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The experiment

One of the most complete data sets describingdabponvection ever collected will result from
the upcoming Tropical Warm Pool International Clobdperiment (TWP-ICE) in the area
around Darwin, Northern Australia in January antirbary 2006. The aims of the experiment
will be to examine convective cloud systems fromirtinitial stages through to the decay of the
cirrus generated and to measure their impact orettvironment. This will be the first field
program in the tropics that attempts to descrileetiolution of tropical convection, including the
large scale heat, moisture, and momentum budg&shatirly time resolution, while at the same
time obtaining detailed observations of cloud prtipe and the impact of the clouds on the
environment. The experiment design includes anragguented network of ground-based
observations (soundings, active and passive resasteors) combined with a large range of low,
mid and high altitude aircraft for in-situ and remm@ensing measurements. The timing of the
experiment is such that it is highly likely thattlhaceanic convection and coastal/continental
type convection will be sampled. A crucial outcoaighe experiment will be a data set suitable
to provide the forcing and evaluation data requivgatloud resolving and single column models
as well as global climate models (GCMs) with thendaio contribute to parameterization
development. This data set will provide the neagskiak between the observed cloud properties
and the models that are attempting to simulate thd@ihe experiment is a large multi-agency
experiment including substantial contributions fratre United States DOE ARM program,
ARM-UAYV program, NASA, the Australian Bureau of Metrology, CSIRO, EU programs and
many universities.

The experiment will attempt to describe the evolutof tropical convection, including
the large-scale heat, moisture, and momentum bsidgbile at the same time obtaining detailed
observations of cloud properties through the windlehe system lifecycle and the impact of the
clouds on the environment. A major focus of theud component will be on cirrus. Cirrus
clouds are ubiquitous in the tropics and have gelampact on their environment but the
properties of these clouds are poorly understood.

The ground-based observational network includes dites (one a ship) equipped with
cloud radar, lidar, and radiometry, profiler sitesyeral surface flux sites including the shipe¢hr
hourly radiosondes to be launched from six sitethiwia 250 km diameter circle centered on
Darwin as well as a Doppler weather radar and an5vavelength polarimetric weather radar.
This unprecedented data set at a tropical locatithallow us to address such fundamental
guestions as what controls the diurnal cycle ofveation over the open ocean.
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Darwin is a coastal site and it will be importamtcharacterize the oceanic region off the
Australia coast. For this purpose, the CSIRO meseeesseSouthern Surveyowill be stationed
in the Timor Sea to the northwest of Darwin. Tslgp will serve as a launch site for sondes, to
complete the ring around Darwin and will also cauyface flux instruments. In addition to flux
observations, remote sensing instruments are &igy lwonsidered for the ship. The addition of
these instruments will provide a complete seconthsa site. This capability will increase the
likelihood of obtaining good coordinated surfacedift observations.

To fully describe cirrus cloud properties, both situ and remote sensing airborne
observations are required. The aircraft involved their principle payloads are listed in Table 1.
These include an extensive set of in-situ cloudrophysical observations, detailed radiometry,
aerosol and chemistry measurements, as well ageesrnsing with airborne radar and lidar.

The ground-based and in-situ observations to beiget during TWP-ICE can be used to
address a range of important scientific questieteted to tropical clouds. Specific goals of the
experiment are:

1) Collect detailed measurements of the cirrus micysigs and relate them to storm

intensity and proximity (spatial and temporal) tie parent convection.

2) Verification of retrievals of microphysical propies from satellites and the ground.

3) Provide data sets for forcing cloud resolving aimgjle column models that will attempt

to simulate the observed characteristics and irspact

4) Document the evolution of oceanic convective clofrdsn the early convection phase

through to the remnant cirrus with particular engit@n their microphysics.

5) Measure the dynamical and radiative impacts ottbed systems.
6) Characterize the environment in which the cloudesys occur.

7) Document the evolution of the convective boundaryet throughout the diurnal cycle
and through the lifecycle of convective systems.

8) Observe the characteristics of convectively geeergtavity waves.

In order to address these goals, a vital componihbe to document and understand the
convection that produces the clouds. This rangems fthe large scale forcing to the storms
themselves. In order to prescribe the forcinghie tnodels, it is necessary to estimate the areal
rainfall. Important topics for analysis will b bet diurnal cycle of convection for both oceanic
(monsoon) convection and continental (break) cotieec This is poorly represented in global
and climate models and in the case of the mondwminiderlying physics is not understood with
several competing hypotheses to explain the noatuminfall maximum. The precipitation
efficiency of the clouds is another fundamentalrahteristic that will be constrained by these
observations and associated modeling

Finally, satellites will be important for charadsng the upper boundary of the
experiment region. Geostationary satellite and E&Robservations will provide top of
atmosphere radiative fluxes and cloud properties ¢lve entire domain while more specialized
satellite products will be collected both as anitalthl source of information for understanding
cloud processes and to test satellite remote sgmnstrievals in much the same way that surface-
based retrievals will be tested. Of particulareiest will be comparisons of in situ aircraft
observations of cirrus properties with retrievatsn CloudSat and CALIPSO which are both due
to be launched in 2005
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Figure 1. The enhanced ground based observation network for TWPICE. There is a
substantial network of operational AWS and rain gauges in addition to this network. The
weather radars include the BMRC polarimetric system that provides enhanced

gquantitative rainfall estimates over conventional radar.

TWP-ICE will be preceded in November/December 2095a highly complementary

European aircraft campaign involving the EU SCOUTF-eand UK NERC ACTIVE projects.

This experiment will use the permanent facilitieghie Darwin observing network together with a
number of research aircraft, some of which wilbabe available during TWP-ICE.

Key science questions for this component of thersaris activities include:

What is and what controls the chemical composmbtine Tropical Tropopause Layer?

How fast are short-lived chemical species (e.g lmentompounds) transported into and

through the TTL and what is their likely impact ithe ozone budget?
How do tropical cirrus clouds affect the water aadiation budgets?

How does deep convection transport aerosols andichespecies into the TTL?

What is the relative importance of deep convectiod large-scale advection in determining

the composition of the TTL?
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Thus, detailed atmospheric measurements will beeniadhe Darwin area through the
whole Austral summer, giving unprecedented covethgeugh the pre-monsoon and monsoon
periods. There is clearly great synergy betweean pgre-TWP-ICE and TWP-ICE activities.
Together, these data sets will address the relatles and impacts of the intense continental type
storms and the more widespread but weaker ocetorins with TWP-ICE collecting one of the
most comprehensive tropical data sets ever.

More details about the experiment are available at:
http://www.bom.gov.au/bmrc/wefor/research/twpice.htm
http://science.arm.gov/~mather/darwiniop/
http://www.ozone-sec.ch.cam.ac.uk/scout 03/

Table 1. TWPICE aircraft and their principal roles.

Aircraft Primary role/instruments

DOE Proteus In-situ microphysical measurements of cirrus

ARA Egrett In situ measurements of microphysics, aerosols and
chemistry in cirrus

NERC Dornier In situ measurement of aerosols, and chemistry in the

boundary layer and lower troposphere

Twin Otter International | Cloud Radar and lidar observations of clouds

ARA Dimona In situ state measurements, and fluxes in the boundary layer

The opportunities for hydrometeorology

Tropical rainfall has a large impact on the globalironment and directly impacts millions of
people. This experiment is seeking data that threcldresses key areas of scientific uncertainty.
The focus of TWPICE is on the lifecycle of the ceantively generated cloud systems and their
impacts, so there are clearly substantial oppdigsifor both observational and numerical
modeling research and development with a hydro-onekegical focus. A major component of
the experiment planning is to provide observatihrag will provide an ensemble of forcing data
for limited area, cloud resolving and single columiedeling. On the observational side, the
combination of in-situ aircraft observations andaraand satellite remote sensing will not only
allow accurate nowcasting, but also address basizes with large uncertainties such as the
precipitation efficiency.

It is also important to note that the core of thpegiment, including most of what is of
direct interest to hydro-meteorologists, is fundiedugh the US ARM program. The policy of
ARM is to make ALL the data available to the whotemmunity free of charge within 6 months
of the experiment. This will be a major resourgereésearch for the entire community.
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