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The Regional Atmospheric Modeling System (RAMS) and the Weather Research and 

Forecasting (WRF) mesoscale models are being used for weather and air quality studies 

as well as forecasting tools in Numerical Weather Prediction (NWP) systems. In the 

current study, we perform a comparative assessment of these models under distinct 

typical atmospheric conditions, classified according to the dominant wind flow and 

cloudiness, over Eastern Iberian Peninsula. This study is focused on the model 

representation of key physical processes in terms of meteorology and surface variables 

during a 7-days period in summer 2011. The hourly outputs produced by these two 

models are compared not only with observed standard surface variables, measured at 

different permanent weather stations located over the region of study, but also with 

different surface remote sensing products and uncoupled Land Surface Models (LSM) 

datasets. Confronting RAMS and WRF, the current study highlights relevant differences 

over areas near the coast when mesoscale circulations or Eastern synoptic advections 

are developed over the region of study. A higher moisture content is observed under 

these atmospheric conditions, due to the moisture transport by the sea breeze inland. In 

this regard, it has been found that the Eastern wind field simulated by WRF reaches 

inland areas and comprises a larger sea breeze extension than RAMS. This sea breeze 

development impacts meteorology and surface variables in locations not too close to the 

coast, but still affected by land-sea winds. Additionally, WRF remains more windy and 

moister than RAMS at night-time, while alike results are found under Western synoptic 

advections. The results obtained in the current paper show differences under distinct 

dominant atmospheric conditions, which outline further research in this field in order to 

achieve more general conclusions. 
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1. Introduction 

 Mesoscale Meterological Models (MMMs), such as the Regional Atmospheric 

Modeling System (RAMS) and the Weather Research and Forecasting (WRF) model, 

are widely used tools in a broad range of applications, such as research and operational 

numerical weather forecasting, parameterization physics research, driving air quality 

models, etc. (Gómez et al., 2010). A proper representation of meteorological and surface 

variables is of significant importance in all these application fields. Therefore, a lot of 

efforts have been dedicated in the last years with the aim of evaluating and improving 

the forecast results of both models. For instance, different studies have been performed 

considering the formulation of the Planetary Boundary Layer (see e. g. Borge et al., 

2008; Hu et al., 2010; Steeneveld et al., 2011; Draxl et al., 2014; Hariprasad et al., 2014; 

Banks et al., 2016a,b; Gómez et al., 2016b; Avolio et al., 2017) or the land surface and 

atmosphere interactions (see e. g. Hong et al., 2009; Tolk et al., 2009; Dillon et al., 

2016; Kioutsioukis et al., 2016; Lin and Cheng, 2016; Santanello et al., 2016; Gómez et 

al., 2018), among others. On the other hand, the largest discrepancies between model 

results and observations are typically observed for cumulus precipitation (amount, 

location, duration, type, etc.) (see e. g. Lompar et al., 2017; Lompar et al., 2018). 

 In the current study, we compare the results produced by RAMS and WRF 

mesoscale models over Eastern Spain and during the summer 2011, from 6 to 12 July. In 

order to evaluate the skill of the presented simulations, we use the results found in the 

references regarding recent studies performed using both MMMs as the base line to 

compare the current simulations. For instance, focusing on a key near-surface parameter 

in mesoscale modelling as it is the 2-m temperature, RAMS has been found to produce 

a warm bias in relation to the observations over the Western Mediterranean coast within 
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the summer season (Gómez et al., 2014a,b,c; Gómez et al., 2015a,b). In contrast, Tiriolo 

et al. (2015) found a cold bias at night during this season of the year, but especially 

during the day, using RAMS over Southern Italy. On the other hand, the verification of 

the 2-m temperature using WRF has been shown to produce a general cold bias during 

the summer season, especially considering the daytime temperatures. This result has 

been found in different areas, such as the United States (see e.g. Hu et al., 2010; Zhang 

et al., 2013), and also in Europe (see e.g. Banks et al., 2016a,b; Avolio et al., 2017) or 

tropical areas (Xie et al., 2012). Although just highlighting here the differences in the 

temperature field trends, the contrast of both models is also found in other sensible 

surface weather parameters, such as the surface heat fluxes or the moisture field (Tolk et 

al., 2009; Steeneveld et al., 2011), as well as considering the wind field or the 

downwelling shortwave radiation (Avolio et al., 2016). 

 Regarding RAMS, a possible cause of the warm bias between the model and the 

measurements over the Western Mediterranean coast seemed to be related to the soil 

moisture field used in the initial conditions applied to this model. In general, soils are 

dry over this region, especially during the summer season. However, excessively drying 

deeper soil levels in RAMS leads to a substantial removal of the available latent heat 

flux and to a raise in the sensible heat flux, thus increasing the 2-m temperatures 

(Gómez et al., 2015b; Gómez et al., 2016b; Gómez et al., 2018). On the other hand, as it 

was suggested by Hu et al. (2010), the WRF daytime temperature biases may be caused 

by errors in soil moisture as well. As it will be described in the next section, both 

RAMS and WRF are initialized using the National Centers for Environmental 

Prediction (NCEP) FNL (Final) Operational Global Analysis data. In addition to the 

meteorological fields provided by this dataset, the soil moisture and temperature are 
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also included in the initialization of these models. In the case of RAMS, new routines 

were developed to consider this feature (Gómez et al., 2016c). Additionally, previous 

studies have shown that using soil moisture derived from NCEP (Dillon et al., 2016) or 

from European Centre for Medium-Range Weather Forecasts (ECMWF) operational 

analysis (Kalverla et al., 2016) as input data to WRF leads to a wetter environment as 

well as to the above mentioned cold bias. In contrast, reducing the original soil moisture 

content provided by these datasets in the corresponding WRF initialization could 

decrease the latent heat flux, leading to an increase in the sensible heat flux as well as 

the near-surface temperature, producing a better agreement between the model and the 

observations. In order to take into account this important feature in both RAMS and 

WRF, an adjusted initial soil moisture field is used in the simulations performed in the 

current study, by applying a factor correction of 0.5 to the initial soil moisture, 

following the method adopted by Kalverla et al. (2016). 

 Given the critical need to produce skilful model-simulated meteorological and 

surface parameters forecasts for applications that could take advantage of these 

products, as mentioned above, and especially to those operations that rely on MMMs, 

such as air quality forecasting systems (see e.g. Borge et al., 2008; Banks et al., 2016b), 

wind resources assessment and prediction (see e.g. Santos-Alamillos et al., 2015; Draxl 

et al., 2014; Avolio et al., 2016; Giannaros et al., 2017), or irradiance forecasting for 

solar radiation applications (see e.g. Lara-Fanego et al., 2012; Gómez et al., 2016a; 

Avolio et al., 2016; Federico et al., 2017), there is a strong need to further evaluate the 

results produced by these models against observations, in order to understand the origin 

of model limitations and strengths. Therefore, the main aim of the current study is to 

perform a comprehensive evaluation of these two state-of-the-art MMMs, RAMS and 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 

WRF, so as to try to determine what are the strengths of both models regarding 

meteorology and surface parameters as well as to analyse how these models perform 

and contrast in the simulation of key physical processes. In this regard, we have 

considered one case study covering four distinct atmospheric conditions typical of the 

study area. To compare these two MMMs, first we make use of various available 

surface observations. On the other hand, we include remote sensing products, such as 

different surface data derived from the Meteosat Second Generation (MSG) Spinning 

Enhanced Visible and Infrared Imager (SEVIRI) (MSG-SEVIRI; Prata, 1996; Caselles 

et al., 1997; Brisson et al., 1999; Trigo et al., 2008). Finally, we include the uncoupled 

Land Surface Model (LSM) Global Land Data Assimilation System (GLDAS; Rodell et 

al. 2004) surface products as well. Combining satellite-derived data with that derived by 

uncoupled LSM models, together with surface observations, will provide a deeper 

insight on the performance of RAMS and WRF models, and will permit to assay how 

these MMMs compare with other atmospheric and surface datasets, widely used by 

researchers. 

  In the next sections, we first describe the methodology, models setup and datasets 

used (section 2), followed by the simulation results and their discussion (section 3) and 

the conclusions (section 4). 

2. Datasets and methodology 

2.1. Model configurations 

 The selected forecasting period has been simulated based on two state-of-the-art 

NWP models, widely used by researchers and operational forecasters. The first one is 

the RAMS model (Cotton et al., 2003; Pielke, 2013), version 6.0. The second one is the 

Advanced Research core of the WRF model (WRF-ARW; Skamarock et al., 2008), 
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version 3.6.1. Both models use three nested domains with horizontal resolution of 48 

km, 12 km and 3 km, respectively, while a total of 45 levels were selected in the 

vertical. Considering the WRF configuration, 24 levels are present in the lowest 2,000 

m while 9 levels are present in the lowest 300 m. In the RAMS configuration, 22 levels 

are included in the lowest 2,000 m while 8 levels are present in the lowest 300 m. Due 

to the different modelling structure of RAMS and WRF, it is difficult to exactly match 

the grid configuration of both models. Nonetheless, we have tried to maintain a similar 

vertical grid configuration for RAMS and WRF in the current study. 

 Regarding physical parameterizations, both RAMS and WRF use the YSU PBL 

scheme (Hong et al., 2006; Gómez et al., 2016b). However, this PBL parameterization 

is coupled to the Land-Ecosystem Atmosphere Feedback Model (LEAF), in its version 3 

(LEAF-3), in the RAMS simulations (Walko et al. 2000), while YSU is combined with 

the more recent and advanced Noah LSM (Chen and Dudhia, 2001a, 2001b; Ek et al., 

2003), known as Noah-MP (Niu et al., 2011; Yang et al., 2011) in the WRF 

environment. In addition, the physical parameterization schemes used within WRF 

include the Dudhia shortwave radiation (Dudhia, 1989) and the rapid radiative transfer 

model (RRTM) longwave radiation (Mlawer et al., 1997) as radiation options, while the 

Chen-Cotton scheme is used for longwave and shortwave radiation (Chen and Cotton, 

1983) within the RAMS framework. On the other hand, the Kain-Fritsch scheme for 

convection is used by both RAMS (Castro et al., 2002) and WRF (Kain, 2004) on the 

two most outer grids. Finally, the cloud and precipitation microphysics scheme from 

Walko et al. (1995) is used in RAMS, while the WRF Single-Moment (WSM) 6-class 

microphysics parameterization scheme (Hong and Lim 2006) is applied in WRF. 
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 RAMS and WRF are used to simulate the period from 6 to 12 July 2011. Four 

distinct atmospheric conditions dominate over the study area during this period. Due to 

the climatic and geographical conditions, in particular the orography and distances to 

the sea, the area of study is influenced by land-sea contrasts (Gómez et al., 2016c). In 

this regard, typical atmospheric conditions over the area during the summer are related 

to mesoscale circulations associated with sea-land breezes. However, Western synoptic 

advections, related to high temperatures and intense-heat situations, as well as 

Mediterranean or Eastern synoptic advections (Gómez et al., 2014c) are also common 

over this area during this period of the year. Fig. 2 shows the general synoptic situation 

on 7, 10, 11 and 12 July 2011. The main meteorological feature on 6 to 8 July is the 

presence of a Western synoptic advection (Gómez et al., 2018), producing high wind 

speeds and low atmospheric moisture over the study area. Mesoscale circulations are 

developed on 9 and 10 July, showing a clear transition between the day and night winds. 

On the other hand, an Eastern synoptic advection is well established on 11 July, while 

12 July is characterised by the presence of another Western synoptic advection, but with 

the presence of some scattered cloudiness in this case. For each of these days, both 

models have been used in re-forecast mode, performing a daily simulation with a 

forecast horizon of 36 h and a temporal resolution of 1 h, starting at 12 UTC the 

previous day. Therefore, the first 12 h are left out as a spin-up period and only the 

remaining 24 h are considered in the evaluation. The NCEP FNL dataset at 1 x 1 degree 

resolution globally and 6 h temporal resolution were used as initial and boundary 

conditions for both RAMS and WRF. Taking into account that the soil moisture 

provided by FNL has been shown to produce high values for this initial field, the 

simulations performed using RAMS and WRF have been configured by applying a 
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factor correction to the initial soil moisture. In this sense, the magnitude has been 

reduced to the half, that is multiplying this parameter by a factor of 0.5 (Kalverla et al., 

2016). 

2.2. Observational and modelling datasets 

 Firstly, hourly measures of 2-m temperature and relative humidity, 10-m wind speed 

and direction and incident shortwave radiation observations of two weather stations 

belonging to the SIAR (Sistema de Información Agroclimática para el Regadío; 

Agroclimatic Information System for Irrigation; 

http://eportal.mapama.gob.es/websiar/Inicio.aspx) system, operated by the Spanish 

Ministry of Agriculture, Food and Environment, are used in the current study 

(Villanueva de la Jara, VIL; and Juanaco, JUA; Fig. 1). The selection of these two 

weather stations to presents the results obtained in the current study is based on the 

differences found in the models’ results under distinct wind regimes, as it will be seen in 

the results section. 

 Secondly, the uncoupled Land Surface Model (LSM) Global Land Data 

Assimilation System (GLDAS; Rodell et al. 2004) is also used in this regard. The 

dataset used in the current study is the Noah LSM produced by GLDAS version 1 with 

a 3-hourly temporal resolution, which is based on 4 soil layers (0-0.1, 0.1-0.4, 0.4-1.0, 

1.0-2.0 m) and is generated with a horizontal spatial resolution of 0.25 x 0.25 degree 

globally. The air temperature, relative humidity and wind speed, the incident shortwave 

and longwave radiation, the surface sensible sensible and latent heat fluxes, as well as 

the skin temperature and the soil moisture fields are used for the models’ assessment. 

 Finally, satellite data obtained from the Meteosat Second Generation (MSG) 

Spinning Enhanced Visible and Infrared Imager (SEVIRI) (MSG-SEVIRI) is also used 
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in the current study. The Land Surface Temperature (LST; Caselles et al., 1997; Trigo et 

al., 2008), the Downward Surface Shortwave Flux (DSSF; Brisson et al., 1999), and the 

Downward Surface Longwave Flux (DSLF; Prata, 1996) MSG-derived high-level 

products generated by the Land Surface Analysis Satellite Applications Facility (LSA 

SAF), located at the Portuguese Meteorological Institute in Lisbon, are used for the 

models’ assessment. These products are generated with the spatial resolution and 

projection of the MSG-SEVIRI instrument data, considering a nominal resolution of 1 

km (footprint of around 3 x 4.5 km in the study area). 

 In order to conduct a comprehensive assessment of RAMS and WRF, all this 

information is used. On the one hand, in-situ observations measured by the SIAR 

system and remote sensing observations derived from the SEVIRI instrument onboard 

MSG. On the other hand, modelling data provided by the uncoupled LSM GLDAS. The 

combination of in-situ with remote sensing observations maybe used to generate 

additional information when a single source dataset does not provide all the information 

required. In this regard, both datasets are used in a complementary sense. Furthermore, 

remote sensing observations could be used to validate maps in comparison to sampled 

in-situ observations. 

3. Results and discussion 

3.1. How do RAMS and WRF simulations compare over the study area? 

 We start the analysis of results with the wind field in order to introduce the 

dominant atmospheric conditions over the study area within the simulation period, that 

will be useful when tackling other meteorological variables. Fig. 3 shows the observed 

wind field for the two weather stations, VIL and JUA, where the corresponding 

dominant meteorological features are highlighted. 
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 In general, both RAMS and WRF properly reproduce the main wind patterns of the 

observed atmospheric conditions, with little differences between the two mesoscale 

models in the wind direction forecasts (Fig. 3). In terms of the wind speed, WRF and 

RAMS are in general more windy than the observations, especially at night-time, as 

indicated by the positive MBE values in Table 1, both over VIL and JUA. However, 

RAMS is able to properly capture the observed wind speed at daytime under the 

Western synoptic conditions, with an MBE of 0.6 and -0.18 m s
-1

 over JUA and VIL, 

respectively, and an RMSE of 0.7 m s
-1

 in both cases. 

 The general overestimation of the WRF modelled wind speed found in the current 

study is in agreement with other studies performed using this mesoscalar model over 

different regions (see e. g. Borge et al., 2008; Draxl et al, 2014; Hariprasad et al., 2014; 

Santos-Alamillos et al., 2015; Banks et al., 2016a; Kalverla et al., 2016; Avolio et al., 

2017). A plausible reason for this wind speed overestimation could be a lack of 

frictional drag near the surface (Kalverla et al., 2016). Additionally, the comparison of 

RAMS and WRF wind speed has been investigated previously by Steeneveld et al. 

(2011) over Cabauw tower in the Netherlands and by Avolio et al. (2016) over southern 

Italy. They found that both RAMS and WRF present a good performance in terms of the 

wind forecast, even though RAMS showed a slightly better performance than WRF in 

general. 

 Considering the 2-m temperature (Fig. 4), RAMS reproduces well the daytime 

temperature in all weather station locations (Table 2), with a mean maximum 

temperature difference of -0.11 ºC over JUA and of 0.2 ºC over VIL (Table 3).  RAMS 

properly captures the minimum temperatures over JUA, as indicated by a difference of -

0.8 and 0.4 ºC over JUA and VIL, respectively, on 10 July (Table 3 and Fig. 4).  On the 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 

other hand, the 2-m temperature simulated by WRF presents a general underestimation 

of the maximum temperatures (Table 3). In this case, there is also a general trend to 

underestimate the minimum temperatures, with negative MBE (Table 2). Some reasons 

to explain the WRF daytime cold bias have been pointed out in previous studies (see 

e.g. Hu et al., 2010; Steeneveld et al., 2011). A more recent study performed by Avolio 

et al. (2017) over the Mediterranean area in Calabria Region (Southern Italy) points that 

this model issue could be related to an overestimation of the surface wind that transport 

moist and cold air from the sea under breeze circulations. They consider that an 

overestimation of this flow from the sea could produce this temperature cold bias. In the 

current study, reducing the initial soil moisture content to the half leads to a better 

adjustment between WRF and the observations, according to the results found by 

Kalverla et al. (2016). 

 Fig. 5 and Fig. 6 compare the wind field and 2-m temperature obtained by RAMS 

and WRF for the whole simulation region. In order to highlight the distinct atmospheric 

conditions considered in the current study, the differences between day and night-time 

in the wind flow are introduced. In this sense, Fig. 5 shows these magnitudes at 06 UTC 

while Fig. 6 displays the same results but at 15 UTC. 

 In terms of the 2-m relative humidity, values around 50% or even lower are found 

in general at night under the Western synoptic advection on 6 to 8 July 2011, while they 

reach values greater than 90% under mesoscale circulations on 9 and 10 July 2011 over 

VIL as well as on 11 July over JUA. Even though the daily and day to day relative 

humidity cycle is reproduced by RAMS, the results obtained points towards an 

underestimation of the observed relative humidities under Eastern flows, corresponding 

to both synoptic and mesoscale circulations (Table 2). In contrast, WRF better simulates 
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the daily and day to day relative humidity cycle (Fig. 4) as well as the observed values 

of this magnitude at night-time for the whole simulation period, with an RMSE lower 

than 10% at night-time over VIL under the Eastern synoptic advection and mesoscale 

circulations. 

 Higher differences in the relative humidity are observed during the day over VIL on 

11 July, due to the important transport of moisture inland by the Eastern synoptic 

forcing. In this case, neither RAMS nor WRF are able to capture this high daytime 

moisture. As a result, an overestimation of the daytime temperature is simulated by both 

models (Fig. 4c,a and Fig. 6e,f). However, in this case, the skilful results of the wind 

direction simulated by WRF sooner corrects the relative humidity and the temperature 

fields, leading to a better representation of the minimum temperature on 12 July using 

this model (Fig. 5e,f). In contrast, as RAMS is delayed in the entrance of the Eastern 

flow, this model takes longer to transport moisture inland, thus producing the observed 

overestimation of the minimum temperature on 12 July. 

 Looking at the incident shortwave radiation field (Fig. 7), little differences are 

observed between RAMS and WRF (Table 4). In addition, both models tend to produce 

cloudiness over the region of study on 12 July, even though more divergences are 

shown in relation to the occurrence and pass of the clouds (Fig. 7a,b). The observations 

of the downward shortwave radiation show some persistent clouds over both JUA and 

VIL throughout 12 July, confirmed by satellite images (Fig. 8e,f). Even though both 

models simulate the persistence of clouds over these weather station locations, Fig. 7 

and Fig. 8 show the difficulties found in mesoscale modelling to forecast this kind of 

clouds. For instance, RAMS shows abundant cloudiness over VIL until midday (not 

shown), but this model simulates a cloudless sky approximately from this time on (Fig. 
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8a,b). This is the reason of the higher differences observed in Table 4 over this weather 

station using this model on 12 July. Previous studies have shown notable differences 

between the irradiation produced by these mesoscale models and the corresponding 

observations, as in Gómez et al. (2016a) or Federico et al. (2017) in the case of RAMS, 

or in Lara-Fanego et al. (2012) in the case of WRF. Additionally, comparison of both 

models have shown slightly larger errors in WRF in comparison to those calculated for 

RAMS (Avolio et al., 2016). Focusing on cloudy conditions or considering the case 

where all atmospheric conditions are merged, the current study shows a downward 

shortwave radiation in line with that presented in these previous studies. However, 

taking into account specific atmospheric conditions (Table 4), lower errors are obtained 

in the current study considering the other three atmospheric conditions.  

 Therefore, it seems important to consider the corresponding dominant atmospheric 

situation when tackling the irradiation field. It is well known that more incident solar 

radiation decreases the relative humidity field, by enhancing the warming over the 

corresponding area (Ruosteenoja and Räisänen, 2013). In this case, it seems that the 

higher humidity in WRF is linked to its decrease in the incident shortwave radiation as 

well.  

 In order to explain these differences between RAMS and WRF, we have 

investigated the wind field at different daytime hours over the whole area of study. We 

present here the results at 18 UTC (Fig. 9). We have found that the differences in both 

the 2-m relative humidity and the incident shortwave radiation are related to the 

development and progression of the Eastern flow under mesoscale circulations and the 

Eastern synoptic advection, as seen for different hours of the corresponding day. In the 

first case, the sea breeze circulation reaches inland areas using WRF, and because this is 
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a moister flow (Fig. 9d), it enhances an increase in the relative humidity while the 

shortwave radiation is decreased. The same situation is produced under the Eastern 

synoptic advection (Fig. 9f), however in this case the sea wind is favoured by a synoptic 

component instead of a mesoscalar one. In any case, this wind flow is able to reach 

inland areas in WRF, thus increasing the water vapor mixing ratio and producing the 

results found. This result is supported when looking at the Western synoptic advection. 

In this case, this synoptic flow is well developed by RAMS and WRF, reaching areas 

near the coast in both cases and such differences between these simulations are not 

observed in terms of the incident shortwave radiation (Fig. 9a,b). 

 It is worth noting at this point that the formation of pollutant layers over Eastern 

Spain during the summer season are related to sea breeze circulations. These regional 

and local flows are based on diurnal time scales able to transport pollutants far inland 

(Millán et al., 2005). Taking into account this issue and the results shown in Fig. 9d, a 

proper representation of the wind field over this inland area is of significant importance 

for accurate air quality forecast applications. Fig. 9d shows that WRF is able to reach 

inland areas under breeze circulations, while the dominant Western advection over the 

area of study far from the coast presents a larger horizontal extension reaching areas 

near the coast using RAMS, while WRF blocks this circulation earlier with the entrance 

of the sea breeze flow. Therefore, differences in the development and progression of 

these circulations should be taken into account over the study area bearing in mind the 

production of accurate and skilful mesoscale modelling forecasts. 

3.2. How do RAMS and WRF simulations compare with other atmospheric and 

surface products? 
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 Taking advantage of the MSG-SEVIRI LST, downward shortwave (DSSF) and 

longwave (DSLF) radiation magnitudes, we present in Fig. 10 a comparison of these 

magnitudes with those simulated by RAMS and WRF. Considering RAMS (Fig. 10a), 

there is a general overestimation of both the night and daytime LST temperatures 

provided by SEVIRI-LST. However, WRF simulates lower temperatures than SEVIRI 

(Fig. 10b). A look at the comparison of the LST provided by SEVIRI, RAMS, WRF and 

GLDAS over VIL and JUA (Fig. 11a,b) reflects that GLDAS have a low diurnal 

temperature range in terms of the LST variable in comparison to WRF and RAMS. The 

LST differences between RAMS and SEVIRI are notably reduced during the day, 

capturing the high temperatures provided by SEVIRI. If we contrast GLDAS with 

SEVIRI, notable differences are found between these two products. Besides, it is worth 

noting at this point the similitude between GLDAS and WRF during the day in 

comparison to RAMS. Considering the WRF model, a general trend towards low 

daytime skin temperatures is obtained, compared to RAMS and SEVIRI (Fig. 11a,b). 

This temperature bias seems to point to the corresponding Noah-MP LSM used in the 

WRF simulations. Additionally, the same temperature bias is obtained at night-time 

using WRF, but it is remarkably reduced compared to the one found during the day. In 

the case of the LEAF3 model used in the RAMS simulations, a better representation is 

found in terms of the daytime skin temperatures. However, the minimum temperatures 

are reached too slowly using this model. The surface cooling simulated by LEAF3 at 

night-time is not as strong as observed and as simulated by Noah-MP LSM. 

 On the other hand, SEVIRI-DSLF produces in general higher values than WRF in 

the downward longwave radiation at night-time (Fig. 10d). Considering this magnitude, 

RAMS does not produce the higher values simulated by WRF (Fig. 10c,d), while 
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GLDAS provides very similar values to WRF, even though higher than those simulated 

by RAMS (Fig. 7c,d). Regarding this magnitude simulated by RAMS and WRF, 

Steeneveld et al. (2011) found that WRF produced larger incoming longwave radiation 

values than RAMS over Cabauw site (Netherlands) as well, more adjusted to the 

observations, but still underestimated with notable differences. This study pointed out 

the relative difficulty of both models to reproduce the longwave downwelling flux, 

pointing out to a deficiency in the radiation schemes independently implemented in 

these mesoscale models as the more possible reason for the model biases in this 

magnitude. In the case of WRF, a recent study by Kalverla et al. (2016) used three 

different radiation parameterizations in order to try to improve the overall model 

performance, but similar results were found, and not a significant improvement 

appeared in the simulated incoming longwave radiation by changing the radiation 

scheme. 

 If we compare the downward shortwave radiation simulated by RAMS and WRF 

with the SEVIRI-DSSF product, a lower correlation coefficient is obtained for RAMS 

in comparison to WRF (Fig. 10e), while WRF clearly produces higher values in this 

magnitude than SEVIRI (Fig. 10f). The downward shortwave radiation values 

highlighted in Fig. 10e,f are due to the cloudy conditions observed on 12 July. Although 

the mesoscale modelling results show higher values after midday in comparison to the 

remote sensing data, the tendency is the opposite before noon (not shown), following 

the outcomes presented in Fig. 7a,b over VIL and JUA, respectively. 

 Considering the 10-m wind speed provided by GLDAS, Fig. 3 shows that this 

product reproduces well the observations over the area of study. Besides, it presents a 

similar behaviour to WRF in spite that GLDAS is configured with a lower horizontal 
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resolution than WRF. Fig. 3 highlights more differences between GLDAS and RAMS. 

These results should not be surprising as GLDAS is configured using Noah LSM. Even 

though working with this lower horizontal resolution, GLDAS is still able to reproduce 

the main features observed for the whole simulation period, especially taking into 

account the daytime cycle. In contrast, it seems that GLDAS shows more difficulties at 

night-time, leading a more windy field than that simulated by RAMS and WRF (Table 

1). If we focus on the air temperature provided by the GLDAS product (Fig. 4), 

maximum temperatures are properly captured in general, with a trend to slightly 

underestimate the observations over JUA (Table 2). However, more differences are 

obtained at night-time, with a general overestimation of the air temperature, especially 

over VIL. 

 Finally, another important magnitude for those applications related to surface 

properties is the soil moisture content. Fig. 11c,d show this magnitude simulated by 

RAMS and WRF in relation to that provided by GLDAS over VIL and JUA. Similar 

results are found over these two weather stations, with RAMS producing soil moisture 

contents close to WRF, especially over VIL. 

4. Summary and conclusions 

 The current study evaluates the ability of two state-of-the-art atmospheric models, 

RAMS and WRF, to forecast different surface and near-surface variables over a region 

in Eastern Spain and under distinct atmospheric conditions typical of the Western 

Mediterranean coast. In order to perform a comparative assessment of the models’ 

results, in addition to available in-situ observations, we have used remote sensing data 

derived from the MSG-SEVIRI sensor and the uncoupled LSM GLDAS. 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 

 In terms of the wind field, the following results have been found: 1) The wind field 

is well captured by both models, especially under mesoscale circulations, even though 

they tend to overestimate the observed night-time winds. 2) A different degree of 

agreement is found in the simulated wind speed under distinct atmospheric conditions. 

3) In general, WRF is more windy than RAMS under all atmospheric conditions at 

daytime. 4) The results provided by GLDAS in terms of the wind speed are rather 

similar to those simulated by WRF during the day. 

 Considering the temperature field: 1) It is well captured by RAMS at daytime, 

while WRF shows a cold bias during the day. 2) RAMS is in general warmer than WRF 

both during the day and at night-time. 3) The largest differences between satellite data 

and mesoscale simulations during the day are produced using the WRF configuration. 4) 

WRF presents a better agreement with the SEVIRI-LST product than RAMS at night, 

even though simulating colder LST than SEVIRI. 

 In relation to the radiation terms: 1) Similar results are obtained for the downward 

shortwave radiation for RAMS and WRF. 2) WRF simulates a larger downward 

longwave radiation field than RAMS, especially at daytime. 3) There is a general 

underestimation of the simulated incoming longwave radiation. 

 Finally, a question that arises when comparing RAMS and WRF in areas nearer the 

coast, such as VIL, is the importance of a reliable representation of the sea-breeze front. 

In the current study, it has been shown, considering Eastern wind circulations, that WRF 

is able to reach inland areas than RAMS, leading to a transport of moisture far inland, 

and influencing other physical magnitudes, such as the temperature field. Therefore, this 

issue should be investigated more in depth in order to better evaluate the performance of 
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these mesoscale models in the forecast of sea to land atmospheric flows, both at the 

mesoscale or forced by synoptic atmospheric conditions.  

 To conclude, the current study is focused on the analysis of distinct atmospheric 

conditions typical of the study area and developed within a 7-days simulation period. 

The key results found here encourages us to continue developing further research in this 

field. In this regard, more in-depth analysis should be performed, by means of 

increasing the simulation period so as to have a larger database of these typical 

atmospheric situations. It is the plan of the authors to continue the current study in order 

to provide more general and final conclusions. 
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Figure captions 

Fig. 1. Location of the study area and orography (m) (a). Observational stations in the 

inner RAMS domain (D3; b) with the corresponding orography, RAMS and WRF 

orography difference (c) and WRF orography within the inner domain (d). 

Fig. 2. Sea level pressure (hPa, solid line), temperature in °C (dashed line) and 

geopotential height (gpm, shaded colour) at 500 hPa derived from FNL global model at 

12 UTC on 7 (a), 10 (b), 11 (c) and 12 (d) July 2011. 

Fig. 3. Observed (black) vs. RAMS (red) and WRF (blue) simulated 10-m wind 

direction (º) time series over VIL (a) and JUA (b), and 10-m wind speed (m/s) for the 

same observational stations: VIL (c) and JUA (d). These latter plots include the GLDAS 

10-m wind speed (black points). 

Fig. 4. Observed (black) vs. RAMS (red) and WRF (blue) simulated 2-m temperature 

(ºC) time series over VIL (a) and JUA (b), and 2-m relative humidity (%) for the same 

observational stations: VIL (c) and JUA (d). These plots include the GLDAS 2-m 

temperature and 2-m relative humidity, respectively (black points). 

Fig. 5. Comparison of RAMS and WRF 10-m wind field (scale: 10 m/s) and 2-m 

temperature (ºC) over the inner simulation domain on 7 July 2011 at 06 UTC (RAMS, 

a; WRF, b; Western synoptic advection), 10 July 2011 at 06 UTC (RAMS, c; WRF, d; 

mesoscale circulation), 12 July 2011 at 06 UTC (RAMS, e; WRF, f; Western synoptic 

advection with the presence of cloudiness). 

Fig. 6. Comparison of RAMS and WRF 10-m wind field (scale: 10 m/s) and 2-m 

temperature (ºC) over the inner simulation domain on 7 July 2011 at 15 UTC (RAMS, 

a; WRF, b; Western synoptic advection), 10 July 2011 at 15 UTC (RAMS, c; WRF, d; 
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mesoscale circulation), 11 July 2011 at 15 UTC (RAMS, e; WRF, f; Eastern synoptic 

advection). 

Fig. 7. Observed (black) vs. RAMS (red) and WRF (blue) simulated downward 

shortwave radiation (W m
-2

) time series over VIL (a) and JUA (b), and downward 

longwave radiation (W m
-2

) for the same observational stations: VIL (c) and JUA (d). 

These plots include the GLDAS (black points) and SEVIRI (green) downward 

shortwave and longwave radiation, respectively. 

Fig. 8.  RAMS and WRF forecasts vs. MSG-SEVIRI derived downward shortwave 

radiation (RAMS, a; WRF, c; SEVIRI-DSSF, e) and downward longwave radiation 

(RAMS, b; WRF, d; SEVIRI-DSLF, f) on 12 July 2011 at 15 UTC.  

Fig. 9. Comparison of RAMS and WRF 10-m wind field (scale: 10 m/s) and water 

vapor mixing ratio (g kg
-1

) on the inner simulation domain on 7 July 2011 at 15 UTC 

(RAMS, a; WRF, b; Western synoptic advection), 10 July 2011 at 15 UTC (RAMS, c; 

WRF, d; mesoscale circulation), 11 July 2011 at 15 UTC (RAMS, e; WRF, f; Eastern 

synoptic advection). 

Fig. 10. RAMS and WRF forecasts vs. MSG-SEVIRI derived data at night-time (06 

UTC; blue) and during the day (15 UTC; red), considering the period 6 to 12 July 2011: 

RAMS skin temperature (ºC; a), WRF skin temperature (ºC; b), RAMS downward 

longwave radiation (W m
-2

; c), WRF downward longwave radiation (W m
-2

; d). RAMS 

downward shortwave radiation (W m
-2

; e) and WRF downward shortwave radiation (W 

m
-2

; f) are presented at 12 UTC. 

Fig. 11. Comparison of RAMS (red) and WRF (blue) simulated skin temperature (ºC) 

time series over VIL (a) and JUA (b), and soil moisture content of the uppermost soil 

layer (m
3
 m

-3
) for the same observational stations: VIL (c) and JUA (d). The skin 
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temperature plot includes this magnitude as well for SEVIRI (green) and GLDAS 

(black points). The soil moisture content plot includes this magnitude for the GLDAS 

product (black points). 
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Table captions 

Table 1. MBE (RMSE) for the simulated 10-m wind speed (m s
-1

) over VIL and JUA 

weather stations and considering the RAMS, WRF and the GLDAS product. The results 

are presented for both daytime and night-time under distinct atmospheric conditions, as 

well as considering the complete period. 

Table 2. MBE (RMSE) for the simulated 2-m temperature (ºC) and 2-m relative 

humidity (%) over VIL and JUA weather stations and considering the RAMS, WRF and 

the GLDAS product. The results are presented for both daytime and night-time under 

distinct atmospheric conditions, as well as considering the complete period. 

Table 3. Difference between the RAMS (WRF) simulated and observed maximum and 

minimum 2-m temperature (ºC), over VIL and JUA weather stations. The results are 

presented for each day within the simulation period, as well as considering the mean of 

the complete period. 

Table 4. MBE (RMSE) for the RAMS and WRF simulated downward longwave 

radiation (W m
-2

) over VIL and JUA weather stations, considering the SEVIRI and 

GLDAS products as well. The results are presented under distinct atmospheric 

conditions, as well as considering the complete period. 
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Table 1. MBE (RMSE) for the simulated 10-m wind speed (m s
-1

) over VIL and JUA 

weather stations and considering the RAMS, WRF and the GLDAS product. The results 

are presented for both daytime and night-time under distinct atmospheric conditions, as 

well as considering the complete period. 

 VIL JUA 

 10-m wind speed (m s-1) 

 Western synoptic advection 

RAMS - Day -0.18 (0.7) 0.6 (0.7) 

RAMS - Night 2 (2) 2 (2) 

WRF - Day 1.5 (1.9) 1.8 (1.9) 

WRF - Night 2 (2) 1.8 (2) 

GLDAS - Day 3 (3) 3 (3) 

GLDAS - Night 3 (3) 3 (3) 

 Mesoscale circulation 

RAMS - Day 0.3 (0.6) 0.8 (1.1) 

RAMS - Night 0.9 (1.2) 1.2 (1.4) 

WRF - Day 1.6 (2) 1.5 (1.7) 

WRF - Night 2 (2) 1.3 (1.5) 

GLDAS - Day 1.7 (2) 2 (3) 

GLDAS - Night 0.3 (1.4) 2 (2) 

 Eastern synoptic advection 

RAMS - Day 0.4 (0.8) 1.8 (1.9) 

RAMS - Night 1.5 (1.6) 1.5 (1.7) 

WRF - Day 2 (3) 3 (3) 

WRF - Night 2 (3) 1.8 (2) 

GLDAS - Day 0.9 (1.2) 3 (3) 

GLDAS - Night 0.6 (1.1) 1.2 (1.5) 

 Western synoptic advection (cloudy) 

RAMS - Day -0.12 (1.3) 0.8 (1.0) 

RAMS - Night 1.5 (2) 1.1 (2) 

WRF - Day 1.5 (2) 1.2 (1.7) 

WRF - Night 1.0 (2) 1.7 (1.9) 

GLDAS - Day 3 (4) 4 (4) 

GLDAS - Night 0.9 (1.4) 1.8 (2) 

 All 

RAMS 0.7 (1.4) 1.2 (1.5) 

WRF 1.8 (2) 1.7 (2) 

GLDAS 1.9 (2) 3 (3) 

 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 

Table 2. MBE (RMSE) for the simulated 2-m temperature (ºC) and 2-m relative 

humidity (%) over VIL and JUA weather stations and considering the RAMS, WRF and 

the GLDAS product. The results are presented for both daytime and night-time under 

distinct atmospheric conditions, as well as considering the complete period. 

 VIL JUA VIL JUA 

 2-m temperature (ºC) 2-m relative humidity (%) 

 Western synoptic advection 

RAMS - Day -0.9 (1.4) -0.6 (1.1) 0.019 (3) -2 (3) 

RAMS - Night 4 (4) 1.9 (2) -11 (16) -6 (8) 

WRF - Day -1.9 (2) -1.9 (2) 3 (8) -0.17 (3) 

WRF - Night -1.4 (2) -3 (3) 10 (19) 3 (6) 

GLDAS - Day 0.06 (0.8) -0.2 (1.4) -2 (5) -3 (6) 

GLDAS - Night 3 (3) 1.0 (1.7) -2 (5) -1.9 (7) 

 Mesoscale circulation 

RAMS - Day -0.9 (1.7)  -0.5 (1.1) -9 (12) -5 (7) 

RAMS - Night 1.7 (3) 0.4 (1.1) -40 (40) -4 (7) 

WRF - Day -1.0 (2) -0.9 (1.7) -4 (11) -4 (9) 

WRF - Night -2 (2) -2 (3) 7 (10) 5 (8) 

GLDAS - Day 1.3 (1.9) 0.2 (2) -18 (20) -7 (11) 

GLDAS - Night 2 (3) 1.5 (2) -40 (40) -1.5 (7) 

 Eastern synoptic advection 

RAMS - Day 2 (3) 0.7 (1.1) -20 (20) -14 (18) 

RAMS - Night 5 (5) -0.2 (1.2) -40 (40) -30 (30) 

WRF - Day 0.008 (2) -1.3 (2) -6 (14) -6 (8) 

WRF - Night -1.9 (2) -4 (4) 6 (7) -10 (19) 

GLDAS - Day 2 (3) -0.4 (2) -16 (17) -10 (14) 

GLDAS - Night 3 (3) -0.3 (1.9) -9 (12) -14 (20) 

 Western synoptic advection (cloudy) 

RAMS - Day -2 (4) -0.8 (1.9) 2 (13) 0.7 (6) 

RAMS - Night 5 (5) 0.7 (3) -20 (30) -9 (14) 

WRF - Day -1.8 (2) -3 (3) 0.7 (3) 0.9 (4) 

WRF - Night -1.0 (1.7) -2 (3) 3 (10) 3 (7) 

GLDAS - Day 0.3 (1.9) -0.7 (1.7) -7 (8) -2 (4) 

GLDAS - Night 3 (3) -0.2 (0.7) -9 (9) 2 (7) 

 All 

RAMS 1.3 (3) 0.3 (1.7) -15 (20) -6 (11) 

WRF -1.5 (2) -2 (3) 3 (12) -0.2 (8) 

GLDAS 1.4 (2) 0.19 (1.8) -12 (19) -4 (9) 
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Table 3. Difference between the RAMS (WRF) simulated and observed maximum and 

minimum 2-m temperature (ºC), over VIL and JUA weather stations. The results are 

presented for each day within the simulation period, as well as considering the mean of 

the complete period. 

Day VIL - T. Maximum JUA - T. Maximum VIL - T. Minimum JUA - T. Minimum 

06/07/2011 -0.7 (-1.2) -0.5 (-1.6) 3 (-4) 3 (-3) 

07/07/2011 0.08 (-1.4) -0.03 (-1.8) 6 (-0.12) 0.4 (-5) 

08/07/2011 0.03 (-0.7) -0.3 (-1.3) 5 (-0.7) 3 (-3) 

09/07/2011 -0.15 (-0.02) 0.4 (-1.6) -2 (-1.4) 1.8 (-1.2) 

10/07/2011 -0.4 (-0.11) 0.05 (-1.2) 0.4 (-3) -0.8 (-2) 

11/07/2011 4 (3) -0.2 (-1.9) 2 (-3) -0.6 (-4) 

12/07/2011 -1.3 (-2) -0.18 (-3) 5 (-1.2) 1.8 (-0.7) 

Mean 0.2 (-0.3) -0.11 (-1.8) 3 (-1.9) 1.2 (-3) 
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Table 4. MBE (RMSE) for the RAMS and WRF simulated downward shortwave 

radiation (W m
-2

) over VIL and JUA weather stations, considering the SEVIRI and 

GLDAS products as well. The results are presented under distinct atmospheric 

conditions, as well as considering the complete period. 

 VIL JUA 

 Incident solar radiation (W m-2) 

 Western synoptic advection 

RAMS 5 (70) -5 (10) 

WRF 0.8 (70) -9 (15) 

GLDAS -3 (40) -9 (40) 

SEVIRI -11 (30) -17 (50) 

 Mesoscale circulation 

RAMS 15 (60) -5 (11) 

WRF 4 (80) -11 (20) 

GLDAS 6 (30) -5 (40) 

SEVIRI -0.2 (17) -20 (60) 

 Eastern synoptic advection 

RAMS 30 (90) 8 (16) 

WRF 9 (110) 3 (15) 

GLDAS 30 (60) 7 (40) 

SEVIRI 13 (40) -20 (80) 

 Western synoptic advection (cloudy) 

RAMS -110 (400) -80 (200) 

WRF -70 (140) -80 (190) 

GLDAS -50 (170) -50 (130) 

SEVIRI -40 (90) -10 (60) 

 All 

RAMS -4 (150) -13 (80) 

WRF -8 (90) -18 (70) 

GLDAS -2 (80) -12 (60) 

SEVIRI -9 (40) -18 (60) 
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Highlights 

 Short-term forecasts produced by two state-of-the-art atmospheric models are 

compared 

 

 Assessment includes in-situ observations, remote sensing and uncoupled LSM 

products 

 

 RAMS presents an overall warmer and drier environment than WRF 

 

 WRF is in general more windy than RAMS both at day and night-time 

 

 Coastal winds simulated by WRF comprise a larger sea breeze extension than 

RAMS 
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