-surface temperature and relative humidity, and 2-m
688temperature for the first day of simulation at 05 and 13 UTC, taken into account the 00
689UTC RAMS initialization for versions 4.4 and 6.0 of the model and the 2011 summer
690season. Index of Agreement (IoA), Bias (°C for temperature; % for relative humidity)

691and RMSE (°C for temperature; % for relative humidity).

Temperature Relative Humidity 2-m Temperature

RAMS IoA Bias RMSE IoA Bias RMSE IoA Bias RMSE

Coastal Stations

44-05Z2 0.8 0.5 0.6 -4 19 0.9 0.4 1.9

44-13Z2 09 -0.7 0.6 -6 14 0.5 5 6

6.0-05Z2 0.8 -0.2 0.7 3 16 0.9 -0.5 1.8

WININ|IN

6.0-13Z2 0.8 -2 0.7 -2 12 0.9 1.6 3

Inland Stations

44-05Z2 0.7 3 0.4 -19 30 0.7 -5

44-13Z2 0.9 1.0 0.7 -9 18 0.9 -0.4

6.0-05Z 0.7 1.9 0.5 -11 20 0.9 0.8

Wk |W(~
WD

6.0-13Z2 09 -0.6 0.8 -5 16 0.8 3

All Stations

44-05Z2 0.8 1.9 0.5 -14 24 0.8 -3

44-13Z2 0.9 0.4 0.8 -8 17 0.8 1.5

6.0-05Z 0.8 1.2 0.6 -6 19 0.9 0.3

WW Wk~
A(N|UT|Un

6.0-13Z 09 -11 0.8 -4 15 0.8 3
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695
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697
698
699
700
701
702
703
704
705
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707
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709
710
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712
713
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714Table 3. Statistical scores for near-surface wind speed, 10-m wind speed and RMSE for

715the vector wind direction (VWD) for the first day of simulation at 05 and 13 UTC, taken

716into account the 00 UTC RAMS initialization for versions 4.4 and 6.0 of the model and

717the 2011 summer season. Index of Agreement (IoA), Bias (m/s), RMSE (m/s) and

718RMSE-VWD (mms).

RAMS Wind Speed 10-m Wind Speed VWD
IoA Bias RMSE IoA Bias RMSE RMSE
Coastal Stations
4.4 - 057 0.7 0.5 1.3 0.7 0.14 1.0 2
4.4 - 137 04 3 3 0.5 1.6 2 4
6.0 - 057 0.8 -0.14 1.0 0.7 -0.5 1.0 1.8
6.0-137 0.6 1.5 1.8 0.8 0.15 09 3
Inland Stations
4.4 - 057 0.6 1.0 1.6 0.6 0.5 1.2 3
4.4 - 137 04 2 3 0.5 0.8 2 5
6.0-05Z 0.6 0.8 1.5 0.6 04 1.2 2
6.0-137 0.6 1.2 2 0.6 0.06 1.7 4
All Stations

4.4 - 057 0.6 0.9 1.5 0.6 04 1.2 2
4.4 —137Z 0.4 2 3 0.5 1.1 2 5
6.0-05Z 0.6 0.5 1.4 0.6 0.12 1.1 2
6.0-137 0.6 1.3 2 0.7 0.09 1.4 4
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731Table 4. As in Table 2, but for the 2010-2011 winter season.

RAMS Temperature Relative Humidity 2-m Temperature

IoA Bias RMSE IoA Bias RMSE IoA Bias RMSE

Coastal Stations

44-05Z2 0.8 2 0.6 -11 22 0.9 1.0

44-13Z2 09 -0.9 0.8 -0.4 18 0.8 1.9

6.0-05Z 0.9 1.3 0.8 -4 17 0.9 0.3

W W |W(hs~
WW | (W

6.0-13Z 0.8 -2 0.8 5 17 0.9 -0.6

Inland Stations

44-05Z2 0.7 3 0.5 -10 24 0.7 -5

44-13Z2 09 -11 0.9 3 16 0.8 -4

6.0-05Z 0.8 2 0.6 -3 20 0.9 0.4

|| (Ul
WD

6.0-13Z2 0.9 -2 0.8 8 16 0.9 -1.0

All Stations

44-05Z2 0.8 3 0.6 -10 24 0.8 -3

44-13Z2 09 -1.0 0.8 1.9 16 0.8 -2

6.0-05Z 0.9 1.8 0.7 -4 19 0.9 0.4

Wk |W(u
Wi

6.0-13Z 0.9 -2 0.8 7 16 0.9 -0.8
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761Table 5. As in Table 3, but for the 2010-2011 winter season.

RAMS Wind Speed 10-m Wind Speed VWD
IoA Bias RMSE IoA Bias RMSE RMSE
Coastal Stations
4.4 - 057 0.8 0.8 1.8 0.8 0.18 1.6 3
4.4 - 137 0.8 0.6 2 0.8 -0.08 1.7 3
6.0 - 057 0.8 0.18 1.5 0.8 -0.4 1.5 3
6.0-137 0.8 0.06 1.8 0.7 -0.7 1.8 3
Inland Stations
4.4 - 057 0.8 04 1.9 0.7 -0.2 1.8 3
4.4 - 137 0.7 -0.003 2 0.7 -0.8 2 3
6.0 - 057 0.8 04 1.8 0.8 -0.16 1.7 3
6.0-13Z 0.8 -0.2 1.9 0.7 -0.9 2 3
All Stations

4.4 - 057 0.8 0.5 1.9 0.8 -0.08 1.7 3
4.4 - 137 0.7 0.2 2 0.7 -0.5 2 3
6.0 - 057 0.8 0.3 1.7 0.8 -0.3 1.6 3
6.0-137 0.8 -0.13 1.9 0.7 -0.9 2 3
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777Fig. 1. RAMS model domain configuration, and representative coastal and inland
778CEAM stations with orography of domain 3 (m).
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793Fig. 2. Measured (continuous line) and simulated (discontinuous line) near-surface
794temperature (°C) and relative humidity (%) time series: coastal stations (a) and inland
795stations (b); near-surface wind direction (°) and wind speed (m/s): coastal stations (c)
796and inland stations (d), for both RAMS44 and RAMS60 configurations, the 2011
797summer season and the 00 UTC RAMS cycle.
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806Fig. 3. Same as Fig. 2, but for the 2010-2011 winter season.
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819Fig. 4. Scatterplot of the simulated near-surface temperature (°C) and 2-m temperature
820(°C) at 05 UTC: coastal stations (a) and inland stations (b); near-surface wind speed
821(m/s) and 10-m wind speed (m/s): coastal stations (c) and inland stations (d), for both
822RAMS44 and RAMSG60 configurations, within the 00 UTC RAMS cycle and the 2011

823summer season, versus the corresponding measured magnitude.
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827Fig. 5. Same as Fig. 4, but at 13 UTC.
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835Fig. 6. Same as Fig. 4, but for the 2010-2011 winter season.
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843Fig. 7. Same as Fig. 5, but for the 2010-2011 winter season.
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