EFFECT OF
EXTRATROPICAL
TRANSITIONING ON

PACIFIC TYPHOONS

INTRODUCTION

Tropical cyclones are low pressure systems characterized by
high winds and heavy convective rainfall. They have a warm
core (that is, warmer than the surrounding environment)
and surface temperatures across their width are relatively
uniform. Importantly, tropical cyclones derive their energy
from warm ocean water that moistens and destabilizes air
so that it rises, cools, and condenses to forms clouds and
precipitation.

Extratropical cyclones are also low pressure systems
characterized by high winds and heavy, often steady rainfall.
But extratropical cyclones differ from tropical cyclones in
that they occur in middle and high latitudes, are cold-core
(colder than the surrounding environment), and have large
horizontal surface temperature differences (“baroclinic”).
An important distinction from their tropical counterparts is
that extratropical cyclones derive their energy primarily from
horizontal temperature gradients in the atmosphere and not
from warm ocean water; warm air is mechanically lifted over
cold air to form clouds and precipitation.’
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EDITOR'S NOTE: The transition of tropical cyclones to extratropical cyclones
is a relatively common occurrence and is one that occurs in both the Atlantic
and Pacific Ocean basins. The impact of a transitioned storm on insured
losses—particularly in terms of precipitation-induced flooding—can be
significant. In this article, AIR Principal Scientist Dr. Peter Sousounis and
Scientist Jason Butke discuss the phenomenon of extratropical transition in
the context of Japan typhoons, as well as the challenges of forecasting it and
its impact on precipitation...and insured losses. Enhancements to the AIR
Typhoon Model for Japan, scheduled for release later this year, will include
the explicit modeling of extratropical transition and losses resulting from

precipitation-induced flood.

By Dr. Peter Sousounis and Jason Butke

While tropical cyclones and extratropical cyclones are
distinctly different phenomena, it is not unusual for the
former to evolve, or transition, into the latter.? At some
point in its predominately east-to-west track in the tropics,

a tropical cyclone may begin to move poleward where it
encounters cooler sea surface temperatures and increased
vertical wind shear associated with the mid-latitude
westerlies. These and other factors cause the tropical cyclone
to increase its forward speed, lose its symmetric cloud shield
and, at times, reintensify rapidly into a powerful extratropical
cyclone.

Extratropical transitioning cyclones occur in most tropical
ocean basins. Indeed, approximately 45-50% of tropical
cyclones in both the Northwest Pacific and North Atlantic
basins undergo extratropical transition.>* The resultant storm
typically has a larger wind and precipitation footprint than

it did as a tropical cyclone—and it can still pose a serious
threat to land and sea interests.
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CHALLENGES FOR THE FORECASTER

Forecasting extratropical transition and its downstream
impacts can be challenging and costly. While considerable
progress has been made in recent years in forecasting the
track, intensity and even wind field of tropical cyclones,
transitioning cyclones are more difficult. Additionally,
because extratropical cyclones typically move much faster
and exist in @ more dynamic environment, an error in

the forecasted transition time by even a few hours can
mean a dramatic error in forecasted location and speed
of the system. Even sophisticated numerical weather
prediction models have difficulty with accurately simulating
extratropical transition.

Nevertheless, some basic tools are available to help

forecast and identify when transition will happen and,
retrospectively, when it occurred. These range from very
subjective analyses of surface data and satellite imagery

to a more objective “phase space” approach developed

by Hart (2003). The amount of uncertainty is potentially
large when comparing results from different agencies using
different approaches. Typhoon Songda (2004) offers a good
example. Satellite imagery in Figure 1a-c shows extratropical
transition occurring around 1200 UTC on September 7th,
while the phase space diagram in Figure 2 shows transition
occurring around 0600 UTC on the 8th.> The Japan
Meteorological Agency (JMA) reported that transition had
occurred at 0000 UTC on the 8th.

Clearly, the choice of technique will have implications for
evaluating extratropical transition and where, when and,
more importantly, the extent to which it will impact regions
downstream. The nature of those impacts, in the context of
a case study of two Japan typhoons, is discussed below.

Figure 1. Enhanced satellite imagery for Typhoon Songda at (a) 1200 UTC on September 6th, (b)
1200 UTC on September 7th and (c) 1200 UTC on September 8th. Colors represent bright-

ness temperature, where whites are the highest, most convective cloud tops, and blues are the
lowest and least convective. Images are from Digital Typhoon (http://agora.ex.nii.ac.jp/digital-
typhoon/). The black “X" approximates the location of the low pressure center.
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Figure 2. Songda (2004) phase space diagram during the life of the storm. Tropical cyclones
are symmetric warm-core systems, while extratropical cyclones are asymmetric and cold-core.
Source: Florida State University. For a detailed explanation of diagram, see http://moe.met.fsu.
edu/cyclonephase/help.html.

IMPACT OF EXTRATROPICAL TRANSITION ON
PRECIPITATION

Mature tropical cyclones—at least those in low wind

shear environments—typically exhibit a very symmetric
precipitation shield. Convergence and convection—both
associated with thunderstorm activity in the eyewall—are
greatest near the radius of maximum winds (Rmax) and it
is here that the most intense precipitation occurs. Outward
from the Rmax, precipitation rates generally decay, with
most of the precipitation falling within the radius of gale-
force winds (Matyas 2006). During extratropical transition,
increased vertical wind shear forces the precipitation

shield to become highly asymmetric with most of the
precipitation falling north and east of the storm center.
Additionally, colder, drier air enters, or “is entrained,” into
the southern and western parts of the storm, which erodes
the precipitation over the center.

These features can be seen more clearly in Figure 1. Figure
1b shows the dry air entrainment (in greens and blues)
south of the storm center, which is denoted by “X."” By
Figure 1c, the precipitation shield has become even more
asymmetric, with dry air entrainment to the north and
south. This asymmetric precipitation shield is typically
larger than it was when the system was tropical, but hourly
precipitation rates are generally lower.®



(a) Etau (2003)

Typhoons Etau (2003) and Tokage (2004) had similar
tracks and intensities, but Tokage was already beginning
to transition as it made landfall on Japan’s main island

of Honshu, while Etau transitioned farther north over
Hokkaido. Observed wind speeds were similar for the two
events but Tokage caused substantially more flooding,
which claimed nearly 100 lives. Figure 3 demonstrates that
Tokage and Etau’s observed precipitation totals were similar
over the mountains of the southern islands of Kyushu and
Shikoku, but that Etau was noticeably drier across Honshu,
especially the northern half.

b) Tokage (2004)
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comparison of key features at and post-landfall for the two
typhoons. First, it is evident that both storms were nearly
equally strong from a central pressure and gradient wind
perspective. Second, maximum rainfall amounts® (i.e., at any
given station) were also very comparable, so this too cannot
explain Tokage's higher level of damage. Finally, while

the two storms took slightly different inland paths, which
can explain loss differences from a proximity-to-exposure
standpoint, the path differences per se were not as
important as what happened because of them. Specifically,
because Etau traversed more land before transition, it

had lost its primary source of energy and moisture—that

is, the ocean. Tokage, on the other hand, had essentially
completed transition as it made its way across Honshu and

levels of damage and loss. The JMA (http://agora.ex.nii.
ac.jp/digital-typhoon/) reported that Etau inundated 2,398
houses, while Tokage inundated 55,455 houses. Wind
losses were also very disparate between the two storms.
The General Insurance Agency of Japan (GIAJ) reported
insured losses of 5.1 Bn JPY for Etau and 88.5 Bn JPY for
Tokage.

There are numerous facts that support the notion

that the extratropical transition of Tokage contributed
more significantly to the greater damage than did any
differences in intensity or storm path. Table 1 summarizes a

et so was able to extract energy and moisture not from the
£ ocean, but rather from the free atmosphere.
{ﬁ%i Table 1. Summary of landfall and post-landfall characteristics for Etau (2003) and Tokage (2004)
b SRR Dy Honshut,

m,‘.'.ﬁk;f’*.’ & : Characteristic Etau Tokage
bt g Land Fall Central Pressure (hPa) 950 950
Land Fall Maximum Winds (kts) 75 80
Figure 3. Observed precipitation totals (mm) for 2003's Typhoon Etau (left) and LandFall Latitude 33.36 33.73
ég?;:ggizﬁ%nn?ylﬁgren({E&tgbiz;tf source is the Automated Meteorological Land Fall Radius of Max Winds (km) 1 122
Land Fall Max Hourly Precip (mm/hr) 25 40
IMPACT OF EXTRATROPICAL TRANSITION ON Land Fall Outer Storm Radius (km) 250 375
LOSSES Landfall Forward Speed (kph) 22 55
The economic impacts of tropical cyclones that have Maximum Precipitation (mm) 683 550
transitioned to extratropical can be dramatic.” One reason Transition Latitude 42.8 359
is that buildings and their owners in the middle and high LandFall+12 Central Pressure (hPa) 975 980
latitudes may be less well prepared for storm-force winds LandFall+12 Maximum Winds (kts) 45 60
and heavy precipitation. Whether due to building codes Wind Impact Index 3777 5702
that are less strict, a lack of evacuation strategies and Precipitation Impact Index 7219 9610
emergency preparedness, or poor forecasting, a transitioned ~ Completely destroyed (Houses) 28 7776
storm can have serious impacts. Halfly destroyed (Houses) 27 10955
Partially destroyed (Houses) 559 14323
Typhoons Tokage and Etau resulted in significantly different Inundation above floor (Houses) 389 41132

A closer comparison of the two typhoons reveals other
differences related to extratropical transition that support
the disparity in the losses. For example, note that Tokage’s
precipitation was considerably higher across the northern
half of Honshu, including the Tokyo region, at a time
when it had already completed transition. The heavier
precipitation is supported by stronger and more extensive
warm advection (horizontal transport) north and east of
its path. The presence of a stronger baroclinic zone (steep
horizontal temperature gradients) surrounding Tokage
(Figure 4), as well as stronger and broader (southerly) winds



despite higher central pressure 12 hours after landfall,
certainly contributed to the stronger warm advection.

The extensive warm advection contributed, in turn, to
precipitation amounts from Tokage that were heavier than
Etau’s along the northern coast of Honshu even though
Etau hugged the northern coast.

It is worth noting that Etau did ultimately transition
while it was crossing Hokkaido. Then and only then did it
regenerate heavier amounts of precipitation. Indeed, the
heaviest damage and losses from Etau occurred primarily
over Hokkaido.
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Figure 4. Isotherms (degrees C) at 850 hPa for Tokage and Etau when
situated over nearly identical positions on Honshu. Time for Tokage was
12 h prior to completing extratropical transitioning. Etau extratropical
transitioning did not occur until over Hokkaido.

CLOSING THOUGHTS

Extratropical transitioning is the process whereby tropical
cyclones evolve from systems that derive their intensity from
ocean heat energy to systems that derive their intensity
from atmospheric potential energy.

The strength of the transitioned storm can be comparable
to that from before. Importantly, however, the footprint

of storm characteristics and hence their impact can be
significantly larger. From a damage estimation perspective,
therefore, understanding the process of extratropical
transition and the ability to forecast when and where it will
occur can help better anticipate and prepare for the losses
that can result.

EXTRATROPICAL TRANSITION: THE PHYSICAL
PROCESS

Various authors have described the extratropical transition
process in detail (Klien et al. 2000; Ritchie and Elseberry
2001; Jones et al. 2003; Kitabatake 2007, 2008). Typically,
in the first stage, as the tropical cyclone moves poleward,
it encounters colder water and increased horizontal or
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latitudinal temperature gradients (Figure 5a). The colder
water reduces the surface sensible and latent heat fluxes,
which are responsible for extracting the energy from the
environment (ocean) and converting it to storm energy.

In the second stage, as shown in Figure 5b, the cyclonic
flow of the tropical cyclone distorts the temperature
pattern such that warm air is advected (horizontally
transported) northward on the east side and cold air

is advected southward on the west side. The cold air
advection on the west side erodes the convection on the
northwest side of the tropical cyclone, causing it to lose
its symmetric appearance. The cold air, as it continues to
move southward, spirals inward towards the center from
the southwest and may completely erode the cloudiness
in that quadrant—resulting a “dry slot.” The warm
advection on the east side, results in this warmer, moister,
and lighter air being lifted over the colder air farther north
(called "overrunning”). The lifting of this air maintains
the deep cloudiness and precipitation over the northwest
and northeast quadrants as the process continues (see
Figure 1c). The weakening of the tropical cyclone and the
concomitant loss of cloud symmetry are characteristic of
almost all extratropical transitioning events.

Importantly though, as these processes continue into

the third stage, the cyclone taps a new source of energy
(baroclinic). As the cyclone continues to move northward
into stronger environmental temperature gradients, its

own winds pack the isotherms together to create fronts,
which further increases the wind speeds along these fronts.
These frontal motions help to lift warm, moist air to cause
clouds and precipitation, and help ventilate the storm aloft,
causing the central pressure at the surface to drop. As the
available potential energy is released, it is converted to
storm energy. The transitioning cyclone begins to reorganize
and may reintensify.

Figure 5. Schematic of extratropical transition for a) stage 1; b) stage 2; and c) stage 3 as
described in text. Thick arrows show upper level strong winds, thin closed circles show isobars
and fronts. Red dashed lines show low level temperature gradients. Satellite imagery from
Typhoon Tokage (2004) at 0600 UTC on October 19th (a), at 0600 UTC on October 20th (b),
and 0600 UTC on October 21st (c).
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1 FOR THE INTERESTED READER, THE PHYSICAL PROCESS OF EXTRATROPICAL TRANSITION IS EXPLAINED IN THE SIDEBAR
BELOW.

2 NOTE THAT COLD-CORE LOWS CAN ALSO SPAWN TROPICAL CYCLONES, THOUGH THIS IS PRIMARILY A CASE OF WEAK
EXTRATROPICAL FEATURES PROVIDING THE INITIAL TRIGGER FOR EVENTUAL TROPICAL CYCLOGENESIS, RATHER THAN A
STRONG EXTRATROPICAL CYCLONE TRANSITIONING INTO A STRONG TROPICAL CYCLONE.

3 JAPAN METEOROLOGICAL AGENCY BEST TRACK DATASET 1951-2008; AND JONES 2003 USING 1971-1999 HURDAT.
4 HART AND EVANS, 2001.
5 OTHER MODELS SHOW TRANSITION OCCURRING AS EARLY AS 1200 UTC ON THE 7TH.

6 TRANSITIONED TROPICAL CYCLONES CAN REINTENSIFY RAPIDLY WHEN THEY INTERACT OR MERGE WITH PRE-EXISTING
MID-LATITUDE CYCLONES. A RECENT AND DRAMATIC EXAMPLE IS 2008'S HURRICANE IKE, WHICH CAUSED LARGE WIND
LOSSES IN OHIO LONG AFTER IT HAD LOST ITS TROPICAL CHARACTERISTICS. DURING THIS TIME, CONVECTIVE FRONTAL
PRECIPITATION CAN BE QUITE HEAVY.

7 MANY SPECIFIC EXAMPLES ARE CITED IN JONES ET AL. (2003).

8 ETAU MOVED CONSIDERABLY MORE SLOWLY THAN TOKAGE, WHICH MORE THAN COMPENSATED FOR THE LOWER
MAXIMUM HOURLY PRECIPITATION RATE. GIVEN THAT DURATION IS A KEY CONTRIBUTOR TO BOTH FLOOD (AND WIND)
DAMAGE, THIS FEATURE ALSO DOES NOT SUPPORT THE DAMAGE LOSS DISCREPANCY.
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