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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 -



Height profiles of power and 
3-dimensional wind velocity



Strong driving forces of global weather 
and climate prevail in the tropics. A few 

radars for studying these are operated in 
the tropical regions of South America, 

India, the Pacific and in Indonesia, such 
as for instance the Equatorial 

Atmosphere Radar (EAR) in Koto 
Tabang, Bukittinggi, Sumatera, a 

common project of Japan and Indonesia.
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The INTAR program will be a 
suitable expansion of radar 

and other ground-based 
atmosphere observing 

systems in the tropics, since it 
will in the beginning take into 
account network design and 

education, operational 
training, as well as 

introduction of scientific 
projects to be performed in 

future.



The INTAR program will be a suitable 
complement to existing tropical radar 

observatories such as EAR, NARL, JRO, 
UDEP 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.



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 he Pacific rim in 
South and Central America and Indonesia 

is an optimum location, where certain changes can be observed.



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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Recognizing: 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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To investigate the climatology of
this circulation pattern long-term 

continuous observations in a 
network over

many years are necessary 



There are several locations close to 
the changing boarder line of El 

Nino/Southern Oscillation processes, 
as for instance in the interaction 

region with the Indian Ocean Dipole 
Mode.  Optimum locations exist to 
study the corresponding tropical 

convection.  In particular, locations 
close to the ocean will allow very 
unique studies of land-sea breeze 

processes in the planetary boundary 
layer, resulting in strong mixing of 

different air masses.
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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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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.



day

night

Sea breeze

The sea breeze is superimposed on the 
mean background wind, which changes as function of season as well.



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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Reflectivity and vertical velocity in a 
convective cloud over Taiwan



overshooting



Strong 
upward

Weak 
upward

strong 
downwardVertical velocity



Studies of deep convection



Wavelike oscillation of the stable 
interface (tropopause)resulting in 
propagating waves (AGWs)

Penetrative convection



Atmospheric waves
generated by 
penetrative 

convection propagate 
up to the

thermosphere
where they cause

TIDs and trigger ESF

ESF



ThreeThree--dim. Imaging of Deep Convection neededdim. Imaging of Deep Convection needed



Radial velocity in vertical beam 

Reflectivity in vertical beam 

1 h

Deep convection during 
typhoon passage



Meso-scale disturbances can also be observed 
with VHF radar in tropical cyclones as the 

following example of a typhoon passage (10 days 
of observations) over Taiwan shows.

Upward moving 
meso-scale fronts 

are part of the 
spiral structure of 

the typhoon.



Typhoon passage 
over Taiwan

Observations of 
tropical cyclons with 
the Chung-Li VHF 
Radar in Taiwan

Reflectivity 
and wind

Closest 
typhoon 
approach



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

the Oblique Spaced Antenna method. A largerA larger--scale scale 
network would network would 
provide enhanced provide enhanced 
informationinformation



Deep convection over the ITCZ and in 
mesoscale disturbances around 

typhoons can significantly enhance 
vertical transport, also into the 

stratosphere

Precipitation can also be detected by ST radars



Convection over Biak and 
vertical clear air and fall velocity 

of precipitation over Manus 
TPPN 915 MHz radar



turbulence

precipitation



Three-
dimensional 
imaging of 
lightning



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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InstabilityInstability

Typhoon Typhoon 
HayanHayan

Convective Convective 
InstabilitiesInstabilities







0 < Ri < 0.25

Ri < 0



Radar reflectivity Horizontal wind

Vertical wind Palmen and
Newton

warm front



Passage of a warm front of an

extratropical cyclon

radar

warmfront
cold

tropopause

Fronts (warm, cold and 
occlusions) circulate 

around cyclones. This 
can be observed with ST-

VHF radars.
warm

cold

cold
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tropopause folding is a 
dominant factor for 

stratosphere-troposphere 
exchange  - STE 

STE STE also 
occurs in 

deep  tropical 
convection



Lee Waves

The SOUSY Svalbard Radar 
frequently observes strong lee 
waves, which are 
quite variable as function 
of time and height.



Lee waves are 
particularly critical 

causing such errors. 

One will need 
interferometer 
applications to 

minimize this problem.

A radar network will 
be most essential for 

leewave studies



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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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.



Annual variation of winds over the equator observed by TPPN.

Tropospheric winds 
over twelve years 
and the Southern 
Oscillation Index 

being a measure for 
the El Niňo activity.



Japan has recently installed a major 
wind profiler network all over the 

Japanese islands to improve 
now/forecasting of weather and 

severe storms to support the 
Japanes mesoscale model.

The new Wind Profiler 
Network of the 

Japanese Meteorological 
Agency,

which is worldwide unique





Windfield and precipitation 
prediction



5 days over 
Taiwan in Oct. 

2001
NCU VHF Radar

reflectivity

vertical velocity

A profiler network over Taiwan would yield 
valuable information on wind flow variations 

around the island and abroad

A radar network will be 
most essential for  studies 

of orographical effects.



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!


