Monitoring and forecasting airborne
animal migration by radar meteorologists
— a new task?

A talk about birds and insects

Felix Liechti — Swiss Ornithological Institute
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What's about?

1. Short background

2.Recent use of radar for monitoring
- Birds
- Insects

3. Outlook
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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
a local, continental and

worldwide scale.

The biology of most
migratory animals

IS poorly understood
because we have not _
been able to monitor their




History

Biological targets were detected from the beginning of radar

Angel targets during the 2nd world war
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Radar angels the start of radar ornithology

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

Harper Proc. Roy. Soc. B, volume 149, plate 16

1000 ft.

miles

Frovee 5. The 10em range-height digplay on the sceasion of figure 1, plate 15, 17.50h e,
13 March 1857, 008°. The angels are spread in height up to 5000 ft., with one at
6000 ft. The intense echo on the baseline within the first 10 miles ia from permanent
echoes (see page 485),

1000 ft.

miles

Fioukke 6. The heavy display on the occasion of figure 3, plate 15, 19.15h .., 11 March
1957, 02°, Angels mainly concentrated at 2500 ft., but dense to 5004 ft., and scattered
above this to 10000 ft. Permanent echoes again affect the first 10 miles on this bearing.

Froure 10. A time-lapse photograph of several sweeps of the plan-position display at
roughly 1 min intervals, The angels are the weaker lines of dote scattered across the
centre of the display, while the faster-moving echoes at the top of the photograph are
aireraft (see page 481).
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Tedd & Lack Proc. Roy. Soc. B, volume 149, plate 17

Scales show nautical miles.

Ficure 1. Light angels.
Fiounre 2. Medium angels.
Fioune 3. Heavy angels.
Fioure 4. Heavy angels to east, rain spreading from the west,
Fioure 6. Time exp for § h showing north ly track of angels. The belt of rain is
travelling 107 east of north.
These photographs are *Crown Copyright reserved, and are reproduced by permission of
the Controller of Her Majesty’s Stationery Office’.

(Facing p. 504)



From surveillance radar to tracking radar
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Recent use of radar for monitoring birds

FixBeam (Yersion 18.07.2005)

File Echos Tools Wiew ZFoom Options

General: - ~ Antenna position: - STC/Threzshold-Control: - — Mouze-Control: -
Radar-Site: D Elevation [EMD];i 204 " Synthetic: | 8 Offzet: | 0 Zoomfactor Total
Date: [11.09.2003 || Elevation Start: | 204 & Abzolute; | -90.0 dBm Scan Nr.:
Time: [T21c10:00 || ElevationStop: | 204 Set Threshold Seantime ()
Elevation Offset | 0 : i - o
Threzhald: 8 e.va o - B kT Reset Threshold Distance Cell |
Azimuth [CMD): | 1600 | f[Fe N
Dffzet: 6 Azimuth Start: 1601 | Echos detected with: Bistance [e)
val: [T Azimuth Stop: [1601 || 5TC.[3Km Thieshold: [90.0 dBm. | “Witude (m) @

1200 Start [Scans/Sec] Ma. of Echos: | 59 Heika's TRASH buttan I Heiko's INSECT buttan J Dietect echos Stop [Scans/Sec] | 32000 / 2458

i
prinpuiiap e s
Echo ID: i 17 Scan left: 7an Length [zec): J 12.0 Diztance [m]: J 3030 Statuz: bird Paintz FFT: Edit echo

Bbsolute | Freguency: [11.5 Hz

p Bird [%]; Scan nght; 9392 Level diff: 30 Alitude [m): 602 Clags: passenne 1024 -
Length (zcan): ] 1562 b & lewel: i | Freq: 11.4 Hz -




FikrBeam (¥ersion 24.07.2003)

File ‘iew Options

Q -

FladalrSite:I L}
Date: |l4.l]3.2l]l]3
Time: I 20:40:00

Threshald 18
Offset: | 3
WS | 1

position: ——

Elevation [CMD): [ 1500
Elesation Start: IW
Elevation Stop: IT
Elevation Offset: IT
Azimuth [CMD): [2008°

— Threshold-Control:
= Synthelic IT
i Absolute (dBm] IW
Set Threshaold |
Reset Threshald |

5TC:
= 2km
& Ikm

= dkm

Azimuth Start: | 2009
Azimuth Stop: | 2009

eat in the air

Define wingbeat pattern | |

— Mouse-Control:

l—
Scantime [g): l—
Distance Celk l—
Distance [m]: l—
Height(ml: [

Scan Nr.:

 Level-Control:

—Data files:

M-030914-2000.FF1 o

M-030914- 2045FF1
M-030914-2050.FF1
4-030914-2100.FF1 _I

File Wiew Options

G 1

Offset:

WSL:

Hadar-Site:' M
Date: [14.09.2003
Time: I 20:00:00

Threshald:

position:

Elevation [CMD}:[ 150
Elevation Start: lW
Elevation Stop: IW
Elevation Offzet: lT
Azimuth [CMD) [2008

Azimuth Start: 2009
Azimuth Stop: 2009

— Threshold-Control:

 Synthetic IT
& absolute (d8m) [90.0°
Set Threshald |

Fiesat Threshald |

STC:
& Zkm
& 3km

" dkm

Meat it the air |

'I'IE|

Defing wingbeat pattern | |

—~ Mouse-Control:

ScanMr: I—
Scantime (] I—
Distance Cell: I—
Distance [m}: I—
Height i} |

~Level-Contiok

M-030914-2045 FF1
h4-030914-2050.FF1
4-030914-2100.FF1 _I

No. of echos detected: [ 3 FReset EChOSl

‘wingbeat freq I 14.2 I 1024 I 0.13 Hz




Example of intensive nocturnal bird migration (Belguim 2007)

FixBeam.¥1 (Version 16.11.2007) '

File Echos Toolz View Zoom Optons  AutoiWB

General: i~ Antenna position: STC/Threzhold control: -~ Mouge control: 1~ Level control: Data files:

FadarDB: | W07 || Elevation [CMDE] 125 || © Spnthetic:| 11 Offzet| D || Zoorfactor: | Total wgﬂ ggigggéggﬂ
RadarSite: | 131 || Elevation Stat: [128 | & absolte: [ 90,0 dBm seiti: w071 004-2010 FF2
Date: [04.10.2007 || Elevation Stop: | 125 e Scantime (o [T wgg ggigggggg
Time; IW Elewation OFffset; IT STC |2km - . . w071 |:||:|4_2|:|4|:|:|:|:2_J
Thiesholdt [ 41 || Azmuth (CMD) [1200 _Resst Thieshold || Ditance Cel W71004 2102 FF2
Offzet: [ 7 || AzimuthStait [1200 | Echos detected with: Distance [m) W
YL 72 | AzmuthStop (9200 || sTC:[3km Thieshold | -90.0 dBm || ~itude [m): w 0710042132, FFz_]

1700 Start [ScansdSec) Mo, of Echioz | BG4 Heiko's TRASH button | Heiko's INSECT button Detect echos I Stop [ScansdSec] | 32000 7 245.8

EcholD: | 198  Scan left: 9516  Length[zec]: | 16.8 Digtance [m]: | 2280  Status: bird Pointz FFT: Edit echa .-“-‘-.I:usu:ulute Frequency:
San right; 11706 Level diff: 639 Altitude [ml; 273 Clasz; |512 -
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Example: Height distribution and correlation with ground truthing

Val d‘lllier — Col de Bretolet

w0 | GaY

Flight altitude [m agl]
=
3

Height of the pass 20 |m— | —*

0.00 0.10 0.20 03000 02 04 06 038

Proportion of MTR Correlation Coefficient
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Radar entomology implemented already in 1949

Harmonic radar for tracking single
bumble bees

Image provided by Don Reynolds

Locust movements

Image provided by Dr Kongming Wu.




Radar measurements of insect movements

I
VLR Sampling Regime

1200 m- 500 mg
Continuous coverage:
150 — 1200 m .

Individual insects: ] <
15 height bands 15 mg

Parameters:
Speed & direction
Body Alignment
Mass

Shape 5 mg

A

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



Radar measurements of insect movements
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Insect and bird movements studied with weather radar

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

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

b S B i B T
— o reflectivity /. % radial velocitly

T/ o1:1s:132
] { " |12_0c1 2007 UT

“~ / |01:20:14z
[ 07 UIC ‘ i _];" nc I

CT 2007 UTC

¥ This is what we get, and . .. M

v

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

-23



|dentification of radar echoes

... this is were it comes from!

_ L Air turbulences
Birds precipitation Clutter

It's just a little air
pocket, dear!

=» To differentiate between echoes is essential for all of us!
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Velocity?
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Ground and air speeds of tracked birds (dark grey) and insects (light grey):
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The ESA - Fly Safe background

Validation of weather radars for automatic bird detections
by a high precision Bird radar
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Doppler weather radar =» automatic extraction of birds

Image pattern filtering

Birds only

Wideumont, 5 Oct 2007, 00h02 UTC

Birds & precipitation

Non-birds / insects

Wideumont, 2 Oct 2007, 00h02 UTC Wideumont, 5 Oct 2007, 13h02 UTC

Reflectivity factor Z

Radial velocity v,

v, Bird Filter ON
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Validation of weather radar with a «bird radar»

Height distributions at
hourly intervals
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Automated target detection and identification

echo
signature

radar cross w s
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Application

e s a The FlySafe
Bird Avoidance Model

Welcome to the FlySafe bird migration prediction module Wik TR pre eI )

This page provides a 72-hour forecast of bird migration intensity for the North Sea location, The predictions 700 \ﬁ\ﬁw\/&/ﬁ—@w—qfﬂ fv}*\w

are provided in two formats, The Hourly predicted and measured migration intensity plot shows the

measured bird density values in bird echoes/km? {black dots) as well as the mean predicted bird density g

{dashed line) and prediction range (gray). The prediction range is produced by an ensemble forecast of ~50 B0 \/9\/0/{9\/0 g

models, The Hourly BirdTAM Intensity plot shows the bird densities converted to BirdTAM warning levels for 925 ‘/@‘/@ JPW /o/e
pilots from seven days in the past and three days into the future, If the measured value is available, the 1000 \°
BirdTaM intensity reflects that measured value, If no measurement is available, the mean bird migration f f/’ 7

density prediction is used {indicated by small yellow circle). Surface f f\/. /.—H‘.

These predictions are made using the European Centre for Medium Range Weather Forecast Deterministic T T T T 1
Model. The most important weather variables in the predictions are wisualized in the plots on the right. wind
speed and direction at multiple pressure heights in the top plot. The tails point in the direction FROM which the 1040 —
wind is corming, and the barbs indicate the speed of the wind. Following plots are surface pressure {hFal,

hourly precipitation {mm) as well as the percentage of cloud cover. Cloud cover is given in both a lower and

total cormponent. The final plot provides temperature (deg). 1010 W

Hourly predicted and measured migration intensity
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Continuous bird monitoring in The Netherlands

A00E—14—31 25:00

New Year's F
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Shamoun et al. 2012 518




Future options: wing beat patterns from weather radar?

Wing beat pattern of Swifts (Apus apus)
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A. Dokter pers. comm.

. vogelwarte.ch



ENRAM - international working group of biologists and meteorologists

|

European r.; = 4
Network for the ERE

Radar Survelllance of =
Animal

Movements | § e - s

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

Amsterdam, Nov. 2010




Radar network for bird migration study — first example
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OPERA — European weather radar network

Europe (Opera)
~180 weather radars

1200157012008

o
i t-”!‘h-.n‘

et

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
stablility, land utilization planning, air
safety, natural disaster prediction and
disease dispersion.
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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
the movements of
the living organisms
therein.
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Bird detection by operational weather radar

Adriaan M. Dokter!, Felix Liechti¢, and Iwan Holleman?

Royal Netherlands Meteorological Institute, De Bilt, The Netherlands
2Swiss Ornithological Institute, Sempach, Switzerland
November 20, 2009

Executive summary

Within the Avian Alert System of Systems (SoS) initiative of the
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 . . .




