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ABSTRACT
A Systematic Approach for tropical cyclone track forecasting was introduced
in 1994 by Carr and Elsberry to help forecasters at the Joint Typhoon Waming Center in
Guam. The author was trained in the Systematic Approach as part of a reproducibility

test for western Pacific cyclones as described in Chapter 1L

This study is the ion of the logi of Carr and Elsberry
to the North Atlantic. All North Atlantic tropical cyclones from 1990-1994 are examined
using 500 mb Navy Operational Global Atmospheric Prediction System streamline and
isotach analyses, geostationary satellite imagery, and the tropical cyclone best track

of the Approach to the North Atlantic requires three

modifications in the Environment Structure and TC-Environment transformation
mechanisms: (i) a Low Synoptic Pattern is defined; (ii) a variation on the North-oriented
Pattern is added; and (iii) 2 Weak Westerlies Synoptic Region is defined in the Standard
Pattern. Subtropical Ridge Modification is found to be the most important transformation

t A inary of Synoptic Patterns, Regions, Pattern/Regions,

and transitions is developed. While the Standard Pattern is the most common, it is

surprising that the Weakened Ridge Region is so prevalent Storm tracks in each

P /Regi i reveal a istic track motion for each Pattern/Region.
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L INTRODUCTION

A. TROPICAL CYCLONE TRACK FORECASTING

The accurate forecasting of tropical cyclone (TC) movement is important for a
large portion of the world. Tropical meteorologists at centers throughout the world are
continually striving to reduce their forecast errors of tropical cyclone movement. Major
decisions are based on the forecast movement of tropical cyclones. A mistake in the
forecast movement of a tropical cyclone can endanger lives, ships, businesses, and homes.
The Joint Typhoon Warning Center (JTWC) in Guam is responsible for forecasting
tropical cyclones in the North Pacific. The National Hurricane Center (NHC) in Miami,
Florida has the responsibility for the North Atlantic and eastern North Pacific to 140°W.

Many problems exist in the forecasting of tropical cyclones. A large problem is
the lack of observations throughout most of the tropical oceans. To combat this,
forecasters use objective aids and numerical weather prediction models to help them in
their forecasts. The numerical weather prediction models are viewed as the most likely
tool to provide an integrated TC track and structure forecast, and thus lead to an
advancement in TC forecasting. However, these models have systematic errors in TC
track forecasts. The knowledge that forecasters acquire through experience is another

tool. The of | guidance, objective aids, and experience-

dge is often d in terms of thumb-rules. These thumb-rules and

gained

their application can vary greatly between warning centers. This variation in application

can be large even between individual C , the temporal



of the official forecasts may be degraded, and may not improve upon objective forecasts
as expected (Elsberry and Dobos 1990)

Carr and Elsberry (1994; hereafter CE) believe the principle weaknesses in TC
forecasting are:

« insufficiently integrated and balanced treatment of the track, intensity, and wind

distribution sub-problems;

 an d ive that does not account for

significant interaction of the TC with its environment;
« excessive reliance on empirical techniques and thinking so that dynamical
reasoning is underemphasized, and

. an ic and

approach, which results in
degradation of forecast temporal consistency.
Using these weaknesses as motivation, CE proposed a new systematic and integrated

approach to tropical cyclone track i i title of h

The Approach was d

ped to help more i and
consistently: (i) interpret the TC motion characteristics based on evolving global model
fields; and (i) anticipate errors in the TC forecast tracks provided by the global model

and by other objective track forecast aids that depend on the numerical model (Carr et al.

1995). CE contains an extensive i of the ical k ledge base
utilized. The Systematic Approach was designed around the procedures and techniques
of JTWC in Guam and the analyses and forecasts of the U. S. Navy Fleet Numerical

Meteorology and Oceanography Center (FNMOC) in Monterey, CA.



The Systematic Approach to TC track forecasting is organized into three phases:
Numerical Guidance Analysis, Objective Techniques Analysis, and Official Forecast
Development (Fig. 1). Each of these phases is further divided into resources, knowledge
bases, and process components. CE provides details on these specific components.

The remainder of this Chapter reviews the Numerical Guidance Analysis phase.

The knowledge base of the Numerical Guidance is the TC-Environmental conceptual

models proposed by CE. The | models ped in the Approach
characterize the Environment Structure, the TC Structure, and the TC-Environment
transitions.
B. ENVIRONMENT STRUCTURE

The Environment Structure is defined by CE in terms of Synoptic Patterns and
Synoptic Regions. The Synoptic Patterns are the large-scale circulation features including
adjacent cyclones and anticyclones. CE identify four Synoptic Patterns in the western

North Pacific basin (Fig. 2). Within the four Synoptic Pattems are six Synoptic Regions

(Fig. 2) that are d with a particular steering that is imposed on the
TC. The following is a brief explanation of each Synoptic Pattern and Region (see CE
for in-depth descriptions).

1. Synoptic Patterns

The Synoptic Patterns are conceptual models based on the Navy Operational

Global Atmospheric Prediction System (NOGAPS) streamline and isotach analyses

primarily at 500 mb. The structure and of the mid

ridge is the prominent feature in many of the conceptual models. The four Synoptic




Systematic Approach Flowchart
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Figure 1. Schematic flow chart of the three phases (left side) and components (top) in
the systematic and integrated approach to TC track forecasting (from Carr and Elsberry
1994)
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Patterns are Standard (S), North-Oriented (N), Monsoon Gyre (G), and Multiple (M)
Tropical Cyclone.

The S Synoptic Pattern is identified when the axis of the ridge circulation
influencing the steering of the TC is approximately zonally-oriented. Ideally, the sub-
tropical ridge separates the tradewind easterlies and the mid-latitude westerly flow. The
ridge structure may be modulated by the passage of midlatitude troughs and ridges.

The conditions for classifying a Synoptic Pattern as N are: (i) a significant break
in the subtropical ridge must be present poleward of the TC; and (ii) a prominent, and
primarily north-south oriented, ridge exists to the east of the ridge break that also extends
significantly equatorward of the latitude of the TC.

Identifying the G Synoptic Pattern requires: (i) there is present in the vicinity of
the TC a particular type of monsoonal circulation that will hereafter be termed a monsoon
gyre (MG); and (ii) the TC has a position relative to the MG that its steering is directly
influenced by the MG.

Multiple (M) Tropical Cyclone Synoptic Patterns are identified when two TCs are:
(1) in proximity to each other (less than about 20° lat.), but with a separation distance that
would not result in a significant binary interaction, which generally occurs at less than
10-12° lat. (Brand 1970; Dong and Neumann 1983); (ii) oriented approximately east-west;
and (iii) sufficiently close (north or south) to the ridge axis that the height gradient
between the western (eastern) TC and the eastern (western) ridge circulation subjects the

eastern (western) TC to moderately strong (10-15 kt) and predominantly poleward



(equatorward) steering flow. However, it is possible for additional TCs to be in proximity
without setting up competing M Synoptic Patterns.

2. Synoptic Regions

The Synoptic Regions are conceptual models to classify areas within the Synoptic
Patterns that determine the environmental steering of the TC (Fig. 2). The Synoptic
Regions are generally described in a specific orientation relative to ridge circulations with
well-defined boundaries. A total of six Synoptic Regions are identified within the four
Synoptic Patterns. Several of the regions are found in more than one pattern.

The Standard Synoptic Pattern is comprised of the Dominant Ridge (DR),
‘Weakened Ridge (WR), and Accelerating Westerlies (AW) Synoptic Regions. The DR
Region involves TC locations satisfying the following: (i) poleward of the monsoon or
equatorial trough axis, or poleward of about 5° lat. if no trough exists; (ii) equatorward
of the axis of an east-west oriented ridge circulation that tends to dominate the motion of
the TC by producing roughly easterly steering of about 10-15 kt; and (ii1) not in the
vicinity of a "significant" break along the ridge axis that weakens the steering flow and
makes it more southerly. The WR Region, which is unique to the S Pattern, consists of
all locations that are: (i) equatorward of the subtropical ridge axis; (ii) east of the center
of a break in the ridge; and (iii) close enough to the break to be in weak (5-8 ki),
southeasterly-to-southerly steering. The AW Region within the S Synoptic Pattern
consists of the locations that are: (i) poleward of the ridge axis, and generally within

about 10° lat. of the ridge axis; and (ii) east of the ridge-break neutral point.




The N Synoptic Pattern only contains two Synoptic Regions, the North-oriented
(NO) and the AW. The NO Synoptic Region consists of locations that are in a
predominantly southerly flow to the west of the anomalous, meridionally-broad ridge
circulation. The AW Synoptic Region of the N Synoptic Pattem is fundamentally the
same as in the S Synoptic Pattern.

The G Synoptic Pattern contains three regions. The NO and AW Synoptic
Regions are essentially the same as previously described for the N and S Pattems. The
DR Region of the G Pattern is the region to the northwest of the MG where east-
northeasterly steering occurs due to the gradient between the MG and the ridge to the
north.

The M Pattern contains the Northerly Flow (NF) and Southerly Flow (SF) Regions
that are symmetric about a north-south line running through the centroid between the TCs.
The SF (NF) Region consists of locations that are: (i) in the predominantly southerly
(northerly) environmental flow in the vicinity of the line running from the center of the
western (eastern) TC to the center of the eastern (western) ridge circulation; and (ii) no
closer than about 10° lat. to the western (eastern) TC
C. TRANSITIONAL MECHANISMS

A transition involves a change from one Synoptic Pattern to another, or from one
Synoptic Region to another Region within the same Pattern. The Environment Structure
may be altered by either the TC or factors within the environment. On the one hand, TC-
Environment transformations (Fig. 3) are changes to the Environment Structure that are

the consequence of the TC(s). On the other hand, the environmental effects (Fig. 4) are
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TRANSITIONAL MECHANISMS

-

TC-ENVIRONMENT \
TRANSFORMATIONS
OPTIONS

Beta Effect Propogation (BEP)

Vertical Wind Shear (VWS)

Ridge Modification by TC (RMT)

Reverse Trough Formation (RTF)

Monsoon Gyre-TC Interaction (MTI)

K Multiple TC Interactions (TClIs) j




TRANSITIONAL MECHANISMS
4 )

ENVIRONMENT EFFECTS
OPTIONS
Advection by Environment (ADV)
Monsoon Gyre Formation (MGF)
Monsoon Gyre Dissipation (MGD)

\ Subtropical Ridge Modulation (SRM) j

Figure 4. Transitional Mechanisms initiated by factors within the environment (excluding
the TCs) identified for the western North Pacific basin (from Carr et al. 1995).
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