jrjr

A Global Perspective of Major
Atmosphere and Ionosphere Radar
Research
The INTAR Project: International
Network of Tropical Atmosphere Radars
Jürgen Röttger, MPI, Germany

Radar is used in
nature
and we use it to
study nature and
apply remote
sensing of our
Earth’s
environment

The Earth’s
Ionosphere
and
Atmosphere
weather

Atmospheric Science
In the second part of the past century
giant radar systems have been
designed and efficiently used for
scientific research of the Earth’s
upper, middle and lower atmosphere.
atmosphere
The Arecibo 300 m radar antenna dish
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There are basically
three different branches of
radar methods:
Doppler weather radars, operating
in frequency bands above one
Gigahertz providing azimuth scans
of precipitation and atmospheric
turbulence and velocity

Incoherent scatter radars, which make
use of electromagnetic wave scattering
from free electrons in the ionospheric
plasma

Ionosondes for total reflection and

Coherent scatter radars using scatter from
irregularities in the electron density,
temperature and humidity.

Jicamarca VHF Radar

The incoherent scatter radars,
operating in frequency bands below
one Gigahertz, require very high
transmitter powers and large
antenna apertures. The most
prominent and original examples of
these systems are the radars at the
Jicamarca Radio Observatory
(JRO) in Peru and at the Arecibo
Observatory (AO) in Puerto Rico.

Jicamarca is at the Earth’s magnetic equator where depletions of
electron density convect through the background ionosphere up to
more than 600 km. Coherent scatter from plasma irregularities in
these bubbles can be orders of magnitude stronger than the
background electron density.Below150 km strong coherent scatter
from electrojet irregularities occurs.

INCOHERENT SCATTER
RADARS OF THE WORLD

The dish antenna of Millstone Hill

There are some further radar facilities around the
world using the incoherent scatter radar technique.
Several of these are in the auroral region like the
EISCAT radars in northern Scandinavia and Svalbard.

EISCAT is an association under Finland,
France, Germany, Japan, Norway, P.R.
China, Sweden and the United Kingdom.

EISCAT - the
European Incoherent
Scatter Scienttific
Association operates
radars in Norway,
Sweden and Finland.

32m receiving dish (930MHz) in
Kiruna, Sweden

and on
Svalbard/Spitzbergen at 78º N

42m fixed dish
on 500 MHz

Majestic aurora show up in
strong electron density over
the radars, and plasma
instabilities occur.

Waves in Noctilucent Clouds

Atmospheric gravity waves have large am-plitudes in the
mesopause region, where they can break into turbulence and
deposit energy.
This can be observed by radars

radar

The radar at Jicamarca in Peru was the prototype
of the new class of systems for studies of the
middle and lower atmosphere (i.e. the height
region below 100 kilometer). Several radars of
this kind, operating in the 50 Megahertz-band,
were constructed thereafter, such as the SOUSY
(sounding system) radar, operated by the MaxPlanck-Institute in Germany, and the MU
(middle and upper atmosphere) radar, operated
by the Radio Science Center for Space and
Atmosphere of the Kyoto University in Japan.

In combination with a meteor radar the MU Radar in
Shigaraki, Japan, provides seasonal wind field
observations between 60 km and 105 km height,
which is essential to understand and model the global
circulation system and atmospheric dynamics.
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Mesosphere-Stratosphere-Troposphere (MST) Radar
operating at VHF
J. Chau
E. Kudeki

The Jicamarca radar was the first to detect echoes
from the mesosphere (60-90 km) and the
stratosphere and troposphere (<40 km). The
scatter is from turbulence layers or from stable
stratifications. The tropical tropopause is clearly
recognized around 18-20 km.

Lower atmosphere wind profiling with ST radar
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reflectivity

Ten days of
three–dimensional
wind field over
Jicamarca in Peru
showing tides in the
lower stratosphere

Threedimensional wind
field over the
equatorial station
Piura in Peru

Smaller versions of this kind of radars are
also used in meteorological operations, when
they are called wind profilers. Two networks
of this kind are outstanding,
such as the equatorial transpacific profiler
network TPPN operated by NOAA/USA,
which is for instance used for climatological
studies in context to El Niňo.

Horizontal wind vectors during
typhoon passage, and the horizontal
gradient of the wind measured with
the OSA method

Waves in the troposphere

Atmospheric gravity waves observed by the NCU VHF radar

Coupling in the Equatorial Atmosphere

Sun
Environment Weather

Global Climate
Change

Space
Weather
Ionosphere
Modelling,

Informatics
Electronics
Radar Technology

Earth
Atmospheric
Ionospheric
Science

Electrodynamics
Plasma Physics
Fluid Dynamics

Weather Forecast
Climate Research

Simulation

Meteorology

Radio Science

Multidisciplinary synergy for engineering,
science and education by using radar and related methods

The global circulation system is
strongly driven by dynamic
effects in polar regions and
particularly by processes near
the equator, such as deep
tropospheric convection
resulting in exchange with the
stratosphere and wave
generation

Height profiles of power and
3-dimensional wind velocity

Some Science Objectives for Atmosphere Research
in the Tropics:
Precipitation in convection and stratiform systems at a coastal
location
The dynamics of deep convection in the land-ocean boundary in the
tropics
Studies of lightning (three-dimensional radar location) in its
environment of thundercloud systems
Trade wind variability as function of day and season
Land-sea breeze (there are no radars of this kind known having a
location very close to the coast line)
Local ocean-land climate effects in the troposphere
Gravity wave climatology and coupling (energy and momentum
transfer) between the lower and upper atmosphere (ionosphere)
Studies of ionospheric scatter and radiowave propagation.

La Nina

El Nino

Caused by the Gilbert Walker oscillation the sea surface temperature
and air pressure change which inversely affects the climate
in the eastern and western Pacific. It appears that Indonesia/India and Peru
are optimum locations, where certain changes can be observed.

To investigate the climatology of
this circulation pattern long-term
continuous observations along
the tropics (network) over many
years are necessary

Interaction of
Indian Ocean
Dipole Mode with
El Nino.

The rainfall (convection) over the Pacific changes its
pattern depending on the El Nino / La Nina Southern
Oscillation phase. The lower graph shows the diminishing
rainfall in the Indonesian region during El Nino.

Annual
variations over
transpacific
profiler radar
network
Mean vertical
velocity

Deviation from mean
horizontal velocities
over several years
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- INTAR -

The INTAR program will be a suitable
complement to existing tropical radar
observatories such as EAR, NARL, JRO,
UDEP, Chung-Li as well as other groundbased atmosphere observing systems in
the tropics, since it will allow common
design and education, operational
training, as well as introduction of
scientific projects to be performed.
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On 20
20 -- 22
22 January
January 2005
2005 aa Colloquium
Colloquium on
on an
an
“International
“International Network
Network on
on Tropical
Tropical Atmosphere
Atmosphere
Radars”
Radars” was
was held
held at
at the
the Sri
Sri Venkateswara
Venkateswara
University
University (SVU)
(SVU) in
in Tirupati
Tirupati and
and the
the National
National MST
MST
Radar
Radar Facility
Facility (NMRF,
(NMRF, NARL)
NARL) in
in Gadanki,
Gadanki, India.
India.
The
The purpose
purpose of
of this
this Colloquium
Colloquium was
was to
to initiate
initiate aa
functional
functional collaboration
collaboration and
and coordinate
coordinate aa regular
regular
process
process to
to establish
establish aa scientific
scientific and
and operational
operational
program
program for
for studies
studies of
of the
the tropical
tropical atmosphere,
atmosphere,
mainly
mainlyby
bymeans
meansof
ofradars
radarsand
andrelated
relatedinstruments.
instruments.

This
Thiscolloquium
colloquiumINTAR
INTAR2005
2005was
wassponsored
sponsoredby
by
SVU,
SVU,NMRF
NMRFand
andISRO
ISRO(Indian
(IndianSpace
SpaceResearch
Research
Organization)
Organization)and
andattended
attendedby
by80
80scientists
scientistsfrom
from
10
10countries,
countries,namely
namelyAustralia,
Australia,France,
France,Germany,
Germany,
India,
India,Indonesia,
Indonesia,Japan,
Japan,Norway,
Norway,Peru,
Peru,Taiwan
Taiwanand
and
USA.
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inaapanel
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onthe
thelast
lastday
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ofthe
thecolloquium.
colloquium.

The
The scientific
scientific concept
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of INTAR
INTAR
It
It was
was concluded
concluded during
during the
the panel
panel
discussion
discussion that
that the
the scientific
scientific concept
concept of
of
this
this network
network will
will base
base on
on the
the following
following
items
items and
and perform
perform research
research to
to improve
improve
understand-ing
understand-ing of
of the
the complex
complex interacting
interacting
atmospheric
atmospheric phenomena
phenomena in
in the
the tropics.
tropics.
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The tropical
tropical atmosphere
atmosphere plays
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in
in determining
determining global
global weather
weather and
and climate.
climate. On
On the
the
planetary
planetary scale
scale insulation
insulation in
in the
the Tropics
Tropics isis aa
principal
principal driver
driver of
of the
the global
global circulation.
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Clouds
and
and convection
convection are
are key
key actors
actors in
in the
the regional
regional and
and
global
global energy
energy and
and water
water cycles.
cycles. Equatorial
Equatorial waves
waves
and
and the
the Madden-Julian
Madden-Julian Oscillation
Oscillation (MJO),
(MJO), which
which
are
are fundamentally
fundamentally linked
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to tropical
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are
are responsible
responsible for
for much
much of
of the
the variability
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on intraintraseasonal
seasonal time
time scales.
scales.
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Tropics and
and extra-tropics
extra-tropics and
and in
in the
the
dynamics
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of the
the quasi-biennial
quasi-biennial oscillation
oscillation
(QBO)
(QBO) of
of the
the tropical
tropical lower
lower stratosphere.
stratosphere. Deep
Deep
convection
convection generates
generates gravity
gravity waves
waves that
that
transport
transport energy
energy and
and momentum
momentum up
up into
into the
the
middle
middle and
and upper
upper atmosphere.
atmosphere. Tropical
Tropical
cyclones
cyclones (hurricanes
(hurricanes and
and typhoons)
typhoons) are
are
initiated
initiated in
in the
the Intertropical
Intertropical Convergence
Convergence Zone
Zone
(ITCZ)
(ITCZ) causing
causing major
major damage
damage from
from strong
strong
winds,
winds, torrential
torrential rain
rain and
and flooding
flooding..

The
The Indo-Pacific
Indo-Pacific sector
sector isis known
known to
to play
play an
an
important
important role
role in
in inter-annual
inter-annual and
and de-cadal
de-cadal
variability
variability associated
associated with
with El
El Nino
Nino and
and the
the
Southern
Southern Oscillation
Oscillation (ENSO
(ENSO and
and the
the North
North
Atlantic
Atlantic Oscillation
Oscillation (NAO).
(NAO). In
In the
the western
western Pacific
Pacific
the
the ENSO
ENSO interacts
interacts with
with the
the Indian
Indian Ocean
Ocean Dipole
Dipole
Mode,
Mode, which
which results
results in
in not
not yet
yet fully
fully understood
understood
variations
variations of
of monsoon
monsoon activity.
activity. The
The dynamics
dynamics
linking
linking the
the Indo-Pacific
Indo-Pacific sector
sector with
with the
the rest
rest of
of the
the
tropical
tropical atmosphere
atmosphere and
and the
the global
global climate
climate
system
system are
are very
very complex
complex with
with air-sea
air-sea interaction
interaction
and
and scale
scale interactions
interactions playing
playing aa major
major role.
role.

Indeed,
Indeed, sea
sea surface
surface temperatures
temperatures and
and land
land
surface
surface conditions
conditions set
set the
the boundary
boundary
conditions
conditions for
for global
global climate
climate dynamics.
dynamics.
Convection
Convection and
and associated
associated scale
scale interactions
interactions
and
and feedbacks
feedbacks are
are crucial
crucial in
in defining
defining the
the
large-scale
large-scale response
response of
of the
the atmosphere
atmosphere to
to
changes
changes in
in surface
surface conditions.
conditions. Physical
Physical and
and
dynamical
dynamical processes
processes linked
linked to
to convection
convection are
are
fundamental
fundamental in
in determining
determining the
the regional
regional and
and
global
global water
water cycle
cycle that
that governs
governs the
the
availability
availability of
of water
water for
for agricultural
agricultural
purposes
purposes and
and human
human consumption.
consumption.

Network
Network of
of instruments
instruments
Diverse
Diverseobservations
observationscome
comefrom
fromsurface
surfaceinstruments,
instruments,
ships,
ships,buoys,
buoys,aircraft,
aircraft,satellites,
satellites,Doppler
Dopplerweather
weatherradars,
radars,
radar
radarwind
windprofilers
profilersand
andballoon-borne
balloon-bornesensors.
sensors.The
The
collection,
collection,dissemination
disseminationand
andassimilation
assimilationof
ofdata
datainto
into
models
modelsfrom
fromthese
theseplatforms
platformsisisaamajor
majoractivity
activityof
of
national
nationalmeteorological
meteorologicalservices.
services.Collectively,
Collectively,such
such
observations
observationstogether
togetherwith
withstate-of-the-art
state-of-the-artmodels
models
provide
providean
anintegrated
integratedview
viewof
ofthe
theevolving
evolvingatmosphere.
atmosphere.
However,
However,current
currentnumerical
numericalmodels
modelsand
andsupporting
supporting
observations
observationsare
areincapable
incapableof
ofproviding
providingaacomplete
complete
picture
pictureof
ofthe
thecontinually
continuallyevolving
evolvingcomplex
complexatmosphere.
atmosphere.

For
For example,
example, the
the distribution
distribution of
of observing
observing
platforms
platforms isis very
very non-uniform
non-uniform around
around the
the globe
globe
and
and large-scale
large-scale numerical
numerical models
models are
are incapable
incapable of
of
adequately
adequately representing
representing convection.
convection. A
A few
few
observatories
observatories known
known as
as stratosphere-troposphere
stratosphere-troposphere
radars
radars (ST
(ST radars)
radars) and
and MST
MST radars
radars exist
exist near
near the
the
equator
equator measuring
measuring winds,
winds, waves,
waves, turbulence
turbulence and
and
stability
stability in
in the
the troposphere
troposphere and
and lower
lower stratosphere.
stratosphere.
These
These instruments
instruments and
and facilities
facilities make
make observations
observations
that
that lead
lead to
to improved
improved understanding
understanding of
of tropical
tropical
meteorology
meteorology and
and deliver
deliver input
input to
to regional
regional and
and
global
global atmospheric
atmospheric models.
models.

A
A larger
larger coordinated
coordinated network
network of
of
such
such observatories
observatories together
together with
with
ancillary
ancillary observations
observations would
would
further
further advance
advance understand-ing
understand-ing
and
and provide
provide valuable
valuable data
data to
to
support
support climate
climate research
research and
and
weather
weather forecasting.
forecasting.
INTAR
INTAR could
could be
be aa good
good tool
tool for
for
supporting
supporting theses
theses demands
demands

The
TheINTAR
INTARInternational
InternationalSteering
SteeringCommittee
Committee––ISC
ISC-was
wasformed.
formed.The
TheISC
ISCshould
shouldguide
guideand
andoversee
overseethe
theactivities,
activities,
development
developmentand
andexpansion
expansionof
ofINTAR
INTARto
toassure
assurean
an
improved
improvedscientific
scientificknowledge
knowledgeof
ofthe
thetropical
tropicaland
andextraextratropi-cal
tropi-calatmosphere
atmosphereby
bymaking
makinguse
useof
ofobservations,
observations,
combined
combinedwith
withradar
radarand
andresul-ting
resul-tingfrom
fromnetwork
networkoperations.
operations.
(The
(Theterm
term“tropical”
“tropical”in
inINTAR
INTARwas
wasagreed
agreedto
toinclude,
include,where
where
reasonable,
reasonable,also
alsoextra-tropical
extra-tropicalregions).The
regions).TheISC
ISCshould
shouldtake
take
care
carethat
thatthe
theInternational
InternationalNetwork
Networkof
ofTropical
Tropical
Atmosphere
AtmosphereRadars
Radarsisisnot
notjust
justto
tocombine
combineand
andadvise
advise
common
commonoperations,
operations,but
butititshould
shouldensure
ensurethat
that
networking
networkingneeds
needsto
tobe
beseen
seenin
inaawider
widersense,
sense,namely
namely
exchange
exchangeof
ofexpertise
expertiseon
onscience,
science,technology
technologyand
and
operational
operationalpractice.
practice.

The
The ISC
ISC establishes
establishes aa Head
Head office
office of
of INTAR
INTAR with
with aa
research
research center
center data
data archive,
archive, corresponding
corresponding
personnel,
personnel, etc.
etc. This
This Head
Head Office
Office should
should be
be at
at the
the
National
National MST
MST Radar
Radar Facility
Facility (now
(now National
National
Atmosphere
Atmosphere Laboratory)
Laboratory) in
in Gadanki,
Gadanki, India.
India. ItIt was
was
agreed
agreed that
that the
the International
International Steering
Steering Committee
Committee of
of
the
the International
International Network
Network of
of Tropical
Tropical Atmosphere
Atmosphere
Radars
Radars consists
consists of
of J.
J. Röttger
Röttger (chairman,
(chairman, Germany),
Germany),
D.N.
D.N. Rao
Rao (co-chairman,
(co-chairman, India),
India), P.
P. May
May (Australia),
(Australia), M.
M.
Petitdidier
(France),
S.C.
Chakravarty,
Petitdidier
(France),
S.C.
Chakravarty,
G.
G. Viswanathan
Viswanathan (India),
(India), Sri
Sri Kaloka
Kaloka (Indonesia),
(Indonesia), M.
M.
Yamanaka
Yamanaka (Japan),
(Japan), J.
J. Chau
Chau (Peru),
(Peru), Y.H.
Y.H. Chu
Chu
(Taiwan)
(Taiwan)and
andK.S.
K.S.Gage
Gage(USA).
(USA).

Terms
Termsof
ofReference
Referenceof
ofthe
theISC
ISC
The
TheISC
ISCmembers
membersshould
shouldkeep
keepadequate
adequatecontact
contactwith
witheach
eachother
otherand
and
the
therelated
relatedscientific
scientificcommunity,
community,such
suchas
asessentially
essentiallytropical
tropical
meteorologists
meteorologistsand
andMST
MSTradar
radarscientists.
scientists.The
TheISC
ISCshould
shouldseek
seekto
to
establish
establishcloser
closerrelations
relationsto
tothe
thetropical
tropicalatmosphere
atmospheremodeling
modeling
community
communityand
andtropical
tropicalmeteorologists.
meteorologists.The
TheISC
ISCshould
shouldfollow
followup
up
international
internationalactivities
activitiesininrelated
relatedfields
fieldsand
andconsider
considerreasonable
reasonable
participation
participationininrelated
relatednational
nationaland
andinternational
internationalobserving
observingperiods,
periods,
campaigns
campaignsand
andprograms.
programs.The
TheISC
ISCshould
shouldinitiate,
initiate,propose,
propose,plan
planand
and
perform
performINTAR
INTARcommon
commonprogram
programobservations
observationsof
ofexisting
existingradar
radar
facilities,
facilities,adequately
adequatelyexpanded
expandedby
byobservations
observationswith
withother
otherinstruments.
instruments.
This
Thisincludes
includeslong
longobserving
observingperiods
periodsfor
forlarge-scale
large-scaleprocesses
processes(e.g.
(e.g.
equatorial
equatorialwaves,
waves,monsoon
monsoonand
andmean
meancirculation),
circulation),and
andthe
thestatistical
statistical
com-bination
com-binationof
ofparticular
particularfeatures
featuresof
ofmesomeso-(e.g.
(e.g.tropical
tropicalcyclones)
cyclones)
and
andsmall-scale
small-scale(e.g.
(e.g.convection
convectionand
andland-sea
land-seabreeze)
breeze)processes.
processes.

The
TheISC
ISCshould
shouldestablish
establishin
indue
duetime
timecontacts
contactsto
to
relevant
relevantinternational
internationalscientific
scientificunions
unionsand
andcommittees
committeesto
to
inform
informabout
aboutthe
theexistence
existenceand
andterms
termsof
ofINTAR
INTARand
andits
its
scientific
scientificmerits
meritsand
andpreferably
preferablybecome
becomean
aninstitutional
institutional
working
workinggroup
groupof
ofinter-national
inter-nationalscientific
scientificunions
unionsand
and
committees.
committees.The
TheISC
ISCshould
shouldinitiate
initiateand
andsupport
support
specialists’
specialists’ workshop
workshopon
onregional
regionaland
andinter-national
inter-national
scale
scaleand
andtry
tryto
toinclude
includespecial
specialsessions
sessionsdealing
dealingwith
with
INTAR
INTARscience
sciencein
ininternational
internationaland
andnational
nationalconferences.
conferences.
The
TheISC
ISCshould
shouldfollow
followup
upthe
thedevelopment
developmentof
ofthe
theEarth
Earth
Observation
ObservationSystem
System(EOS)
(EOS)and
andeventually
eventuallyjoin
joinas
asaadata
data
and
andscience
sciencecommunity.
community.The
TheISC
ISCshould
shouldfoster
fosterto
to
perform
performtraining
trainingcourses
coursesand
andhold
holdnational
nationaland
and
inter-national
inter-nationalschools
schoolson
ontropical
tropicalmeteorology,
meteorology,radar
radar
meteorology
meteorologyand
andrelated
relatedtopics.
topics.

Radars are natural tools in
our environment. We use
this principle to study our
natural environment
and the manmade changes
to it.
Thank
Thankyou
youfor
foryour
yourattention!
attention!

