
SYNOPTIC SIMULATIONS 
From a synoptical point of view both 
forcings manifest a similar capacity in 
following the aircraft observations both 
when considering observations globally 
(figure b), and when looking at 
frequency distributions (figure c). Global 
RMSE for wind speed and air 
temperature are relatively small (close to 
2 m/s and 2 K), while wind direction 
shows as the most problematic variable.  
When wind direction data are compared 
“as-is” using directional accuracy 
methods with a threshold of 30 ° 
(following Santos-Alamillos et al., 2013) 
both forcings remain below 30% 
accuracy. 
If frequency correlations (with 10° wide 
bins) are employed, instead, correlation 
coefficients of  ≈ 0.8 are reached 
meaning that while the model may fail in 
capturing the exact direction it is able to 
reproduce its general frequency trend.  
 
While the capability of following the 
general trend remains in different 
seasons, the model still shows an error 
which is especially  visible when 
considering wind magnitude: biggest 
data-simulation decouplings tend to 
happen in coincidence with orographic 
peaks, but not only. A potential effect of 
Tyrrhenian breeze not resolved by the 
model may be the cause of some of the 
coastal discrepancies (Mastrantonio et 
al., 1994; Leuzzi and Monti, 1997). The 
two most meteorologically distant 
seasons, Winter and Summer (figures d 
and e), have been therefore chosen for 
the fine-scale investigation.  
 

INTRODUCTION 
WRF-ARW outputs are commonly used as inputs to multiple dispersion models and, therefore, any error in representing the “real” situation is propagated through the modelling chain (Angevine et al., 2014; Bowman et al., 2013).  The aim of this study is to evaluate WRF-ARW model performance in comparison with high-
frequency aerial data. The latter  dataset is the output of an airborne campaign flown between July 2004 and December 2005 in the context of the CARBIUS project. The flights covered an area of central Italy divided between Lazio and Tuscany characterized by different landscapes ranging from coastal areas to montainous 
landscapes (Colline Metallifere, Tuscany).  

AIRBORNE MEASUREMENTS 
During the aerial campaign a Sky-Arrow ERA 650 sampled over 16  intensive observation periods (IOPs) spanning 
all seasons and collecting high-frequency data (50 Hz) of mean wind and turbulence, as well as air temperature 
and CO2 and H2O concentrations. The data were collected by a Mobile Flux Platform (Crawford and Dobosy, 1992) 
instrumental array which employed a BAT probe coupled with a LiCor 7500 infrared gas analyzer. The BAT probe 
is capable of measuring the temperature and the velocity of air in respect to the aircraft by employing a nine-hole 
hemispheric pressure head. The information from the BAT probe were coupled with GPS and accelerometric 
information in order to account for the aircraft 6DoF motions. The area covered by the flights is illustrated in 
figure a with forest and agricultural landscapes as main land uses (according to CORINE classification). For 
synoptical comparison aircraft data were block-averaged with a 1 second window, while for the fine-scale 
comparison the full frequency rate was mantained. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

WRF-ARW MODEL SET-UP 
Two sets of simulations were set up with the WRF-ARW model. The first set was aimed to synoptically analyze all 
the 16 IOPs and was ran over three nests with a 3:1 ratio ending with a final resolution of 3 Km  in the inner nest. 
These simulation returned hourly outputs. 
The second set of simulation was done on an improved resolution domain at a higher output ratio (15 minutes): 
the new domain was centered on the flight track as the first one (figure a), but employed 3 nests with a 5:1 ratio 
ending with a final resolution of 1 Km. These fine-scale simulations were done for two IOPs: a Summer situation 
(August-September 2005) and a Winter one (November 2004). Both set of simulations were run with 24 hour 
spin-up time and were run twice with a different set of initial and boundary conditions: one set employed  the 
ECMWF Era-Interim reanalysis, while the second set employed the NCEP CFSR reanalysis data. All the 
simulations were run with the same parametrizations summed up in the following table: 
 
 
 
 
 
 
 
 
 
 
The elevation variable otuputted by WRF was compared with a high-resolution DEM dataset (METI-NASA 
ASTER): the different elevation profiles are visible in figures d, e, f and g and the standard deviation of the DEM 
within the area spanned by the 15 minutes aircraft data is visible as a magenta line in figures f and g. 

 Phyisics Module Chosen Scheme 

 Microphysics Morrison double-moment scheme 

Longwave Radiation RRTM scheme 

Shortwave Radiation RRTMG scheme  

Surface Layer Revised MM5 scheme  

Land Surface Noah Land Surface model 

Planetary Boundary Layer Yonsei University scheme 
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Section N. Description* 

0 Not Classified 

1 Mainly coastal areas 

2 Colline Metallifere 

3 Val di Chiana 

FINE-SCALE SIMULATIONS 
15 minutes outputs from WRF have been spatio-temporally matched with observations during 2 IOPs (November 2004 and August-September 
2005, figures f and g). To visualize differences and trends all data from the various days of the IOPs were grouped into Morning data (time of 
acquisition ≤ 12:00) and Afternoon data (time of acquisition > 12:00).  Even when high-frequency data are considered the model is 
representative of wind speed magnitude which is contained within the aircraft fluctuations (grey shaded areas): RMSEs are quite close to the 
synoptic ones ranging from a minimum of 1.2 to a maximum of 2.5 m/s. Correlations tend to be better in the afternoons (with r2 > 0.5 in 
Summer afternoons for both forcings , and also in Winter for ECMWF). Both forcings do not show good correlations when turbulent 
parameters (u* and turbulence intensity) are considered, which is sensible if the magnitude errors on mean wind speed are kept into account. 
The criticalities in wind direction estimation are present also in the case of the fine scale simulations, where only the CFSR forced simulation 
reaches a frequency correlation coefficient > 0.5 in Summer mornings (=0.7). Even in the high-resolution scenario it is not trivial to trace 
relationships between the model-data discrepancies and the terrain topography.  
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CONCLUSIVE REMARKS 
• Good capability of both forcings in simulating wind speeds that are within the boundaries of high frequency observations on complex 

terrain. 
• Air temperature trends and magnitudes are simulated very well over all the IOPs. 
• Main discrepancies are highlighted in the representation of high frequency wind directions and turbulent parameters. 
• Potential effects of breeze circulations affecting coastal areas. 

*: the table describes the location of the different sections. 
The same convention has been used for marking the points in 
the DEM standard deviation line in figures f and g. 


