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SomeSome  RemindersReminders (1/10) (1/10)

Cold air descends from the poles
to the equator

Hot air expands
and rises by convection
till the tropopause (~15km)

The larger the thermal contrast between 
the poles and the equator, the more 

dynamic the atmospheric circulation is.

Like an air flow...Like an air flow...

High pressure

Low pressure
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SomeSome  RemindersReminders (2/10) (2/10)

But the Earth is rotating...But the Earth is rotating...

With the Coriolis force...
… the winds are deviated towards the East i.e. the right/left

in the Northern/Southern Hemisphere.

Archer at 0°N : ~1600km/h
(relative velocity 500km/h)

Target at 50°N : ~1100km/h

The top of the Eiffel Tower
"turns" faster (by 0.05km/h)
than its basis

X
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SomeSome  RemindersReminders (3/10) (3/10)

Hadley Cell
~ 0°N-30°N

Hadley Cell
~ 30°S-0°N

Earth
’s 

Rotatio
n

thermal driven

Cold air descending from the poles
Vertical section...Vertical section...
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SomeSome  RemindersReminders (4/10) (4/10)

Surface divergence of air coming from
Hadley cell

thermal and dynamics driven

Forced upward flow of
2 air masses around 60°N
by convergence (Polar Front)

Cold air descending from the poles
Vertical section...Vertical section...
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SomeSome  RemindersReminders (5/10) (5/10)

Ferrel Cell
~ 30°N-60°N

Ferrel Cell
~ 30°S-60°S

Divergence at the tropopause (~10km) 
of the air resulting flow coming 
from the convergence at the surface

Polar Cell
~ 90°S-60°S

Polar Cell
~ 60°N-90°N

Driver: Thermal (Polar Cell) and Dynamic (Ferrel Cell)

Vertical section...Vertical section...
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SomeSome  RemindersReminders (6/10) (6/10)

No wind

Intertropical 
Convergence 
Zone (ITCZ) 

Convergence 
+ up draft flow 
=> Low Pressure (L)

West winds

down draft flow + 
divergence 
=> High Pressure (H)
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SomeSome  RemindersReminders (7/10) (7/10)

Seasonal variabilitySeasonal variability

● Maximum sunshine in the tropics
● The position of ICTZ seasonally varies.
● The Polar Cell takes up more “space” in winter than in summer

Summer

Equinoxes

Winter
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SomeSome  RemindersReminders (8/10) (8/10)

Pole Nord: Cold desert

Up draft of warm and wet air Thermal wind

The tropopause altitude 
decrease with latitude

Precipitation occurs at the 
Polar Front Polar Front oscillation explains the 

variability of our weather
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SomeSome  RemindersReminders (9/10) (9/10)

Icelandic Low

H

H

L

L

South-West wind

Data: ERA5, 1981-2010 average
St. Helena High

Aleutian Low

HH

HH

HH

HHHH

LL
LL

LL

LL

Azores High

Pacific (Hawaiian) High
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SomeSome  RemindersReminders (10/10) (10/10)

North Atlantic Oscillation (NAO)North Atlantic Oscillation (NAO)

Normalized pressure difference between the Icelandic Low and the Azores High
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Local windLocal wind

Sea and valley breeze 
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The MAR modelThe MAR model

Modèle Atmosphérique Régionale

The MAR model is used to downscale over Belgium
large scale future projections 
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Solar flux observed and simulated at 
Saint-Hubert

Cloudiness observed and simulated 
at Saint-Hubert

Current evolution : Solar flux Current evolution : Solar flux (1/2)(1/2)
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Annual solar flux 1960-2021 (w/m2) Cumulated change from 1960 (w/m2/62yrs) 

Pollution decreasing

+

General circulation change
and change in cloudiness

Annual

Summer

Current evolution : Solar flux Current evolution : Solar flux (2/2)(2/2)
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Current evolution : WindCurrent evolution : Wind (1/3) (1/3)

Mean wind speed at 100m
over 1960-2021 (m/s)

Cumulated change (m/s/42yrs)

What about wind ?What about wind ?

Not very significant change observed but ...
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Wind speed anomaly in 2021 (m/s)

Annual Summer

Current evolution : WindCurrent evolution : Wind (2/3) (2/3)
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Source : MAR forced by ERA5

Production = ρ v3

Air density

Observations based on MAR forced by ERA5   

Current evolution : WindCurrent evolution : Wind (3/3) (3/3)
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Climate change impactClimate change impact (1/4) (1/4)

=> slow down + oscillation of the jet
=> + meridional wind (N/S)
=> - zonal wind (W/E)
=> + anticyclonic blocking

=> jet toward the Nord (mainly in summer)
=> Azores High should reach our

latitude
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Climate change impactClimate change impact (2/4) (2/4)

1980-2007 VS 1950-1979
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Average of 31 global models from IPCC

2021-2040

Europe is the most impacted area

10m wind speed anomaly (%)

Climate change impactClimate change impact (3/4) (3/4)



  

Xavier.Fettweis@uliege.be 22/36

2081-210010m wind speed anomaly (%)

Climate change impactClimate change impact (4/4) (4/4)

Average of 31 global models from IPCC
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Future evolution in BelgiumFuture evolution in Belgium In a +2°C world 
~ 2031-2060

Sun

Wind
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Future evolution in BelgiumFuture evolution in Belgium In a +3°C world 
~ 2061-2090

Sun

Wind
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Future evolution in BelgiumFuture evolution in Belgium
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Scénario : SSP370

North Sea

annual

summer



  

19
40

19
44

19
48

19
52

19
56

19
60

19
64

19
68

19
72

19
76

19
80

19
84

19
88

19
92

19
96

20
00

20
04

20
08

20
12

20
16

20
20

20
24

20
28

20
32

20
36

20
40

20
44

20
48

20
52

20
56

20
60

20
64

20
68

20
72

20
76

20
80

20
84

20
88

20
92

20
96

21
00

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500

1600

MAR-ERA MAR-CMC MAR-EC3 MAR-IPL
MAR-MIR MAR-MPI MAR-NOR MAR-ERA

R
e

n
d

e
m

e
n

t 
d

'u
n

e
 E

n
e

rc
o

n
 E

1
2

6
 7

.5
 M

W
 (

kW
)

Xavier.Fettweis@uliege.be 26/36

Future evolution in BelgiumFuture evolution in Belgium

Scénario : SSP370

Bastogne

annual

summer
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Temperature ++ 
 ⇒air density --
 ⇒wind speed --
 ⇒spatial variability ++
 ⇒ time variability ++

===> Significant decrease 
of wind energy over 
West Europe

 

Express.fr 13/09/22

Echo.fr 22/09/22

revolution-energetique.com 05/10/22

Future evolution : wind turbineFuture evolution : wind turbine (1/2) (1/2)

Median of the ensemble relative change (%) in 100 m a.g.l. 
wind speed among the CMIP6 models (a)–(c) and wind 
power density (d)–(f) between the future (2031–2050) and 
the past (1995–2014). Source

https://wes.copernicus.org/articles/7/2373/2022/
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Future evolution : Future evolution : generalgeneral circulation circulation

It is very likely that GCM underestimates the general It is very likely that GCM underestimates the general 
circulation change and then the slow down of wind in circulation change and then the slow down of wind in 
Europe...Europe...

GBI (Greenland Blocking index) ~ - NAO index

~ 50 IPCC models (AR5 and AR6)
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Solutions … Solutions … (1/7)(1/7)

Where the dominant wind flows in the same Where the dominant wind flows in the same 
direction than the local wind...direction than the local wind...
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Solutions … Solutions … (2/7)(2/7)

Correlation with the wind in BE Mean wind speed from ERA5 at 100m (m/s)

Not correlated High wind speed
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Solutions … Solutions … (3/7)(3/7)

(local) katabatic wind over the Greenland ice sheet:
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Solutions … Solutions … (4/7)(4/7)

Pure katabatic 
wind

Real katabatic wind 
(deviated on its right due 

to the Coriolis force)

Synoptic wind due to 
the inland low 
pressure.

In this area, 
combination of both 

katabatic and 
synoptic winds

1. High wind speeds.

2. Decorrelation with European 

wind temporal variability.

3. Huge areas. 

4. Half-way between Europe 

and the US.

5. Not impacted by global 

warming
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Solutions … Solutions … (5/7)(5/7)

wind speed changes from 
2071–2100 compared to 
1981–2010 (m/s)

In winter

In summer
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2030-2050 2080-2100

Annual solar radiation anomaly vs 1981-2010 (W/m2)

Solar panels ;-)Solar panels ;-)

Source: ensemble mean of 24 GCMs using SSP585

Solutions … Solutions … (6/7)(6/7)
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Summer

annual

Solar panels ;-)Solar panels ;-)

Solutions … Solutions … (7/7)(7/7)
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ConclusionConclusion

1. Decrease (probably underestimated) of the wind turbines efficiency in Western Europe.

2. Increased efficiency of solar panels as a results of less clouds in Belgium (mainly in 
summer)
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