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Abstract. The Weather Research and Forecasting model (WRi®dan CORINE land-cover

database has been used to simulate 10m wind spee2ina temperature over the Apulia region. A
validation procedure against ground data from 48nitaring stations for both a winter and a summer
period inform on the spatial distribution of the deb bias. A preliminary analysis based on three
indices of model performance revealed that the sempriod is better simulated than the winter one.
Computation of Moran's index for the spatial distiion of the model bias shows that the summer 10m
wind speed bias results to be weakly autocorrelatbite this autocorrelation is absent for both veint
and summer 2m temperature as well as for winter Wmd speed. On the other hand, semivariogram
analysis shows a slight correlation with a rangéuedless than 2000m for 2m temperature's winter and
summer biases.
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1 Introduction

Among Numerical Weather Prediction models a distimcis made between Global models, which
usually have a coarse resolution and do not allovgitulate small scale features, and mesoscale
models which cover only a small part of the plangtwith a higher resolution. WRF is an example of
mesoscale modeld][ Some atmospheric processes occur at spatiateandoral scales not resolved
even for these high-resolution models and are septed by some physical parameterizations based on
several approximations. This aspect, together \lig uncertainties of the initial and boundary
conditions provided by Global models, leads toittteoduction of a bias in the model outpugs §.
Many studies have been carried out to demonstnatexistence of a bias for 10m wind speed and 2m
temperature, for several physical parameterizatibmthe present study WRF model simulations for a
summer and a winter period (January 2013 and JohB8RPare validated against data from a set of
ground stations quite

uniformly distributed over the Apulia region ar@de aim of the analysis is to study the spatiatiepat

of the 10m wind speed and 2m temperature biase&/RF simulations.
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1 Materialsand methods

In the present study, simulations have been peddrmith the WRF model [1], developed in a
cooperative effort coordinated by the National @embr Atmospheric Research (NCAR). It is a state-
of-the-art numerical weather prediction system udes the fully compressible, non-hydrostaticeul
equations forming a system of partial differenteduations used to simulate the dynamic of
atmospheric processes. This system is solved derelit vertical and horizontal levels of the
simulation domain. Below a certain vertical lewslthin the Planetary Boundary Layer (PBL), many
processes are characterized by a space-time riesofiter than that reachable by the model and
therefore these processes are described by sommgiaizations. For the simulations discussed in the
present paper, the model has been implementedomeavay nesting configuration, using the MYJ
parametrization of the PBL [4]. The simulation damiaas 108x108 grid points and a 16 km resolution
covering the central Mediterranean. The model isdd with the 3-hourly Global Forecast System
(GFS) forecasts, taken as initial and boundary itiomng.

The default WRF setup includes the land cover detaldeveloped and distributed from the U.S.
Geological Survey (USGS) LandCover Institute (LGH], which is made of 24 land cover
classifications with horizontal resolution down 1fokm (last update in 2000). The model setup
implemented in the present study is based on th&kINE land cover database [6] which is
characterized by higher resolution and more upda#tegories. CORINE has been produced by the
European Environmental Agency for the 28 MembeteStand other European countries and includes
44 land cover classifications with a resolution daw 250 meters (last update in 2006).

Simulations of the hourly data for 2m temperaturd 40m wind speed during a summer (July 2013)
and a winter (January 2013) period have been peefd and model outcomes have been validated
against ground data from a set of meteorologicahitadng stations. The validation database is
provided by the Agrometeorological Service of theuha Region (ASSOCODIPUGLIA). The total
number of available stations endowed with the §stnsors we are interested in is 58. The appdicati
of standard exploratory data analysis for the YHI3 has revealed that only 48 stations show Heliab
trends for the selected meteorological parametersieeting the requirements for the further amalys

2 Reaults

A preliminary evaluation of the overall model perfance was done by means of root mean squared
errors (RMSE'’s), correlation coefficients and bstsndard deviations resulting from the comparison o
the simulated 10m wind speed and 2m temperatusbdsé¢s with the ground data at each monitoring
station. All these values are simultaneously regabih the Taylor diagrams of Figure 1. It is eviden
that the best performance of the model is obtafoeduly 2m (black dots) temperatures. Even if the
wind speed performances are quite similar, a bgtegformance is obtained for July (black dots)
measures in terms of RMSE's for most of the station
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Figure 1: (left) 10m wind speed Taylor Diagram fay 2013 (black dots) and January 2013 (blue
dots). (right) 2m temperature Taylor Diagram fotyJR013 (black dots) and January 2013 (blue
dots). Each dot represents a monitoring station.
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To gain a further insight on the spatial behavibmodel prediction, the mean model bias (MB) for
each station is calculated and its spatial distidouhas been analyzed. At thth station MB is defined

asMB; = % I_,(M; — 0;;) where0;, andM;, respectively represent the t-th observed valuetaed

corresponding simulated value at the nearest griat pndT is the total number of pairs.

A first check of the WRF MB spatial distributione@vthe Apulia region is obtained by maps in Figure
2, including MB’s for the summer and winter periaadd for both selected meteorological parameters.
As regards 10m wind speed bias, it can be noteadtibasummer period is the one with lower MB's,
while the winter period results to be the one whth lower MB'’s for 2m temperature. In the case of
wind speed summer MB a poor spatial variabilitpliserved, while the other three mean biases show a
higher degree of spatial heterogeneity.

To measure the spatial autocorrelation of theseebjatwo approaches have been used: the visual
inspection of the semivariogram and Moran’s | Hjpjesis testing [7]. In Figure 3 the semivariogrdm o
2m temperature and 10m wind speed biases for leothds are reported. As can be noticed, 10m wind
speed bias doesn't show evidence of spatial autdation, however a weak spatial trend is present i
both periods. As regards 2m temperature's biasiglat spatial correlation is observed with a range
value less than 20 Km.

Moran's index | gives an alternative measure ofdllobal spatial autocorrelation for continuous ¢data
based on the definition of a spatial neighborhaembing to a spatial weight matrix. Moran'’s index
lends itself to the calculation of Z-scores andatieé p-values to test for presence of spatial
autocorrelation.
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Figure 2: a) and b) 10m wind speed bias map on2@dy3 and January 2013 respectively; c) and d)
2m temperature bias map on July 2013 and Janudry dspectively.
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Figure 3: Semivariograms of 10m wind speed andémperature biases.

Moran's | index was calculated for nine altermatilefinitions of the distance weight matrix obtaine
combining maximum and minimum distance bounds,aetdgely 38000 m, 45000 m, 50000 m and
6000 m, 8000 m, 10000 m. The lowest minimum distais approximately equal to the minimum
distance between stations, the lowest maximumristés the one for which the number of neighbors
is different from zero for all stations, the uppesiximum distance is the distance distribution's enod

In Figure 4 the different Moran's | values and ¢cberesponding p-values are reported for all thegttei
matrixes. It is evident that the different spedcifions lead to similar results and the only casehich
Moran's | value is significantly different from petthough with quite a low value slightly above,(sl

the one relative to the 10m wind speed bias faor gatiod. This outcome implies that the spatial
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patterning of this variable shows a slightly pestglobal spatial autocorrelation.

In conclusion, the WRF setup results to be effectiwing results which are independent from the
validation point as bias analysis doesn't showngtrevidence of spatial autocorrelation. Moreover, a
shown in Taylor diagrams, there is a better agreernetween ground observations and WRF July
outputs than January ones. The highest correliiobtained for July 2m temperature.
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Figure 4: Moran's | and p-values for different diste matrixes for 10m wind speed bias (left) and 2m
temperatures bias (right). Black marks are fory &uld grey marks for January. Triangles represent
Moran test outcomes for each maximum distance @aloaxis) and for each minimum distance and

circles represent the associated p values. Redrlanks the threshold of 0.05 for p value.
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