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The Arecibo 300 m radar antenna dish

Atmospheric Science



Doppler weather radars, operating 
in frequency bands above one 

Gigahertz  providing azimuth scans 
of precipitation and atmospheric 

turbulence and velocity

There are basically There are basically 
three different branches of three different branches of 

radar methods:radar methods:



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 INCOHERENT SCATTER 
RADARS OF THE WORLDRADARS 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/Spitz-
bergen at 78º N

42m fixed dish 
on 500 MHz



Majestic aurora show up in 
strong electron density over 

the radars, and plasma 
instabilities occur.



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

Waves in Noctilucent Clouds

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 Max-

Planck-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.



Science Directions

Troposphere, Stratosphere and Mesosphere:
Synoptic-scale disturbances: frontal passages and tropopause foldings,
Stratosphere-troposphere exchange,
Radar reflectivity layers and sheets: their relation to aerosol layers,
Mountain lee waves propagating into the middle atmosphere,
Wave-wave interaction in the lower and middle atmosphere,
Lower-middle-upper atmosphere coupling in polar regions,
Studies of dusty complex plasma causing the

Polar Mesosphere Summer Echoes (combine several instruments),
Momentum and energy deposition by gravity waves into

the polar atmosphere,
High spatial resolution of dusty plasma structures in the 

Polar mesopause by using radar interferometry,
Dependence of dusty plasma on background ionization, 
Impact of meteors into the mesosphere and lower thermosphere.
Temperature, electric fields, particle precipitation, waves and turbulence,

Search for possibilities to obtain scatter from the low electron density 
In the lower mesosphere and stratosphere. 

Polar Lower Thermosphere:
Coupling from above (magnetosphere) 

And below (lower and middle atmosphere),
Coupling between ionized and neutral atmosphere in the

Magnetospheric cusp region and under severe
space weather conditions.
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Troposphere and lower 
stratosphere:

Mountain lee waves, synoptic-
scale disturbances, frontal 

passages, tropopause
foldings, tropical cyclones, 
convection, and lightning
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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.



Electronic phase steering points the antenna beams into different zenith 
directions to measure velocity components (Doppler Beam Swinging). Horizontal 

velocities are also measured with the spaced antenna (SA) method.
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Lower atmosphere wind profiling with ST radar

reflectivity

vertical velocityvertical velocity



Ten days of 
three–dimensional 

wind field over 
Jicamarca in Peru 

showing tides in the 
lower stratosphere



Three-
dimensional 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 troposphereWaves in the troposphere

Atmospheric gravity waves observed by the NCU VHF radar



Coupling in the Equatorial Atmosphere
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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.



El Nino

La Nina

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 



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.

Interaction of 
Indian Ocean 

Dipole Mode with 
El Nino.



Mean vertical 
velocity

Deviation from mean 
horizontal velocities
over several years

Annual 
variations over 

transpacific 
profiler radar 

network



There are other scientific topics, which 
are addressed by this project, such as 

for instance the understanding of 
vertical transport of constituents and 

contaminants from the Earth’s surface 
to the stratosphere and the variations 
of wind systems during the cycles of 

the El Nino Southern Oscillation 
(ENSO). These have great relevance to 

the studies of regional and global 
climate change.
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In this context we also consider the
relevance of, for instance, 

Equatorial Waves and the QBO.

For these studies of 
larger scale phenomena
there is a new initiative 

stemming from India
to establish an

International Network of Tropical
Atmosphere Radar  - 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 ground-
based 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.



International Network on 
Tropical Atmosphere Radars 

- INTAR -

On 20 - 22 January 2005 a Colloquium on an 
“International Network on Tropical Atmosphere 
Radars” was held at the Sri Venkateswara
University (SVU) in Tirupati and the National MST 
Radar Facility (NMRF, NARL) in Gadanki, India. 
The purpose of this Colloquium was to initiate a 
functional collaboration and coordinate a regular 
process to establish a scientific and operational 
program for studies of the tropical atmosphere, 
mainly by means of radars and related instruments.
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This colloquium INTAR 2005 was sponsored by 
SVU, NMRF and ISRO (Indian Space Research 

Organization) and attended by 80 scientists from 
10 countries, namely Australia, France, Germany, 
India, Indonesia, Japan, Norway, Peru, Taiwan and 

USA. Two days were covered by 36 invited 
presentations on large-scale and cli-mate studies, 

case studies and intense observing periods, 
highlights and recent developments of radars and 

networks, and supplementary information and 
modeling. Highlights of the presentations were 

summarized and evaluated in a panel discussion 
held on the last day of the colloquium. 
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The scientific concept of INTAR
It was concluded during the panel 

discussion that the scientific concept of 
this network will base on the following 
items and perform research to improve 

understand-ing of the complex interacting 
atmospheric phenomena in the tropics.
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The tropical atmosphere plays a fundamental role 
in determining global weather and climate. On the 

planetary scale insulation in the Tropics is a 
principal driver of the global circulation. Clouds 
and convection are key actors in the regional and 
global energy and water cycles. Equatorial waves 
and the Madden-Julian Oscillation (MJO), which 
are fundamentally linked to tropical convection, 

are responsible for much of the variability on intra-
seasonal time scales. 
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These waves play an important role in linking 
the Tropics and extra-tropics and in the 

dynamics of the quasi-biennial oscillation 
(QBO) of the tropical lower stratosphere. Deep 

convection generates gravity waves that 
transport energy and momentum up into the 

middle and upper atmosphere. Tropical 
cyclones (hurricanes and typhoons) are 

initiated in the Intertropical Convergence Zone 
(ITCZ) causing major damage from strong 

winds, torrential rain and flooding. 
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The Indo-Pacific sector is known to play an 
important role in inter-annual and de-cadal 
variability associated with El Nino and the 
Southern Oscillation (ENSO and the North 

Atlantic Oscillation (NAO). In the western Pacific 
the ENSO interacts with the Indian Ocean Dipole 
Mode, which results in not yet fully understood 
variations of monsoon activity. The dynamics 

linking the Indo-Pacific sector with the rest of the 
tropical atmosphere and the global climate 

system are very complex with air-sea interaction 
and scale interactions playing a major role. 
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Indeed, sea surface temperatures and land 
surface conditions set the boundary 

conditions for global climate dynamics. 
Convection and associated scale interactions 

and feedbacks are crucial in defining the 
large-scale response of the atmosphere to 

changes in surface conditions. Physical and 
dynamical processes linked to convection are 
fundamental in determining the regional and 

global water cycle that governs the 
availability of water for agricultural 
purposes and human consumption.
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Network of instruments

Diverse observations come from surface instruments, 
ships, buoys, aircraft, satellites, Doppler weather radars, 

radar wind profilers and balloon-borne sensors. The 
collection, dissemination and assimilation of data into 

models from these platforms is a major activity of 
national meteorological services. Collectively, such 
observations together with state-of-the-art models 

provide an integrated view of the evolving atmosphere. 
However, current numerical models and supporting 
observations are incapable of providing a complete 

picture of the continually evolving complex atmosphere.
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For example, the distribution of observing 
platforms is very non-uniform around the globe 

and large-scale numerical models are incapable of 
adequately representing convection. A few 

observatories known as stratosphere-troposphere 
radars (ST radars) and MST radars exist near the 
equator measuring winds, waves, turbulence and 

stability in the troposphere and lower stratosphere. 
These instruments and facilities make observations 

that lead to improved understanding of tropical 
meteorology and deliver input to regional and 

global atmospheric models.
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A larger coordinated network of 
such observatories together with 

ancillary observations would 
further advance understand-ing 

and provide valuable data to 
support climate research and 

weather forecasting.

INTAR could be a good tool for 
supporting theses demands
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The INTAR International Steering Committee – ISC -
was formed. The ISC should guide and oversee the activities, 

development and expansion of INTAR to assure an 
improved scientific knowledge of the tropical and extra-

tropi-cal atmosphere by making use of observations, 
combined with radar and resul-ting from network operations. 
(The term “tropical” in INTAR was agreed to include, where 
reasonable, also extra-tropical regions).The ISC should take 

care that the International Network of Tropical 
Atmosphere Radars is not just to combine and advise 

common operations, but it should ensure that 
networking needs to be seen in a wider sense, namely 

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

The ISC members should keep adequate contact with each other and
the related scientific community, such as essentially tropical 

meteorologists and MST radar scientists. The ISC should seek to 
establish closer relations to the tropical atmosphere modeling 

community and tropical meteorologists. The ISC should follow up 
international activities in related fields and consider reasonable 

participation in related national and international observing periods, 
campaigns and programs. The ISC should initiate, propose, plan and 

perform INTAR common program observations of existing radar 
facilities, adequately expanded by observations with other instruments. 

This includes long observing periods for large-scale processes (e.g. 
equatorial waves, monsoon and mean circulation), and the statistical 
com-bination of particular features of meso- (e.g. tropical cyclones) 
and small-scale (e.g. convection and land-sea breeze) processes.
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The ISC should establish in due time contacts to 
relevant international scientific unions and committees to 
inform about the existence and terms of INTAR and its 
scientific merits and preferably become an institutional 

working group of inter-national scientific unions and 
committees. The ISC should initiate and support 

specialists’ workshop on regional and inter-national 
scale and try to include special sessions dealing with 

INTAR science in international and national conferences. 
The ISC should follow up the development of the Earth 

Observation System (EOS) and eventually join as a data 
and science community. The ISC should foster to 

perform training courses and hold national and 
inter-national schools on tropical meteorology, radar 

meteorology and related topics.
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Radars are natural tools in 
our environment. We use 
this principle to study our 

natural environment

and the manmade changes 
to it.

Thank you for your attention!Thank you for your attention!


