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EISCAT 3D: A European Three-Dimensional Imaging
Radar for Atmospheric and Geospace Research

Esa Turunen, EISCAT Scientific Association, Box 812, SE-981 28 Kiruna, Sweden
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EISCAT 3D will be Europe’s next-generation radar for the study of the high-latitude
atmosphere and geospace. The facility will be located in northern Fenno-Scandina-

stratosphere is a

via, with capabilities going well beyond anything currently available to the interna- g

tional research community. Several very large active phased-array antenna = q Sym e
transmitter/receiver arrays, and multiple passive sites will be located across three (T AR ¢ ;-4 Witr pole middl |
countries. EISCAT 3D will be comprised of tens of thousands, up to more than , Roadmap2008 £ @ 1
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] . ; _ ‘What is the influence of natural variability
EISCAT 3D combines several key attributes which have never before been avail- WL EEEEEUE RSB RS EEr

able together in a single radar, such as volumetric imaging and tracking, aperture s o

* Support for space-borne science studies.

synthesis imaging, multistatic configuration, improved sensitivity and fransmitter JESEEE RTINS
flexibility. The use of advanced beam-forming technology allows the beam direction BESsmacis

*Orbital element determination of space debris,

to be switched in milliseconds, rather than the minutes which it can take to re- meteors and asteroids. Could NOX produstion by energetic partici
position dish-based radars. This allows very wide spatial coverage to be obtained, it SSiiE U Bttt

chemistry.

by interleaving multiple beam directions to carry out quasi-simultaneous volumetric B eI er e dEEur:

imaging. It also allows objects such as satellites and space debris to be tracked D .
‘Mapping of near-Earth objects.

across the sky. At the passive sites, the design allows for at least five simultaneous SR TIEEIE R METNEERENT, S
beams at full bandwidth, rising to over twenty beams if the bandwidth is limited to the aisistsaiiahili

tec h n O | O General Circulation Model study with Energetic Particle Precipitation
gy° shows similar consistent structures as experimental data on Earth
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i case  Apove: Meridional lower thermospheric winds by 4

it SuperDARN radars and Stratospheric temperature at 2mb
- 2004-2007.

i Unpublished data, shown with permission of the author Rob Hibbins, BAS.

== Left: Zonal average ACE-FTS NOx in the Northern
'S4 Hemisphere from 1 Jan through 31 Mar of 2004 — 2009

Randall et al., GRL, vol 36, L18811, doi:10.1029/2009GL039706, 2009

Rozanov et al., 2005 Seppala et al., 2009

ion line, allowing the whole range of the transmitted beam to be imaged from each 57 e
paSSiVe Site, using hOIOgr aphic radar techniques. - Dr Esa Turunen, EISCAT, Kiruna, Sweden, esa.turunen@eiscat.se
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- Dr Ian McCrea Rutherford Appleton Lab., UK, ian.mccrea@stfc.ac.uk
i S e — —.h-.—_—__.m»
: : UHF Observation (Range vs. Time) PROOF simulation (Range vs. Time)
¥ ' = i ! : , cil‘f]'f‘} . i '1:11-_11 % !':; =1 E i % % : .
- s Fti s ”T i . Space debris detected using the
4 Desic : = i EeEE ~ EISCAT UHF system on May &
s geome g - s R HE SR S _" 14-15th 2009, afew months aft
= &) | Fg | mmols SPETEE g o e |
2 owraay il 4
2 ‘ RS frpn 0 -
e — . 4 = 3 . -
:‘ﬂ-’r = :;‘ °
: = | UI-lIF Gb;ervatilun {val Vs, Tllme}- | PH;TJDF s:ImuIatlInn [Val Vs, 'Il'ime}- "
009 - : 2 | et '3 : )
- - 2 . — = = z g ‘5-"{:’ Mﬁ: * 25 &ﬂ'“: :;f g g
» ‘ = % . o ol &W K o g % ¥l
- = - S g‘fgagnl"éﬁ‘ﬂﬁﬂﬁ T o] e S oy i LS
. .' . - .. ' . e ";. ," §._Il|||||||ulllpl §,_I‘9||gl |°||||||| Coul
". X 14:00 18:00 22:00 02:00 06:00 10:00 14:00 14:00 18:00 22:00 02:00 06:00 10:00 14:00 k
4 - - ; . = ’ I UHF Time of day histogram PROOF Time of day histogram EISCAT
at least 4 remotes and l-coresite == = ' | B
— - — : ?} = ?; Z L ol W
asolution at-10C C = = - = é 1 ! ¢ * 4 bibillialibbindi ¢ ° llllumllnllll\ Il lllllll lll|lll i,
— '7 \.- : ,_“‘; ‘i ! 14:00 18:00 22:00 02:00 06:00 10:00 14:00 14:00 18:00 22:00 0200 06:00 1000 14:00 : i i
. NVerage ATOSDD a) da : ' ' \ %'i = : - 2 = :“ S ‘ . _ 14-15 May (UT) 14-15 May (UT)
= - S e | X
Of€E 8 rande up to 200C = B T TR T T e s | 5 | ‘ O
B e ey [ - ——— Sy —— -~ “ %
| = =R WTR = — e SCALE ,10"3 of housands of antennas ‘
— A cqueney of (22 cception of TRC o &= RESOLUTION: 10 times better time and spatial resoution than present radars™ |
= & : : : - e MK == CAPABILITY: EISCAT 3D will be a volumetric radar capable ‘of imaging an extended spatial area
> - e — e ,.Wlth simultaneous full-vector drift velocities, having continuous operation modes, short baseline
= o - e s = Interferometry capability for imaging sub-beamwidth scales, real-time data access for applications
= | V(U D09: DesIo ¢ ompileted = | . = s |
== = Ind extensive data archiving facilities. |
— = 010-)( dranarato dNASE = - El CAT 3D is open to Global and Asian participitation
- = V1 4-9C - 3 Durlng the preparatory phase 2010-2013 the development of technical concepts according to
" J J Z B science criteria will be done via user community workshops and dedicate work groups.
== 0 NA45- Operatic —_— &= If your institute is interested to use EISCAT_3D, please send us a request to be included as an
e v eSid A At e L = Associate Partner. Associate partners are invited to user meetings and workgroups.
= e s _‘;_E’:;_E‘f‘ =z s,.:"- e e N e et NE'XTUSER MEETING: 19-21 MAY, 2010, UPPSALA(IEDEN
S5 - == i T LD Gl m e BB SRR A e S S -e" ihandout document at http [lwww.eiscat3d.se/drupa Ilmaterlal

- —

EISCAT 3D has a modular confrguratron which allows an act/ve array fo be splrt into smaller elements to be used for ap-

erture synthesis imaging. The result will be an entirely new data product, consisting of range-dependent images of small MOdular COnStrU Cthn several sites 1 ESFRI Roadm ap prOjeCt
sub-beamwidth scale structures, with sizes down to 20 m. EISCAT 3D will be the first phased array incoherent scatter radar SRR UL LS L n o « Mapbomt _ _ _ _ 3
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optimal geometry for calculation of vector velocities in the middle and upper atmosphere. The gain of the EISCAT_3D anten- K [ N e o /"q \ = *ESFRIl accepted the proposal in December 2008. ‘
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2009, will exceed the sensitivity of the present VHF radar by an order of magnitude. Each transmitter unit will have its own T S N ", i~ s N RAS Operation 2015-2045
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signal generator, allowing the generation and transmission of arbitrary waveforms, limited only by the available transmission g A s, e, B, | o PE TN SRR . :
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nating codes, array tapering, orbital angular momentum beams) is possible, as well as adaptation to any kind of future codes. T TR el P (s S .,
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In addition, it will allow advanced clutter mitigation strategies such as adaptive null steering and null shaping. R SW‘H-Q.N *f: et oy - Operation: 4-10 MEUR/year
The science case of EISCAT_3D is versatile, ranging from global change related studies of the atmospheric energy ~SSNSEMUNEIEERTEINEIS e yEs s Lo S des . Decomissioning: 10-15% of construction
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cesses, as well as planetary and meteor radar applications. Additional societal value is in opportunities for continuous geo- SRRl Ty RB o emess hKeZpL".? S e i
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E.ISCATIS an International Associa- EU BB : EISCAl’ Scientific Assoorat/on operates currently tl7ree /ncoherent scatter : E I SCAT Incoherent Scatter radars :
tion with current members from : radars in Northern Scandinavia. The current facilities include the 2-dish mono- 3 -
China, Finland, Germany, Japan, + static radar at 500Mhz at Longyearbyen, Svalbard, the 224 MHz monostatic R < |
Norway, Sweden, and Great Britain, ' VHF radar in Tromse, Norway, a tristatic UHF radar at 930 Mhz with Sodankyla P 1
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EU funding of mobility and develop- e % :
ment is essential. . Incoherent scatter radar (ISR) is known to be the most versatile ground-based
remote sensing method of the upper atmosphere and near-Earth space, being - d
EISCAT .l_ SA able to measure 4 parameters, electron density, electron temperature, ion 3 :
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cientific tions, even more parameters can be deduced. Also weak coherent targets, :
. such as meteors and very small space debris can be measured since the ISR {
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