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Scientific Association and its facilities

EISCAT

1) Introduction, setting the radar in the context
2) EISCAT as an association, organisation, operation
3) Overview of the EISCAT facilities

Contents:

See:
Web pages: www.eiscat.se
www.eiscat3d.se

EISCAT_3D blog, twitter and facebook pages

Dr. Esa Turunen
Director, EISCAT Scientific Association


http://www.eiscat.se
http://www.eiscat.se
http://www.eiscat3d.se
http://www.eiscat3d.se

System approach to the
Geospace Environment:

-Understand and predict responses of
the Earth as a system

(NSF Geovision report, 2009)

International ISR Workshop, Kangerlussuaq, Greenland 18-23 July, 2%'1' |
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We live in" the neighbourhood of a stafr, "SUN
e Key questions:’ .

- How.does Space Weather affect the cI|ma’? —
-~ How do the atmospheric layers cou H'ér? P

0

. Energetic partiele . “asioe1s

i precipitation (ERR) . e
creates NOx and HOx:

* Qsis affected !

"~ NOxis long-lived
In the absence
of sunlight

0

EISCAT
Svalbard




EISCAT Scientific Association

First satellite observations of EPP Indirect
Effect from LIMS in NH, 1978-1979

LIMS NO2, POLEWARD OF 75N
W AN WF,TTFI EPP is the
|/ ONLY source of

mesospheric
NO, in the polar
winter!

60

Altitude (km)
= 8]
o o

W
o

N
o

NOV DEC JAN FEB MAR
1978-1979 Based on Russell

_n + © N~ ©o o 2 .ppr etal., 1984

By C. Randall



'!
EISCAT Scientific Association

Polar vortex

e Normally at 60° N

e |solates the air in the polar area from rest of the atmosphere,
16km - mesosphere.

Winter pole

- ——
-~ -

Equator :
Brewer-Dobson

circulation

Pole-to-pole

(from A. Seppala) circulation
from summer pole




Could these couplings change the
surface temperatures?

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

40 years of surface T data show consistent areas with +4 C warmer during magnetically
active winter months (right).

General Circulation Model study with Energetic Particle Precipitation shows similar consistent

structures as experimental data on Earth surface temperatures during high solar activity, in

Winter months Seppala, A., C. E. Randall, M. A. Clilverd, E. Rozanov, and C. J. Rodger (2009), Geomagnetic activity and polar surface air
temperature variability. J. Geophys. Res., 114, A10312, doi:10.1029/2008JA014029


http://www.agu.org/journals/ja/ja0910/2008JA014029
http://www.agu.org/journals/ja/ja0910/2008JA014029

Satellite instruments
e ENVISAT

- GOMOS . ~ | | -

o O; | _~. A g _ggéh

o stratosphere-mesosphere I N .\ osmis
- MIPAS, ' ' |

e O3, No,

e stratosphere

- SCIAMACHY
° (D3JQOX
e stratosphere-mesosphere

e Odin

- OSIRIS - | S 1 _{j{} R - Envisat
. O; . R T N A
- SMR, ’ S ‘ | &; | .
e O;,NO,HO, R :
e Aura R /eomos" %t
- OMI
- MLS

e O3 OH, HO,,H,O

EISCAT
Svalbard
Radar
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Satellite instruments

e UARS

- HALOE
e 03NO,

e SNOE

- UVS
e NO

e TIMED

- SABER
e O3,NO,0OH

EISCAT
Svalbard
Radar




EISCAT Scientific Association

Ground based radio methods

e |onospheric sounders
- Real time digital sounder network

e Coherent radars
- MF, HF, VHF, MLT, meteor, SUPERDARN

e |ncaherent scatter radars
@ MISR, Millstone Hill, Arecibo, Sgndre
grnord, Jicamarca, Mu

e Satellite tomography
- LEO satellites, GPS

e MF and HF radio propagation
e VLF radio propagation
e Riometers
- Imaging riometers, GLORIA-proposal

e mm-band radiometers

- continuous monitoring of minor constituent
variations (e.g. H20, O3)

- often used for tracing atmospheric dynamics, but
can be used to monitor in-situ production and loss

processes, too r@
(AN

EISCAT
Svalbard
Radar




Scientific Association

Optical measurements

e Imagers
- Auroral all-sky, airglow

e Photometers
- multichannel, scanning

e Spectrometers
- imaging
e Interferometers
- Fabry-Perot, Michelson

e Lidars

- Rayleigh, Raman, Mie scattering, differential
absorption

EISCAT
— ‘ gvzlbard
()\g\ adar
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Propagation of VLF radio waves

IONOSPHERE
- ——

h~85 km (night) \ \ \ \ \
|

VLF RADIO WAVE

l / / } / } VLF Receiver
1 -

EARTH

Amplitude and phase of the received signal are sensitive to
pertubations in the lower boundary of the ionosphere along

the propagation path a
(,);e_

EISCAT
Svalbard
Radar




EISCAT Mission

We want to understand the various
forms of

ecoupling between the Sun, the terrestrial
magnetosphere, ionosphere, and
atmosphere of the high-latitude regions

enatural and anthropogenic forcing from

below st

erelated plasma physics and
dynamlcs

We aim to achieve the necessary

*knowledge

eunderstanding

etechniques

Wh/ch would allow mankind to

2k mo Itaﬁpredlct and mitigate such
___pro esses Wlthm the next 30 years.

= ‘M._.

Svalbard
Radar.




EISCAT associates and facilities

Associate countries and institutes Contributing:

_I__II_I- ) L=
i B o

Svalbard
Radar



AFIC -
A,
gl
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'S:f‘ T'.?{'P-I:k \ EISCAT Scientific Association
R 7 &
< 3‘

Visand

Contributions 2010
Total 27 MSEK

Eesa

EISCAT
Svalbard
Radar

International ISR Workshop, Kangerlussuaq, Greenland 18-23 July, 2011
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W

Operations 2010

* Time-buyer 255h (14%)

EISCAT
— gvalbard
International ISR Workshop, Kangerlussuaq, Greenland 18-23 July, 2011 ()\.k\ adar



CRIRP SA DFG STEL NIPR NFR VR NERC
China Research Suomen Akatemia Deutsche Solar Terrestrial National Institute of Norges Vetenskapsradet National Environment
Institute of Forschungs- Environment Polar Research forskningsrad Research Council
Radiowa.ve gemeinschaft Laboratory, Nagoya
- i Finland Germany Japan Japan Norway Sweden United Kingdom
SOC
Science OverS|ght EISCAT COUNCIL
Committee
CAG
Headquarters HEADQUARTERS Council Advisory Group
g?ttive SODANKYLA KIRUNA TROMSQ LONGYEARBYEN
Ies
T [ | |
Instruments UHF Heating VHF ESR
: I :
Dynasonde
UNIVERSITY OF IRF KIRUNA UNIVERSITY OF
Hosts OULU/SGO TROMS@

-

1B

ISCAT
valbard
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,g il LE, EISCAT Scientific Association
{ X -

Antenna diameter in Kharkov 100 m
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International ISR Workshop, Kangerlussuq, Greenland 18-23 July, 2011
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Where is EISCAT?

Sl

Across 3 countries in Northern Scandinavia and Svalbard
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Svalbard
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N

Freauency (MHz)

Max. TX banawitn (wiric)
Transmitter

TX Channels8

Peak power (MW)
Average power (MW)
Pulse duration (msec)
Phase coding

Min. interpulse (msec)
Receiver

System temp. (K)
Digital processing

Antenna

Feed systemline feed

Gain (dBi)
Polarization

International ISR Workshop, Kangerlussuaq, Greenland 18-23 July, 2011

EISCAT IS radars

224 929

2 klystrons 2 klystrons
8 8

2x1.5 2X1.3
2x0.19 0.3
.001-2.0 .001-2.0
binary binary

1.0 1.0
analog-digital analog-digital
250-350 70-80

14 bit ADC,

Lag profiles 32 bit complex
cylinder dish
120mx40m  32m
Cassegrain  Cassegrain
128 crossed dipoles

46 48

circular circular

binary

analog-digital
30-35

dish
32m
Cassegrain

48
any

Dam—‘m

500
10
16 klystrons

Continuously tuneable

binary

analog-digital
30-35

dish
32m
Cassegrain

48
any

1.0
0.25
<.001-2.0
binary
0.1
analog-digital
55-65
12 bit ADC,
lag profiles 32 bit complex
Antenna1 Antenna 2
dish dish
32m 42m Fixed
Cassegrain
42.5 45
circular circular
EISCAT
Svalbard
Radar




S/UNNR)  EISCAT Scientific Association

EISCAT history

- Originally designed primarily for auroral electrodynamics research; sited at the
southern edge of the auroral oval

- Additional radar on Spitspberger R) planned 1990-92,
ESR constructed 1993 — 1998, operations started 1996,
Mainland systems modernised to ESR standards 1999 — 2001

- Japan joined the Association in 1996

+ China.ei e Association in 2007

* France buys time after 2006

Russia buys time from 2009, Russia signed a new 3-year contract in 2011

 Ukraine buys time from 2009
SA buys time from 2010 S\
International ISR Workshop, aqg, Greenland 18-23 July, 2011 — ()\.k\

EISCAT
Svalbard
Radar




~
~
S
(Q\
=
S
D
™
N
o)
~
F)
c
T
c
)
o
Q)
o
)
S
(7))
%0)
=
o
)
(@)}
S
X
Q.
)
%
s
=
g
%)
—
IS
o=
Q
S~
)
S
2
c
~




-recelvers

URF

International ISR Workshop, Kangerlussuaq, Greenland 18-23 July, 2011
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UHF radar, 933 MHz

3 identical fully steerable 32 m paraboloids
Passive reception also at 1.420 GHz
Mobile phones operate at the current frequency

Tromso UHF monostatic radar continued at least to
end of 2013

Svalbard
Radar




’
’
’
-
v
:
’
"
-
’
-
-
v
’
|
1
F—
=
=

e
A\l
"

: }.'r' x ?_"l
kS W, |

ot

e July, 2011

e
.
e
~

International ISR Workshop, 'ké_r_ig"&ewrlussuaq,'




'!
EISCAT Scientific Association

EISCAT VHF 224 MHz, Tromsg

e \Worlds largest klystrons in transmitter
e Antenna cylindrical paraboloid 40 m x 120 m

e Plan to replace the transmitter with solid state units in
the antenna

EISCAT
Svalbard
Radar




X

"=’ Receiveing VHF Tx with UHF antennas?
VHF conversion of UHF antennas is
straightforward and reversible

Remove 3 bolts

Remove heating cable B ) ‘\<&
Lift down using crane %@g?”f | Y .

Install a readymade
VHF feed unit P -
(Store the subreflector

installation) \

properly for.rei




EISCAT Scientific Association

-

349

M

33

32

4nec2 wire frame full model of 32m EISCAT including feed supporting structure
and dipole-ring-disk feed with super imposed radiation pattern (A.Westman) @ EISCAT

Svalbard
Radar

P
International ISR Workshop, Kangerlussuaq, Greenland 18-23 July, 2011 <A\k\




Geometry for possible VHF reception at

remote sites KIR and SOD

Beam widens from 0.6 to 2.5 degrees
Figure of merit compared with present ~1

/§\27km
v
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Scientific Association
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EISCAT HF Heating Facility

e \World-class opportunity

- Hardware upgrade in
2009

- Still novel physics waiting!!!
- Supported by VHF

- Monostatic UHF up to 2013
at least, then EISCAT_3D

- Also a magnetospheric radar
- Multiple uses simultaneously
- lonosonde support

- User Optical Instruments




ESR 500MHz
Svalbard

International ISR Workshop, Kangerlussuaq, Greenland 18-23 July, 2011
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One of world’s most advanced radars:

The EISCAT Svalbard Radar

— upper atmospheric programme of
the ESFRI SIOS project

- Proposal for a 3rd antenna by China g r
- Continued international ISR B
collaboration

< R Y R
_______

EISCAT
Svalbard
Radar




EISCAT Scientific Association

VHF

Multi-radar data

Poleward Moving Forms
4 OCtOber 2002 Tromsg Longyearbyen

ESR 42m - fleld-allgned

08:00 08:30 09:00 09:30 10:00 0:30 11:00 11:30 12:00

08:00 08:30 09:00 09:30 10:00 10:30 11:00 11:30 12:00

K.A. McWilliams, University of Saskatchewan



309212008 12:34 em

{2

European Incoher

4 .

K T B S AL A RE SN A A A " Y



o
EISCAT Scientific Association

Multisite vectors

 CP3

¢ EISCAT Scientific Association
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Chinese investment: 3rd antenna

50 m hgy antenne 70m hgy radom

Estimated cost: 300 MRMB



EISCAT

Gruve 7 fiellet, Svalbard
Veg og anlegg for ny antenne.
SITUASJONSPLAN

aaaaaaaaaaaaaaaaa

nnnnnnnnnnnnn

Malestokk

A3 -1:1000

BARLINDHAURS b o

rrrrrr

SSSSS

International ISR Workshop, Kangerlussuaq, Greenland 18-23 July, 2011

10316 P 1002

EISCAT
Svalbard

Q\g\’



Dynasonde

M-1:1000

Nybygg

i

Innebygd
parabolantenne

Sl T[] . //
=T [ [ [ T[] G
_ N
S
&
N
\‘U m\\)
Rev Gjelder (L\(/ (\ Dat Sig
\Y Y ato ign ntr.
EISCAT O Q(\’ - Sm TL
Gruve 7 fiellet, Svalbard \Q P Te—
Te L: id
Veg og anlegg for ny antenne. i
Tom Langeid

SNITT

Milestokk

A3-1:1000 /2500

-BAARLINOHAUGS

———
=CSO-N=S=U I T |

Posthoks 6154, 9291 Tromsa
Telefor: 776 22600
Telefax: 776 22699

Tegnr
Ni

SSSSS

10316 P 1003

International ISR Workshop, Kangerlussuaq, Greenland 18-23 July, 2011

,—-

(AN

EISCAT
Svalbard
Radar



Inside and
outside the
container .

Internation
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Example data
(everyone can access the CONTINUOUS data)

Plasma freq.
[MHZz]

(colour= Freq)

4=lowest
heotar frag.
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European Strategy Forum

on Research Infrastructures ES F R I

The EUROPEAN Next-Generation Incoherent Scatter-Radar proposal
EISCAT 3D was accepted on the ESFRI Roadmap of Large-Scale
European Research Infrastructures for the next 20-30 years.

The Svalbard Integrated Arctic Earth-Observation System SIOS was
also accepted to the ESFRI Roadmap. ESR is an essential part of SIOS.

EUROPEAN ROADMAFP

FOR RESEARCH
I N FRASTRUCTURES

Roadmap 2008
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 EISCAT 3D is a 3-dimensionally imaging radar

» Continuous measurements of the space environment
- atmosphere coupling at the statistical southern
edges of the polar vortex and the auroral oval.

By: Allain et al.; 2008

EISCAT
, Svalbard
, Radar
International ISR Workshop, Kangerlussuaq, Greenland 18-23 July, 2011 ()\.k\
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Similarity to modern radio

eSKA project

eartist image below

[ OFAR (Low Frequency Array)

*One LOFAR international site was ordered to Finland, to be installed as a test and technology
prototyping receiver site for EISCAT 3D in Northern Finland
etest instrument is called KAIRA

esee http://kaira.sgo.fi/’

*MWA (Murchison Wide Field Array)

*Explicit Solar, Heliosphere, and lonospheric Science part
US/AU/India

= | 3
4G | ‘ - » (a ; ‘ 3 -
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http://kaira.sgo.fi
http://kaira.sgo.fi

- EISCAT_3D: A European three-dimensional imaging radar for
atmospheric and geospace research

* For details, see separate lecture on Friday

-2014

* Preparatory Phase project 201
. EU funds by 4.5 MEUR

wraAvA
hramm?
)

il

|
1

.....

-l

-

= = —— 0 T - —
2 — pe | & —
T S—— IR 7
e — = — -
= = ——— et —
. — - —— = el o -
T e S— — . — . - PUEERE———— N L "i"‘m'-"-’“ -
—S—— = F ol - : 3 - e -8 —— —
Ve | o — R —— "~ - o T e T
R s O -1 R " ANS g S———m T I e BT =
= - = -l e - =i, 0 B | =S e mEmi= S8 5
- . — iy = = — Sy v — 2 - -~ vkl R . T ~— a4
P SR el T e 2 K = -7 3 e s IR PET o
t_ & - - - pa? —_-_ o -
; ; I
-

T W TCELRC R T AT Ry e T {]. |
Y f1| ‘ Hh | IR |i :l 4 ;!”’ 1' “' ;z i‘ . ]

!

\ \ Paes 1
\ | \ \ T -
l\l \ \ ! \ \ | ‘ . "
\ i !
- A

T8 T - TR
i - .'~ .
t.||L

A

' )
’



ENVRI, joint EU FP7

e-infrastructure proposal by the

environmental ESFRI projects

EURO-ARGO | = . &
T3 B
SI0S [ 3
AURORA BOREALIS
EISCAT-3D

Community
Support Services

IAGOS-ERI

Data Services
+ processed data and workflows

G e+ (2T P

-COPAL

Data Centre
Atmospheric Co-ordination Centre
Gas Standards

Ecosystem Co-ordination Centre

Atmospheric Ecosystem
Observation Observation
Alataynrk Network

ICOS Centre

g N

ICOS




ESPAS: Near-Earth Space Data Infrastructure
for e-Science (proposal to EU FP7)

ESFRI/SIOS
ESFRI/EISCAT

Third parties

21 participants across Europe span the

wide range of expertise that is critical to , bring in more
ESPAS aims | data

Long-standing links between
- . participants, and 3 parties,
US participation » ! \ e.g., EISCAT, EGU and
provides critical . " ' space weather initiatives
expertise, excellent - “
links with European
partners

ESPAS : technology (interoperability, efficiency) AND policies (quality, access)




EU-US collaboration on large-scale

research infrastructures
- funding call to be opened in July 2011 (announced at EGU 2011)

ISR collaboration:

- Coordinate operations
InFO (coordination office) action funded in the USA,
EISCAT to join ->bulk of the radars and radar data

URSI ISWG and other working groups
World Day program

* enable data sharing, including models
Maintain knowledge base, promote education and mobility at all levels

» develop hardware in collaborative projects
EISCAT_3D and AMISR I

e consider also new locations for the new radars in future
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EISCAT Scientific Association
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New user operations at EISCAT

- The Japanese lidar installation at the Tromsg site includes 3 container houses

« A major optical instrument to be used with EISCAT radars for the next 10 years

EISCAT
% Svalbard

N
- adar
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EISCAT Scientific Association
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First lidar data Oct/Nov 2011

ﬁ TEST OBSERVATION: Observed temperature %%%L

Credit: Figure by T. Tsuda et al. in AGU Fall meeting 16.12.2010

20min x 1.3km

110

Temperature Error

20min x 1.3km

Temperature
110 J | T

Height (km)
Height (km)

140

S 1 1 | 1
15 16 17 18 15 16 17 18
ur

We succeeded detections of backscatter signals from the sodium layers at 85-110 km
height. We found that precision of obtained temperature data is less than 5 K in a case of

20-min time-resolution and 1.3-km height-resolution.

International ISR Workshop, Kangerlussuaq, Greenland 18-23 July, 2011
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Radar interferometer at Svalbard
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EISCAT Reaching for The Moon

Credits: Juha Vierinen and Markku Lehtinen, Sodankyla Geophysical Observatory, Finland EISCAT
Svalbard
Radar




5 o

i A oY
.,;—.'.\“

b L 5p “Te o "
v S 1 o
: e

resolut

"N
T !
=N
7 >
~
e
he

5 improved their inital

N s “-.” _\\ 1 R 3

-—

“N—



Track space debris




| EISCAT Scientific Association

Recent highlights

UHF Observation (Range vs. Time) PROOF simulation (Range vs. Time)

Space debris detected using the
EISCAT UHF system on May
14-15th 2009, a few months after
the lridium-Cosmos satellite
collision.

Range (km)
Range (km)

"-.g""F", Do
N ::,ﬁi:.&-':‘:"_': s ) St e s

e
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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
UHF Observation (Vel vs. Time) PROOF simulation (Vel vs. Time)
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§ T § Differences show that the model
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Second course run

" successfully in spring
- 2011 - 45 students!
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EIJC‘F Scientific Association ‘

Coordinator

Lulea University of Technology
Students from all over the world

Visiting lecturer
Dr. Phil Erickson (Pl of MIT Haystack ISR)

Visiting EISCAT HQ
Introduction to radar and radar methods
To be continued in 2012

Laboratory work
Use the EISCAT Svalbard radar

Study a geophysical process
Active run of the experiment
the students use 2 MW of radio power!

Analyse the data
Get ionospheric parameters
GUISDAP analysis software
Present the results




EIJC‘F Scientific Association ‘

Mobility

EISCAT can offer master thesis projects

Within EISCAT_3D
Using present systems
Hardware/software projects

Examples of previous projects
Space debris detection
Antenna design
Meteor detection and analysis
MARIE CURIE PROGRAMME “TRANSMIT” starts in fall 2011
Coordination by University of Nottingham, UK
Mobility programme: students at partner institutes
EU funds all the costs of students
EISCAT is an official Associate Partner
2 studentships at EISCAT offered annually, max 6 months
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eQOrganisers:
*Dr. Anja Stramme, SRI
Dr. Thomas Ulich, SGO
School time:
*18-23 July 2011




EISCAT Scientific Association

Address the Space Weather
community

Seventh European Space Weather Week
15-19 November, 2010 - Brugge, Belgium

The seventh European Space Weather Week will take place in Brugge, Belgium, from Monday 15th November
to Friday 19th November 2010

PROGRAM This meeting is being jointly organised by the Belgian Solar-Terrestrial Center of Excellence (STCE), ESA,
SPECIAL EVENTS the Space Weather Working Team and the COST ES0803 communities. The local crganisation is done by the
COMMITTEES STCE and the Royal Observatory of Belgium (ROB). This event will build on the advances made during
previous European Space Weather Weeks and preceding ESA Space Weather Applications Workshops
REGISTRATION The ESWW will again adopt the central aim of bringing together diverse communities working on all aspects

of space weather from key research developments through to end user needs. Recent space weather related

actions in the framework of the ESA Space Situational Awareness programme and the EC's 7th Framework
LOCAL INFORMATION Programme will be a key topic, as will targeted sessions covering spacecraft environments and effects,

recent advances in space weather modelling, new space weather products and tools and new cbserving
SOCIAL PROGRAM strategies for heliospheric phenomena

— support inviting experts

* Note: EISCAT is proposed as

Poster abstracts

one of the Expert Service
Centers (ESC) in ESA's Space —
Weather Preparatory al

Programme

participants

EISCAT
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- Development towards open access
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* First step: 200 h peer-reviewed exp allocation 2011

* First deadline 1 Dec 2010 received 7 applications

EISCAT
Svalbard
Radar

5 proposals accepted
« 2nd application deadline 1 May 2011, 7 proposals evaluated /-a
(AN



INCOHERENT SCATTER |
-the most sophisticated radio method to
remotely sense the atmosphere and

near-Earth space

- electron density
- electron temperature

- lon temperature

- line-of-sight plasma velocity




ISR Is a unique science opportunity in order to
answer important fundamental questions:

- Solar variability -> atmospheric effects -> coupling of atmospheric layers

- Solar wind-magnetosphere-ionosphere interaction, magnetic reconnection
- Turbulence In the neutral atmosphere and space plasmas

- Dust and aerosols, heterogenic chemistry, dusty plasma, meteoric input

- lon outflow, evolution of planetary atmospheres

The Global ISR network is our tool to understand the Geospace Environment <
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TWlsted Radio Waves Could
Expand Mobile-Phone
Bandwidth by a Factor of 9

| Spiralling radio waves could revolutionize telecommunications.
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