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Head in the clouds
Dr Richard H Johnson speaks about his work coordinating the DYNAMO project, which is furthering
our understanding of the powerful atmospheric phenomenon known as the Madden-Julian Oscillation
Could you begin by outlining the focus and
purpose of your research?
The purpose of our research is to investigate
the formation of the Madden-Julian Oscillation
(MJO) in the Indian Ocean. This atmospheric
phenomenon affects weather and climate
around the world, but the key processes that
create and maintain it are still largely unknown.
The ‘Dynamics of the MJO’ (DYNAMO) project
is an international field campaign, running from
late 2011-early 2012, which aims to unravel
MJO’s mechanisms.
What is the MJO and why is an improved
understanding of it useful to climate science?
The MJO is a large-scale overturning
atmospheric circulation, centred on the equator
and spanning the entire globe. It circles the
Earth every 30-60 days, moving from west
to east, with its rising branch generating
copious amounts of rainfall as it moves across
the warmest parts of the Earth’s oceans. The
associated latent heat release affects weather
systems all the way from the tropics to the midlatitudes, and can lead to hurricane formation.
Prediction models do not currently treat these
effects well; a better understanding of the
MJO should lead to more accurate forecasts of
weather and climate.
Could you tell us about the Colorado State
University (CSU) Sounding System and its
operation? How is this system central to
your research?
Our research involves the deployment of five
special sounding systems in the central Indian
Ocean, one of which was the CSU sounding
system, along with similar systems from
Japan, the National Center for Atmospheric
Research, and the U.S. Department of Energy.
These systems consist of balloon-borne
instrument packages that measure winds,
temperatures, humidity, and pressure at high
vertical resolution all the way from the ocean
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surface to the lower stratosphere. It is by
means of a network of these sounding systems
that the latent heat release and the effects
of atmospheric convection on the large-scale
environment can be inferred.
Has the project produced any surprising or
unpredicted results to date?
There have been a number of unexpected results
so far from DYNAMO. First, we didn’t expect
the surface winds to be so strong over the
Indian Ocean in the active phase of the MJO.
In addition, we didn’t expect to encounter a
westward-building MJO during the experiment,
which occurred during December. We also
documented frequent, fascinating convective
rings, often in circular or quasi-hexagonal
patterns, about 30 km across during the lightwind phase of the MJO.
Your work primarily contributes to
atmospheric science, but is there a
multidisciplinary aspect? What other
disciplines have been involved?
The most significant multidisciplinary
aspect of our work is the linkage to physical
oceanography. In many ways, the MJO is a
coupled ocean-atmosphere problem. Two
major research vessels, the R/V Mirai from
Japan and the R/V Revelle from Scripps Institute
of Oceanography, took measurements of
temperature, salinity, and currents in the upper
ocean throughout the experiment. The changing
winds and precipitation within the MJO left
clear signals in the upper ocean, findings which
provide new insight into ocean-atmosphere
coupling processes.
The project has involved a large number of
grad students. How have you encouraged
and fostered the involvement of young
researchers?
Students from both the U.S. and abroad
played key roles in the experiment, with

approximately 30 graduate students launching
weather balloons from islands, atolls, and
ships. Others worked as radar scientists on
Gan Island and the R/V Revelle, keeping a
daily log of weather conditions and reporting
them to the field campaign data catalogue.
The experiment has been of great value to
the education of nearly 50 undergraduate
and graduate students, providing a one-ofa-kind field experience. Without the student
participation, it would not have been possible
to conduct DYNAMO.
What is the next step in your research? How
will you direct your efforts over the next year?
With regard to the sounding data, the primary
emphasis for the next year will be on quality
control, as procedures are developed to
evaluate and correct existing biases in humidity
measurements. In addition, our research
group will use the sounding data to explore
the mechanisms by which the atmosphere is
moistened in the formative stages of the MJO.
The evolution of convection is very complex
during the MJO life cycle and we intend to
document the behaviour of the precipitation
systems throughout all phases.
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Gauging the atmosphere
Covering a huge area of the Indian Ocean, the DYNAMO project is allowing scientists to unravel
the mechanisms of one of the most powerful atmospheric processes driving weather patterns across the globe
SCIENTIFIC EFFORTS seeking to improve
the long-term predictability of hazardous
events, such as cyclones and hurricanes, have
long been stymied by a limited understanding
of the Madden-Julian Oscillation (MJO).
Involving variations in wind, sea surface
temperature, cloudiness and rainfall, the MJO
is a complex atmospheric phenomenon with
far reaching effects.
Until the accidental discovery of the MJO in
1971, it was believed that tropical weather
variations on time scales of less than a year
were essentially random and unpredictable.
Then, whilst analysing zonal wind anomalies
in the tropical Pacific, Drs Roland Madden
and Paul Julian found clear evidence of an
oscillation between surface and upper level
winds, initially at Canton Island, but later at
other stations around the world. However,
little attention was paid to this effect until
the momentous El Niño events of 1982-83
sparked the rapid growth of scientific interest
in tropical low-frequency variations.
Sometimes referred to as the 30-60 day, or 4050 day oscillation, the MJO is the single largest
contributing factor to intra-seasonal variability
in the tropical atmosphere, most evidently
from the Indian to the western Pacific Oceans.
There it moves rather slowly eastward at 5-8
m per second, where it produces large regions
of anomalous rainfall, but then speeds up as it
decouples from the rain systems and continues
its global circuit from the central Pacific all the
way to Africa. Due to the low temperature of
convective cloud tops, it can be clearly seen by
satellite-mounted infrared sensors as a variation
of outgoing longwave radiation. The MJO is an
effect of the large-scale coupling of atmospheric
circulation and tropical deep convection; it is
where climate and weather meet.
Though confined to the equatorial regions, the
MJO affects the weather in both hemispheres,
from hurricane activity in the northeast Pacific
and Gulf of Mexico, to the monsoons of Asia
and Australia. Furthermore, it has been known
to trigger torrential rainfall along the west
coast of North America, and can affect the
onset of El Niño.
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Underscoring the clear need for a deeper
understanding of this significant phenomenon,
most global climate models have been unable
to simulate a realistic MJO. This is largely
due to an unrealistic picture of atmospheric
convection, making a proper treatment
of the MJO’s initiation, and subsequent
propagation, very hard to achieve. In order to
address this deficiency, a major international
experiment was set up under the title of the
‘Cooperative Indian Ocean Experiment on
Intraseasonal Variability’ (CINDY2011), led by
the Japan Agency for Marine-Earth Science and
Technology – ‘Dynamics of the Madden-Julian
Oscillation’ (DYNAMO) – is the U.S. component
of CINDY2011, and integrates a field campaign
with data analysis, modelling, and forecasting.
The DYNAMO field campaign uses multiple
radar locations, atmospheric sounding sites,
research vessels and an aircraft to make in situ
atmospheric and oceanic observations. Five
special sounding systems have been deployed
in the central Indian Ocean, one of which is
the Colorado State University (CSU) Sounding
System, along with similar systems from
Japan, the National Center for Atmospheric
Research, and the U.S. Department of Energy.
These systems consist of balloon-borne
instrument packages to measure wind speed,
temperature, humidity, and pressure at high
vertical resolution all the way from the surface
to the lower stratosphere. The MJO’s latent
heat release and the effects of atmospheric
convection on the large-scale environment
can be inferred by employing a network of
these sounding systems.

and work is now underway to understand just how
this came about.
The Maldivian Government has been supportive
of the field campaign, providing access to the
weather service offices and field sites on both
Malé Island and Gan Island. There were some early
problems communicating real-time data to the
operational forecast centres around the world,
and in some parts of the Indian Ocean to the
west of the Maldives, operations were prohibited
by the threat of pirate attacks, but preliminary
findings show the enhanced sounding network to
be highly successful overall, with more than 95
per cent of the planned soundings actually taken.

NUMBER CRUNCHING
The DYNAMO project plans to test three main
hypotheses regarding the MJO initiation:
• Deep convection can be organised into an
MJO convective envelope only when the
moist layer has become sufficiently deep
over a region of the MJO scale, the pace at
which this moistening occurs determining the
duration of the pre-onset state
BALLOON SOUNDING LAUNCH FROM R/V
REVELLE IN INDIAN OCEAN

In its primary observing period, DYNAMO
recorded two prominent MJOs, one each in
October and November, and a third MJO-like
disturbance in December. The first two events
were ‘global circuit’ or ‘successive’ MJOs, each
having been tracked around the world, the first
being a precursor for the second. The third event
was not a result of a global circuit, but rather
formed as the result of convection building
westward from Indonesia. In each case, the MJO
disturbance was amplified over the Indian Ocean,
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DYNAMO
ATMOSPHERIC SOUNDING NETWORK
IN THE DYNAMICS OF THE MADDENJULIAN OSCILLATION PROJECT
OBJECTIVES
To expedite understanding of processes key
to Madden-Julian Oscillation initiation over
the Indian Ocean and to improve simulation
and prediction of the MJO.

KEY COLLABORATORS
Paul E Ciesielski and Richard K Taft,
Colorado State University

PARTNERS
U.S.: University of Miami, University of
Washington, Oregon State University,
Texas A&M University, Columbia
University, Naval Postgraduate School,
Scripps Institute of Oceanography, Paciﬁc
Northwest National Laboratory, Naval
Research Laboratory, National Center for
Atmospheric Research, National Oceanic
and Atmospheric Administration, National
Science Foundation
Taiwan: National Taiwan University,
National Central University
Japan: Japan Agency for Marine-Earth
Science and Technology
France: Centre National de la Recherche
Scientiﬁque, Institut Pierre Simon Laplace

• Specific convective populations at different
stages are essential to MJO initiation

In its primary observing period,
DYNAMO recorded two
prominent MJOs

• The ocean barrier layer, wind and shear driven
mixing, shallow thermocline, and mixing layer
entrainment all play essential roles in MJO
initiation in the Indian Ocean by controlling
the upper ocean heat content and surface
temperature
It is the first time that data on the structure
and evolution of cloud populations, their
interaction with the large-scale environment
and air-sea interactions has been collected in
this systematic fashion. All of the sounding
data from the experiment has been collected
in Japan and at the National Center for
Atmospheric Research, where the painstaking
work of processing it before dissemination to
the wider scientific community is beginning.
The team will prepare large-scale forcing fields
for the DYNAMO modelling community, as
well as conduct diagnostic studies involving the
divergence and diabatic heating profiles and the
boundary layer evolution through the life cycle
of the MJO, helping to address the first two
hypotheses.

FOUNDATIONS FOR THE FUTURE
Another impact of the research stems from
the involvement of many graduate students
in the project. Though the principal discipline
of the DYNAMO project is atmospheric

science, the operation of the sounding
systems and setting up of the system on Malé
has also involved expertise in engineering
and software development. It is estimated
that nearly 50 students and research staff
from Colorado State University, Penn State
University, Howard University, University of
Wisconsin Madison, NCAR, Taiwan, Japan,
India and Indonesia have been involved with
these sounding operations, representing a
substantial development of human resources
in terms of professional training in difficult
operating environments.
There are real gains to be derived from an
improved understanding of processes by which
convection develops over the central Indian
Ocean and, to date, in situ measurements have
been sparse. The suite of observations made
during the course of the DYNAMO campaign
will eventually comprise a research quality
dataset, documenting the internal structure
and behaviour of the MJO – a development
which could prove critical to the ultimate goal
of accurate MJO prediction.
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THUNDERSTORM NEAR DIEGO GARCIA DURING DYNAMO

