Abstract

Mass consistent models have been widely use in three-diorexisvind modelling
by finite element method. In general, these problems areatkfimer regions with
complex terrain and variable roughness length, therefaeitable discretization of
the studied zone will be necessary. In addition, there aftest points where more
accuracy is required. We have used a method for construttinghedral meshes
which are simultaneously adapted to the terrain orograpidytle roughness length
by using a refinement/derefinement process in a 2-D mestspamding to the terrain
surface, following the technique proposed in [1, 2, 3]. lis D mesh we include
a local refinement around several points which are prewodsfined by the user.
Besides, we develop a technique for adapting the mesh to artpuwrothat has an
important role in the simulation, like shorelines or rougbs length contours [4, 5].
The final tetrahedral mesh is also constructed with moreigyeanodes near the
terrain. The regions where more density of points is needealtaining a more
accurate solution, are locally refined with the proceduoppsed in [6].

This wind model improves that proposed in [7, 8]. The chamazation of the
atmospheric stability is carried out by means of the expeni@ measures of the in-
tensities of turbulence. On the other hand, since severasunes are often available at
a same vertical line, we have constructed a least squamaiaption of such measures
for developing a vertical profile of wind velocities from aptonum friction velocity.

The three main parameters governing the model are estimated genetic algo-
rithms with a parallel implementation [8, 9, 10]. For a givapisode, we periodically
update these parameters.

In order to test the model, some numerical experiments &septed, comparing
the results with realistic measures.



1 Introduction

The society has been becoming aware of environmental prnsbénd nowadays it
appreciates the use of renewable energies. Along last tfeatse of wind power for
producing electric energy has augmented considerably.o8panies of this sector
are requesting more and more sophisticated tools whictvaliem to face the com-
petitive and demanding market. Wind models are tools thatvahe study of several
problems related to the atmosphere, such as, the effechafewi structures, pollutant
transport, fire spreading, wind farm location, etc.

Diagnostic models are not used to make forecasts througrating conservative
relations [11]. Therefore they are also called kinetic me@E2]. This models gener-
ate wind fields that satisfy some physical conditions. If sna@nservation law is the
only imposed equation, we are defining a mass consistentimaerelative simplic-
ity of diagnostic models makes them attractive from the fizatpoint of view, since
they do not require many input data and may be easily usechePenal [13] checked
that, in some cases, improved mass consistent models su¢ABL and COM-
PLEX obtained better results than other dynamic models hvhie more complex
and expensive. However, we have to take into account thghds&ic models neither
consider thermal effects nor those due to pressure gradi@ata consequence, prob-
lems like sea breezes can not be simulated with these moulelssusuch effects are
incorporated into the initial wind data using observatiomsde in selected locations
[14, 15]. So diagnostic models have been designed for gnedithe effects of the
orography on the steady average wind, i.e., average windemals from 10 minutes
to 1 hour. There exists a wide range of diagnostic models whayve been used by
scientists in problems of meteorology and air pollution.

The primitive 2-D diagnostic models did not consider theaierorography and the
vertical profile of the wind. They built an interpolated wifidld taking into account
only the distance from the nodes to the measurement stadimhshen they solved
the two-dimensional elliptic problem arising from the detization in a plane; see
[16] for a 2-D adaptive finite element model with mixed foratibn. Nowadays,
in problems defined over complex terrain, to have high quatieshes is essential
for the discretization of the studied domains. Most of thestaxy models uses to
work with regular meshes. This strategy is impracticabtepfoblems with complex
terrain since the size of the elements must be very smalldardo capture the digital
information of the map. In this case, there would be regioith wo fine details
where such small element size would not be necessary. Thitdvimally lead us
to larger linear systems of equations and higher compunaiticost for solving them.
Our first 3-D models (see [7, 18]) had some of these limitatisimce the meshes
used for defining the terrain surface were regular. In [8],pr&sented a new finite
element model that uses adaptive nonstructured meshesatiddra with elements
of small size where it is necessary but maintaining gredénents where such level
of discretization is not required. The resulting 3-D mestoatontains more nodes
near the terrain surface, where we need more precision. bsgwcess, the mesh
is smoothed and, if necessary, untangled by using the Eseblah algorithm [4] in



order to improve its quality. In addition, a local refinemendbcedure was proposed
for improving the numerical solution [6]. Finally, althoughass consistent models are
widely used, they are often criticized because their resitongly depend on some
governing parameters. This parameters are generally @ppated using empirical
criteria. Our model includes a tool for the parameter edionabased on genetic
algorithms [8].

In order to check the model with realistic data, the comp@egarrollos Blicos
S.A.(DESA) has provided us with technical support about digéedain maps related
to orography and roughness length, as well as measurenfeniiscdand turbulence
intensity in some anemometers located in Lugo (Spain). Woikk deals with the
procedures required for inserting all of this informationthe wind modelling. In
section 2, we present the improvements to the surface mesra®n, including an
adaptive procedure to capture the orography and roughnéssnation simultane-
ously, additional local refinements in different regiongte terrain and a smoothing
technique in order to improve the mesh quality and move edge®ntour lines. The
developed technique for inserting new information aboutdameasures at different
heights and turbulence intensities is described in seti@ection 4 is devoted to nu-
merical experiments with examples that illustrate all teepossibilities of our wind
model. Besides, a parameter estimation problem is solved) @&netic algorithms
for an episode along a day. Finally, we summarize the coiwlawf this work and
the topics that need further research.

2 Construction of the terrain surface mesh

Three improvements have been implemented in our mesh dememde. Orog-
raphy and roughness length are two essential variables tocheled in the wind
model. If accurate information of the terrain orography amaghness is available, an
adaptive procedure of mesh refinement/derefinement sheuidle to capture them
simultaneously. These procedure has been carried out twengifferent derefine-
ment parameters. In addition, sometimes we need more ayciwr#he surrounding
of the stations or any other control point on the terrainaef(e.g., in a wind farm).
In such cases, the mesh must be refined around these point$asda local mesh
refinement has to be applied after the above procedure.l¥imamost applications
there exist contour lines which define important propeniethe terrain surface, e.g.,
the coast line, the roughness length contours, etc. In eodeaipture such lines with
the mesh, a smoothing procedure has been developed. leid basiodes movement,
maintaining the mesh connectivities, such that a list olesdg superimposed on that
lines as well as the triangulation quality is improved.



2.1 Mesh adaption to terrain orography and roughness length

The mesh generation process starts with the determinatioades allocated on the
terrain surface. Their distribution must be adapted to ttogm@aphic and roughness
characteristics in order to minimize the number of requivedes. The procedure first
builds a sequence of nested mesfies {1, < »» < ... < 7, } from a regular trian-
gulationr; of the rectangular region which is studied, such that thellevs obtained
by a global refinement of the previous level; with the 4-T Rivara’s algorithm [17].
Every triangle of level;_, is divided into four subtriangles inserting a new node in
the middle point of the edges and connecting the node irtserthe longer edge with
the opposite vertex and with the other two new nodes. Thulgimesh levet; there
appear new nodes, edges and triangles that are defined aspmrding to levej.
The number of levels: of the sequence is determined by the degree of discretizatio
of the terrain, i.e., the diameter of the triangulatignmust be of the order of the spa-
cial step of the digital map that we are using (the spaci@ steéhe roughness length
map is often greater or equal to that of the orographic map}his way, we ensure
that this regular mesh is able to capture all the orograpigcraughness information
by an interpolation of the heights and roughness lengthemtides of the mesh. Fi-
nally, we define a new sequen¢é = {r, < 75 < ... < 7/,},m’ < m, applying
the derefinement algorithm [19, 20]. In this step, two deegfient parametets, and

e, are introduced and they determine the accuracy of the appation to the terrain
surface and to its roughness length, respectively. Thealesdifference between the
height obtained in any point of the mesf) and the corresponding exact height will
be lower tharg,,. A similar condition is established for the roughness andrinally,
the derefinement algorithm (see algorithm 1) uses all tr@mmétion of the element
and edges genealogy defined in the sequence.

The derefinement condition takes into account both req@rgésnof height and
roughness simultaneously. On the one hand, we considenttigsss of the absolute
difference between the exact height (usually referred tanterpolated value from
the digital map) of a node and the interpolation of the heagintesponding to the two
extreme nodes of its environment edge, i.e., the edge irhthat node was inserted in
the middle point during the refinement process. On the otaedhthe same analysis
is carried out with the roughness length. If the first diffese related to the height is
lower thane;, and the second difference related to the roughness lenigitvés than
e, Simultaneously, then the node may be eliminated, althauglome cases it will
have to be kept due to conformity reasons.

We remark that the node connections of the resulting twoedsional mesh may
be modified when we construct the Delaunay triangulatiohéenthree-dimensional
domain [21], since what we need and keep is the location oiitkes. Also, the level
to which each node belongs should be kept in order to gengraianer nodes in the
domain [1, 2, 3].



Algorithm 1 Derefinement algorithm.

INPUT: Sequenc& = {1 <1 < ...< T}

for j = mto2do {Loop in levels ofT'}
For each node corresponding#g the derefinement condition is evaluated and
the nodes and edges that may be eliminated are marked by desiafinement
vectors.
The conformity of the new mesh levelis ensured minimizing the derefined
region.
if any node corresponding to standshen

New node connections are defined for the new Ig‘vef.

The vectors of the genealogyojf andr;_, are modified.
else
The current levej is eliminated from the structure vectors.
The vectors of the genealogy of ; are modified.
end if
The changes in the mesh are inherited by the next meshes.
The structure vectors are compressed.
A new sequence of nested meshigsis obtained. This sequence is the input in
the next step of the looff’/ = {1 < < ... <71 < ij <. < Tg,;j}.
end for
OUTPUT: derefined Sequent€& = T2 ={r <1< ... <7

m' S

2.2 Local refinement around control points

The resulting mesh adapted to orography and roughness &ways enough to en-
sure a prescribed accuracy of the numerical model in somene@f the domain
and they may require a finner discretization. We have solgepttoblem by refining
the terrain surface mesh in those regions such that the mosk$ed inside them are
not eliminated after the derefinement procedure. The \&rgsipacing function and
the 3-D Delaunay triangulation algorithm, that complete D mesh generator (see
[1, 2, 3]), will produce a tetrahedral mesh refined aroundstiected regions. So, the
user can define the form and location of these regions anduimber of additional
triangles subdivisions to be carried out inside them in otdeobtain the required
element size.

2.3 Surface mesh adaption to prescribed contours

Node movement provides a surface mesh the ability to mateinkatrary curve. Sup-
pose that the surface mesh,, is projectable on a unique plarfe forming a para-
metric meshN. If C is a curve defined o, our objective is to move some nodes
of IV, projecting them orC, to get an interpolation of’ by edges ofV. Note that,
associated to this interpolation, there is a mapped inkatipa on /. To achieve this
objective we have to decide which nodes\dtan be projected ofi' without inverting



any triangle of its local submesh. More accurately, we say éhfree node is pro-
jectable onC' if it exists any point ofC', sayq/, such that the resulting local submesh
N(q) has not any inverted triangle after carryipgp the position of;/. In general, if

q is projectable, its possible placement@ns not unique and, therefore, we have to
determine the "best” position to relocateTo decide which is the best position of this
node we could think on minimizing the objective functiﬁﬁg \n (x) [5] subject to the
constrainedk € C. Nevertheless, this function only works properly wh¥iq) is
not tangled. To overcome this problem we propose to modify/dhjective function
following the criteria developed in [4]. This modificatioomsists of substituting®

by the positive and increasing functidfic®), wheres? is a quantity appearing in the
denominator oﬂ K2|n (x) that tends to zero as the area of the triangle does. In this
way, the barrier associated with such singularitiegidff| (x) will be eliminated and
the new function will be smooth all ovéR?. If |K,’70|n (x) is the modified objective
function, the problem of finding the optimal position to dijthe free node oY’ is

minimize| K| (x), subject tox € C (1)

The objective functi011|K7’70}n strongly penalizes the negative valuesrdfso that, the
minimization process of (1) leads to the construction ofcalesubmestV(q) without
inverted triangles, provided it is possible. Thenxifs the minimizing position of (1)
ando? (x) > 0 for all triangle of N(¢), we conclude tha is projectable o’ andx
is its optimal position.

The projection of a free node afi can give rise to a local mesh with very poor
quality. This effect is partly palliated after smoothing tlemainder nodes, following
the procedure described in [5]. Moreover, we have obsetvadthe final mesh has
better quality if the constraint’ (x) > 0 is substituted by the most restrictive one
o’ (x) > € for all triangle of N(¢), weree > 0 is a decreasing parameter that tends to
zero as the number of global iterations increases.

The nodes are inserted in the curve without specific critefjisst according to the
increasing order of its numeration. This produces situgtio which some sections
of the curveC' can not be interpolated by edges of the parametric ésh

In some applications we lack an analytic expression of tineecto be interpolated.
Only a set of aligned point§q.}, that approximately describes a contour, is avail-
able. This is the case, for example, of data supplied byaligiéd maps describing
shorelines, roughness contours, river banks, etc. To apprthis situation we solve
a discrete version of (1). Given local submesly), we analyze ifg is projectable
on any point of{q.}, that is, we check if the conditioa® (x) > e for all triangle
of N(q) is satisfied wherx cover{q.}. Among the positions that satisfy previous
condition we choose the optimal poigt, as the one that minimizég(ﬂn. We must
underline that this problem is correctly defined only if tlemdity of points of ¢.} is
high enough. Typically, the distance between contiguourstpof { ¢.} must be much
shorter than the distances between adjacent nod®&s of

Usually, most of nodes oN are very far from any point ofq.} and, therefore,
they are not projectable, so it is advantageous to have #opeknowledge of which



nodes are candidates to be projected. A possibility is to@ate to each node of both
N and{q.} the square of a regular grid in which it is included. Let uspge that
the size of these squaresiis,. X d..., beingd, ... the maximum edge present at the
mesh. We can take a quick decision about if the npsecandidate to be projectable
on{q.} only by inspecting the regiors,;, formed by the square that containand the
surrounding squares. Firstly, we find the subggét of points belonging td ¢.} and
included inS,. If {¢.} # 0, we analyze if; is projectable o ¢.} as it was explained
above. Note that the distance betweeand any point of the contour, outsidg, is
greater thanl,,,, and, consequently outside the feasible regio¢) (the feasible
region of N(q) is included in the circle of radiug,,., and centen).

3 Improvements to the wind model

Our wind model has been improved in order to consider thetiaddi information that
currently may be available at measurement stations. Onria&and, we have usually
different stations located in the same tower for minimizoogts and fixing the wind
profiles. Thus, the computation of the friction velocity, iaihwas directly computed
from a single wind velocity measured at a station, must bainetl from several mea-
sures. For this purpose, a least square approximationrisg¢aut. On the other hand,
these stations usually provides measures of the turbuletesesity which is related to
the atmospheric stability of the region. So, the knowledigéh® range of turbulence
intensity will allow us to select the stability class. Faelimg the Pasquill model for
the atmospheric stability [22] and defining new ranges dfulence intensity, a new
table for Pasquill stability classification is built.

3.1 New computation of the friction velocity

We consider a log-linear profile [24] in the planetary bougydayer, which takes

into account the horizontal interpolation [7], the effeétroughness length on the
wind speed and direction, and the atmospheric stabilitutfaé stable or unstable)
following the Pasquill classification. In the surface lagdogarithmic wind profile is

constructed,

Uo(2) = v—(lni - @m) 20 < 2 < zg (2)
k 20

wheret, is the wind velocity. ~ 0.4 is the von Karman constant ands the height

of the considered point over the terrain level. The fricti@hocity v* is obtained at

each point from the interpolation of measures at the heifjtiteostationstforizontal
interpolation),

e k ’170(28)

"~ In 2 — Dy (2e)
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Evidently, if n measures were available in a vertical line, the above eguatould
yield n different friction velocities,

k Uy (2.
U, = —5— o, (2e.) 1=1,...,n 4)
In=t — &, (z,)
20 i

In order to obtain the optimum value of, we solve a least square problem involv-
ing the wind velocities measured at different height andsaering that the friction
velocity is not a function of the height. Consider

1 .
A = % (ln ZZ — @m(zei)) i1=1,...,n (5)
such that
Vo, (2e;) = U"A; 1=1,...,n (6)
Then, the function to be minimized is,
FObj = Z (Uoi(zei) - 1751’(’251'))2 = Z (17*141 - 6Si<zei))2 (7)

i=1 =1

whose minimum is obtained for the following friction velogi

Aiﬁsi(’zei)

= (8)
> Al
1=1

3.2 Atmospheric stability versus turbulence intensity

The atmospheric stability is related to the atmospherioui@nce as well as to the ver-
tical gradient of temperature and situations of thermagision. It provides a qualita-
tive measure of the air density variations due to changesssfspre and temperature
which affect to some atmospheric motions. The atmosphenditions may be clas-
sified as stable, unstable or neutral. Under stable conditiih a mass of air blows
up, it will find warmer air around what will make it go down. Olmetcontrary, if it
blows down, it will find colder air around and it will attempt §o up. This tendency
of the air to stand in the same layer is called stability of at@ospheric stratifica-
tion. For unstable conditions the potential temperatuatses with the height and
the vertical motion augments, i.e., if the air goes up it ¥t colder air which will
make it go up. However, if it go down it will find warmer and ligair, and it will
go on falling. Finally, if a volume of air (after a vertical ion in an atmospheric
layer without mixing with the surrounding air) experimeatsiull net vertical force,
the motions will not be affected by the thermal gradient dreddtmospheric layer is
assumed to be neutral. Under these conditions, such voloe® bt try to get back
to its original position (stable stratification) nor accate and go far from it (unstable
stratification).



The atmospheric stability may be characterized by using#dsguill stability clas-
sification of table (1). It considers the following classes stability: A (extremely

unstable), B (moderately unstable), C (slightly unstgtidejneutral), E (slightly sta-
ble) and F (moderately stable) [22].

Pasquill stability class

Isolation Nighttime
Surface wind >4/8 <3/8
speed (m/s) Strong Moderate Slight Clouds Clouds
<2 A A-B B - -
2-3 A-B B C E F
3-5 B B-C C D E
5—6 C C-D D D D
> 6 C D D D D

For A-B, take the average of the values of A and B, etc.

Table 1: Pasquill Stability Classification depending on tinéexe wind speed and the
isolation. Strong isolation corresponds to a sunny afi@mnaf the middle-summer
in England; slight isolation is related to same conditiansiddle-winter. Nighttime
means the time from one hour before the sunset to one houtladteun rises. Neutral
class D should be used also, independently of the wind speledouded sky along

the day or the night, and for any condition of the sky during llour before and after
the nighttime.

The anemometers generally provides measures of the ityeridurbulence that
may help to complete the information about the class of apimexsc stability in the
studied region. The intensity of turbulencis defined as the square root of the sum of
variancesr2, o2, o2, of the three components of the velocity, vy, wo, respectively,
divided by the average wind velocity that has been measured,

/ 2_|_ 2+ 2
i = Oy 0% Ow (9)

| Vo]

However, only measures of speed variations are often &ilzut not of the wind
direction. In such cases, equation (9) is reduced to,
T

(10)

ol
wheregs,,, represents the standard deviation of the measured windspee

While an unstable atmosphere implies a high level of turtmdemwith a range of
turbulence intensities betwe@r2 and0.4 approximately, a stable atmosphere, with a
small or almost null turbulence, is characterized by intesfrom0.05 to 0.1 [23].

In table 2, the above relations of the turbulence intensitythe atmospheric stability
have been considered in order to define the Pasquill stabidiss.



Pasquill stability class

Isolation Nighttime
Surface wind
speed (m/s) i>035 0.35>:¢>025 025>i>0.15 0.15>i ¢>0.075 0.075>i>0.03 0.03>i
<2 A B B B F F F
2< vl <3| A B C C E E F
3<|u|<5| B B C C D E E
| >5| C C C D D D D

Table 2: Pasquill stability classification taking into asnbthe surface wind speed
and the turbulence stability.

4 Numerical experiments

We have selected some test problems in order to show the weipents carried out in
our wind model. The first illustrates the capability of thesingenerator for adapting
to the main characteristics of the terrain correspondintpéostudied domain. Next
experiments are related to the surface mesh adaption torasgriped contour. Fi-
nally, we present a realistic modelling of a wind episodengla day, including the
estimation of the parameters that govern the model, the wiadeling and a com-
parison with available data of wind in control points. Allpg@timent were run on
a XEON precision 530, except the parameter estimation probtvhich was solved
using a cluster of PCs.

4.1 Surface mesh adaption to orography and roughness

The studied three-dimensional domain is located in a regfdrugo, Spain, att3 N
of latitude and it is defined by four points of UTM coordinat&&09980, 4799020),
B(626000, 4799020), C'(626000, 4813040) and D(609980, 4813040), respectively.
The height of the top 14000 m. A digital topographic map was provided IDESA
on a mesh of element siz® x 20 m. The X axis corresponds to East direction
and theY one to North. Thus, we are working with a region16020 x 14020 m.
The minimum and maximum heights at20 m and 1020 m, respectively. Figure
1 represents the heights of the terrain. The measuremdiunstand the control
points has been approximately plotted, such that from NmrtBouth we can find
E243, E208, E212, E242, E206 and E283. Roughness is an essaator on the
atmospheric stratification, and therefore, on the chanattes of the resulting wind
profile. Figure 2 shows the roughness length of the terraiiclhwivere supplied by
DESA We remark that some stations and control points are clasedritours of the
roughness. In this case, the roughness length valuésigre:, 0.05 m, 0.08 m, 0.3 m
and0.8 m.

Starting from a regular mesh of the rectangular region wément size of x 1 km



Station UTM-E UTM-N Height
E206 615396 4805218 924.8

E208 616917 4807256 945.0
E212 617423 4806382 895.0

Table 3: Coordinates im of the measurement stations.

Control point UTM-E  UTM-N Height

E242 618290 4806136 873.2
E243 616629 4808235 947.0
E283 617473 4804111 849.0

Table 4: Coordinates im of the control points.

approximately, five global refinements are carried out ugifigRivara’s algorithm
[17]. With this number of refinement steps, we obtain a mesh am element size
about31 m. In order to improve the discretization near the statiors@mtrol points,
five additional local refinements are applied inside sixesavith centre at the stations
and control points, respectively, and diameteb m. This produces a local element
size aboutl m. Once we have interpolated the height and the roughnesthlémg
the nodes of these refined two-dimensional mesh, we use théragment algorithm
[19, 20] described in section 2.1 with = 10 ande,, = 0.01, keeping in any case the
nodes located inside the circles. In figure 3 we can see thdtirestriangulation of
the terrain surface. The corresponding three-dimensieah contain$02662 nodes
and515812 tetrahedra.

4.2 Surface mesh adaption to prescribed contours

In many cases of environmental modelling, there are som®uaohnes which deter-
minate certain characteristics of the studied region. kanmgle, in wind simulation
the well definition of shore lines or roughness contours maydry important for
obtaining accurate results. Thus the mesh must be adaptedifg these contours
such that they are represented by edges of the mesh. Figurews she adaption
of the initial mesh of figure 4, related to a region of the nawist of Gran Canaria
Island, to the shore line (plotted by points in red). The selcexample corresponds
to a mesh of another region of Gran Canaria Island in the sndiog of the Arucas
Mountain (figure 6) that is adapted to a spiral around the r@nrgfigure 7). In this
view, we can clearly see how the edges of the mesh end up bkeiogdoon the curve.
Although we have chosen these 2-D representations, we ketimatr both examples
are meshes constructed over 3-D surfaces.
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Figure 1: Topographic map of the studied region in Lugo. Fidonth to South, we
can see the stations or control points E243, E208, E212, B22136 and E283.

0.03 0.29 0.54 0.80

Figure 2. Roughness length map of the studied region in Lugdb the station and
control points.



Figure 3: Mesh adapted to the orography and roughness oéttart corresponding
to the studied region in Lugo.

Figure 4: Region defined in the north west of Gran Canaria Isl@odtour plots and
initial mesh to be adapted.

4.3 Wind simulation in a realistic episode

Using the mesh constructed for the Lugo application in tis¢ fiumerical experiment,
we have made a simulation for an episode along the March 2B.Zlhe first step is
to estimate the main parameters of the model and, then, #pphlyind model using



Figure 5: Region defined in the north west of Gran Canaria Isl&@odtour plots and
adapted mesh.

Figure 6: Region defined in the surrounding of Arucas Moun(&ran Canaria Is-
land). Contour is defined as an spiral line around the moundawmhich the initial

mesh must be adapted.

the estimated values. Next, the wind velocity is checkedhéndontrol points, where
the wind data is supplied HYESA



Figure 7: Region defined in the surrounding of Arucas Mount&antour plots and
adapted mesh.

4.3.1 Parameter estimation along a day

We have taken into account the table 2 for determining thieilgtaclass from the
available turbulence intensity values. For the studied deyhave obtained neutral
conditions. So we must estimate the stability parameféine weighting parameter
related to the horizontal interpolation of wind velociteasd the parameterinvolved
in the computation of the planetary boundary layer; see, B The estimation has
been carried out each hour (24 computations). We has apgpdieetic algorithms to
solve these parameter estimation problems, where theditoastions are defined in
terms of the relative velocity errors obtained by the mode¢ha measurements sta-
tions. In figure 8 we can see the evolution of the values oftineetparameters along
the episode. The values efare practically constant and approximately equal.to
This means that only the horizontal distance has effect erhtirizontal interpola-
tion. This result is agreed with the orographic charadiessf the studied domain.
Likewise the values obtained farare closed t®.15, that is, the lower limit for this
parameter which is related to low planetary boundary layei@vever, the stability
parametery varies in the interval 8-20. This range of values makes ttmelywredom-
inantly flow more over the obstacles than around them.

4.3.2 Comparison of the model results with empirical data

Once the main parameters are estimated, we start the winéliimgdalong the se-
lected episode using the obtained values. As example, we tteowind map of the



T
14 F /20 —— |
€

1.2 - -

T

0.8 -

0.6 - i

04 i

0.2 - N

0 ! ! !
00:00 06:00 12:00 18:00 23:50

Figure 8: Results of the estimation ®f = and~ along the studied episode (March 21,
2003)

region at 12:00 hours of March 21, 2003. Figure 9 represétspeed of wind at
40 m over the terrain. For the studied day, only measures fron2Ee2dl E283 were
available. Figures 10 and 11 show the wind speeds obtaintdtlid model and the
reference values measured at the control points E242 an8, E@§pectively. More
details of the errors of computed winds with respect to thasueed wind may be seen
in table 5. We remark that the average errors at the measuotestagions are small as
expected. The average error is 27.24% at control point ERd2104% at E283.

8.52 16.74 24.95 33.16

Figure 9: Wind map relative to the region of Lugo at 12:00 ofrta21, 2003.
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Figure 10: Comparison of the wind velocities measured at timdral station E242
(March 21, 2003).
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Figure 11. Comparison of the wind velocities measured at tmrol station E283
(March 21, 2003).

Stations and Average  Average % Maximum  Minimum
control points measured computed average absolute absolute
wind wind error error error

E206 ¢9 m) 15.37 15.50 0.81 % 0.46 0.01
E208 (15 m) 8.57 8.98 474 % 1.25 0.00

E208 80 m) 9.25 9.92 7.21% 1.36 0.05

E212 (15 m) 8.46 8.44 0.20 % 0.63 0.00

E212 80 m) 9.02 9.85 9.25% 1.60 0.31

E242 (10 m) 8.40 10.69 27.24% 5.09 0.09
E283 (19 m) 13.62 12.95 494 % 3.04 0.02

Table 5: Error of the computed wind at stations and controtfgo



5 Conclusions

We have proposed a technique for constructing tetrahedzahas which are simul-
taneously adapted to the terrain orography and the rougheegth. The use of our
refinement/derefinement process in the 2-D mesh correspptmlihe terrain surface
allows us to obtain meshes that are accurately adaptedfevedif functions as well

as are locally refined around several points. These chaistte of the generated
meshes are very important in the wind simulation since, erote hand, the quality
of the representation of both orography and roughnesgieatiior obtaining accurate

results with the model, and on the other hand, the local nefeme at the stations and
control points is essential for inserting the wind data efskations or recovering such
data at any required point.

Some improvements have been carried out in the constructitime initial wind
based on the horizontal interpolation of wind measures antical extrapolation in
stratified atmosphere. The optimization of the frictionoo#y for several measures
in the same tower allows to minimize the differences betwiberconstructed vertical
profile of wind and the measures. However, though such éfffezs are small, further
research is needed in order to construct new wind profilasettectly satisfy all the
available measures of wind velocities. In addition, thdusion of observations of
turbulence intensities has made the model to be able of atiwaiy updating the
suitable wind profile as function of the corresponding diigtilass.

The periodic updating of the main parameters of the modepr@ased to be funda-
mental for reducing the errors of the computed wind. Howduether considerations
should be taken into account in future works for a betterqrernce of the model.
For example, a finer map of roughness, a more sophisticat&bhtal interpolation
of wind velocities and a greater number of measuremenbsttvell distributed over
the studied region, will help to reduce errors at points BH2#2 where the roughness
may not be well approximated. Finally, in order to obtain anwaate wind field in
zones with very steep slopes, the mesh should be adapteel ¢tornlour lines, since a
change in the direction of edges in the mesh may stronglgttie computed wind.
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