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Abstract. In November 2005 an extratropical storm named Deffacéed the Canary Islands (Spain). The

high sustained wind and intense gusts experienced caused significant damage. A numerical sensitivity study of
Delta was conducted using the Weather Research & Forecasting Model (WRF-ARW). A total of 27 simulations
were performed. Non-hydrostatic and hydrostatic experiments were designed taking into account physical
parameterizations and geometrical factors (size and position of the outer domain, definition or not of nested
grids, horizontal resolution and number of vertical levels). The Factor Separation Method was applied in
order to identify the major model sensitivity parameters under this unusual meteorological situation. Results
associated to percentage changes relatives to a control run simulation demonstrated that boundary layer and
surface layer schemes, horizontal resolutions, hydrostaticity option and nesting grid activation were the model
configuration parameters with the greatest impact on the 48 h maximum 10 m horizontal wind speed solution.

1 Introduction Several authors have analyzed the sensitivity of numerica
weather prediction models under extratropical storm situa|
On 28-29 November 2005 an extratropical storfiected tlogsi[,htalflntg ||nto agc;ount the 'Tplaig%f thzehobsec;v_lrr;lg systen
the Canary Islands (Spain) causing significant damage re2nd the initial con itionsZou et al, § Zhu an orpe

lated to high sustained wind and intense gusts (Table 1) ove?006 Frogde et al.20079 af‘d the model ur_1certa|nt|es_such
s numerical scheme, horizontal and vertical resolution an

some islands of the archipelago (Fig. 1). The extratropicala . L .

storm named Delta was characterized by a warm core aroun hysical parameterization©X(lanski et al. 1991, Prater and

850 hPa Beven 2006 Martin et al, 2006. It represented Evans 2002 Forbes and Clak2003 Jung et al. 20065.

an unusual meteorological phenomena for that region, an hey have found a clear dependence on the predictability g

its impacts were underestimated by théetient operationz;ll extratropical cyclones with the initial condition and model
configuration. The main objective of the present work aims

meteorological forecastdMartin et al, 2006. Highly non e

: : : : : to analyze the sensitivity of the Weather Research & Fore

linear interaction of the flow with the islands complex topog- ) -
PIeXTOPOU" - asting Model (WRF-ARW v2.1.2 & WRF Standard Initial-

raphy, due to the existence of the warm core at the moun: . chalak t al 2004 Sk K
tain top level, was the main factor that produced gusts ovefzation preprocessorMichalakes et a). 4 Skamaroc

160 kmh at La Palma, 90 kyh on the coast in Tenerife, and et al, 2009 modelling the extratropical storm DeltAIIC,
over 215 knh in its m’ountain top with the developmént of 2006 in its fast evolving extratropical transition phase in ref-

strong downslope windslérba et al.2007 Marrero et al, erence with the surface wind field. We have designed 2
2007. Further details can be found iﬂ((rb;i et a.2009 ' configurations of WRF-ARW to take into account modifi-

lution, number of vertical levels and physical parameteriza
tions. These permitted us to survey their impact on the 1

Correspondence toC. Marrero m horizontal wind field. The factor separation methStefn
BY

(cmarrero@inm.es) and Alpert 1993 Alpert et al, 19950 was used to quantify
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cations in domain dimension and location, horizontal resof
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Table 1. 10m maximum wind speed (MWS10m) and gusts
(GS10m) measured by the principal meteorological stations located
in the Canary Islands.

Station name MWS10m GS10m Time UTC
km/h kmyh 28 Nov 2005

Hierro airport 67 118 18:00

Tazacorte 31 59 12:30

La Palma airport 104 166 19:00

La Gomera 48 92 16:00

Tenerife North airport 30 70 16:00

S/C de Tenerife 57 132 21:00

Tenerife South airport 87 134 21:40

Izaha 180 218 20:00

Figure 2. Domain configuration of the Control Run Experiment
designed using the wrfsi preprocessor. The horizontal grid resolu-
tions are 27, 9 and 3km, with a 31 vertical levels WRF-ETA dis-
tribution. Associated physics are: WSM microphysics, MO-YSU
surface layer and boundary layer, and KF cumulus parameteriza-
tion.

Twelve combinations of physical schemeSkémarock
et al, 2005 were obtained using 3 microphysics (MP)
schemes: Lin scheme (LIN), WSM 3-class simple ice
(WSM) and Ferrier microphysics (FER); 2 surface-boundary
layer schemes (SL&BL): Monin-Obukhov (MM5 similar-
ity) & YSU (MO-YSU) and Monin-Obukhov (Janjic Eta)
& Mellor-Yamada-Janjic (Eta) TKE (MOJ-MYJ); 2 cumu-
lus options (CU): Kain-Fritsch (KF) and Betts-Miller-Janjic

. . . (BMJ).
Figure 1. Location of the Canary Islands and the observation . .
pogints. Tenerife and La Palma arz the islands of the archipelago Lateral boundary conditions (LBC) are known to provide

with the steepest orography and were the méstted by Delta. a basic limitation to the predictability of local area mod-
els Warner et al. 1997). Several errors produced on LBC

specification are mainly propagated into the domain at near-

in detail the @ect of the variation of these parameters on the 2dVective speeds by the mean flow, so in order to mini-
simulated 10 m horizontal wind speed. It is a consistent apMiZ€ these fects in our interest area, the mother domain
proach for calculating the contributions of various physical "2 been dimensioned considering HYSPLDFgxler and
processes, as well as their mutual interactions. The methoffCIPh 2003 backward trajectories results (not shown) with
has been widely used by several authors: for example, sel1€ destination centered in the Canary Islands (&6’ W)
Alpert and Tsidulko(1994, Alpert et al. (19953, Alpert at severgl Ieve_ls (0.5,1,2,3,4,5, 6,8and 10km) in the 48 h
et al. (19963, Alpert et al.(19968, Berger(200), Darby ~ Model simulationrun. o

et al. (2002, Guan and Reutefl996, Lynn et al.(2001), The Control Run Experiment (CRE) domain, with two-

Ramis and Romer1995 andRomero et al(1997). way_nesting grids of resolution 2_7, 9 a_nd 3km (Fig. 2) _and a
31 sigma (WRF-Eta) levels configuration schemieCaslin

et al, 2004, has been designed in order to optimize compu-

2 Methods tational costs (most of the simulations were run with this do-
main configuration). The associated physical combination of
2.1 Model setup the CRE was: WSM microphysics, MO-YSU surface layer

and boundary layer and KF cumulus parameterization.
To explore the impact of the model configuration in the The 31 sigma levels distribution was interpolated applying
wind flow numerical solution we have designed several non-a cubic spline scheme to obtain the 41 and 61 level arrange-
hydrostatic and hydrostatic experiments taking into accouninents. Two cases were run considering variations of the CRE
physical parameterizations and geometrical factors (size andith these level schemes. Other experiments were built posi-
position of the outer domain, definition or not of nested grids, tioning the mother domain 2@, 10 E and 10 W in relation
horizontal resolution and number of vertical levels). to the centered case and reducing it by 25% and 50%.
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Table 2. Configuration parameter options defined in the 27 experi;

ments.
Configuration parameter Notation
Microphysics options MP
Lin. scheme LIN
WSM 3-class simple ice WSM
Ferrier microphysics FER
Surface-Layer & Boundary-Layer Options SL&BL
Monin-Obukhov & YSU Scheme MO-YSU
Monin-Obukhov (Janjic Eta) & MOJ-MYJ
Mellor-Yamada-Janijic (Eta) TKE
Cumulus options CuU
Kain-Fritsch KF
Betts-Miller-Janjic BMJ
Inner grid resolution GR
27,9,6,3,2
or1km
Figure 3. Maximum 10 m horizontal wind speed)(in km/h for Nesting two-way activation NA
the 48 h run, results shown for experiment 11 (see Table 3). Yes or No
Number of WRF-ETA scheme vertical levels  NL
31,41 o0r61
Non-nested domain cases were defined with resolutions of Percentage of mother grid reduction PGR
2, 3, 6,9 and 27 km. Two other experiments using 31 vertical 25% or 50%
levels with two-way nesting grids of horizontal resolutions of ~ Position of mother grid PMG
18, 6, and 2 km, and 61 levels with resolutions of 27, 9, 3, and Centered, 10E,
1 km were conducted. The last experiment was run using 27, . 10Wor 105
9 and 3 km two-way nesting grids with the hydrostatic option Hdrostaticity ;';S( or No

activated. A total of 27 experiments formed a cluster avail-
able to explore the variability of the numerical solution. All

simulations used the 0.2Beanalysis of the European Center
for Medium Range Weather Forecasting (ECMWF) as initial Speed in the 48 h run (F|g 3))‘)( represents the maximum
and boundary conditions every six hours. Comparisons of the g m wind speed produced by a run that has one of the con-
model simulations with surface observations have been prefiguration parameters of the model changfydhe maximum

sented in previous work (Jorba et al., 2007, 2008; Marrero etyind speed obtained when another parameter is changed
al., 2007). fxy Obtained when the two parameters are changed simulta-
neously. ﬂ(y stands for a synergistic term reflecting the non-|
2.2 Factor separation methodology linear interaction between the twoidirent configuration pa-
. . . . rameters. Notation presented in Table 2 will be used to iden-
To quantify the impact on the 10m wind solution due 10 i the different model configurations used with this method-
different configurations of the WRF-ARW model, we have ology.
used the factor separation technique formulate&temn and
Alpert (1993, following the methodology adopted Bgnkov
et al.(2005. Based on this methodology the contribution of
each factor can be quantified by: 3 Results
fx=fx—Tfo @ A Urati -
otal of 24 configurations have been compared against the
f; =f,—f ) CRE (synergism among threefidirent processes were not

considered), with italic and bold letters in Table 3 identify-
(3) ing the options that were varied. Nonlinear interactions werg¢
calculated in cases 5, 6, 7, 8 and 9. In experiments 11, 20
where fo represents the CRE output for the chosen variable22, 23 and 24 only the factdg, was determined. Percentage
(in our case the maximum grid point 10 m horizontal wind changes for every grid point were plotted in order to measur

D
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Table 3. Configuration details of experiments compared against the Control Run Experiment (CRE). Italic and bold letters indicate the
parameters (notation defined in Table 2) that have been varied in each experiment.

Experiment  Configuration Parameter

MP SL&BL CU GR NA NL PGR PMG HY
CRE WSM MO-YSU KF 3 Y 31 0 C N
EXP.1 WSM MO-YSU BMJ 3 Y 31 0 C N
EXP.2 WSM MOJ-MYJ KF 3 Y 31 0 C N
EXP.3 LIN MO-YSU KF 3 Y 31 0 C N
EXP.4 FER MO-YSU KF 3 Y 31 0 C N
EXP.5 WSM MOJ-MYJ BMJ 3 Y 31 0 C N
EXP.6 LIN MOJ-MYJ KF 3 Y 31 0 C N
EXP.7 FER MOJ-MYJ KF 3 Y 31 0 C N
EXP.8 LIN MO-YSU  BMJ 3 Y 31 0 C N
EXP.9 FER MO-YSU BMJ 3 Y 31 0 C N
EXP.10 WSM MO-YSU KF 2 Y 31 0 C N
EXP.11 WSM MO-YSU KF 1 Y 61 0 Cc N
EXP.12 WSM MO-YSU KF 3 Y 41 0 C N
EXP.13 WSM MO-YSU KF 3 Y 61 0 C N
EXP.14 WSM MO-YSU KF 3 Y 31 25 C N
EXP.15 WSM MO-YSU KF 3 Y 31 50 C N
EXP.16 WSM MO-YSU KF 3 Y 31 0 E N
EXP.17 WSM MO-YSU KF 3 Y 31 0 w N
EXP.18 WSM MO-YSU KF 3 Y 31 0 S N
EXP.19 WSM MO-YSU KF 3 Y 31 0 Cc Y
EXP.20 WSM MO-YSU KF 2 N 31 0 C N
EXP.21 WSM MO-YSU KF 3 N 31 0 C N
EXP.22 WSM MO-YSU KF 6 N 31 0 C N
EXP.23 WSM MO-YSU KF 9 N 31 0 C N
EXP.24 WSM MO-YSU KF 27 N 31 0 C N

the magnitude of the variation in a common domain of 3 km
resolution. This percentage change was calculated as

BxlOQ &xloo or E'xlOO (4)
fo fo fo

Histogram diagrams for every experiment showing the
number of grid points per percentage change class in a lim-
ited area around La Palma and Tenerife (Fig. 4) were added
to summarize this information. Maximum, minimum, mean
(X), standard deviations| and skewnessy§) values are

shown in Table 4, where ?

1 n
X= > %, (5)
i=1
- Figure 4. Areas of La Palma and Tenerife selected for statistical
s =Y (% - %2 and ©6) analysis.
n «
i=1
Ny — )3
V3 = M‘ @) Only the most relevant graphics and histograms are pre-
S sented in Fig. 5 (ordered from a) to h) experiments 1, 6, 19,

are the mathematical definition of the statistics, and24, 21, 20, 11 and 2). A shift to negative values are shown in
X1, X2, * - +, Xn @re then grid point values of percentage change figures a) to d). In contrast, positive increments in maximum
used in their calculation. velocities are presented in figures €) to h).
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Figure 5. Percentage changes relatives to the Control Run Experiment. Histograms present data from La Palma and Tenerife areas and their

statistics: maximum, minimum, mear)( standard deviatiors| and skewnessy§). Ordered from a) to h) experiments 1, 6, 19, 24, 21, 20,
11 and 2 are shown. The title of each histogram indicates the model options that were changed using the acronyms defined in Table [2.

4 Discussion and conclusions crease in horizontal resolution and to the hydrostaticity ac
tivation. Neither increasing the number of levels to 41 or

The study of the results shows that most of the modificationsG%_ nortchap?_es |nS§:umqutsr] pa(rjamet_erlzaénor; showttaﬁ t\allv5| )
of the model parameters had a moderate to strong impact jgimcant variation. siz€ mothér domain reduction, wi 0
the 10 m maximum wind speed solution (see Table 4). TheVay nesting grids aCt.'Va.‘ted’ had a minor impact in the Pos
greatest positive variations were associated with modifical'®" of th?ﬁfrm m%dlfylnfgtﬁllghtly Fhe patte_rr(; of ?ﬁgnr? t:;)n
tions of the BL&SL parameterization, increase in horizontal atrete_ls an he pOZ' lon Ot et_mf:‘j’_"”.‘“_mh_w'” ?th € hydro
resolution and size domain diminishing without nesting. TheStalic case showed a systematic diminishing orthe maximurpy

Wlnd speed on the leeside locations. Symmetric histograms

n

largest negative changes were due to the nonlinear interactio i . o
between MP and BL&SL in the case of L and MOJ-MYJ, de- N €xperiments 4, 7 and 8 demonstrated an spatial shift i

www.adv-sci-res.n¢?/151/2008 Adv. Sci. Res., 2, 151157, 2008




156 C. Marrero et al.: Sensitivity study of surface wind flow of a limited area model

Table 4. Statistics of percentage changes (%) relatives to the CRE"\Cknowledgements. ~ The authors wish to thank Celia Milford
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