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ABSTRACT

This study uncovers what appears to be a systematic bias in the National Meteorological Center’s aviation
(AVN) model at 200 mb over the Caribbean Sea. In general, the 48-h forecast in the vicinity of the Tropical
Upper Tropospheric Trough (TUTT) underpredicts the magnitude of the westerly 200-mb winds on the order
of 5-10 m s~!. This unrealistic weakening of the TUTT and associated cold lows by the AVN results in erroneous
values of the vertical (850-200 mb) wind shear. These systematic errors are in the same order of magnitude as
the minimum shear threshold for tropical cyclone genesis and development. Thus, 48-h tropical cyclone formation
and intensity forecasts based upon the AVN model are often incorrect in the vicinity of the TUTT. Knowing
the correct future upper-wind regime is also crucial for track forecasting of more intense tropical cyclones,
especially in cases of recurvature.

It is shown that simple persistence or climatology of the 200-mb winds south of a TUTT axis is superior to
the AVN model’s 48-h forecast. Until this bias in the AVN is successfully removed, the tropical cyclone forecaster
for the Atlantic basin should be aware of this systematic error and make subjective changes in his/her forecasts.
For 200-mb west winds greater than or equal to 10 m s~ forecasts based on persistence are best, while for west
winds less than 10 m s~!, half climatology and half persistence is the preferable predictor. If the TUTT is weak
such that 200-mb easterly winds occur, climatology tends to be the best predictor as it nudges the forecast back

to a normal westerly wind regime.

1. Introduction

In the science of tropical cyclone (TC) forecasting,
three key components—genesis, intensification, and
movement—are dependent upon an accurate assess-
ment of current and future upper-tropospheric (200
mb) winds. Therefore, knowing the strength and lo-
cation of the Tropical Upper Tropospheric Trough
(TUTT; Sadler 1976b) is crucial information for the
TC forecaster.

TUTTs often can inhibit the formation of TCs by
allowing large amounts of vertical wind shear (VWS)
to be positioned directly over the prestorm disturbance.
VWS can be quantified in the following manner:

VWS = [(uz00 — usso)? + (V200 — Vs50)°1"%, (1)

where u and v are the zonal and meridional wind com-
ponents at each grid point, respectively, for the 200-
and 850-mb levels. According to (1), westerly flow at
200 mb superimposed over easterly trade wind flow at
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850 mb will give high VWS values. Therefore, VWS
south of a TUTT axis is usually large. Likewise, a trop-
ical disturbance in a deep tropospheric easterly flow -
has a better chance of development if ugso and u,q0 are
similar in magnitude, since this will yield low VWS
values. Values of VWS greater than or equal to 10 m s ™
are generally considered to be great enough to inhibit
TC genesis by advecting upper-level moisture and
temperature anomalies away from the low-level dis-
turbance center (Zehr 1992).

In contrast, the TUTT and associated cold lows may
enhance the possibility of genesis by importing upper-
level angular momentum (Pfeffer and Challa 1992)
and/or upper-level potential vorticity (Montgomery
and Farrell 1993) over the prestorm disturbance if the
VWS remains below the 10 m s™! threshold. Sadler
(1976a) also found that directly below the divergence
sector of the TUTT a surface disturbance may be in-
duced in a trade wind regime that could then develop
into a TC. Sadler (1976b) proposed a comparable gen-
esis mechanism for the monsoon trough region. Ra-
mage (1959) also found that a TUTT cell could trans-
form itself into a TC.

Similarly, the competing effects of VWS and angular
momentum eddy fluxes by TUTTs and midlatitude
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troughs are also hypothesized to affect TC intensifi-
cation (Molinari and Vollaro 1989) once genesis has
occurred. In a quantitative treatment of the problem,
DeMaria et al. (1993) found that VWS has a strong
negative influence on intensification and that the mo-
mentum eddy fluxes have a positive yet much weaker
effect on TC intensity change. Sadler (1978 ) notes that
the proper positioning of a TC’s outflow channel with
respect to a TUTT may encourage intensification by
efficiently removing mass from the eyewall region, es-
pecially for a dual outflow situation. Additionally, Chen
and Gray (1986) have extensively discussed the dif-
ferent upper-tropospheric outflow characteristics as-
sociated with TC intensification.

Finally, it is generally accepted that the motion of
the TC is primarily the result of the deep layer flow in
which it resides, usually taken to be from 850 to 200
mb (Elsberry 1987). Velden and Leslie (1991) have
suggested, however, that tropical storms and weak hur-
ricanes (central pressure > 975 mb) are generally
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guided by flow lower (850-500 mb) in the atmosphere.
While TUTTSs are primarily maximum in strength at
200 mb, many times they can extend into the midtro-
posphere. Thus, they can often influence the current
and future motion of a nearby TC of any intensity. It
has also been shown recently that the infringement of
a deep baroclinic layer of westerly winds upon a TC
can be a precursor to recurvature, since this usually
precedes encroachment of deeper westerly flow close
to the poleward side of the storm center (Hodanish
and Gray 1993). Therefore, poor forecasting of any
upper-level wind characteristic can result in degraded
motion predictions.

From this discussion, it is clear that the upper-tro-
pospheric flow is very important in many forecasting
aspects of TCs. The aim of this paper is to examine
the forecasting skill of the National Meteorological
Center’s aviation (AVN) model with respect to the
tropical North Atlantic 200-mb flow and its handling
of the TUTT and embedded cold lows. The néxt section
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Fi1G. 1. Vertical cross section for 1200 UTC 9 August 1966, along a line through Miami, Florida, and Raizet, Guadeloupe. Isolines are
temperature deviations (1 K) from mean Caribbean atmosphere for August (Jordan 1958) and are based on smoothed analyses at constant
pressure levels. Gray shading indicates warm temperature anomalies exceeding +2 K. Hatching indicates cool temperature anomalies below
—2 K. Unsmoothed data are plotted at four individual stations. Intermediate winds along standard isobaric levels are interpolated from
streamline isotach analyses. All winds are plotted in the standard synoptic convention (one full barb equals 5 m s™'). Heavy dashed lines
near 75° and 70°W are axes of upper-level cyclonic curvature and low-level waves, respectively, [ from Erickson (1969) as displayed in

Krishnamurti (1979)].
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FIG. 2. The 200-mb streamline and isotach analysis from a 1975-1991 climatology for the month of August. Wind speeds are contoured
every 4 m s~ with shading added for those winds greater than 8 m s™!. The dark dashed line indicates the mean TUTT axis. Closed circles
denote regions where AVN 48-h wind errors were calculated. Climatological data are provided by the archive of tropical North Atlantic
200-mb winds courtesy of the National Oceanographic and Atmospheric Administration’s Hurricane Research Division. Details on the

dataset are available in Shapiro (1987).

will discuss the structure, climatology, and hypothe-
sized causes of the TUTT, and it describes the AVN
model and the systematic biases that have been iden-
tified in the tropical predictions of this model. Section
3 details a 200-mb AVN easterly wind bias in the Ca-
ribbean basin during the peak hurricane season and
shows that currently persistence and climatology are
better 200-mb wind forecast tools. The final section
relates these findings to the context of TC forecasting
and provides hypotheses that may explain the biases
found.

2. Background
a. The tropical upper-tropospheric trough

One of the more intriguing tropical weather features
in the summer oceanic climatology is the TUTT. The
TUTT is a semipermanent summertime feature of the
North Atlantic, South Atlantic, North Pacific, and
South Pacific. It 1s a shallow, cold-core trough that is

oriented across the subtropical and tropical portions
of these oceans (Whitfield and Lyons 1992). The max-
imum intensity of the cold core of the TUTT exists at
roughly 300 mb, while the vorticity maximum is lo-
cated approximately at 200 mb below strong upper-
tropospheric and lower-stratospheric subsidence-forced
warming, as shown in Fig. 1. TUTTs and associated
cold lows are thought to be maintained by radiational
cooling that causes this upper-tropospheric subsidence,
as is required to maintain atmospheric thermal balance
in the midocean regions during the summer. Defining
Q as the contribution from sensible, latent, and radia-
tive heating rates and c, as the specific heat at constant
pressure, estimates of the total diabatic heating rate per
unit mass Q/c, are as strong as —6 K day ' in the
vicinity of the TUTT (Geller and Avery 1978).
Little research has been conducted to explain the
seasonal cycle of the TUTT, but one possible scenario
for the North Atlantic is as follows. During the summer,
continental convection increases due to higher sensible
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