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The purpose of the study is to determine the features of the spatial distribution of the wind
speed in Marrakesh - Safi region in 2021-2050, as well as the distribution of the specific power of
the wind flow at various altitudes above the earth’s surface to determine the wind class of the area
in the coming decades. Currently, the region has two large wind farms: Essaouira-Amogdoul and
Tarfayer. To assess the future state of climate in Marrakesh — Safi region, the results of
calculations of regional climate models (RCM) of the CORDEX-Africa project for the period
2021-2050 were used. The RCM modeling was carried out for the region of Africa, in a
rectangular coordinate system with a spatial resolution of ~44 km. Model calculation was
performed taking into account the greenhouse gas concentration trajectory of RCP 4.5. As a result
of simulation for the period 2021-2050, mean monthly values of wind speed "sfcWind" (m-s™) and
the daily maximum near-surface wind speed "sfcwindmax" (m-s™) at 10 m height were obtained.
Then, based on the wind speed rows, the values of the wind power density at a height of 50 m and
100 m were calculated. The results of model calculations of wind speed showed that the ensemble
mean of wind speed for the period 2021-2050 will be from 3.8 m-s-1 in Kelaat Sraghna Province
to 7.2 ms-1 on the stretch of the Atlantic coast between Cap Sim and Cap Tafelny.The distribution
over the territory will be influenced by proximity to the ocean, models predict the highest wind
speeds on the coast, and when moving deep into the region, the wind speed will decrease.The
analysis of simulation results showed that in the coastal areas of the region favorable conditions in
terms of wind energy development will remain, and the highest wind speeds of the model are
predicted on the Atlantic coast between Cap Sim and Cap Tafelny. By the size of the specific
power of the wind flow, significant wind resources will have the territory lying along the coast
from Cap Sim to the southern border of the region, and in the area of the power plants Essaouira-
Amogdoul and Tarfayer models predict the conditions corresponding to the outstanding wind

power class.
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1. INTRODUCTION

Today, Morocco has a tendency to increase its
energy consumption, as a result of industrial devel-
opment, demographic growth and changes in peo-
ple's living standards. By 2040, Morocco's popula-
tion is expected to reach 40 million, mostly in urban
areas [1]. The impact of climate change is already
leading to the movement and migration of people
across the country. This will entail an additional
environmental impact in Morocco. In addition, in
recent decades there was a need to quickly address
the urgent environmental problems associated with
increased levels of greenhouse gas emissions into
the atmosphere. In this context, the timely assess-
ment of possible changes in the potential of wind
energy in Morocco is an urgent issue that will en-
sure its energy security in the future. Today, it is

possible to obtain such information by modelling
future climate conditions using climate models.

The Moroccan Government has developed the
National Energy Strategy, which includes the Mo-
roccan Integrated Wind Energy Program. One of the
priorities of this program is to increase the share of
renewable technologies in the country's energy sec-
tor. In addition, Morocco launched the renewable
energy development program [2], which aims to
achieve a total installed capacity 2000 MW from
wind power, 2000 MW from solar energy and an
increase in the capacity of hydropower to 2000 MW
by 2020, with further increase of installed renew-
able capacity to 10 GW to meet the target to gener-
ate 52% of energy from renewable sources by 2030
[3, 4]. Today, the course of development of Euro-
pean energy is resolutely aimed at a complete transi-
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tion to renewable energy sources. Some of the needs
of European consumers are planned to be covered
by the transportation of electricity generated by
wind and solar power plants in Morocco to Europe.
For this in 2018 the World Bank accepted the pro-
ject with a total cost US$ 2257.00 million for Mo-
rocco’s adoption of innovative solar technology, as
part of the national goal of developing the country’s
world-class solar and wind energy resources. This
assistance includes US$420.00 million from EU
(European Investment Bank), US$180.00 million
from the French Government (Govt. of [MOFA and
AFD (C2D)]), US$852.00 million from the German
Federal Government (Kreditanstalt Fur Wiederauf-
bau). Thus, the results of the study of the impact of
climate change on renewable resources in Morocco
are of interest not only for the Moroccan side, but
also for stakeholders in the EU.

The study of the wind regime in Morocco was
carried out by a group of Moroccan scientists from
Mohammed V University [5-7]. Scientists evaluated
wind characteristics and wind potential of Morocco
from 1978-1989, 1998 and 1993-1994. As a result
of the analysis, the distribution of wind speed across
the country was constructed and it was concluded
that the most favorable wind power areas are the
Gibraltar region and the Atlantic coast areas be-
tween the cities of Laayoune and Dakhla, and be-
tween Casablanca and Agadir.

The purpose of the study is to determine the fea-
tures of the spatial distribution of the wind speed in
Marrakesh — Safi region in 2021-2050, as well as
the distribution of the specific power of the wind

flow at various altitudes above the earth’s surface to
determine the wind class of the area in the coming
decades.

2. MATERIALS AND METHODS OF RESEARCH
2.1 Study Area

Marrakesh — Safi region covers an area of
38445 km? and is located on the Atlantic coast of
Morocco, at a latitude between 30°45° N and
32°50" N. (Fig. 1). In the south and southeast of the
region there are the High Atlas ranges, the height of
which reaches 4167 m (Mount Toubkal). The
population of the region in 2014 was 4520569
people, of which 69% live in cities [8].

Currently, the region has two large wind farms:
Essaouira-Amogdoul and Tarfayer (Table 1), which
are included to the Moroccan Integrated Wind
Program [9].

2.2 Data Source

To assess the future state of climate in
Marrakesh — Safi region, the results of calculations
of regional climate models (RCM) of the CORDEX-
Africa project for the period 2021-2050 were used
[10].

The RCM modeling was carried out for the
region of Africa, in a rectangular coordinate system
with a spatial resolution of ~44km. Model
calculation was performed taking into account the
greenhouse gas concentration trajectory of RCP 4.5.
11 climate models were used for the calculation
(Table 2).
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Fig. 1 — Area of study (triangles marked the location of wind farms Essaouira-Amogdoul and Tarfayer)
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Table 1 — Essaouira-Amogdoul and Tarfayer wind farms characteristics [12]

Wind farm name Details Status Coordinates
71 turbines: Gamesa G52/850
Essaouira-Amogdoul | (power 850 kW, diameter 52 m); Under construction 31°22'44.7" N;
(YNNA Bio Power) Total nominal power: 60.35 MW; -9°47'7.6" E
Onshore wind farm
71 turbines: Gamesa G52/850
Tarfayer (power 850 kW, diameter 52 m); Commissioning: 2007 31°23'50.2" N;
(Essaouira) Total nominal power: 60.35 MW ; Operational -9°4824.3" E
Onshore wind farm
Table 2 — Regional climate models characteristics
Ne of The Atmospheric General
model Model name Circulalt)ion Model Data Centre
M1 KNMI-ICHEC-EC-EARTH IFS CNRM, France
M2 CanESM2 CanCM4 CCCMA, Canada
M3 CNRM-CM5 ARPEGE CNRM / CERFACS, France
M4 SMHI-ICHEC-EC-EARTH IFS CNRM, France
M5 CSIRO Mark 3.6 Mk3 AGCM CSIRO, Australia
M6 IPSL-CM5A-MR LMDZ IPSL, France
M7 MIROCS AGCM CCSR AORI/NIES/JAME S&T, Japan
M8 HadGEM2-ES HadGEM2-A Hadley Center, UK
M9 MPI-ESM-LR ECHAMS6 MPI, Germany
M10 NorESM1 CAM4-Oslo NCC, Norway
Mi1 GFDL-ESM2M AM3 GFDL, USA

As a result of simulation for the period 2021-
2050, mean monthly values of wind speed
"sfcWind" (m-s"') and the daily maximum near-
surface wind speed "sfcwindmax" (m-s™') at 10 m
height were obtained.

2.3 The wind power density

The wind power density is a climate
characteristic that allows an assessment of the wind
potential of a specific area, as well as providing a
justification for using the layout and design of wind
turbines [11]. The wind power density depends on
the distribution of the repeatability of wind speeds
and the nature of the underlying surface in a
particular area.The most accurate description of the
wind speed for flat terrain conditions can be
obtained using Weibull distribution [11]:
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where f(u) is the frequency of occurrence of wind

speed u, P — scaling factor (m's™) (B=1.1u ), y—
the shape factor, which is describes the shape of the

fu)=

distribution. Factor vy is calculated by the expression
[7]

C —1.086,
u
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where Cu — coefficient of variation, (C = /ﬁ ).
u

Weibull distribution, in the case when the factor
vy =1, called the exponential distribution, at y =2 —
the Rayleigh distribution, at y =3 distribution is
approaching to Normal (Gaussian) distribution [13].
Since, the observed values of the wind show the
frequency distributions, which are well described
using the Rayleigh distribution, the manufacturers
use this distribution when calculating standard
performance indicators for wind turbines. The size
of the factor y is influenced by the local wind
climate and the landscape of the terrain for which
calculations are carried out. Low factor value
v<1.8 is typical for wind climates with a high
content of thermal winds. High factor value y > 2.5
is characteristic for very constant wind climates (for
example, trade winds). Both factor,  and y, depend
on the height above the underlying surface, up to a
height of 100 m, their values increase, above 100 m
the value of the factor y decreases [11].
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In this study, the estimate of the wind power
density was performed using the formula [11]:

1 3.(3
N =—pB°T|=+1/|, 3)
e 2 (7 j

where Ne — wind power density, p — air density

(1.226 kg'm™), r(iﬂj — gamma function. To
e

calculate gamma function was used interpolation
expression, which for value x < 60 has an error less

10 [11]:
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where y =x + 6.

The calculation of the predicted wind power
density for the period 2021-2050 was performed
using expressions (3) — (4). As a base value of the
wind speed was used value of wind speed calculated
by the ensemble of the regional climate models of
the CORDEX-Africa project [10, 14]. The factor y
was adopted at 2.5, based on the considerations that
much of Morocco's territory was affected by trade
winds during the year. In calculating of the wind
power density we are proceed from the assumption
that climate change will only manifest itself in
changing the value of the wind speed while
maintaining its distribution factors, so the results
provide an approximate estimate of the future power
of the wind flow.

Calculation of wind speed at 50 m and 100 m
height above the earth's surface was done using the
expression (5) [15]

2=|-2 5)

u; and u, are the wind speeds at heights /; and
h,, m — the wind shear exponent, which is depends
on height 4 , surface roughness, atmospheric
stability, orography, and season of the year. On
average accept m = 0.14.

Then, based on the values of wind speed at an
altitude of 50m and 100 m above the earth's
surface, wind power density (Ne) was calculated at
these heights, and using the criteria (Table 3), the
wind class of the study region in 2021-2050 was
determined.

Table 3 — Classes of wind power density [16]

50 m height
Wind power Wind power Mean wind
class dens1t32', speed mes!
W-m’ i
Poor <200 <5.6
Marginal 200 - 300 5.6-6.4
Fair 300 - 400 64-7.0
Good 400 - 500 7.0-7.5
Excellent 500 - 600 7.5-8.0
Qutstanding 600 - 800 8.0-8.8
Superb > 800 > 8.8

The area suitable for large wind farms should be
of wind energy class 4 or higher [16].

2.4 Daily Maximum Wind Speed and Gust
Factor

The daily maximum wind speed (DMWS) is the
highest daily value of the wind speed from the
number of urgent observations and represents the
maximum wind gust recorded at the station in one
of the observation periods. DMWS is closely related
to economic losses and risks. In the event of a
sudden turbulent gust, wind speed, turbulence and
wind shear can change dramatically. The resulting
imbalance of the rotor while maintaining the output
power of the generator and a large inertia of
mechanical components lead to an imbalance of the
load and speed of the generator, and consequently,
oscillations and rocking of the wind turbine tower
[16], which leads to a rapid failure of its
components.

In RCM, the DMWS is taken to be the maximum
of four instant wind speeds calculated for 00:00,
06:00, 12:00 and 18:00 UTC. Different RCMs use
different approaches to calculate the daily maximum
wind speed. For example, the SMHI model takes
into account turbulent kinetic energy, mean wind
and static stability in the boundary layer, the KNMI-
RACMO?2 model calculates the rate of wind gusts,
adding to a wind speed at a height of 10m
component that contains static stability in the
boundary layer of the atmosphere, calculating the
MPI- REMO are based on empirical assumptions,
taking into account turbulent kinetic energy in the
lowest layer of the model [17] .

The relation of the DMWS with the daily mean
wind speeds can be established with the help of the
peak-gust factor [18], which is calculated as the
ratio

ug
G=—-1, (6)
u
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where G — the peak-gust factor, u, — the daily
peak-gust wind speed, and # — the daily mean wind
speed. G is a dimensionless quantity that takes the
value 0 < G < +oo (with G =0, when u, = u).

When averaged for a certain period of time, G
reflects the climatic impulse of the wind. Studies
show that G is sensitive to meteorological
conditions, for example, as a rule, its value
decreases as the mean wind speed increases. The
surface roughness affects G, it takes higher values
over rough surfaces. G is influenced by the state of
atmospheric stability, the magnitude G increases
with decreasing atmospheric stability, although this
effect is not as strong as the connection G with the
average wind [19].

3. RESULTS AND DISCUSSION

3.1 Spatial distribution of wind speed in 2021-
2050

The results of model calculations of wind speed
showed that the ensemble mean of wind speed for
the period 2021-2050 will be from 3.8 m's” in
Kelaat Sraghna Province to 7.2 m's” on the stretch
of the Atlantic coast between Cap Sim and Cap
Tafelny (Fig. 2a.).The distribution over the territory
will be influenced by proximity to the ocean,
models predict the highest wind speeds on the coast,
and when moving deep into the region, the wind
speed will decrease.

Based on the fact that in the first approximation,
the wind energy potential can be estimated at the
level of average annual wind speed, which should
be > 5 ms’ at an altitude of 10 m above the earth's
surface [17], it follows that in the coming decades,
favorable conditions for the development of wind
power will remain in the coastal areas of the region.

The annual run of wind speed is of great
importance in assessing the wind energy potential of
a particular area and provides important information
on the efficiency of the use of wind turbines in
terms of the coherence of the wind energy flow
schedule with the energy load schedule of
consumers [15]. In Fig. 2b shows the annual wind
speed variation at the 33158 grid node located in the
northwest of Marrakesh — Safi region. The analysis
showed that the model predicts the maximum value
of the mean monthly wind speed in July (6.1 m's™),
and the minimum in December (4.2 m's™). Also,
you can note the secondary maximum wind speed in
May (5.9 m's™). In general, the highest wind speed

models predict from April to August.

The reason for increasing the wind speed in this
area in the warm half-year is the growth of baric
gradients on the Atlantic coast as a result of
seasonal changes in the pressure field. In the
recurrence of Circulation Weather Types in
Morocco, this is manifested in the prevalence of the
repeatability of types in the summer (more than
95% of cases in 1960-2006), which are
characterized by the strengthening of the Azores
High, which leads to an increase in baric gradients
in the coastal zone [20]. Another factor that
contributes to increasing the wind speed in the area
during the summer months is the development of
the breezy circulation.

Analysis of the annual run of DMWS showed
that it has a similar wind speed character (Fig. 2b).
Its maximum mean monthly value the model is
predicted in July (9.0 m's™), and the minimum in
December (6.1 m's™).

The magnitude of G varies from 0.43 (in
January) to 0.58 (in September). The highest values
correspond to the month, in which, along with
elevated wind speeds, models predict a large
difference between the daily maximum wind speed
and the mean wind speed.

3.2 Wind power density in 2021-2050

Analysis of the mean wind power density at a
height of 50 m for the period 2021-2050 (Fig. 2c)
showed that the eastern half of the region will be
characterized as a territory with poor wind power
class (up to 200 W-m™). An area with good class
(more than 400 W-m™) will be a strip lying along
the coast from Cap Sim to the southern border of the
region, where its width will reach approximately
40 km. The highest wind potential the model is
predicted on the coast between Essaouira and Cap
Tafelny, where the wind farms Essaouira-Amogdoul
and Tarfayer are located (more than 600 W-m™).

The distribution of wind power density at 100 m
height above the earth's surface showed that the
territory having good wind class will be a strip
about 50 km wide, located along the Atlantic coast
(Fig. 2d), and directly in the area where wind farms
are located predict the value of Ne above
800 W-m™.
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Fig. 2 — The ensemble average wind speed (m's') at a height of 10 m for the period 2021-2050 (), the annual run of wind speed
(ms™), daily maximum wind speed (m's™) and gust factor in the 33158 grid node of model for the period 2021-2050 (b), Ne (W-m™)
in 2021-2050 at 50 m height (c), Ne (W-m) in 2021-2050 at 100 height (d)

4. CONCLUSIONS

An analysis of the results of modeling the wind
speed in 2021-2050 showed that in the coastal areas
of the region, favorable conditions for the
development of wind power will continue; models
predict the highest wind speeds in the section of the
Atlantic coast between Cap Sim and Cap Tafelny.

The highest wind speeds will be observed in the
summer period, which coincides with an increase in
the use of electricity by consumers for cooling.

By value of the wind power density at a height of
50 m good wind class will have territory, which
located along the coast from Cap Sim to the
southern border of the region. The area in which the
Essaouira-Amogdoul and Tarfayer wind farms is
located will have the outstanding wind power class.
Thus, in 2021-2050 on the territory of Marrakesh —
Safi region, we can expect favorable conditions for
the placement of large wind turbines with a nominal

capacity of up to 10 MW, which if connections can
form larger wind farms.

Today, new approaches to downscaling of the
RCMs are being introduced, allowing more detailed
information on the future climate to be obtained. For
simulate of wind speed, reducing the spatial
resolution of model calculations is one of the most
important steps, because wind speed is a very
variable meteorological element. Thus, future
research will focus on obtaining more detailed
information of wind speed, taking into account new
model calculations with a higher spatial resolution.
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OIIHKA BITPOBOI'O HOTEHIIAJIY
PEI'TOHY MAPOKKO MAPPAKEII - CA®H Y 2021-2050 PP.
HA OCHOBI ITIPOT'HO3IB PKM ITPOEKTY CORDEX-A®PUKA

Eab Xanpi 0., Crixe M.O., Cepannbka K.

Ooecviruil 0eparcadHull eKOI0SITYHUL YHIgepcumen,
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[lepexin mo BHPOOJEHHS ENKTPOCHEPTii 3 IOHOBIIOBAHHWX JDKEPEN ChOTOAHI € OJHUM 3
HAMOUIBII aKTyaJdbHHX HANpPAMKIB B eHepretwyHid cdepi. CroromHi Ha TepuToOpii perioHy

Mappakem - Cadi

KopomiBctBa Mapokko po3milieHa oOxHa 3 HaHOULIBIIMX B KpaiHi

BiTpoenekrpocraniis Tarfayer, a Takoxk 3HaxXoAWUThCs B cTaiii OyniBHMITBA craHuis Essaouira-
Amogdoul. Tomy, 3HauHMii IHTEpEC MPEACTABISE CTaH BITPOBHX PECYPCIB Y JaHOMY perioHi B
HAMOMMKYI JECATHIITTS. METOI JOCTIKCHHS € BHU3HAYEHHS OCOOJMBOCTCH MPOCTOPOBOTO
posnoziny mBuakocti Bitpy B 2021-2050 pp. y perioHi, a Takox pO3MOJLI MUTOMOI MOTY>KHOCTI
BiTpOBOro mMoTokKy Ha Bucorax 50 i 100 M. Ouinka BiTpoBUX XapakTepuctuk y 2021-2050 pp. Oymna
BUKOHAaHAa Ha OCHOBI pPO3paxyHKiB CEpeIHbOMICSYHMX 3HAU€Hb LIBHJKOCTI BITPY 1 1000BOTO
MaKCHUMyMYy IIBHJKOCTI BiTpy Ha BHcCOTi 10 M perioHajJbHUX KJIIMaTHYHUX MOJENICH HpPOEKTY
CORDEX-Africa. BusHadeHHst BiTPOBOTO Ki1acy TE€pUTOpii BUKOHYBAJIOCH Ha OCHOBI BEJIMYNHH
MUTOMOI TIOTY)KHOCTI BiTpoBOr0 mOTOKYy Ha BHcCOTI 50 i 100 M. PesympTatn MomembHUX
PO3paxyHKIB IMOKa3ald, M0 CEPEAHs 3a aHcaMmOIeM MBUAKICTE BiTpy st mepioxy 2021-2050 pp.
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ckiage Big 3,8 mc! B npogiamii Kemaa-ec-Ceparina no 7,2 M-c! Ha magHI ATIAHTHYHOTO
y30epexoxss Mk mMucom Cim i mucom Tadensri. Ha posmomin mo Tepuropii BImMBaTHMe
ONMM3BKICTH 0 OKeaHy, MOJENi mependayaroTh HaWBHUINI MIBUAKOCTI BITPY Ha y30epexoki, a mpu
MpOCYBaHHI BIIMO perioHy IIBHIAKICTH BITpY OyAe 3MEHIIyBaTHCS. AHai3 pe3ylbTaTiB
MOJICTIFOBaHHS 0Ka3aB, II0 B MPUOEPEKHUX palioHAX 30epeKyThCS CHPHUSITIMBI JJISI PO3BUTKY
BITPOEGHEPIeTHKA YMOBH, HAHOUIbII BUCOKI IIBHIKOCTI BITPY MOJIEJNi IPOTHO3YIOTh Ha IiJISHIII
ArnantiuuHoro y30epexokss Mix mucomM CiMm i mucom TadenpHi. 3a BETHYHUHO MHUTOMOT
MOTYKHOCTI BITPOBOTO IMOTOKY 3HAYHMMH BITPOBHMH 3aracaMi Oyzae BOJIOAITH TEpUTOpIs, sKa
JSXKUTh Y3J0BX y30epexoks Big mucy CiM 10 MiBIEHHOI MeXi perioHy, a paioH pO3MilleHHS
esrekTpocTanuiil Essaouira-Amogdoul i Tarfayer 3a npornozamu mMonenei Oyae MaTH Kiace, sSIKUH
XapaKTEePHU3y€EThCSl BAATHIMH BITPOBHUMH PECYPCAMH.

Keywords: CORDEX-Adpuka; MBHIKICTE BITPY; MATOMAa IOTYXHICTH BITPOBOTO TOTOKY;
perioHanbHi KIIiMaTH4dHi Moaeni, Mapokko; Mappakem — Cadi.

OIIEHKA BETPOBOI'O IOTEHIIMAJIA
PEI'HMOHA MAPOKKO MAPPAKEI - CA®U B 2021-2050 I'T.
HA OCHOBE ITPOI'HO30B PKM ITPOEKTA CORDEX-AFRICA

ab Xaapu 10., Cimke M.O., Cepunukasn K.

Oodecckuil 20Cy0apcmeeHHbLIL IKOL02ULECK UL YHUGEPCUmMen!,
ya. Jlvsosckaa, 15, 65016, Odecca, Ykpauna, magribinets@ukr.net

B macrosmee Bpemsi Ha Tepputopuu permoHa Mappakem — Cadpu KoponmeBctBa Mapokko
pa3MeleHa OJHa U3 KPYNMHEWIINX B CTpaHe BETpo3IeKTpocTaHuus Tarfayer, a Takxe HaXOIUTCS
Ha CTaguM CTPOUTENbCTBA craHims Essaouira-Amogdoul. Ilostomy 3HauTebHBIH HHTEpeC
MPE/CTABISIET COCTOSIHUE BETPOBBIX PECYPCOB B JAHHOM PETHOHE B ONMKalIINe IECATHICTHS.
Llenbro Mcclie1oBaHMs SBJSIETCS ONpPEesICHNe 0OCOOEHHOCTE MPOCTPaHCTBEHHOT'O paclpe/ieeH s
ckopoctu Berpa B 2021-2050 romax B pervoHe, a Takxke paclpeneseHHs yIeNbHOW MOIIHOCTH
BETPOBOro MOTOKa Ha BbicoTax 50 m 100 M s ompeneneHus BETPOBOTO Kiacca JaHHON
TeppuTopuu B Ommkaimem Oynaymem. OneHka BeTpOBBIX xapakrepucTuk B 2021-2050 rr. Obuia
BBIIIOJJTHEHA HAa OCHOBE DAcueTOB CpPEJAHEMECSYHBIX 3HAYEHUH CKOPOCTH BETpa M CYTOYHOTO
MaKCHMyMa CKOPOCTH BeTpa Ha BbicoTe 10 M perHOHaJbHBIX KJIMMATHYECKHX MOJIENICH MpoeKTa
CORDEX-A¢puka. OmpeneneHre BETPOBOTO KlacCa TEPPUTOPUH IPOHM3BOIIIOCE HAa OCHOBE
3HAYCHUH YAEThHON MOITHOCTH BETPOBOTO MOTOKa Ha BbicoTax 50 M m 100 M. Anamm3
pE3yJIbTaTOB MOAEIMPOBAHUS MOKa3al, YTO B TNPHOPEKHBIX paloOHAaX pPErnoHa COXPAaHATCS
OnaronpusATHBIC A Pa3BUTHS BETPOIHEPIETUKH YCIIOBHUS, Hauboiee BBICOKHE CKOPOCTH BETpPa
MOJIETIM TIPOTHO3HPYIOT HAa y4acTKe ATIaHTHYECKOTO MoOepekbsi MEXIy MbIcOM CHM M MBICOM
Tadenpuu. Ilo BenmuuuHE yAENbHONW MOIIHOCTH BETPOBOTO MOTOKA 3HAYMTENBHBIMH BETPOBBIMU
3amacamu OyAeT o0iajarh TEpPpPUTOpHS, Jiexalmias BAOJb 1mo0depexbsi oT Mbica CUM 110 FOKHOI
TPaHUIIbl PETHOHA, a PalioHBl pazMeuleHus aekTpocTaniuii Essaouira-Amogdoul u Tarfayer, no
MPOTHO3aM MoJiesiel, OyayT 00J1aaTh KJIacCOM C BBIAAIOIINMICS BETPOBBIMH PECYPCaMH.

KaioueBsie cioBa: CORDEX-Adpuka; ckopocTh BeTpa; yAeiIbHas MOIIHOCTH BETPOBOTO
MIOTOKa; peTHOHAJIbHBIE KIIMMaTHIecKue Mojenu; Mapokko, Mappaxkem — Cadu.
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