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Millions of bats, billions of birds and 
an infinite number of arthropods use 
the airspace for moving between 
their preferred habitats on 
a local, continental and 
worldwide scale. 

The biology of most 
migratory animals 
is poorly understood 
because we have not 
been able to monitor their 
movement around the planet



History

Biological targets were detected from the beginning of radar

Angel targets during the 2nd world war



Pioneers of radar ornithology in the 1950ies : 
E. Sutter (Switzerland), D. Lack, W. G. Harper, E. Houghton, E. Eastwood (Great Britain)

Radar angels the start of radar ornithology



e control tracking radar – a  research tool from 1968 till now
From surveillance radar to tracking radar

Bruderer B. (Switzerland), 
Buurma L. (The Netherlands)

Alerstam T. (Sweden), 



Observation of passage
with vertical and    
low-elevation pencil-beam

Bird echo

Echo identification?

Recording by photographic 
recording of the Z-modulated 
R-scope on an oscilloscope

1968

Echo identification?



1969Echo signature provides
wing beat pattern!

Bruderer & Joss 1969

Ornithologist Meteorologist

Recording of echo signatures (modulated on 
a carrier-frequency) by a tape recorder   



Recent use of radar for monitoring birds

7.5 km





Example of intensive nocturnal bird migration (Belguim 2007)

664 single targets dectected within 4min in a 3 degree fixed beam 



Cross-
calibration:

Radar 
/ IR 

/ Moon

Validation 



Example: Height distribution and correlation with ground truthing

day night

Val d‘Illier – Col de Bretolet

Height of the pass



Radar entomology implemented already in 1949

Harmonic radar for tracking single
bumble bees

Image provided by Don Reynolds

Image provided by Dr Kongming Wu.

Locust movements



VLR Sampling Regime

Continuous coverage:
150 – 1200 m

Individual insects:
15 height bands

Parameters:

1200 m

15 mg

500 mg

Radar measurements of insect movements

Parameters:
Speed & direction
Body Alignment

Mass
Shape

0 m

600 m

5 mg

1 mg

Chapman, Drake & Reynolds (2011) Annual Review of Entomology 56: 337–356



Radar measurements of insect movements

a

Chapman et al (2010) Science 327: 682–5



Example: Pest insect immigration warning by an atmospheric 
dispersion model, weather radars and traps
M. Leskinen et al., J appl Entomology

Insect and bird movements studied with weather radar



Radar products used for detection and discrimination of
fauna in weather radar

reflectivity radial velocitiy

Gauthreaux S A et al. Integr. Comp. Biol. 2008;48:12 -23

differential 
reflectivity

differential 
phase

Gauthreaux S A et al. Integr. Comp. Biol. 2008;48:12 -23

This is what we get, and . . .



Identification of radar echoes

. . .  this is were it comes from!

precipitation
Air turbulencesBirds

Clutter

� To differentiate between echoes is essential for all of us!

It‘s just a little air 
pocket, dear!

InsectsBats
UFOs
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Velocity?
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Insects
Ground speed
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Birds
Air speed
n = 1108

Insects
Air speed
n = 1041

Ground and air speeds of tracked birds (dark grey) and insects (light grey):



The ESA - Fly Safe background

Validation of weather radars for automatic bird detections
by a high precision Bird radar



Doppler weather radar � automatic extraction of birds

image pattern filtering

Dokter et al (2010). J R Soc Interface



Validation of weather radar with a «bird radar»

Height distributions at 
hourly intervals

bird radar

weather radar

Dokter et al (2010). J R Soc Interface



Automated target detection and identification

8.0 Hz

bird – non-bird (insect?)

type of bird / sizeclass

echo 
signature

11.3 Hz

type of bird / sizeclass

sizeclass

radar cross 
section



Application



New Year’s
Eve in The 
Netherlands

Continuous bird monitoring in The Netherlands

Shamoun et al. 2012



Future options: wing beat patterns from weather radar?

Wing beat pattern of Swifts (Apus apus)

A. Dokter pers. comm.



ENRAM – international working group of biologists and meteorologists

European
Network for the

Radar Surveillance of
Animal

Movements

Amsterdam, Nov. 2010

First aim: Consistent and prolonged periods of 
simultaneous measurement of animal movements



Radar network for bird migration study – first example

19/20 April 2008 

Dokter et al (2010). J R Soc Interface



OPERA – European weather radar network

Europe (Opera)  
~180 weather radars 

NEXRAD ���� similar network in North America



Outlook

Real time monitoring of
� bird and insect movements across Europe

European
Network for the

Radar Surveillance of
Animal

Migration



Ecosystem services which can be provided by weather radar networks

By monitoring free ranging animals and 
forecasting their movements, the network 
will provide invaluable data and support 
for the rapid progress in disciplines such 
as climate change research, ecosystem as climate change research, ecosystem 
stability, land utilization planning, air 
safety, natural disaster prediction and 
disease dispersion.



To make a step forward to understand 
our planet as one big network of 
ecosystems, we need to 
understand not only the 
flow of the physical 
components in the 
atmosphere, but also atmosphere, but also 
the movements of 
the living organisms 
therein.

For this challenge, radar meteorology has
one of the most valuable tools in its hands.



Thank you for your attention!

Thanks to the ENRAM – team: Chairman Jason Chapman (Rothamsted
Research UK), Jarmo Koistinen, Judy Shamoun-Baranes, Hans van 
Gasteren, Karl Woodbridge , Willem Bouten, Ommo Hüppop, Emiel van 
Loon, Adriaan Dokter, Michael Kemp, Ian Both, Silke Bauer, Susanne 
Åkesson, Johan Bäckman, Mark Desholm, Hidde Leijnse, Matti Leskinen, 
Hans Beekhuis, Jason Lim, Don Reynolds Christoph Kulemeyer, Alessio 
Balleri.



Executive summary

Within the Avian Alert System of Systems (SoS) initiative of the 
EuropeanSpace Agency (ESA), we have explored the potential of 

Bird detection by operational weather radar
Adriaan M. Dokter1, Felix Liechti2, and Iwan Holleman1

1Royal Netherlands Meteorological Institute, De Bilt, The Netherlands
2Swiss Ornithological Institute, Sempach, Switzerland

November 20, 2009

EuropeanSpace Agency (ESA), we have explored the potential of 
operational C-band Doppler weather radar as a bird migration 
sensor. A bird migration recognition algorithm has been developed, 
extracting bird density, speed and direction as a function of 
altitude. The weather radar data have been validated against 
simultaneous and co-located bird density measurements by a high 
precision bird radar, provided by the Swiss Ornithological Institute 
(SOI). This mobile tracking radar . . .


