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An unusual number of tropical
systems in the Atlantic, captured
in this TCIS visualization, were
all evolving simultaneously
on 15 September during the
record-breaking 2020 hurricane
season.
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ropical cyclones (TCs) form and evolve as the result of
complex multiscale processes and nonlinear interactions,
greatly complicating our understanding of them and their
modeling. While track forecasts have improved significantly over
the past 20 years, intensity forecasts have not improved as fast.
The critical pathways to TC forecast improvement are
(i) increased understanding of the physical processes
involved, (ii) validation and improvement of hurricane models through the use of satellite data, and (iii) development
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of new techniques for assimilation of satellite observations
inside the hurricane precipitating core.
The wealth of satellite and airborne observations available today can be brought to bear on addressing these issues.
However, these data are still underutilized in hurricane
research and operations due to the complexity associated
with finding, and bringing together, semicoincident and
semicontemporaneous multiparameter data needed to describe the multiscale TC processes.
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Over the last decade, NASA has developed information-system technology that promotes a fusion of observations and models to help improve the scientific understanding of hurricanes, typhoons, and TCs in general.
One such example is the Jet Propulsion Laboratory
(JPL) Tropical Cyclone Information System (TCIS; https://
tropicalcyclone.jpl.nasa.gov). TCIS is a data analytic center
framework that integrates model forecasts with multiparameter satellite, and some airborne, observations from a variety
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of instruments and platforms. It provides an
interactive system for visualization and online
analysis tools that work with observations and
models, allowing for quick investigation of TCs
and their surrounding environments.
TCIS allows atmospheric scientists to
spend more time on new ideas and concepts
rather than painstakingly gathering observational and model data scattered over several
agencies. Considering the growing interest in
improving hurricane predictability beyond the
comparison of “best track” metrics, the societal implications of these phenomena, and the
need to leverage resources, JPL’s TCIS provides
an important service to the community.

A comprehensive data hub for
tropical cyclone research

TCIS has two components: (i) a set of interactive portals,1 each integrating a number of
data streams, designed to increase the accessibility and utility of NASA and NOAA observations and models and to enable the development of new information products; and (ii)
a 12-year global archive of multisatellite TC
observations.
The objectives of the interactive systems
are (i) to allow interrogation of a large number
of atmospheric and ocean variables to help
better understand the processes associated
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1

interactive portals
include: the North
Atlantic Hurricane
Watch (NAHW;
https://nahw.jpl.nasa
.gov) site, and the
portals being developed to support field
campaigns: NASA’s
Convective Processes
Experiment (CPEX)
site (https://cpex.jpl
.nasa.gov) and the
2019 Cloud, Aerosol
and Monsoon
Processes Philippines
Experiment
(CAMP2Ex) site
(https://camp2ex
.jpl.nasa.gov) for
the study of tropical
convection.

with tropical convection in general, and,
in particular with tropical cyclone genesis,
track, and intensity changes; (ii) to allow for
easy evaluation of models by comparison with
observations; and (iii) to serve as a rich information source to support TC research, and to
support field campaigns during their planning
and postcampaign analysis stages.
Here we focus on presenting the NAHW interactive portal, as this system addresses the
questions regarding hurricane genesis and
evolution—a science problem with significant
societal implications. The NAHW portal is
the longest-running TCIS interactive portal,
archiving data since 2012, though with somewhat variable coverage and product selection.
To help users navigate NAHW, we developed

The historic South Carolina floods of 1–5 Oct 2015
as depicted by observations and models in the
NAHW. Illustrated is the variety of observational
and model data available in the portal. Displayed
are observations of TPW, overlaid with the Rain
Index, a special JPL product developed to depict
rain intensity and variability as a function of
PMW observations. The model flow is overlaid
on top to show the interaction of the hurricane
circulation with the large-scale synoptic flow,
producing a moisture river that was persistently
pushed toward the coast for a week.

MARCH 2021
Unauthenticated | Downloaded 01/10/23 12:58 AM UTC

a tutorial video (https://nahw.jpl.nasa.gov
/NAHW_Tutorial_Video.mp4).
In addition to the interactive portals, TCIS
includes a global data archive [the Tropical
Cyclone Data Archive (TCDA); https://tcis.jpl
.nasa.gov/data/TC_Data_Archive/)] of tropical cyclone satellite observations for the period 1999–2010. It is a one-stop archive to obtain
an extensive set of multiparameter data from
multiple observing systems.

Data in TCIS

The TCIS observational data contain products
from a number of NASA, NOAA, and international satellites pertaining to the cloud and
precipitation structure of the storms, the environment in which they develop and evolve,
the air–sea interactions that provide their
fuel, and the best track data for the TCs that
occurred within the time span and the spatial
domain of each of the portals.
The cloud and precipitation structure of the
storms is best captured by geostationary observations in visible and IR wavelengths, and
passive microwave (PMW) observations from a
number of low-Earth-orbiting (LEO) satellites.
The main advantage of the geostationary observations is their high temporal and spatial
resolutions. However, they mainly depict the
structure and evolution of the cloud tops, with
little information on the storm structure below.
To sense below the cloud cover, one can use
PMW observations that provide complementary
AMERICAN METEOROLOGICAL SOCIETY

Illustration of how the portal can be used to investigate the thermodynamic structure of the environment together with aerosol loading. The image
shows a 6-h composite of the aerosol optical thickness (AOT) from MODIS observations together with
the geostationary IR data. Overlaid are two additional fields: streamlines show the storm-relative
flow field at 850 hPa from the 12-h forecast of
ECMWF to allow investigation of the type of air
that is entering the storm and the CAPE from AIRS
retrievals, shown as place markers (dots) that are
color-coded by the CAPE value. Clicking on the
place markers allows the user to view the retrieved
thermodynamic structure, shown as a skew-T plot,
at a particular location and allows comparison of
the vertical profiles of humidity and temperature
at various locations around the storm.

information. While not as frequent as the geostationary observations, the constellation of similar LEO instruments, each with wide swaths,
provides PMW observations of every point in
the tropics on average every 80 min, allowing
the detection of convection that is developing
underneath the cloud cover. Combining the
high spatiotemporal resolution data from geostationary satellites with the better hydrometeor
discrimination capabilities of the less-frequent
PMW observations from LEO satellites yields a
comprehensive view of hurricane processes.
To describe the environment in which the
storms grow, we incorporate data that capture
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the thermodynamics and the aerosol loading of the atmosphere. The total precipitable water (TPW) and the
vertical profiles of water vapor and temperature are
used to characterize the thermodynamic environment
and the storm-induced perturbations. All of them are
known to play key roles in hurricane development,
and their precise determination is crucial for predicting hurricane genesis and intensity changes, trajectory, and landfall location.
To characterize the aerosol loading of the environment, we use observations from MODIS on the Aqua
and Terra satellites. This valuable dataset—not yet
systematically exploited—can be used to elucidate the
role of aerosols in the radiative and microphysical processes yielding hurricane genesis and intensification.
Understanding, and properly capturing, air–sea
interactions is also recognized as critical to improving
forecasting. Toward this end, TCIS includes the global
high-resolution SST estimates from merged satellite
and in situ measurements, characterizing the storm’s
energy source and potential. These data complement
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Best track data for Hurricane Sandy as of 29 Oct
2012. Each position is marked by a symbol (circle) whose
size and color reflect the intensity of the storm at 6-h
intervals. Clicking on any position opens a window that
displays the name, time, and location of the hurricane
and its intensity at that location. In addition, the window allows the user to display the forecast tracks from
a number of models (each model forecast in a different
color), with all forecasts starting at the selected location and time. These model forecasts are arranged in
three groups. Clicking on a forecast track position shows
information on the model, the time and location of that
position, the forecast hour, and the storm intensity. A
very important feature of the TCIS interactive portals
is the ability to search for a particular storm, from a
database accessed under the menu “Hurricanes” in the
“Satellite and Aircraft Data” menu on the left. Selecting
a hurricane would then bring the user to the very last
day of the storm’s lifecycle, showing the entire track.
This allows the users to quickly navigate in time to a
point location of their interest.
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scatterometer surface wind observations, depicting
the SST–wind interactions that are providing sensible
and latent heat to fuel the storms.
Finally, a very important component of TCIS is the
inclusion of the “best track” data. In addition, model tracker forecast tracks are available in the Atlantic
and east Pacific. Having the “best track” data allows
researchers to understand the observed storm structure and environmental conditions in the context of
storm evolution.
In the end, models are the ultimate tool for testing
and validating hypotheses regarding hurricane evolution: discrepancies between model forecasts and observations indicate areas needing improvement, and
the actual concrete differences will help guide where,
when, and why a model fails to simulate a process.

Conclusions

The JPL Tropical Cyclone Information System is being
developed to help scientists improve their understanding and forecasting of TCs and tropical convection. It
has already increased the accessibility and utility of
NASA and NOAA observations and models. TCIS is a
valuable resource for hurricane research that is open
to the community. It can be used by anyone to explore
new avenues of research. Its overarching goal is to
support investigations of complex multiscale interactions. To achieve that, TCIS brings together multiparameter data to help better understand the large-scale
and storm-scale processes associated with tropical
convection in general and hurricane genesis in particular, as well as changes in track and intensity.
A significant step forward to more realistic TC forecasting is the use of high-resolution ensembles of model
forecasts, with the ensemble members reflecting the uncertainty in the initial conditions and in the physical representation of the processes. The ensemble mean provides
a more reliable forecast than any of the individual members. Yet, the ensemble forecast could be improved further
by keeping only the most realistic members, begging the
question of how to select them. To help with this, TCIS has
been used to develop metrics to allow subselection of the
most realistic members of an ensemble forecast, based on
objective measures of the similarity between the observed
and the predicted structure of the storm and its environment. This approach would allow forecasters to provide
“guidance on guidance” to reduce forecast uncertainty.
Our future work will be directed toward moving the
TCIS into the cloud, and making it more flexible and
scalable, with two benefits: (i) it allows the TCIS to run
globally, and (ii) it makes the novel software readily
accessible for other programs (e.g., planned field campaigns) to easily configure and run a similar information system in support of specific needs.
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METADATA
BAMS: How did you become interested in the topic
of this article?
Svetla Hristova-Veleva (California Institute of
Technology): After obtaining my Ph.D. in atmospheric sciences at Texas A&M University, I was very
fortunate to join the great group of scientists and
engineers at the JPL. They soon got me involved
in the planning of new missions to observe winds
and precipitation over the global oceans. We began
designing instruments that would allow us to pierce
through the cloud tops and observe in new ways
the inner makings of hurricanes, to help us understand this incredible and fascinating phenomenon.
And this is how our adventure to explore hurricane
processes began.
BAMS: What surprised you the most about the
work you document in this article?
SH-V: Satellite observations have provided a wealth
of information and have been used to address
many of the questions about the critical processes
that sometimes lead to rapid changes in hurricane
intensity and sometimes don’t. What surprised me
the most, and motivated our research, was discovering that most previous research has focused on
using observations of only a single type, analyzing
them one at a time. At the same time, hurricane
genesis and evolution are the result of complex
multiscale interactions. Untangling these interactions requires the simultaneous consideration of a
number of semicoincident observations of different
geophysical parameters.
BAMS: What was the biggest challenge you
encountered while doing this work?
SH-V: To understand the multiscale interactions
that lead to hurricane genesis and determine
its evolution, a scientist would need to obtain a
holistic view of the storm and the environment
in which it grows. Developing the JPL Tropical
Cyclone Information System made us realize how
many obstacles a researcher needs to overcome to
collect near-simultaneous, semi-collocated observations of different parameters of the phenomenon of interest, observed by a variety of instruments and a number of missions, over many years.
These observations come from disparate sources,
in a variety of formats, and are located all over the
internet.
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