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Radiosonde

Balloon with parachute 
and radiosonde

The altitude and the wind and direction are now mostly derived from 
GPS tracking

Inside the box is 
a battery and 
radio 
transmitter

Video:  US National Weather Service – launching a radiosonde



Aerological diagrams

• Plots of data obtained from radiosonde flights

• They show air temperature and dew point in the upper 
atmosphere

• Upper winds are also plotted on the diagram 

• Used in general forecasting but are also vital in aviation 
forecasting

• Data plotted on to a Skew T – log P diagram

Video:    Weather Balloons and Radiosondes 

(apologies for the cartoon approach!)
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AMDAR can measure or derive the following meteorological 
parameters with very accurate time, pressure altitude, and latitude 
and longitude coordinates:

• Air temperature 
• Wind speed and direction
• Pressure altitude (barometric pressure)
• Turbulence 
• Water vapour

While in flight, an AMDAR-equipped aircraft reports the real-time 
meteorological variables above every 3-10 minutes. 

This AMDAR animation illustrates how frequently AMDAR 
instruments transmit data during the various stages of flight.

../Videos/how_amdar_works.mp4


AMDAR can measure or derive the following meteorological 
parameters with very accurate time, pressure altitude, and 
latitude and longitude coordinates:

Additional non-meteorological parameters that can be reported:

• Icing indication including accreting or not accreting (pending)
• Departure and destination airport
• Aircraft roll angle
• Flight identifier







One disadvantage is that most of the reports come from a narrow 
range of cruising altitudes.  However, the ascents and descents 

near airports are very valuable for local forecasting. 
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Aircraft data in the 3 hours before and after 10 pm Tuesday 10 May 2021

Note: the big increase in the number of reports since 2019 – Mode-S data



Aircraft data in the 3 hours before and after 10 pm Tuesday 31 May 2022



Aircraft data in the 3 hours before and after 10 am Tuesday 31 May 2021



Aircraft send out data on heading, airspeed, Mach Number and altitude for air 
traffic control systems.

These data stem from the same source as AMDAR  but are collected by the 
advanced tracking and ranging (TAR) radar at the airport of destination or 
departure (Mode-S data), rather than being transmitted from the aircraft

Wind and temperature can be deduced (temperature comes from the Mach 
number – related to the speed of sound)

Information from all aircraft are gathered, in contrast to AMDAR where only 
dedicated aircraft equipped with AMDAR software can be used.

A new 

development 

in weather 

observations 

from aircraft



Observing the atmosphere uses many different types of systems and 
measurements



Elements of the Global Observing System 



Atmospheric Motion Vectors (satellite-derived winds)

(Infrared, Visible and Water Vapour) 

Atmospheric Motion Vectors are derived using a sequence of 
images. Using 3 images features targeted in the second image 
(cirrus cloud edges, small cumulus clouds etc.) are tracked in the 
first and third images, giving two estimates of wind speed. These 
two are averaged to get a better estimate. 



Atmospheric Motion Vectors (satellite-derived winds)

(Infrared, Visible and Water Vapour) 

The next step is to assign a height for this estimated wind. For 
infrared measurements, the measured temperature is compared 
with a collocated numerical model temperature profile. 

For visible channel measurements – assigning the height depends 
on knowing the cloud top height, often by comparing with infrared 
measurements for the same location. 

While the concept is simple, the procedure is rather complex. In 
fact, it took several decades before satellite derived winds were 
accurate enough to be incorporated into weather forecasts.



Atmospheric Motion Vectors (satellite-derived winds)



Atmospheric Motion Vectors (satellite-derived winds)  - Infrared



Atmospheric Motion Vectors (satellite-derived winds) - Visible





The Earth’s energy budget
– inward from the sun and outwards from the 

Earth   





Note: The absorption bands are not as smooth as depicted.



Most visible light is able to reach the earth’s surface, but the thermal 

(infrared) radiation from the surface at many wavelengths has to make its 

way through absorbing gases, except in the “atmospheric window”. Most 

infrared satellite images are made at the wavelength of the atmospheric 

window. At other wavelengths the satellite sees radiation from  upper 

levels. 



Natural-color images 

from Landsat 8, provide 

a closer view of muddy 

water flowing into the 

lake on May 5, 2019.

The different 

characteristics of the 

different wavelengths 

can be used to find 

information on the 

nature and composition 

of the earth, ocean and 

atmosphere (and other 

planets and their 

moons). 



Satellite images of the filling of Kati Thanda-Lake Eyre

May 15 2018

May 15 2019

These false-color images were composed from a combination of infrared and visible 

light  from the MODIS satellite operated by NASA (bands 7-2-1). 

Water appears dark and light blue; bare ground is brown; and vegetation is bright 

green.  This band combination makes it easier to see where water is present. 

https://earthobservatory.nasa.gov/images/145076/rare-filling-of-kati-thanda-

lake-eyre?src=eoa-iotd

https://earthobservatory.nasa.gov/images/145076/rare-filling-of-kati-thanda-lake-eyre?src=eoa-iotd
https://earthobservatory.nasa.gov/images/145076/rare-filling-of-kati-thanda-lake-eyre?src=eoa-iotd


https://modis.gsfc.nasa.gov/about/specifications.php

https://modis.gsfc.nasa.gov/about/specifications.php


Wavelengths in nanometres

Visible

Longer wavelengths red, shorter 

blue

Near Infrared

Visible

Near Infrared



Wavelengths in microns

Near Infrared

Far Infrared



Simultaneous 

images from the 
Japanese Himawari

satellite at different 

wavelengths

0740 UCT 26 May 

2019

Visible

0.47 

microns 

(blue)

Near IR

2.6 microns

https://www.ssec.wisc.edu/data/geo/#/animation

https://www.ssec.wisc.edu/data/geo/#/animation


Simultaneous images 

from the Japanese 

Himawari satellite at 

different wavelengths

0740 UCT 26 May 2019

Long Wave 

IR

8.6 microns

Long Wave 

IR

11.2 microns



Simultaneous images 

from the Japanese 

Himawari satellite at 

different wavelengths

0740 UCT 26 May 2019

Water 

vapour 

(strong)

6.2 

microns

Water 

vapour 

(weaker)

7.3 

microns





The principle of satellite temperature 

soundings is to take measurements at 
several wavelengths through an 

absorption band.

Where the absorption is strong, the 

radiation will come from the upper levels. 

Where the absorption is weak, the 

radiation will come from nearer the 

surface.

It needs a gas that is well mixed through 

the atmosphere and constant in 

composition.

Two good candidates are:

Carbon dioxide (Infrared 15 microns)

Oxygen (Microwave – around 55 GHz (5 
mm))

Note: battle to keep the 55 GHz channels 

clear of human communications traffic.





There are many types of satellite data used:

• Temperature sounding from radiation measurements
• Temperature sounding from occultation of GPS satellites
• Satellites with radar to measure ocean winds, height of waves and 

Sea level 
• Satellites to measure soil moisture
• Measuring rainfall and water content
• Ozone 

At ECMWF – 98 % of data received, and 95% of  the data used come 
from satellites

Satellite data have made a big difference to the skill of forecasts, and 
made the forecasting of the synoptic patterns in the southern 
hemisphere as accurate as in the north – a major achievement! 





Time series showing the “skill” of the ECMWF computer predictions of 

the synoptic patterns of weather, at since 1981.

The number shows how well the forecast weather pattern correlates 

with the observed. So a higher number is good.



There are two main stories here and a question:

• The great improvement in weather prediction since the 1980s

• The closing of the gap between the skill of forecasts in the 

northern and southern hemispheres (mainly due to satellite 

data)

• Question: why does the forecast skill deteriorate at longer 

range?


