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Outline

▪Why do we need wind observations?

▪What wind observations do we have today or shall be available
soon.

▪How wind observations are used for weather prediction and 
climate studies.



Why do we need wind observations?



Basic atmospheric parameter

With the pressure, the temperature 
and the humidity, wind is a basic 
parameter of the atmosphere. 



Wind affects human activities
Aeolus, Greek god of winds.

Saint-Martin island
after the Irma 
hurricane. Wind is a source of energy.

Difficult landing of an 
aircraft in strong cross-
wind conditions.



Winds transport energy and matter

Saharan dust uplifted and 
transported over the Atlantic by 

easterly winds.

General atmospheric circulation. The energy 
and water vapor is transported on long 
distances…



Winds interact with the ocean circulation

© Météo-France/François Poulain

Normal circulation in the South Pacific
Cold, nutrient-dense, waters along 

the south-american coast.

El-Nino event
Fishing activities along the south-

american coast are affected, 



Observation requirements
Application Uncertainty Hor. Res. Vert. Res. Obs. cycle

Aeronautical meterorology 2𝑚𝑠−1

3𝑚𝑠−1

5𝑚𝑠−1

50𝑘𝑚
70𝑘𝑚
100𝑘𝑚

150𝑚
250𝑚
500𝑚

5𝑚𝑖𝑛
7 𝑚𝑖𝑛
10 𝑚𝑖𝑛

Global NWP 1𝑚𝑠−1

3𝑚𝑠−1

5𝑚𝑠−1

15𝑘𝑚
100𝑘𝑚
500𝑘𝑚

500𝑚
1𝑘𝑚
3𝑘𝑚

60 𝑚𝑖𝑛
6 ℎ𝑟
12 ℎ𝑟

High resolution NWM 1𝑚𝑠−1

2𝑚𝑠−1

5𝑚𝑠−1

500𝑚
2𝑘𝑚
10𝑘𝑚

100𝑚
200𝑚
400𝑚

15 𝑚𝑖𝑛
30 𝑚𝑖𝑛
2 ℎ𝑟

Climate modelling 2𝑚𝑠−1

3𝑚𝑠−1

5𝑚𝑠−1

100𝑘𝑚
200𝑘𝑚
500𝑘𝑚

200𝑚
1𝑘𝑚
3𝑘𝑚

60 𝑚𝑖𝑛
3 ℎ𝑟
6 ℎ𝑟

From WMO.
https://www.wmo-sat.info/oscar/

Blue: goal      Green: breakthrough Orange: threshold



Wind observation systems



Conventional observation systems

Surface station

Buoy

Radiosonde:
• Vertical profiles up to 

10-20km
• 2 to 4 times / day

AMDAR
Wind measurements from 

commercial aircrafts 
specifically equipped.

http://www.wmo.int/pages/prog/w
ww/GOS/ABO/AMDAR/

AT THE SURFACE ALTITUDE



Wind profilers

UHF or VHF wind profiler

Vertical profiles of wind up to 5-15km with vertical and temporal 
resolutions of 100-500m and several tens of minutes.



Data availability

Surface

Surface

Profiles

Flight altitude

Mesures (hors spatial) disponibles pour la prévision du 05/10/2017 00:00UTC (fenêtre de 6h)



Weather radars

Network of cloud Doppler radars in France

Derivation of wind fields in clouds by combination of multiple 
radars.



Sea surface winds from scatterometers

Radar emitting in C band (5.255GHz) aboard European polar orbiting satellites METOP.
Measures the backscatter from the ocean surface related to the surface wind speed and direction.
Resolution: 25km.
One satellite: 2 observations per day per satellite..

ASCAT



Sea surface winds from scatterometers



Atmospheric motion vectors



Atmospheric motion vectors

Tracking of cloud 
movement by cross-
correlation.

The height assigment is
done with the IR 
temperature.

Main errors due non-
moving clouds or height
assignment. 



Atmospheric motion vectors



AMV Impact of forecat quality

From Mahfouf et al., La 
Météorologie, 2017ARPEGE Model (Météo-France)

Contribution to the reduction
of the 24h forecast error.

Dec 2014 to Feb 2015.



The AEOLUS mission

▪ Second core mission of the Earth Explorer programme of the European Space Agency.
▪ Single instrument: a Doppler lidar for the measurement of winds from the surface up to 25km.
▪ Sun-synchronous orbit (97°) at the altitude of ~320km.
▪ Data transmitted in near-real time for weather prediction.
▪ To be launched in 2018.
▪ Lifetime: 3 years.

First Doppler lidar in space !



AEOLUS: measurement principle

▪ Wind measured by Doppler effect.
𝜈𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑 − 𝜈𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑡𝑒𝑑 = −2𝑣𝑟/𝜆

𝑣𝑟 is the line-of-sight wind component.

▪ Direct detection lidar operating at 𝜆 = 355𝑛𝑚.

▪ Two possible targets
- Molecules  large spectrum.
- Aérosols, hydrometeors narrow spectrum.

▪ Two detection channels
- Mie channel for particles.
- Rayleigh channel for molecules

Spectrum of the backscattered light



Rayleigh channel for molecules

Spectre Mie-Rayleigh Fabry-Pérot A

𝑅 =
𝑁𝐴 −𝑁𝐵
𝑁𝐴 +𝑁𝐵

𝜈

ℛ 𝜈

𝑅

Fabry-Pérot B

𝜈𝐷𝑜𝑝𝑝𝑙𝑒𝑟



Mie channel for particles

Fizeau CCD

𝜈𝐷𝑜𝑝𝑝𝑙𝑒𝑟



AEOLUS: measurement principle

Winds in 24 altitudes bins (vert. res. 
250m to 2km). 

Line-of-sight angle of 35°.
One wind component measured (East-West)
Horizontal integration of 90km. 



How winds are used?



Assimilation in NWP context
▪ Numerical models solve a dynamic equation

𝑑𝑋

𝑑𝑡
= 𝐹(𝑋)

𝑋 𝑡 = 𝑋 𝑡0 + න

𝑡0

𝑡

𝐹 𝑋 𝑢 𝑑𝑢

▪ Assimilation: 
- starts from the previous forecast called first guess;
- The first guess is “corrected” with available observations. The correction is based on the minimization of a cost function

𝐽 𝑋 = 𝛼 𝑋 − 𝑋𝑔𝑢𝑒𝑠𝑠
2
+ 𝛽 𝑌 − 𝐻 𝑋 2

where

• Y contains the observations.
• H(X) are the observations we can expect from the state X; H is called the observation operator.
• 𝛼 and 𝛽 are weighing the contributions of first guess and observations. Ideally equal to the inverse of the accuracies of the 

first guess and 𝐻(𝑋).

Initial state.
Determined by assimilation.

Numerical integration
Sets the horizontal and vertical resolutions of the 

model 𝛥𝑥, 𝛥𝑧



Assimilation in NWP context

9h 12h 15h

Assimilation window

obs

obs

obs

Previous forecast

First guess

𝑌 − 𝐻 𝑋 2

𝑌 − 𝐻 𝑋 2

𝑌 − 𝐻 𝑋 2

𝑋𝑔𝑢𝑒𝑠𝑠



Assimilation in NWP context

9h 12h 15h

Assimilation window

obs

obs

obs

Analysis

xa

Corrected forecast

Previous forecast

First guess

𝑌 − 𝐻 𝑋 2

𝑌 − 𝐻 𝑋 2

𝑌 − 𝐻 𝑋 2

𝑋 − 𝑋𝑔𝑢𝑒𝑠𝑠
2

𝑋𝑔𝑢𝑒𝑠𝑠

ANALYSIS: best estimate of the state of atmosphere



Reanalysis in climate modelling context
▪ Take the latest version of a climate model and 

assimilate all available observation data on a 
long period of time (several tens of years)

Provide the best, consistent, estimate of the 
state of the atmosphere for a long period.

But contains modelling errors  departures
from observations must be studied in order to 
understand their origin.

improve climate models

https://www.ecmwf.int/en/research/climate-reanalysis/browse-reanalysis-datasets



Conclusions

▪Wind is playing in the climate team.

▪ The current observation network has holes. Several geographical
regions are poorly observed (deserts), and many observations are 
close to the surface or at flight altitudes.

▪ The space segment has become a key provider.

▪ AEOLUS will be the first satellite to provide vertical profiles of the 
wind at the global scale.

▪ Climate needs long term series…


