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Introduction

Development of the Storm-Centric Database

Tropical cyclones (TCs) have a dramatic impact on the upper ocean,
affecting ocean mixing, high amplitude near-inertial currents, upwelling, and
heat fluxes. In situ field programs as well as infrared and visible satellite
data have verified variation in these features along and across the storm
track. The amplitude, temporal variability, and spatial variability of these
surface temperature anomalies, or ‘cold wakes,’ depend on the storm size,
intensity, translational velocity, and the underlying ocean condition. Cold
wakes typically are 2 - 5 °C cooler than pre-storm SSTs, persisting for days
to weeks and may affect subsequent storms in that region.

Background: Cold Wakes
The temporal and spatial variability of cold and warm wakes, as well as
their development below regions of heavy clouds and rain, have made
analysis of satellite retrievals vital to understanding changes in the upper
ocean due to storm passage. Although cold wakes were first identified in
1968 (Hazelworth), the advent of accurate microwave (MW) sea surface
temperatures (SSTs) has re-invigorated research into cold wake structure,
dynamics, and climate impact. A high profile article in Science (Wentz et
al., 2000) demonstrated the cold wake of Hurricanes Bonnie and Danielle.
Since then, a number of articles have been published using MW SSTs to
examine the cold wakes produced by tropical cyclones and the warm
wakes produced by polar lows (Rao et al, 2005, Saetra et al., 2008, Sriver
and Huber, 2007).
The new GHRSST blended SSTs provide an unprecedented look into the
structure and dynamics of cold wakes by exploiting the resolution of
infrared (IR) SST retrievals and the coverage of MW SST retrievals. The
cold wake associated with Typhoon Man-Yi is illustrated in Figure 1. The
three panels of the figure show the differences between model (NCEP),
MW-only, and MW-IR blended SSTs. The cold wake is seen in blue along
the storm track in green.

Figure 1 The SST difference, 17 July (after Typhoon Man-Yi) minus 7 July 2007 (before Typhoon
Man-Yi). The track of Typhoon Man-Yi, in the western North Pacific Ocean, is shown in green. The
left panel shows the weekly 100 km NCEP OI SSTs, which do not have adequate spatial or temporal
resolution to resolve the cold wake. The center panel shows the daily MW OI SSTs, which show a
strong cold wake in the SSTs but are unable to retrieve SST near land and are at a 25 km spatial
resolution. The right panel shows the daily 9 km MWIR OI SST which combine the resolution of the IR
SSTs with the through-cloud capabilities of the MW SSTs. This image shows the cold wake very
clearly and includes details missing in the other panels [Gentemann et al., 2006].
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Example: Typhoon Man-Yi
Figure 4 demonstrates the temporal and spatial response of
the upper ocean to the storm. As expected, the cold wake
is primarily on the right side of the storm tract for this
Northern Hemisphere cyclone. However, some cooling is
also present directly under the storm where the storm
translation speed slowed as the storm shifted direction.
The changes in storm intensity, as well as the translation
speed, result in substantial spatial variability of the cold
wake.

Methodology
IBTrACS (International Best Track Archive for Climate
Stewardship) TC data (Figure 2, blue stars) are
interpolated onto a smoothly varying track (red line). The
IBTrACS data contain the details of the storm center
position, winds, pressure, and velocity. These values are
also interpolated onto the track.
For each interpolated position, a vector orthogonal to the
storm track is determined (black line). The evenly spaced
track and orthogonals provide the structure of the
database, as illustrated in the right panel of Figure 2.

Recent studies, on both warm and cold wakes, have mostly focused on
small subsets of global storms due to the amount of work it takes to
co-locate different data sources to a storm’s location. While a number of
hurricane/typhoon websites exist that co-locate various datasets to TC
locations, none provide 3-dimensional temporal and spatial structure of the
ocean-atmosphere necessary for studies of cold/warm wake development
and impact. We are developing a global 3-dimensional storm centric
database for TC research, containing co-located in situ data, satellite, and
model analysis data for 1999-2009 to fill this niche.

Figure 2 demonstrates how the database geo-references
data to the storm’s frame of reference. The data are also
organized temporally into a storm-centric frame of
reference with t=0 indicating the day of storm passage,
negative numbers the days before storm passage and
positive numbers after storm passage.

Figure 2. Super Typhoon Man-Yi, 7-17 July 2007. The left panel shows the 6-hourly TC best track positions (blue
stars), the interpolated position (red line), and the track orthogonals (black lines) drawn every 12 km. The right
panel illustrates how the evenly-spaced orthogonals map onto a linear grid. The linear grid in the right panel is then
populated with observations for each time relevant to that storm. Note the transformation into the storm-centered
coordinates may distort the land.
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SST

Chlorophyll-a
wind speed & direction

Atmospheric water vapor
Cloud
Rain Rate
Sea surface height
Net Primary Production
Mixed layer depth climatology
Mixed layer depth
sea level anomaly
geostrophic velocity anomaly
Significant Wave Height
field measurements
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product
product
product
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observation
observation
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observation
observation
observation
observation
observation
observation
observation
observation
observation
observation
product
product
observation
observation
observation
observation
product
product
product
product
product
product
observation

Name
NOAA AVHRR OI SSTs
RSS MW OI SSTs
RSS MW+IR OI SSTs
Terra MODIS
Aqua MODIS
TRMM TMI
Aqua AMSR-E
WindSAT
SEVIRI
GOES
moored buoys
drifting buoys
ship data
ARGO profiling drifters
Terra MODIS
Aqua MODIS
All PMW/Scat
H*wind

Spatial Temporal
25 km
daily
25 km
daily
9 km
daily
4 km
4 km
25 km
25 km
25 km
4 km
30 min
4 km
60 min
point
point
point
point
9 km
9 km
25 km
daily
25 km

daily

111 km
19 km
25 km
37 km
111 km

monthly
monthly
monthly
weekly
weekly
daily

All PMW
All PMW
All PMW
OSU Ocean Productivity
NRL
OSU Ocean Productivity
AVISO
AVISO
AVISO
various

Status
completed
completed
completed
completed
completed
completed
completed
completed
completed
completed
completed
completed
completed
started
started
completed
completed
completed
completed
completed
completed

completed
completed
completed
completed

Figure 3. Illustration of
data
structure
in
storm-centered frame of
reference. The storm
moves up the center
vertical line in each
panel. The left panel
illustrates
how
the
orthogonal is used to
center
a
grid
of
observations onto the
storm spatial frame of
reference, with stacks of
data in time both before
and after (right panel)
the storm passage.




The database will include data near each storm for each
orthogonal as the center of a square grid, as shown in
Figure 2. The storm data are saved in a 4-dimensional
grid (x,y,t,p) with the spatial dimensions (x and y)
determined by the orthogonal line, and the temporal
dimension (t) spanning 5 days prior to storm passage to
25 days after the storm passage. The final dimension,
storm position, p, is for the position of the storm at each
orthogonal, with each position separated by 12 km as
illustrated in Figure 3.

Figure 4. The GHRSST MW OI SSTs shown here are calculated along
each orthogonal in the right panel of Figure 2. A) SSTs on the day prior to
Typhoon Man-Yi passage. SSTs prior to the storm are warm Southwest of
Japan and cool after the Kuroshio Current separates from the coast. B)
The difference of SSTs five days after storm passage minus SSTs one
day prior to storm passage, showing the cold wake generated by Typhoon
Man-Yi five days after storm passage. The cold wake is mostly on the
right side of the storm track, but where the storm translation speed was
low, there is cooling directly underneath the storm. C) Ten days after
minus one day prior. The cold wake has diminished in size and intensity.
D) Fifteen days after minus one day prior. The cold wake is almost
negligible.

The database is currently under further development and
includes the data described below and listed in Table 1.

Data
This database is designed for both in situ and satellite
data, as well as model analyses. Remote Sensing
Systems (RSS) has a widely-used storm watch archive
which provides the user an interface for visually analyzing
collocated NASA Quick Scatterometer (QuikSCAT) winds
with GHRSST microwave SSTs and SSM/I, TMI or
AMSR-E rain rates for all global tropical cyclones since
mid-1999. We are building on this concept of bringing
together different data near a storm’s location when
developing this storm-centric database. This database
(once completed) will provide scientists with a single data
format collection of various atmospheric and
oceanographic data, and will include all tropical storms
from IBTrACS since 1998, when TMI data first became
available.
This study features a preliminary database; the final
database may be altered to optimize grid-spacing for the
inclusion of point data and other relevant details. The
storm orthogonal lines and data-grid may be made larger
or smaller to ensure that relevant atmospheric and
oceanic features are efficiently sampled without
generating data excess.
Once completed, the database will be available via the
RSS web-based environment, using the web display tools
previously developed for RSS web pages and already in
use by TC researchers and forecasters.

Figure 5. Typhoon Man-Yi cold wake SSTs. The top panel shows SSTs
orthogonal to the storm track at position 78 (see Figure 2). The color of the
lines indicate the storm-centered time of the SST measurement. Prior to
storm passage (dark blue); the SSTs smoothly decrease from left to right.
5-10 days after storm passage (light blue lines) the SSTs have cooled
approximately 4 °C almost directly underneath the storm. The cold wake is
much broader on the right side of the storm. The bottom panel shows the
same data, but with time (relative to storm passage) on the x-axis and the
color of the lines indicating the distance from the storm track. The left most
portion of the figure shows SSTs prior to storm passage, at x=0, the SSTs
begin decreasing, except on the left (blue) most side of the track.
Underneath (yellow-light blue) and to the right (yellow-red) SSTs all
decrease after storm passage and reach a minimum 1-3 days after storm
passage. The SSTs do not linearly return to their pre-storm values

Considering Typhoon Man-Yi further, Figure 5 shows the
region with the largest cold wake near position 78. The top
panel of Figure 5 shows SSTs for this position prior to storm
passage (blue lines) and 20-25 days after the storm
passage (red lines). These lines show relatively constant
SSTs orthogonal to the storm track. Between 1-20 days
(turquoise to yellow lines) the SSTs are depressed by 4 K.
The bottom panel of Figure 5 shows the same SSTs plotted
as a function of storm-centered day. Prior to storm
passage, the SSTs were relatively constant, whereas
immediately after the storm the SSTs began decreasing to
the right of the storm track, reaching a minimum 1-3 days
after the storm passage. After 3 days the SSTs begin
recovering to their original value. The oscillations in
temperature recovery likely result from inertial oscillations
generated by the storm [Price et al., 2008].
Examples of collocated drifter and satellite SSTs are shown
in Figure 6 and Figure 7. As stated above, the database for
each storm is built on an array that saves the latitude,
longitude, and time in a storm-centric frame of reference.
The various data sets, whether in situ measurements,
model analyses, or satellite retrievals, are collocated in time
and space onto the grid, which makes spatial and temporal
comparisons relatively straightforward. Figure 6 shows
drifter SSTs (from the Near-Real Time (NRT) Global
Telecommunication System (GTS)) plotted alongside
interpolated satellite SSTs.
The x-axis shows the
storm-centric. The drifter SSTs are all depressed after
storm passage, but the interpolated MW OI SSTs show the
temporal pattern of depression and then recovery. The
NOAA SSTs (turquoise) under estimate the cold wake.
Figure 7 shows two moored buoy SSTs collocated with
interpolated satellite SSTs. The moored buoys are located
outside the cold wake region, so they do not show the same
post-storm depression found in the drifter data.

Figure 7. Satellite SSTs collocated with moored buoy SSTs from the GTS. Buoy
22103(left) is at 138E 20N, and buoy 52087(right) is at 129E 10N, neither is in the
cold wake.
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