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1. Introduction 

a. Systematic Approach background 

(1) Objective. The long-range objective of the Systematic and Integrated Approach to 
Tropical (TC) Cyclone Track Forecasting (hereafter the Systematic Approach) project is to bring 
about significant quantitative and qualitative improvements in official TC track forecasts. 
Desired quantitative improvements include: lower average forecast track errors (FTE), official 
PTE's that are consistently better than the FTEs of the objective track forecast guidance available 
to the forecaster, and a reduction in the number of track forecasts that have very large FTEs 
(commonly referred to as "busts"). Unlike track forecasts provided by objective guidance (i.e., 
models), each official track forecast is accompanied by a subjective conceptual picture or 
"meteorological scenario" in the mind of the forecaster. This conceptual picture provides the 
meteorological basis for the official track forecast. The meteorological reasoning behind the 
official forecast is routinely conveyed in both written and verbal forms (e.g., prognostic 
reasoning messages and phone discussions) to other meteorologists and non-meteorologists to 
help them understand and properly respond to the forecast. Thus, the meteorological reasoning of 
the forecaster is a highly important, albeit qualitative, component of the official track forecast. 
The Systematic Approach is designed to help the TC forecaster develop a meteorological basis 
for the official track forecast that reflects dynamically-sound, state-of-the-science understanding 
of tropical cyclone motion and track prediction. 

(2) Concept overview. In the conceptual framework of the Systematic Approach (Fig. 1.1 ), the 
official track forecast results from the application of knowledge bases (right column) to various 
sources of information (left column) via a series of evaluations (center column). The most 
important components of the Systematic Approach are the TC Meteorological knowledge base 
and the Model Traits knowledge base. For reasons explained below, the Model Traits knowledge 
base is divided into two parts: Numerical Model Traits and Objective Technique Traits (Fig. 
1.1 ). The Meteorological knowledge base (Fig. 1.2) is a set of conceptual models by means of 
which the forecaster may assemble a conceptual picture to explain the observed (and predicted) 
motion of the TC. Regardless of the basin in which the Systematic Approach is being applied, 
the Meteorological knowled.ge base is organized into three components: 

(i) environment structure that is comprised of a synoptic pattern and region, which determine the 
large-scale steering flow that to first order is responsible for TC motion; 
(ii) TC structure that consists of a maximum wind speed (intensity), which affects the vertical 
depth of the TC and thus how it responds to environmental steering; and a horizontal size or 
extent, which affects how the TC interacts with, and potentially alters, the environment; and 
(iii) one or more "transitional mechanisms" that may or may not depend on the presence of the 
TC, and that act to change (i.e., transition) the structure of the TC environment from one 
pattern/region combination to another, and thus change the steering flow primarily responsible 
for the motion of the TC. 
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Fig. 1.1. Overall conceptual framework for the Systematic Approach to Tropical Cyclone Track 
Forecasting in three phases. 

When the Systematic Approach concept was originally conceived (-1993), the TC track 
forecasting skill of sophisticated baroclinic dynamical models was not significantly better than 
other objective techniques available to forecasters at the Joint Typhoon Warning Center (JTWC). 
These objective techniques include the statistical-dynamical model CSUM, the Beta ,and 
Advection models (BAMs), and two climatology and persistence models (CLIPER and HPAC). 
Forecasters tended to give roughly equal consideration to the Navy Operational Global 
Atmospheric Prediction System (NOGAPS) forecast track and the other objective techniques, 
which justified in the Systematic Approach a seemingly equal treatment as Phases I and II in 
Fig. 1.1. The primary reason for the distinction made in Fig. 1.1 between the Numerical Model 
·Traits and Objective Technique Traits is because the dynamical models have analysis and 
forecast fields that the forecaster can use to characterize the model-depicted TC-environment 
scenario that accounts for the model's track forecast. Thus, a dynamical model track can be 
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Fig. 1.2. Meteorological knowledge base framework of the Systematic Approach and the 
particular set of conceptual models that apply to the western North Pacific. 

associated with a conceptual picture derived directly from the model's prediction fields. By 
contrast, other objective techniques such as regression equation models and steering models 
provide only a track, and thus tend to be "black boxes." The conceptual picture to explain the 
track forecast by such techniques must be obtained indirectly via the forecast fields of the 
dynamical model on which the techniques depend. That is, the conceptual picture developed to 
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explain the dynamical model track using the forecast fields may also adequately account for the 
tracks of an objective technique, if the track forecast by the objective technique is similar to the 
dynamical model track. Because successful accomplishment ofPhase I in Fig. 1.1 has acquired 
pivotal importance, the Systematic Approach expert system prototype that is the subject of this 
report will focus primarily on this first phase. However, Phase II may play an important role 
when analysis of the traits of objective techniques that depend on NOGAPS fields provide 
additional insights into whether or not certain error mechanisms may be degrading the dynamical 
models (Carr and Elsberry 1999a). 

Given the above, the basic idea of the Systematic Approach is to enable the forecaster to 
systematically: 
(i) employ the Meteorological knowledge base to classify and form a conceptual picture of the 

current and numerically-forecast meteorological situation; 
(ii) employ· the Model Traits knowledge base to identify the available dynamical TC track 
forecast models (and associated objective techniques) that are likely to be acceptably accurate or 
unacceptably inaccurate based on past performance characteristics in similar situations; and 
(iii) formulate an official track forecast that represents an informed, selective consensus of only 
those dynamical and objective track forecasts deemed to be acceptably accurate. 

b. Preliminary Model Traits knowledge base. 

When the Systematic Approach was developed, the TC forecasters relied primarily on 
statistical and empirical track guidance (Elsberry 1995). Although dynamical model guidance 
was available, nearly all of the models had systematic errors, e.g., a marked poleward bias for 
low-latitude TCs moving westward. In the original Systematic Approach concept, the plan had 
been to apply statistical corrections for different synoptic patterns to correct for systematic errors 
in the dynamical model guidance. A reduction in the systematic errors of the dynamical models 
used by the forecaster at that time would presumably have led to a reduction in the annual 
average track errors. 

A major gain in the accuracy of the dynamical TC track forecast guidance for the 
forecaster has been achieved since 1994. First, the Geophysical Fluid Dynamics Laboratory 
(GFDL) model was demonstrated to provide superior guidance over the other statistical and 
empirical techniques (Kurihara et al. 1995). That regional model was subsequently modified to 
use the initial conditions and lateral boundary conditions from the NOGAPS model for provision 
of track forecast guidance in the western North Pacific, and is referred to as the GFDN model. 
Both the NOGAPS and the United Kingdom Meteorological Office (UK.MO) global models 
were significantly improved in October 1994 by the introduction of improved TC synthetic 
observations (Goerss and Jeffries 1994; Heming et al. 1995). Various improvements were 
introduced to the Japan Meteorological Agency Global Spectral Model (JGSM) and Typhoon 
Model (JTYM) prior to the 1997 typhoon season. Thus, three global (NOGAPS, UKMO, and 
JGSM) and two regional (GFDN and JTYM) tracks are typically available for western North 
Pacific TCs at the synoptic (0000 and 1200 UTC) and off-synoptic (0600 and 1800 UTC) times, 
respectively. 
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One recent improvement in the dynamical model guidance has been the reduction in the 
systematic errors. Although Elsberry et al. (1999) have shown it is possible to apply a statistical 
adjustment to improve the NOGAPS tracks at 12 h through 36 h, no statistically significant 
improvement was achieved beyond 36 h. With the reduction in systematic errors, old rules about 
the performance of the models as a function of initial latitude or track orientation are not as valid. 
As this research has found (see examples in Elsberry and Carr 1999, Carr and Elsberry 1999a, b, 
c), the same dynamical model that was good in one case (e.g., recurvature) can be the worst in 
another essentially identical case. Thus, the original Systematic Approach concept of applying 
statistical adjustments to the dynamical model tracks needed to be changed. 

The new Systematic Approach focus is the reduction in the number of official track 
forecasts with large errors. Although not numerous during most seasons, these forecast "busts" 
provide such poor guidance to the customer that confidence is degraded. If these large errors 
could be eliminated, the warnings would be more consistent in time. Then the areas warned 
would be reduced so that customers in adjacent areas would not unnecessarily make 
preparations, and those customers in the warned areas could more confidently make the 
appropriate preparations. 

The present version of the Model Traits knowledge base of the Systematic Approach is 
the result of a systematic evaluation by Carr and Elsberry (1999a, b, c) of the NOGAPS and 
GFDN TC track forecasts for the western North Pacific during 1997. They organize the results in 
a preliminary Model Traits knowledge base, the first level of which is reproduced in Table 1.1. 
This level identifies the error mechanisms that frequently degrade NOGAPS and/or GFDN track 
forecasts. Notice that the error mechanisms are simply phenomena described by various 
conceptual models in the western North Pacific Meteorological knowledge base (Fig. 1.2; see 
Transitional Mechanisms) that frequently occur to an Excessive or Insufficient degree in the 
NOGAPS and/or GFDN forecasts. 

c. Implementation philosophy. 

Two pivotal components that are necessary for the Joint Typhoon Warning Center 
(JTWC) to apply the Systematic Approach in the western North Pacific are the Meteorological 
knowledge base and a Model Traits knowledge base applicable to the TC track forecast models 
available to JTWC. These knowledge bases presently exist in the form of technical reports (Carr 
and Elsberry 1994, 1999a). In principle, the Systematic Approach process outlined in Fig. 1.1 
may be applied using just those resources if the forecaster is also supplied with a procedure to 
methodically guide him/her through the information analysis and decision-making process 
suggested by the framework (Fig. 1.1 ). However, such a strategy for implementing the 
Systematic Approach would probably not achieve operationally acceptable levels of execution 
speed, thoroughness, and consistency. Thus, an implementation vehicle is needed to rapidly and 
effectively refer the forecaster to the relevant conceptual models, tables of information, and 
graphics contained in the Model Traits knowledge base (Carr and Elsberry 1999a; see Section 5). 

The authors have taken the position that a knowledge-based, interactive, expert system is 
the best vehicle for implementing the Systematic Approach in an operational setting. Using the 
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Table 1.1. Level 1 of the Model Traits knowledge base from Carr and Elsberry (1999a) 
indicating error mechanisms that frequently (F) degrade JTWC track forecast model guidance. 
The three letter abbreviations for the error mechanisms correspond to those in the western North 
Pacific Meteorological knowledge base (Fig. 1.2). The prefixes stand for excessive (E) and 
insufficient (I) effects on the physical process in the numerical model forecast. In the rows for 
Beta and Advection Models (FBAM, MBAM, and SBAM) and the CSUM, the designator F 
means frequently degraded when the NOGAPS forecast is degraded by the same error 
mechanism. 

Model Error Mechanism Frequency of Occurrence 
Name E-DCI E-RMT E-RTF E-MCG E-RVS E-BCI I-BCI 
NOGAPS F F F F F F 
GFDN F F F 
BAMs F F F F F 
CSUM F 

computing and visualization power of modem computers, such an expert system proactively 
assists the forecaster in the complex information management/display and decision-making 
processes required to formulate consistently skillful official track forecasts. The expert system 
does not make the official track forecast; rather, it assists the human forecaster to formulate a 
better official track forecast using the Systematic Approach concept. Thus, the expert system 
application at JTWC has been named the Systematic Approach to TC track Forecasting Aid 
(SAFA). 

An expert system is a problem-solving system based on knowledge of a particular 
domain of expertise. It is emphasized that the ultimate source of expertise for SAF A is the 
experience of expert forecasters and knowledge gleaned from meteorological research and 
detailed analysis of objective aid traits. The advantage of using an expert system framework is 
that the reasoning process is more readily available to the user. This feature is particularly 
critical to SAF A where the system is designed not to exclude the user but to elicit decisions from 
the user at each step of the process. 

The most common expert systems represent domain knowledge in the form of rules and 
determine solutions by invoking inference procedures to rules applicable to the problem at hand. 
Because the SAF A expert system is a framework to guide the forecaster in applying the 
procedures and concepts of the Systematic Approach, it is designed to contain a significant 
amount procedural knowledge (e.g., steps toward a goal) as well as declarative knowledge (e.g., 
rules, facts, and properties about objects and events). As a �p�~�:�o�c�e�d�u�r�a�l� expert system, SAFA is 
not just another objective aid providing an alternate answer to the suite of available objective 
forecasts. Rather, SAF A is designed to act as a "meta-aid" providing analysis and reasoning 
about the other aids so that a higher-level decision can be made, namely which aids to rely on 
and which to discount. Through this guidance, the SAF A meta-aid helps the forecaster arrive at 
a suitable basis upon which to formulate the official forecast. 

Because SAF A is designed to guide the user through a complex objective guidance 
evaluation process that requires application of evolving Meteorological and Model Traits 
knowledge bases, it is essential that the SAF A user be a competent meteorologist with either 
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postgraduate education or significant practical experience as a forecaster. Furthermore, it is 
essential that the prospective SAF A user receive familiarization training before being certified, 
and periodic proficiency training to incorporate the latest developments in the knowledge bases. 

d Purpose of this report 

The basic motivation for this work is to help the forecaster detect when specific 
dynamical model guidance is likely to be erroneous, and thus should be rejected during 
preparation of the warning. Elsberry and Carr (1999) have examined the track forecast errors as a 
function of the spread (maximum distance to consensus centroid) among these five dynamical 
models. Their five-member consensus approach is an extension of the Goerss (2000) three-

. global model or two-regional model consensus technique at the synoptic and off-synoptic times, 
respectively. Goerss demonstrated that his consensus forecasts were either the best or the 
second-best guidance in about 70% of the forecasts. As might be expected based on experience 
with ensemble prediction systems, an average of five dynamical models with only small 
systematic errors provides an improvement over the three-member or two-member consensus. 
Although Elsberry and Carr (1999) documented that a small spread(< 300 n mi, or 555 km) 
among the five model 72-h positions often implied a small consensus forecast error, in a sizeable 
fraction of these small spread cases the consensus error exceeded 300 n mi. Another important 
result was that a large spread among the five 72-h positions tracks did not necessarily imply a 
large consensus track error, because the errors oftwo (or more) of the models may be 
compensating. Elsberry and Carr did demonstrate that a large spread implies that at least one of 
the dynamical models will have an error larger than that spread. ·They propose a selective -
consensus (SCON) approach in which the model guidance suspected to have a 72-h error greater 
than 300 n mi is first eliminated prior to calculating the average of the remaining four model 
tracks. They demonstrate that simply omitting the worst of the five dynamical model tracks 
would indeed improve the selective consensus over the non-selective consensus (NCON). 

Given that a preliminary version of the Model Traits knowledge base has been developed 
(Carr and Elsberry 1999a), and an expert system (Peak eta/. 1999) module has advanced to the 
prototype stage, an on-site test of the information display function and a beta-test of prototype 
module were needed. Two parallel efforts were tested during the summer and fall of 1999. First, 
the information access and display function of the Systematic Approach expert system called 
SAF A was tested on-site at the JTWC, Pearl Harbor, Hawaii. To facilitate this on-site effort, 
George Dunnavan served as the Naval Postgraduate School (NPS) liaison from 25 August to 25 
September. The second effort was a simulated real-time beta-test of the dynamical model 
evaluation module that was carried out at the Naval Postgraduate School. In addition to the 
authors, this beta-test involved Mark Boothe and Patrick Harr nearly every day, Grahame Reader 
of the Perth, Australia, Bureau of Meteorology office during 25 August to 30 September, and 
Elizabeth Ritchie occasionally participated. Their contributions were much appreciated. 
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2. Prototype SAF A Description 

The prototype SAF A described in the following subsections implements Phases I and II 
ofthe Systematic Approach framework (Fig. 1.1). The output from SAFA is effectively the 
Resource shown in the lower left box of Fig. 1.1. That resource is a subset of dynamical model 
track forecasts that the forecaster believes to be acceptably accurate, and other objective 
technique track forecasts that are meteorologically consistent with the scenario represented by 
the numerical model forecasts. 

The development team at NPS created the Meteorological and Model Traits knowledge 
bases and a detailed methodology to accomplish the Phase I and II processes in Fig. 1.1. 
Throughout the multi-year development of these components, regular feedback was obtained 
from forecasters and leadership at JTWC to ensure operational relevance and effectiveness. The 
NPS development team also created a number of algorithms that give SAF A proactivity, and 
designed the basic layout and conceptual components ofSAFA's graphical user interface (GUI). 
A team of programmers at the Computer Sciences Corporation led by Jim Peak created the 
SAF A GUI, developed all of the code that implemented the various functional components and 
proactivity conceived by the NPS team, and developed various utilities associated with accessing 
and displaying the TC track, model forecast tracks, and model forecast fields. The various 
components ofthe prototype SAFA module will be.described in this section. 

a. Program Mode Selection 

After SAF A is activated by the forecaster, the initial screen appears as in Fig. 2.1. The 
Approach Status scroll box (Fig. 2.1; upper left) keeps the forecaster appraised ofwhich major 
step he/she is presently in. In this illustration, the initial scroll box position is in the Program 
Mode Selection phase of SAF A, and the Developmental button in the Select SAF A Mode box is 
depressed. Other options in the Select SAF A Mode box are the Operational or Post-Analysis 
modes. In the prototype SAF A, only the Developmental mode is active. This mode combines 
aspects of both the operational and post-analysis modes to facilitate code development and 
testing on historical TCs, and still mimics real-time conditions (i.e., no knowledge of future). 
The forecaster moves to the Select TC/DTG step of the SAF A by clicking on either the Select 
TCIDTG bar in Approach Status scroll box, or clicking on the Continue button in the Select 
SAF A Mode box. 

b. Select TCIDTG 

During this phase of SAF A operation, the screen will initially appear as in Fig. 2.2, but 
with only the Select an active TC box present. After the forecaster clicks on the button for the 
TC of interest (e.g., WP201999 in Fig. 2.2), the Select a DTG box will appear with a list of 
date/time groups (DTGs) from a file maintained by Automated Tropical Cyclone Forecasting 
(A TCF) system 1

• When using the prototype SAF A for an active TC, the forecaster clicks on the 

1 The ATCF is a software product that JTWC forecasters use to create the official JTWC TC forecast. The ATCF creates and maintains a number 
of data files containing information on a particular TC. Currently, two of these files are read by SAFA: i) the working best track file (aka the "b­
deck") thatcontains 6-hourly TC positions determined by the forecaster based on satellite reconnaissance; and ii) the forecast aids file (aka the 
"a-deck") that contains position and intensity forecasts by JTWC, all dynamical model and objective technique track forecasts, and forecasts from 
other warning agencies that JTWC has access to via various communication paths. 
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Fig. 2.1. Screen capture of the Program Mode Selection step in the prototype SAF A. The shading 
on the Developmental button indicates that this option is activated. 

DTG button corresponding to the next official TC forecast (e.g., 1999090312 UTC in Fig. 2.2). 
A box then appears that identifies which NOGAPS and GFDN track forecasts are available for 
display. If a 0000 or 1200 UTC DTG is selected (as in Fig. 2.2), then the latest run of the 
NOGAPS has an analysis time that is 12 h earlier (e.g., 19990903/0000 UTC in Fig. 2.2) than the 
current DTG, and this NOGAPS forecast is labeled NGPS-12. The forecaster then selects either 
the 6h-old (labeled GFDN-6) or 18h-old (labeled GFDN-18) GFDN track forecast. The 
forecaster will normally select the GFDN-6 forecast, hut can choose the GFDN-18 forecast when 
necessary. Such a decision might be made if: (i) the GFDN-6 forecast terminated prematurely 
(which may result in an unacceptably incomplete forecast track) or is unavailable for some 
reason (e.g., due to a communications problem with the Fleet Numerical Meteorology and 
Oceanography Center (FNMOC); or (ii) the forecaster has elected to run SAF A early in the TC 
forecast cycle when the GFDN-6 forecast may not be available. If a 0600 or 1800 UTC DTG is 
selected in the Select a DTG box, then the model selection box will indicate the latest GFDN-12 
DTG, and let the forecaster choose either the NGPS-6 or NGPS-18 run. 
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Finally, the forecaster has the option of displaying either the NOGAPS forecast track 
(abbreviated NGPS) or the track labeled NGPR. The default NGPS track is generated by a 1000-
hPa wind-center tracking routine at FNMOC and has quality control specifications that are set 
rather conservatively to minimize the likelihood of jumping from the correct wind-center to a 
false one. As a result, the FNMOC tracker tends to terminate tracking prematurely when other 
vortices are detected nearby. Whereas the same wind-center tracking routine is used with the 
NOGAPS fields to generate the NGPR forecast track on the A TCF workstation at JTWC, the 
quality control specifications are set more liberally. As a result, the NGPR track is not as likely 
to terminate tracking prematurely, but there is a greater likelihood of jumping from the correct 
wind-center to another nearby wind-center. The forecaster normally selects the NGPS track first. 
If the forecaster determines later in the SAF A procedure that the NGPS track has terminated 
unnecessarily, then the forecaster can go back to the Select TC/DTG screen and switch to the 
NGPR track. If the NGPR track is longer than the NGPS track, and is judged by the forecaster to 
be trustworthy, then the SAFA procedure is continued using the NGPR track. The forecaster 
initiates the next step of the Systematic Approach by clicking on either the Numerical Model 
Ensemble Analysis bar in the Approach Status scroll box, or clicking on the Continue button in 
the lower left portion of the scx:een (Fig. 2.2). 

c. Numerical Model Ensemble Analysis 

This is a key step in Phase I ofthe overall framework (Fig. 1.1). As shown in Fig. 2.3, 
the TC name/number (Wendy and WP201999 in this example) and the current DTG (i.e., 
19990903/1200 UTC) are identified, and the heading Numerical Model Ensemble Analysis in 
the upper-left quadrant of the screen identifies the basic purpose of this SAF A screen. Below the 
heading, summaries of the objective Spread Analysis and Cluster Analysis are displayed. In this 
case, the forecaster is being warned that poor performance by at least one model is indicated, and 
that one outlier relative to a cluster has been detected at 72 h. 

The basic purpose of the Ensemble Spread Analysis in the upper-right area is to warn the 
forecaster when large track forecast errors by the model are probable. The first step defmes the 
size of the area covered by the dynamical model track forecast positions at 24, 48, and 72 h by 
the ensemble radius, which is defined to be the farthest model forecast position from the 
ensemble tracks centroid (termed NCON) at each of the three forecast intervals. As demonstrated 
by Elsberry and Carr (1999), this radius approximates the smallest error that the worst­
performing model can. achieve, i.e., if the actual verifying position of the TC is close to the 
NCON position at 24, 48, or 72 h. However, the model with the farthest position at each forecast 
interval (need not always be the same model) may not be the worst-performing model. For 
example, the ensemble radii at 24, 48, and 72 h in Fig. 2.3 were from the GFDN track, which 
was actually the best-performing model. �T�~�e� third row has a YES entry if the ensemble radius 
exceeds the 24-, 48-, or 72-h thresholds listed at the bottom of the box. Any YES entry is 
depicted in red to attract the forecaster's attention. The appearance of a YES at any of the three 
forecast intervals results in the particular Spread Analysis Summary shown in Fig. 2.3 (upper-left 
area). If row three has only NO's, then the Spread Analysis Summary reads "Poor performance 
by any model not indicated by spread, but is not ruled out." The "is not ruled out" caveat 
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Fig. 2.2. Screen capture of the Select TC/DTG step in the prototype SAF A. The shading on the 
WP201999 button, the highlighting around the 1999090312 date-time group (DTG), and the 
shading on the GFDN-18 and the NGPS track option indicate that the specific conditions that 
have been selected by the forecaster. 

accounts for the infrequent scenario in which all model forecast tracks are in close agreement, 
but are all highly erroneous. 

The value ofthe 72-h ensemble spread threshold was chosen based on two 
considerations. First, the analysis by Carr and Elsberry (1999) ofNOGAPS and GFDN errors 
suggested that a 72-h forecast track error (FTE) of 300 n mi is an approximate lower limit for 
FTEs that may be readily discerned by visual inspection of the forecast track and fields of a 
known erroneous model. Second, Elsberry and Carr (1999) show that when the ensemble radius 

· at 72 h (i.e., the farthest forecast position from NCON) is greater than about 250 n mi, the 
maximum 72-h FTE among the five dynamical models available to JTWC can be expected to be 
at least 300 n mi. The values of the 24-h and 48-h thresholds are larger than a linear temporal 
scaling of the 72-h thresholds given the expectation that random (and thus not likely to be 
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Fig. 2.3. Screen capture ofthe Numerical Model Ensemble Analysis step ofthe prototype SAFA. 
See the text in subsection 2.c for an explanation. 

discernible in real-time) errors will be a larger proportion of the total track error at shorter 
forecast intervals. 

The basic purpose of the cluster analysis in the lower-right box of Fig. 2.3 is to assist the 
forecaster in recognizing sets of tracks that likely represent similar model-predicted 
meteorological scenarios, and thus are collectively either accurate or inaccurate. A set of three 
objective algorithms has been developed to recognize various classes of unevenness in the 
distribution of dynamical model 72-h forecast positions. The algorithms test for a single outlier 
position relative to a single cluster of positions (as in Fig. 2.3); two outlier positions (i.e., not 
"near" each other) relative to a single cluster of positions; and two clusters of positions. Certain 
thresholds of relative "dumpiness" and minimum separation of the 72-h position have to be met 
for each of these clustering classes. Clumpiness was computed in terms of one or more of the 
distance ratios shown in Fig 2.4. The dumpiness test for one or two potential outliers requires a 
minimum value for the ratio of: (i) the radius of the potential cluster (CRAD in Fig. 2.4a), as 
represented by the potential cluster member position farthest from the cluster centroid; and (ii) 
the separation of a potential outlier (SEPI or SEP2 in Fig 2.4a) from the centroid of that potential 
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Fig. 2.4. (a) Schematic of the cluster radius (CRAD) and cluster centriod with two outliers whose 
separation distances from the cluster centroid are indicated by SEPl and SEP2. (b) Schematic of 
the definition of two clusters with centroids and radii as indicated in panel (a), and the cluster 
separation (CSEP). -

cluster. Similarly, in testing a two- or three-member set of 72-h positions as a candidate cluster 
compared to the remaining 72-h positions, the dumpiness test seeks certain minimum values for 
the ratios of: (i) the radii of both potential clusters (RADl and RAD2 in Fig. 2.4b); and (ii) 
separation of the centroid positions (CSEP) of the two potential clusters (Fig. 2.4b). 

The minimum separation test was necessary to exclude highly clumped sets of forecast 
positions that were still close together in an absolute sense. For example, two 72-h positions 
separated by only 10 n mi are clearly clustered relative to a third position (i.e., an outlier) that is 
50 n mi away from the centroid of the first two positions. However, such a small separation is 
not significant for 72-h forecasts. The provisional dumpiness and minimum separation 
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conditions used in the SAF A prototype are shown in Table 2.1 and seem to identify clusters and 
outliers that typically "catch" the eye of an alert and discerning forecaster. 

Table 2.1 Provisional values of the dumpiness and separation criteria to objectively detect 
outliers and clusters. 

Number of 
ensemble 
members 

3 
4 
5 

To detect one outlier (see Fig. 2.4a) 

Minimum ratio 
SEP 1/CRAD 

4 
3 

2.5 

To detect two outliers* (see Fig. 2.4a) 

Minimum 
SEP 1 distance 
(nmi) 

180 
180 
180 

Number of SEP 1 SEP2 Minimum separation 
ensemble CRAD CRAD distance (n mi) 
members SEP1 

4 4 4 180 
5 3 3 180 

To detect two clusters (see Fig. 2.4b) 

Number of RAD1/CSEP 
ensemble 
members 

RAD2/CSEP 

4 
3 

• In addition, the two-outlier candidates have to fail the two cluster test. 

SEP2 

180 
180 

Minimum 
SEP (nmi) 
distance 

200 
200 

# Cluster 1 is defined to have two members and Cluster 3 has three members. 

The lower-left area of the screen shown in Fig. 2.3 is the Tracks Display Area and the 
default settings will result in the following display format: (i) recent positions of the target TC up 
to the current DTG (19990903/1200 UTC in Fig. 2.3); (ii) up to five dynamical model forecast 
tracks2 (the track of JTYM is missing in Fig. 2.3) that have been extended and translated 
(explained below) so as to begin from the current estimated TC position; and (iii) non-selective 
consensus (NCON) of the extended and translated dynamical model forecast tracks. 

2 Since the early 1990's, five dynamical model forecast tracks have been available to JTWC. These are the NOGAPS (labeled 
NGPS); the GFDN; the JGSM; the JTYM; and the UKMO). Even though the latter model is referred to by its WMO identifier 
EGRR, the acronym UKMO will normally be used in this report for ease of understanding. 
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The dynamical model track translation and extension process is illustrated in Fig. 2.5a for 
a 0000 or 1200 UTC DTG. All ofthe 6-72 h forecast positions ofthe extended tracks may be 
obtained via interpolation ifthe translated forecast is available beyond 72 h (e.g., NOGAPS, 
GFDN, and UKMO). If the forecast tracks are available only to 72 h (e.g., JGSM and JTYM), 
then the translated 72-h forecast position of the extended track must be extrapolated using the 
last two reported positions. The extension/translation creates tracks that are comparable among 
models that are initiated 6 h or 12 h earlier, but that all now originate from the same TC warning 
position as the next official track forecast. The non-selective consensus (NCON) positions in Fig. 
2.5b are simply the averages of the available dynamical model forecast positions at each forecast 
interval. Whereas the 24-h NCON calculation in Fig. 2.3 includes the JGSM position, the later 
NCON positions do not since the JGSM track terminates at 24 h. The reader is referred to 
Elsberry and Carr (1999) for more discussion and analysis of extended/translated tracks and the 
non-selective consensus concept. 

CONSTRUCTION OF 
EXTENDED AND TRANSLATED 
DYNAMICAL MODEL TRACKS 

12h OLD 
GLOBAL 
MODELS: 
-JGSM 
-NOGAPS 

.-UKMET 

CONSTRUCTION OF 
NON-SELECTIVE 

CONSENSUS (NCON) 

' ' ' 
(72h) 

' ' 
' ' 

(4>3h) 

' ' 

(4>3h) ' 

36h 

6hOLD 
REGIONAL 
�M�O�D�E�L�S�~� 

-JTYM 
-GFDN 

-.24h 

Fig. 2.5. Illustrations of the (a) extension of global (regional) model tracks originating 12 h (6 h) previously, and (b) 
translation ofthe extended tracks of the current position of the TC. The non-selective consensus (NCON) track is the 
average of the extended/translated global and region model tracks. 
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Given the track forecasts in Fig. 2.3, it becomes clear why the 72-h positions of 
NOGAPS and UKMO (EGRR) are labeled in the lower-right area as being clustered with respect 
to the single outlier position of GFDN. Because the UKMO track is objectively clustered with 
NOGAPS, SAFA will treat the two tracks similarly, and either assign similar error mechanisms 
to both (i.e., relative to GFDN) or assign no error mechanism to both. This concept is discussed 
more fully in section 2.d.(5) below. 

If a red YES appear in the Ensemble Spread Analysis section of the SAF A screen (as in 
Fig. 2.3), or clusters/outliers are reported in the 72-h Cluster/Outlier Analysis section of the 
SAFA screen (as in Fig. 2.3), all ofthe tracks shown in the Track Display Area will be colored 
yellow or orange (depending on workstation color tables) as a visual cue to the forecaster that 
poor performance by one or more models is probable. If the 24-h, 48-h, and 72-h ensemble radii 
are all below the three thresholds, and there are no objectively-determined clusters/outliers, then 
the forecast tracks are colored green as a visual cue to the forecaster that poor performance by 
any model is not indicated (but is not ruled out!). 

The forecaster initiates the next step of the Systematic Approach by clicking on either 
the Numerical Model Error Mechanism Assessment bar in Approach Status scroll box, or 
clicking on the Continue button in the center-left portion of the screen. 

d. Numerical Model Error Mechanism Assignment 

(1) Overview. During this step ofSAFA, the initial screen layout appears as in Fig. 2.6. 
The lower-left quarter of the screen continues to be the Track Display Area. The right half of 

the screen now has two Field Display Areas. In the default setting, the NOGAPS 500-mb 
streamline/isotach fields and mean sea-level pressure (MSLP) will be in the upper and lower 
display areas, respectively. The upper-left portion of the screen is where the forecaster eventually 
will make the error mechanism assignments that are the principal objective of this step in the 
SAF A process. The result of assigning an error mechanism to a dynamical model will be that the 
TC forecast track from that model will not be included when a Selective dynamical model 
CONsensus (SCON) is computed later in the step. This SCON track is the key quantitative result 
produced by the forecaster with the aid of SAF A, and represents the forecaster's informed 
decision as to which subset of the dynamical models is believed to be providing accurate TC 
track forecast guidance. 

Each of the four main divisions of the Error �M�e�c�h�a�n�i�s�~� Assignment Screen is highly 
interactive, which offers the forecaster many different options for information visualization and 
interpretation, decision-making, and record-keeping. An exhaustive description of all the features 
on this SAF A screen that are available to the forecaster is outside the scope of this report. As the 
six steps that comprise the Numerical Model Error Assignment process are described and 
illustrated in the following subsections, a representative sampling of the sophisticated 
information management and visualization features available to the forecaster at this stage of the 
SAF A operation will be presented. 
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Fig. 2.6. Screen capture of the Numerical Model Error Mechanism Assignment step of the 
prototype SAF A. See text in subsection 2.d for an explanation. 

As the SAFA screen is changing to the Numerical Model Error Mechanisms 
Assignment layout, a Netscape window also automatically opens on the right half of the screen 
displaying one of the attention messages in Fig. 2.7. The left message in Fig. 2.7 appears (in 
RED) if one or more red YESs had appeared in the Ensemble Spread Analysis section (upper 
right) of the Numerical Model Ensemble Analysis screen (as in Fig. 2.3) owing to the 
comparatively poor agreement among the dynamical model forecast tracks. The left message 
alerts the forecaster that the usual outcome of the error mechanism assignment process will be to 
assign an error mechanism to one or more models. The right message in Fig. 2. 7 appears (in 
GREEN) if all NO's had appeared in the Ensemble Spread Analysis section ofthe Numerical 
Model Ensemble Analysis screen, which indicates comparatively close agreement among the 
available dynamical model track forecasts. The right message informs the forecaster that the 
likely outcome of the error assessment process will be to assign no error mechanism to any of the 
numerical models. The forecaster acknowledges the RED or GREEN attention screen by clicking 
of the Continue button at the button of the Netscape window, which changes the Netscape 
window to the Numerical Model Error Mechanism Assignment Procedure 
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Fig. 2. 7 N etscape window text that appears at the start of the Numerical Model Error Mechanism 
Assignment process when large track error are likely (left) or not likely (right). 

This procedure is a list of six steps that are to be accomplished during the Numerical 
Model Error Mechanism Assignment process. Each of these steps has a varying number of 
tasks, not all of which are visible in Fig. 2.8a and b. Appendix A has a complete list of the six 
steps and associated tasks. A square to the left of some of the tasks is aN etscape link to certain 
key help features. At the bottom of each task list is a Detailed Guidance button that provides 
access to detailed descriptions and help features. This detailed guidance would normally be 
accessed only when a forecaster-in-training is learning to use SAF A rather than during 
operational use. The layout of the Error Mechanism Assignment procedure is iilustrative of the 
information management features built into SAF A. Whereas the six main steps and associated 
tasks are prominently displayed, the more voluminous Detailed Guidance that would be 
primarily accessed by a trainee is "filed away" so that it does not obstruct an experienced 
forecaster. 

As the forecaster proceeds through the six steps of the Error Mechanism Assignment 
Procedure, the Netscape window containing the Procedure is typically reduced to an icon, and 
may be referred to (e.g., at the start of each of the six main steps) as needed. An inexperienced 
forecaster would refer to the procedural help frequently during the training period to learn the 
procedure. Once such learning is accomplished, the experienced SAF A user can rapidly move 
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Fig. 2.8 Screen capture of the Netscape window that appears during the Numerical Model 
Assignment process as a reminder of the six steps, and associated tasks, that are to be followed. 
Links to HELP features are denoted by a box, and detailed guidance for any of the steps may be 
accessed by clicking on the so-named button at the bottom of the task list. 

through the Error Mechanism Assignment process. It is also important to note that SAF A does 
not force the forecaster to rigidly follow the prescribed procedure. That is, the forecaster is free 
to make adaptations as may be dictated by specific circumstances. This approach to the Error 
Mechanism Assignment Procedure is an example of how a logical "structure" is provided to 
assist the forecaster, but "rigidity" is avoided so that the experienced forecaster has the freedom 
to innovatively address complex situations (e.g., four TCs in warning concurrently, two or three 
of which may be interacting meteorologically). 

As the forecaster proceeds through the Error Mechanism Assignment process, an 
electronic record is made of important objective guidance provided by SAF A algorithms and the 
subjective determinations and associated thought processes by the forecaster. The forecaster may 
access this record at any time by clicking on the Summary button located near the center ofthe 
SAF A screen shown in Fig. 2.6. This action causes the two Field Display Areas on the right side 
ofthe SAFA screen to be replaced by a Numerical Model Ensemble Analysis and Error 
Mechanism Assignment Summary (hereafter Summary) (Fig. 2.9). The top of the Summary 
identifies the TC and the analysis time of the official forecast (i.e., TC Wendy and 1200 UTC 3 
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Numerical Model Ensemble Analysis and 
Error Mechanism Assignment Summary 

CALCYCLDNE:W£NDY (WP201999) CURRENTDATt/IIME:1999090:1112110 UTC 

Error Mechani.SJDS 

ENSEMBLE ANALYSIS SUIIIIliRY 

24-h 48-h 72-h 

HGPS EGRR 
H/A 

GFDH 
H/A 

3 3 
256 411 

Significant Change: tbd 

ERROR MECHANISM SUIIIIliRY 

Model Obj Offel 
& Rtm Opts Assign Forecaster ReJDilrks 

Fig. 2.9. Screen capture with the Numerical Model Ensemble analysis and Error Mechanism 
Assignment Summaries displayed on the right side. See text in subsection 2.d(2) for an 
explanation. 

September 1999 in this case). The first section of the Summary is entitled Ensemble Analysis 
Summary and is simply a record of the objectively computed ensemble radii and cluster/outlier 
determinations presented to the forecaster earlier via the Numerical Model Ensemble Analysis 
screen (Fig. 2.3). 

The next section of the Summary is entitled Error Mechanism Summary and is 
organized into four columns. The left-most column identifies the available dynamical model 
track forecasts and the difference between the official forecast analysis time and the analysis 
time of the model run. The second column lists (in order of decreasing likelihood) up to three 
error mechanism options (or NONE) that are objectively assigned to each dynamical model track 
based on a combination of ensemble radius and/or tracks cluster membership and a knowledge of 
the frequently occurring error mechanisms in the NOGAPS and GFDN models as determined by 
Carr and Elsberry (1999a). Appendix B provides more specific information on how the error 
mechanism options are determined. The third column is where the forecaster makes an official 
error mechanism assignment, and the fourth column consists of text boxes where the forecaster 
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records the rationale for assigning a particular error mechanism to each model. A Restore (res) 
button is provided to restart the text box. Below the Error Mechanism Summary is a line where 
the four-letter identifiers of the dynamical models that are included in the Selective Consensus 
will be listed at the conclusion of the Error Mechanism Assignment process (not shown in Fig. 
2.9). Finally, a text box is available for general comments by the forecaster regarding such things 
as imagery considerations, other data sources, assessment of the objective techniques, or 
comments that pertain to more than one dynamical model, such as a decision to modify the 
objective clustering of the forecast tracks. 

A number ofbuttons appear at the bottom of the Summary, and their functions will be 
described in the following subsections. The Summary may be removed and the Field Display 
Areas restored by clicking again the Summary button in the center of the screen. 

(2) Step 1: Survey Current Objective Error Mechanism Options Based on Model Forecast 
Tracks. This step involves four tasks (Fig. 2.8a; Appendix A), the first of which is to note the 
objective error mechanism options for each model. These options appear in the second column of 
the Error Mechanism Assignment box located above the upper-left comer of the Track 
Display Area (Fig. 2.6). However, all of the error mechanism options for each model cannot 
normally be viewed simultaneously due to space limitations. Thus, a better alternative is for the 
forecaster to click on the Summary button (Fig. 2.9) and note all the error mechanism options 
assigned to all the models by simply scanning the second column of the Error Mechanism 
Summary. In this example, NGPS-12 and UKM0-12 have been assigned a common set ofthree 
error mechanism options, GFDN-18 has been assigned a different set of three error mechanism 
options, and JGSM-12 has been assigned NONE, which means no discernible error mechanism. 

The second task of Step 1 is to look at the Track Display Area and note the track/cluster 
characteristics that account for the objective error mechanism option assignments. In this 
example, it is readily discerned that the NGPS-12 and the UKM0-12 tracks have been assigned 
the same set of three error mechanism options since they are in the same track cluster that has the 
TC moving west-southwest. By contrast, the GFDN-18 track has been assigned a different set of · 
error mechanisms because it has a track toward the northwest, arid thus is an outlier relative the 
NGPSIUKMO cluster. Finally, the JGSM-12 track has not been assigned an error mechanism 
because the track terminates at 24 h, and the objective error mechanism option assignment 
algorithm uses only the 72-h position of the extended track. 

It is emphasized that these objective error mechanism assignments should not be 
interpreted to mean that both groups of tracks are being significantly degraded by simultaneously 
operating error mechanisms. Such a situation is unlikely compared to the scenario of one group 
of tracks being significantly more correct than the other group. Without a priori knowledge of 
which cluster will turn out to be more correct, conditional logic has been used in assigning these 
error mechanism options. Given that track cluster A is the more accurate prediction, then the 
most likely error mechanisms that could explain the erroneous tracks in cluster B are the options 
listed. Given that track cluster B is the more accurate prediction, then the most likely error 
mechanisms that could explain the erroneous tracks in cluster A are the options listed. The intent 
here is that the forecaster will make a decision as to which track cluster is more likely to be in 
error, assign the appropriate error mechanism to the tracks of that cluster (which may not be one 
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of the objectively-determined error mechanism options), and assign NONE to the other track 
cluster (i.e., reject all objectively-determined options). 

The third task of Step 1 is a subjective evaluation of whether the available dynamical 
model tracks might be more reasonably grouped into clusters and outliers that are different from 
the objective determinations. If the forecaster "disagrees" with the objective clustering 
determination, the basis should be recorded in the General Comments section of the Summary. 
For example, the forecaster might note that the short JGSM-12 track undergoes cyclonic turning 
to the west-southwest analogous to the NGPS-12 and UKM0-12 tracks, which might indicate 
that the JGSM track should be added to the cluster ofNGPS and UKMO tracks and be treated 
similarly if an error mechanism assignment is made. 

The fourth task of Step 1 is to evaluate whether any of the assigned error mechanism 
options are unphysical and may be ruled out based on how particular error mechanisms tend to 
be manifest in terms of geographic and/or relative orientation of forecast tracks and track 
clusters. An example of this concept is shown in Fig. 2.1 0, which is taken from error mechanism 
help resources provided in the prototype SAFA. The purpose ofthis step is to reduce to a 
minimum the number of error mechanism options under consideration. 

In summary, the objective of Step 1 is for the forecaster to acquire a knowledge of the 
current track forecasting situation with regard to the possible operation of error mechanisms. In 
both Tasks 3 and 4, the forecaster is reminded to critically evaluate the objectively-determined 
track clustering and error mechanism options. This example epitomizes the Systematic Approach 
philosophy of providing information and guidance to the forecaster without pre-empting his/her 
decision-making authority. 

(3) Step 2: Review Previous Objective Error Mechanism Options and Official 
Assignments. To prepare for this step, the forecaster first clicks on the Earlier DTG button at the 
lower-left comer ofthe Summary, which displays the Summary from 12 h ago. Second, the 
forecaster clicks on the Run-] button in the upper-right comer of the Tracks Display Area, 
which displays the dynamical model forecast tracks available 12 h earlier (Fig. 2.11; lower-left 
quadrant). As recorded in the second and third columns of the prior Error Mechanism Summary, 
the previous forecaster did not accept the objective error mechanism assignments of NONE for 
the three available models. Rather, that forecaster assigned E-DCI to both the NOGAPS-12 and 
UKM0-12 models. Task 2 is to notice that the corresponding NOGAPS and UKMO tracks from 
12 h ago had a southwestward orientation compared to the JGSM track (obscured in Fig. 2.11 by 
the SCON track) outlier, at least for48 h. Since the JGSM track was truncated, the objective 
algorithm did not detect multiple cluster/outliers at 72 h (Fig 2.11; Ensemble Analysis 
Summary). By rejecting the NOGAPS and UKMO tracks, the previous forecaster made the 
SCON track forecast equal to the JGSM track, which is considerably different from the NCON 
track forecast that is the average of all three model tracks to 48 h, and just the NO GAPS and 
UKMO tracks at 72 h. 

3 A future research objective is to minimize the need for this task by creating an error mechanism option assignment algorithm that takes into 
account geographic and relative orientation of forecast tracks and/or clusters as well as cluster membership. Creation of such a complex algorithm 
was not feasible by the start date of the prototype SAFA test. It is emphasized that even the most robust error mechanism option assignment 
algorithm will occasionally be incorrect, and thus Task 4 will remain a necessary part of Step I of the Error Mechanism Assignment procedure. 
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Fig. 2.1 0. Screen capture from the error mechanism "help" as an illustration of ruling out 
objective error mechanism options based on relative orientation of the clusters/outliers. 
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Numerical Model Ensemble Analysis and 
Error Mechanism Assignment Summary 
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Fig. 2.11 Screen capture of setup to review the 12-h prior error mechanism assignments and 
forecaster reasoning as described in subsection 2.d(3). 

In task 3 of Step 2, the previous forecaster's model-by-model remarks are reviewed. In 
this example, the previous forecaster recorded both the identity and location of the second 
cyclone with which E-DCI was occurring in the NOGAPS (and likely UKMO) model. In Task 4, 
the forecaster reads the General Comments of the previous forecaster that point to indications in 
satellite imagery that tend to substantiate the previous assignment ofE-DCI to the NOGAPS 
forecast. 

At the conclusion of this step, the forecaster returns to the current time by clicking on the 
Current Forecast button of the Track Display Area and the Current button at the bottom of the 
Summary, respectively. The forecaster may also "file" the Summary and redisplay the Field 
Display Areas by clicking on the Summary button near the center of the screen. 

In summary, the objective of Step 2 is to provide the forecaster a knowledge of previous 
forecaster decisions/reasoning from 12 h ago. Such information provides an important 
perspective for evaluating the current situation. 
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Fig. 2.12 Screen capture of the setup for the time trend analysis for the NOGAPS tracks as 
described in subsection 2.d(4). 

(4) Step 3: Evaluate the Forecast Tracks for Temporal Continuity. To prepare for this 
step, the forecaster first removes all forecast tracks from the screen by clicking on the NONE 
button in the lower-right comer of the Tracks Display Area (Fig. 2.11 ). The forecaster then 
clicks on just one of the five dynamical model buttons (typically NGPS is depressed first) and 
then clicks on the Trend of Forecast button in the upper-right portion of the Tracks Display 
Area to display a sequence of tracks (Fig. 2.12). The Run-1 button that controls the NGPS-24 
track is also automatically depressed (i.e., shaded) (Fig. 2.12; lower left side).These NGPS-12 
and NGPS-24 tracks originate from past positions along the TC track that correspond to the 
analysis times of the forecast tracks. The above actions also change the Error Mechanisms 
Assignment box to list the error mechanism official assignment history options for only the 
NOGAPS (Fig. 2.12; upper-left). Also, in the lower Field Display Area the 12-h forecast of 
MSLP from the latest run ofNOGAPS (analysis time of 0000 UTC · 3 September 1999 in this 
case) is replaced by the 24-h forecast of 500-mb streamlines/isotachs from the previous run (i.e., 
Run-1) ofNOGAPS (analysistime of 1200 UTC 2 September 1999 in this case) (Fig. 2.12; right 
side). Thus, the Fields Display Areas now show fields from the two latest runs ofNOGAPS that 
have the same verifying time (i.e., 1200 UTC 3 September 1999) to facilitate comparison. 
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Finally, the forecaster may click on the Run-2, and Run-3 buttons in the upper-right portion of 
the Tracks Display Area to display the NGPS-36 and NGPS-48 tracks as shown in Fig. 2.12 
(left side). The SAFA screen is now set up to accomplish Tasks 1-3 of Step 3 (Fig. 2.8a; 
Appendix A) for this set ofNOGAPS track forecasts. 

The objective of Task 1 is to assess whether the earlier portions of any of the (up to) four 
prior forecast tracks exhibit significant biases relative to the working best track. In this case, the 
first 48 h of the NGPS-48 track has a significant slow and right bias, whereas the corresponding 
portions of the NGPS-36 and NGPS-24 tracks have significant left and slow biases. These track 
biases provide provisional confirmation that prior error mechanism assignments shown in the 
Error Mechanism Assignments box were in fact justified. However, conclusive confirmation is 
not available since none of the recent 72-h forecasts have yet verified. The first 12 h of the 
NGPS-12 track also has a significant bias relative to the working best track, but this short-term 
bias may not be indicative of the likely accuracy of the 72-h forecast, since the bias could be due 
to TC positioning error (Wendy is a large, "sloppy," 40-kt TC at this time). 

The objective of Task 2 is to evaluate the temporal continuity of the 72-h positions, or if 
the 72-h positions are not available, the continuity of a shorter forecast interval. In the case of the 
NOGAPS tracks in Fig. 2.12, the consistent temporal progression of the latest two 72-h forecast 
positions increasingly to the west, which suggests that the latest NOGAPS track is indicative of 
the same scenario. Given the provisional indication based on the early forecast track bias that the 
previous forecast was correctly assigned an error mechanism ofE-DCI, the agreement of the 
latest NOGAPS track with the previous track further favors another assignment ofE-DCI. 

Tasks 1 and 2 are repeated for each available dynamical model track forecast by clicking 
on the appropriate model button in the lower-'left portion of the Tracks Display Area (Fig. 
2.12). After completing these track trend evaluations, the objective of Task 3 is to intercompare 
forecast track trends for changes in temporal continuity (Task 2) that also represent a shift 
toward or away from forecast tracks of another model(s). For example, when the trend of JGSM 
forecast tracks is displayed (Fig. 2.13 ), the forecaster should note that no significant biases are 
evident relative to the working best track (Task 1 ). Whereas the JGSM-12 track that extends only 
to 36h predicts a turn to the southwest, the JGSM-48, JGSM-36, and JGSM-24 tracks all predict 
persistent northwestward motion. Thus, the forecaster should note this potentially important 
change in the temporal continuity of JGSM (Task 2), especially as it represents a shift toward the 
persistent southwestward NOGAPS track (Task 3). That is, the JGSM may be beginning to 
experience the same error mechanism that has been assigned to NOGAPS for the past two 
forecasts. 

After Step 3 has been completed, the SAF A screen is returned to the configuration in Fig. 
2.6 by first clicking on the Current Forecast button in the upper-right corner of the Tracks 
Display Area, and clicking on the buttons for all available numerical models plus the NCON 
button. 

(5) Step 4: Evaluate Primary Numerical Models (with fields) and Make Official Error 
Mechanism Assignments. Task 1 of this step is the pivotal portion ofthe Numerical Model Error 
Mechanism Assignment Procedure (Fig. 2.8b; Appendix A). The objective is to decide whether 
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Fig. 2.13. Screen capture of the time trend display for the JGSM tracks at -12 h, -24 h, -36 h, and 
-48 h. See discussion in subsection 2.d(4). 

or not any error mechanism is likely to be significantly degrading the track forecasts of those 
dynamical models for which forecast fields are available. The Detailed Guidance for this Task 
suggests that the forecaster begin by considering the objectively-determined error mechanism 
options for these primary models with fields as are listed in the Error Mechanism Assignments 
above the upper-left comer of the Tracks Display Area (Fig. 2.6). Additional information is the 
error mechanism assigned by the previous forecaster, which was identified both in Step 2 (i.e., in 
12-h old Error Mechanism Summary in Fig. 2.11) and Step 3 (i.e., in contents of Error 
Mechanism Assignment box in Fig. 2.12). For the example considered above, E-DCI is the first 
objectively-assigned error mechanism option for the NOGAPS-12 track, and was actually the 
assigned error mechanism for the two preceding NOGAPS tracks. 

If desired, the forecaster can quickly review information on the particular error . 
mechanism (i.e., E-DCI) by clicking on it in the Error Mechanism Types table, clicking on the 
appropriate Error Mechanism Character button to the right ofthe table (e.g., the Excessive 
button), and then clicking on the Mechanism Help button located along the bottom of the Error 
Mechanism Types table. These actions change the Netscape window display to the E-DCI 
overview shown in Fig 2.14 (right side). The error mechanism overview provides links (denoted 
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Fig. 2.14. Screen capture illustrating the Netscape display on the right side when the Excessive­
Direct Cyclone Interaction error mechanism help buttons are activated as described in subsection 
2.d(5). 

by underlining) to a E-DCI conceptual model graphic, and Key Track and Fields Indications 
graphics derived from historical cases identified by Carr and Elsberry (1999a). One such linking 
would result in the comparison of the NOGAPS and GFDN forecasts in Fig. 2.15 (right side) in 
the presence (absence) ofE-DCI on NOGAPS (GFDN) is indicated by one large elongated (two 
separate) area(s) of low pressure. The error mechanism overview (Fig. 2.14) also provides key 
information including: (i) which of the various models tend to be degraded by the error 
mechanism; (ii) recommended forecaster response to detection of indications of the error . 
mechanism in the model fields; and (iii) a list of case studies that are presently available only in 
hard-copy form in Carr and Elsberry (1999a), but will eventually be in "soft" interactive form. 
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Fig. 2.15. Screen capture of the Netscape display on the right side as in Fig. 2.14, after the Key 
Tracks and Fields link is activated. The sea-level pressure fields from the NOGAPS forecast 
(upper), which is being affected by E-DCI, and the GFDN forecast (lower) are illustrated (see 
text and annotations for explanation of key differences). 

If such a review is not necessary, the forecaster may go immediately to the Fields 
Display Areas (Fig. 2.6; right side) and begin the comparison ofNOGAPS fields at different 
levels, or do an inter-model comparison ofNOGAPS and, say, GFDN fields (usually at the same 
level) by activating the appropriate field selection, model selection, and animation buttons. A 
comprehensive explanation and illustration of the relevant field comparisons that a forecaster 
might employ to detect an error mechanism indicator is outside the scope of this report. 
However, the �k�~�y� NOGAPS and GFDN field comparison in Fig. 2.16 convinced the NPS beta­
test team that E-DCI was likely degrading the 0000 UTC 3 September NOGAPS track. Notice 
that the 48-h NOGAPS 700-mb streamline/isotach forecast in the upper field display has one 
large TC circulation near �1�9�~�,� 112°E, whereas the corresponding 54-h GFDN 700-mb 
streamline/isotach forecast (lower field display) has a smaller TC circulation farther north near 
�2�5�~�,� 113°E and a second cyclonic circulation farther south near �1�2�~�,� ll2°E. Animation of the 
NOGAPS forecast fields leading up to the time displayed in Fig. 2.16 reveals that the NOGAPS 
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Fig. 2.16. Screen capture ofthe key field display combination that suggests the NOGAPS track 
in the lower left is being degraded by the E-DCI error mechanism, as described in subsection 
2.d(5). 

forecast merges the TC with a disturbance that appears as another large cyclone to the southwest 
of the TC at analysis time (see Fig. 2.6; upper right). By contrast, the two circulations in the 
GFDN fields separate with time, presumably owing to substantially higher resolution of the 
GFDN inner grid (1/6° lat.) compared to NOGAPS equivalent grid (about 0.75° lat.). Notice also 
that the NOGAPS 48-h forecast has the single larger cyclone roughly midway between the 
locations of the two cyclones in the corresponding GFDN forecast, i.e., where a merged 
circulation of the TC and the second cyclone would be. These 500-mb indications ofE-DCI in 
the NOGAPS forecast are consistent with those from the SLP fields in Fig. 2.15. 

As a result of these field indications, and that only E-DCI (i.e., no cases ofl-DCI) was 
noted by Carr and Elsberry (1999a) to occur in the NOGAPS and GFDN models during 1997, 
the NPS beta-test team concluded that E-DCI was degrading the NGPS-12 forecast track, and no 
error mechanism was degrading the GFDN-18 forecast track. The alternative would have been to 
assign I-DCI to the GFDN track and no error mechanism to the NGPS track, which is 
improbable given that such a scenario did not occur in the sample of Carr and Elsberry (1999a). 
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Numerical Model Ensemble Analysis and 
Error Mechanism Assignment Summary 
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Fig. 2.17. Screen capture at the completion of Step 4 of the Error Mechanism Assignment 
procedure for the three dynamical models listed in the Summary (right side), as described in 
subsection 2.d(5). 

Based on the similarity ofthe truncated JGSM-12 track to the NGPS-12 track, the NPS beta-test 
team was prompted to look for indications ofE-DCI in the JGSM fields,4 and in fact found such 
indications. Thus, Task 1 of Step 4 was completed for all three numerical models for which 
fields were available (fields were not available for UKMO or JTYM). 

The procedure in Task 2 is to display the forecast tracks of the deep, medium, and 
shallow Beta and Advection steering flow Models (FBAM, MBAM, and SBAM, respectively) 
and the statistical-dynamical model CSUM. Although the BAMs and CSUM use the NOGAPS 
forecast fields, Carr and Elsberry (1999a) noted that usually CSUM was insensitive to error 
mechanisms that were degrading the NOGAPS track forecast, whereas the BAM forecast tracks 
were often degraded in a manner similar to the NOGAPS track. In the example, the BAMs 
tracks (not shown) were similar to, but slightly equatorward of the GFDN track (i.e., suggesting 

' The NPS beta-test team became aware of the availability of these fields via the JMA public internet web site early in the beta-test. 
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no significant impact even though E-DCI was occurring in NOGAPS), and the CSUM track was 
unavailable. 

In Task 3 of Step 4, an error mechanism (or NONE, if applicable) is assigned to each 
dynamical model with fields (i.e., NGPS-12, GFDN-18, and JGSM-12 in this example), and 
appropriate remarks are entered in the Summary (Fig. 2.17). To assign E-DCI to NOGAPS, the 
forecaster clicks on the E-DCI option line ofthe Error Mechanism Assignments scroll box, 
and then clicks on the Accept Objective Option button below the box. Since an error mechanism 
ofNONE was not one of the objectively-determined options for GFDN, the forecaster must 
assign NONE using the Error Mechanism Types scroll box. This is accomplished by clicking 
on the GFDN line of the Error Mechanism Assignments scroll box, then going to the Error 
Mechanism Types scroll box and clicking on the NONE line under the Miscellaneous heading, 
and then clicking on the Assign From Table button. Finally, to assign E-DCI to JGSM, the 
forecaster scrolls down in the Error Mechanism Assignments box and clicks on (highlights) 
JGSM, then clicks on the DCI row under the Cyclone Interactions heading inside the Error 
Mechanism Types scroll box, and then clicks on the Excessive Error Mechanism Character 
button, and then finally clicks on the Assign From Table button. The color of each forecast track 
is automatically set to red (green) when an (no) error mechanism is assigned, and the 
assignments are also automatically entered in column three of the Error Mechanism Summary 
section of the Summary as in Fig. 2.17. 

In Task 4 of Step 4, forecaster remarks are entered in the appropriate text boxes of the 
Summary _(Fig. 2.17). At a minimum, these comments should describe why the forecaster 
assigned an error mechanism, and make particular note of those indicators that forecasters on 
subsequent shifts should be aware of. In this case (Fig. 2.17), the remarks for NGPS-12 
identified the location of the second cyclone and the pressure level at which the indications ofE­
DCI were most evident. 

(6) Step 5: Evaluate Secondary Numerical Models (no fields) and Make Official Error 
Mechanism Assignments. This step is only necessary because forecast tracks are available for 
some dynamical models for which the predicted fields are not yet available for detecting any 
potential error mechanism. Thus, Task 1 of this step is to look for similarities between these 
secondary model forecast tracks and the forecast track(s) of the primary model(s). If sufficient 
similarity is found, then the secondary model forecast track is assigned the same error 
mechanism (or NONE) as for the primary model(s). In the example, the UKMO track is very 
similar to the NOGAPS track (Fig. 2.17), which had been assigned an error mechanism of E­
DCI. As a result, E-DCI was also assigned to the UKMO track using the same procedure as for 
NOGAPS (Task 2), which changed the color of the UKMO track to red, and appropriate remarks 
were entered in the Error Mechanism Summary section of the Summary (Task 3). 

(7) Step 6: Evaluate Selective Numerical Consensus (SCON) Forecast and Finalize 
Summary Sheet. In Task 1 of this step, the forecaster first clicks on the SCON button in the 
lower-left portion of the Tracks Display Area, which generates a SCON forecast track that is 
the average of only those dynamical model forecast tracks that were assigned an error 
mechanism ofNONE (Fig. 2.18). In the example, the SCON track is identical to the GFDN track 
since the E-DCI error mechanism was assigned to all of the other dynamical model forecast 
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Numerical Model Ensemble Analysis and 
Error Mechanism Assignment Summary 
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Fig. 2.18. Screen capture of the final two steps in the Error Mechanism Assignment procedure 
with a completed Summary (right side) and the SCON and NCON tracks displayed in lower left. 
See discussion in subsections 2.d(6) and 2.d(7). 

tracks. The difference between NCON and SCON tracks particularly at 72 h represents the 
maximum improvement (or degradation) that the SCON forecast could make relative to NCON 
as a result of the error mechanism assignments. Thus, the forecaster must consider whether 
his/her confidence in the assignments is sufficient to justify the risk he/she is taking by rejecting 
some of the dynamical track forecast guidance. To facilitate this consideration, the forecaster can 
easily check the effect on the SCON track of retaining different model forecast tracks. For 
example, the forecaster can djsplay and evaluate the effect of retaining the UKMO forecast track 
in the SCON computation by changing its error mechanism assignment to NONE. The 
recomputed SCON track would lay halfway between UKMO and GFDN tracks in Fig. 2.18. 

Once the forecaster has decided on the SCON track forecast, Task 2 is to enter any 
additional prognostic reasoning in the General Comment text box near the bottom of the 
Summary. In the example in Fig. 2.18, it was noted that the satellite imagery did not support the 
repeated NOGAPS prediction of significant cyclogenesis southwest of the TC. This observation 
supported the judgment that the DCI occurring in NOGAPS was most likely excessive and was 
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significantly degrading the forecast track. Another important item that should be placed in the 
General Comment box would be any alternate scenario that may be inferred from the dynamical 
model �g�u�i�d�a�n�~�e�.� In the example, the similar NOGAPS and UKMO forecast tracks would suggest 
Wendy might tum southwestward along the China coast. If there was considerable doubt as to 
whether E-DCI was occurring in NOGAPS, then documenting such an alternate scenario in the 
General Comments section would have been appropriate. In this case, the beta-test team was 
confident that an alternate scenario was highly improbable based on repeated and provisionally­
confirmed E-DCI in the last two NOGAPS forecasts, and the fact that I-DCI has yet to be 
observed to degrade the GFDN forecasts .. 

Task 3 is to save and print the Summary, which is a record of the forecaster's reasoning, 
and can serve as a tum-over item at the end of the forecast shift. Finally, Task 4 is to create a 
graphical record of the SAF A screen (if desired) using the Print Screen feature in the Utilities 
pull- down menu located in the upper-left portion of the SAF A screen. 

e. Summary and Results 

The result of the SAF A process in the case of Wendy at 1200 UTC 3 September 1999 
resulted in both quantitative and qualitative products. The quantitative product is the SCON track 
to the northwest, and the qualitative product is the reasoning recorded in the Summary. Wendy 
did go ashore as predicted by the GFDN model, and thus the NOGAPS and UKMO tracks were 
highly erroneous even though no verifYing positions were available due to the dissipation of 
Wendy over land. 

It is emphasized that the creation of a SCON track forecast that differs from NCON 
owing to rejection of certain dynamical model tracks, and which will influence the character of 
the official track forecast, is not a fundamentally new concept that is being incorporated into the 
existing track forecast formulation process. Any official track forecast that differs from a non­
selective consensus of available objective guidance necessarily reflects decisions by the 
forecaster to give more or less weight to, or to outright reject, some of his/her objective track 
forecast guidance. Such a process must occur if the official track forecast is to have the potential 
to "add value" to the consensus of objective guidance. However, the process necessarily entails 
risk-taking. Proper use ofthe Systematic Approach and implementing expert system should 
actually reduce the degree of inherent subjectivity and associated risk in this discriminatory 
process by organizing, informing, and documenting the meteorological basis for the forecaster's 
decision( s ). 
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3. Test Description 

a. On-site test at JTWC 

The two components of the test were an on-site, real-time information display at JTWC, 
and a beta-test at NPS in simulated real-time of the prototype SAFA module for a dynamical 
model evaluation. By its very nature, the implementation of a knowledge-based expert system 
such as SAF A involves an iterative process between the user and the developer. Such aspects as 
compatibility with the forecaster schedule, replication of operational conditions, reliability of 
operation, design and modification to meet forecaster needs and skills, and an acceptance process 
gained from a broad sample of cases can only be achieved via this iterative process. 

An on-site NPS liaison at JTWC was considered to be essential. The JTWC had recently 
been transferred from Guam to Hawaii with an almost complete change of personnel. With new 
Typhoon Duty Officers (TDO) and a new Deputy Director, no one was available to come to the 
Naval Postgraduate School (NPS) to be trained on the SAF A and serve as the JTWC focal point. 
With the support of SPA WAR, George Dunnavan (formerly a TDO and Deputy Director) served 
as the NPS liaison during 15 August to 24 September. His knowledge of the SAF A system and 
his knowledge/experience as a TDO was essential. 

One characteristic of SAF A was set based on the JTWC forecaster schedule. That is, a 
two-hour slot near the beginning of each shift seemed to be most favorable for the TDOs to 
become familiar with the information display capabilities of SAF A and give 
feedback/suggestions. This time slot was after the NOGAPS model fields from the 0000 UTC 
and 1200 UTC synoptic times are received at JTWC. Thus, the prototype SAFA was focused on 
global model fields on a 12-h cycle. It was not expected that the TDOs would have the time to 
participate in a test on a 6-h cycle, especially with the later reception of 6-h regional model fields 
leaving less time available. 

The availability of the NOGAPS fields was via the Tactical Environmental Database 
System (TEDS) directly from FNMOC; and used the same communication path as for the ATCF. 
Thus, no difficulties were encountered in getting the NOGAPS fields for the SAP A test. 
However, the GFDN fields have not been available on the ATCF, and thus the TDOs have not 
previously been able to evaluate the GFDN tracks via these fields. For this test, the access to the 
GFDN fields was via the Master Environmental Library (MEL) system at the Naval Research 
Laboratory-Monterey. This indirect communication path introduced a time delay such that 
timely acquisition would not be assured for the on-site evaluation at JTWC. Thus, the default 
value was the 18-h old GFDN fields (see section 2.b and Fig. 2.2). It was only discovered in the 
middle of the test period that the JGSM fields were available on the Japan Meteorological 
Agency public website. Although JTWC personnel were advised of the website, provision of 
these fields was not possible during the test. However, a procedure to access the JGSM fields 
was developed (by Bob Creasey ofNPS) for the NPS beta-test team. No UKMO or JTYM fields 
were available at either location. 

Another special circumstance at JTWC that affected the test was the implementation of a 
new Hewlett-Packard (HP) UNIX workstation at the beginning of the test. Although the faster 

35 



workstation was beneficial for the information display test, the HP Netscape version was not 
identical to the NPS Netscape. This incompatibility caused the SAF A Netscape components to 
fail repeatedly. Although the situation could be rectified by re-booting, a perception of 
unreliability developed for the procedure guide and help functions that are in the Netscape (see 
right side of Figs. 2.7, 2.8, and 2.10). This problem did not affect the test of the information 
display functionality of SAF A. 

An important condition in the JTWC test was that it was not to impact the operational 
warning function. That is, the NPS liaison was sensitive to the tempo of operations during active 
storms and tried to meet with the TDOs only when their schedule permitted. As glitches in 
communication of the GFDN fields were encountered early in the test, these glitches could only 
be addressed when a storm was active so that GFDN fields were being generated and 
transmitted. This presented a dilemma in demonstrating the prototype SAF A real-time 
capabilities early in the test, as only' historical cases could be used. 

A final consideration in the JTWC test was that SAF A involves a new paradigm in TC 
track forecasting. By design, the SAF A focus has been shifted to a reliance on the five 
dynamical models as the primary track guidance. Thus, the JTWC test implies a change in 
operational procedures. The SAF A system is not just a computerization of an established 
forecast procedure. New aspects such as the use of cluster-spread relationship as in section 2.c 
and the new terminology of error mechanism assignments as in section 2.d were being 
introduced. This made the on-site JTWC test a challenging exercise. 

b. Beta-test at NPS 

The beta-test component involved the simulated real-time application of the dynamical 
model evaluation module. Whereas the 12-h cycle based on the time of availability of the 
NOGAPS fields at JTWC was guided by the same considerations as described in section 3a 
above, the NPS test was generally done only on weekdays. However, the SAF A information 
display capability allows a simulation of real-time conditions by denial of later information. 
Even though the Monday sessions would involve catching up on the Saturday and Sunday 
forecasts, the NPS team was able to make independent evaluations. One constraint the NPS 
team experienced was a more limited satellite imagery availability and the only position fixes 
were those provided by JTWC without the ability to cross-check against all of the satellite 
information. On the other hand, the NPS team did not have the time pressures of issuing a 
product on a schedule, which can be hectic when multiple storms exist or a key facility is under 
threat. 

The NPS team did not experience communication or Netscape display problems as 
described in section 3a above, as these types of problems had been resolved earlier. As 
described below in section 4.b(5), the NPS team had access to the 6-h old GFDN fields and 
eventually this led to using those fields as the default choice rather than the 18-h old fields. 
Discovery of the JGSM fields on the JMA website did lead to an important addition to the beta­
test, as described in section 4.b(4). 
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The first step in each cycle of the NPS"beta-test was an assessment of the satellite 
imagery to get a feeling for the .evolution of the TC (including a general indication of size) and 
the adjacent synoptic features. Then, the six steps described in section 2.d and illustrated in Fig. 
2.8 were followed. After only a short time, these six steps became routine without referring to 
the Netscape description. Similarly, most of the NPS team was generally familiar with the error 
mechanisms and conceptual models, so that it was not necessary to access the "help" 
information. 

It is emphasized that the real-time application of the conceptual models was a new 
experience for all of the NPS team, as even the developer (Les Carr) had applied the procedure 
only to a few real-time cases. Thus, a steep learning curve was involved, and this contributed a 
number of "lessons learned" described in section 4.b. One of the most important was the 
recognition that a consensus spread greater than 250 n mi was an important threshold in the 
selective consensus (SCON) success, as described in section 4.b (8). As expected, the 
experience gained from early storms in the beta-test allowed a more confident and less time­
consuming application for the later storms. To capture a larger sample, the NPS beta-test 
component continued through the remainder of the season (i.e., TC 19W through 30 W). 

Clearly, one of the advantages ofthe NPS team is that up to six persons were viewing the 
situations and multiple viewpoints were expressed and debated. This discussion was an 
important part of the learning experience, e. g., the importance ofknowing the characteristics of 
the dynamical models, as described below in section 4.b(l ). Multiple viewpoints are especially 
important when the scenario is not clear. A number of such situations led to split votes that-had 
to be resolved by the vote of the developer. The key point is that the SAF A displays the 
information and leads the forecaster through the decision process, but it does not make the 
decision. Tropical cyclone track forecasting is far from a cut-and-dried process, and it should be 
expected that some situations will be less well-defined than others. Whereas one of the SAF A 
benefits is to help the forecaster develop a "storyline" for this TC track forecast, and transmit that 
reasoning to the next forecaster via the summary sheet, the storyline may need to be changed as 
new information becomes available to resolve such ambiguous scenarios. 
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4. Test Results 

a. JTWC test 

As indicated in section 3a, the primary objective for the JTWC test was to gain feedback 
on the prototype SAF A functionality and graphic user interface. As indicated in that section, a 
number of communication problems had to be addressed during the early portion of the on-site 
test. A serious problem that was not resolved during that part of the test was the restricted access 
to the Netscape display on the new HP workstation of procedures and error mechanism helps. 
This aspect was clearly unsatisfactory in assisting the TDOs to become more proficient in the 
procedures and use of the workstation as a learning tool. 

The information display component of SAF A includes the Tracks Display Area (see Fig. 
2.6) that involves the translation of all of the dynamical model tracks to the warning position for 
the forecast being made as described in section 2.c and Fig. 2.5. This functionality was received 
well by the TDOs, as was the Trend of Tracks display as described in section 2.d(4). The field 
display capability to animate the NOGAPS fields simultaneously on two screens (Fig. 2.6) was 
appreciated by the TDOs as an enhancement over the ATCF capability. Thus, the general 
conclusion was that the TDOs were favorably impressed with the information display capability. 

One of the major benefits of having an on-site NPS liaison was to collect the suggestions 
for improvements as the TDOs were testing the prototype. These suggestions are listed in 
Appendix C. In some cases (underlined in the Appendix), the NPS and CSC teams were able to 
respond quickly and address the suggestion. In other cases (italicized in Appendix C), the 
suggestions required more effort and time, and were completed after the NPS liaison had left. 
Finally, a large number of suggestions are yet to be addressed. After prioritization between 
JTWC and NPS, these items will be addressed in the future. Some of the high priority items will 
be discussed in the recommendations (section 5). 

b. NPS beta-test of dynamical model evaluation prototype 

(1) Validation of Model Traits knowledge base. Carr and Elsberry (1999a, b, c) have 
developed a dynamical Model Traits knowledge base based on an exhaustive (retrospective) 
examination of two models during the 1997 western North Pacific typhoon season. The analyses 
and predictions of only NOGAPS and GFDN were available for that study. Forecast tracks were 
usually available from the JGSM, the JTYM, and the UKMO global model. However, the 
analyses and predicted fields from the latter three models were not available for study. 

The approach in the 1997 study was to examine all NOGAPS and GFDN forecasts with 
72-h track errors exceeding 300 n mi, which comprised 100 and 99 cases, respectively. After 
careful evaluation of these cases, eight conceptual models of the predicted tracks and fields that 
occur during large-error forecasts were developed. Some of these error mechanisms occur more 
frequently for the NOGAPS model than the GFDN model. Although based on only a single 
season, the "climatology" of these large-error cases provides a preliminary Model Traits 
knowledge base for the Systematic Approach framework as shown in Table 1.1. 
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The Model Traits knowledge base is a prime component of the Systematic Approach 
expert system being developed (Peak eta/. 1999). The objective of the dynamical model 
evaluation step in the expert system is to detect likely erroneous track forecasts based on the 
Model Traits knowledge base. As described in section 2, the expert system guides the forecaster 
through a set of procedures designed to lead the forecaster to the decision whether a specific 
dynamical model track forecast is likely to have a 72-h error exceeding 300 n mi. Should one or 
more forecast tracks be evaluated as erroneous, those tracks are then excluded before calculating 
the consensus of the remaining model forecast tracks, which is called the selective consensus 
(SCON) track. Should none of the forecast tracks be evaluated as likely to be erroneous, the 
consensus is calculated of the available dynamical model tracks (non-selective consensus or 
NCON track), and the SCON track will overlay the NCON track in that case. 

The first result of the beta-test of the dynamical model evaluation prototype is that the 
large-error mechanism conceptual models of Carr and Elsberry (1999a, b, c) could be effectively 
applied by the NPS team in simulated real-time conditions. This is an important result because 
during the development of the model traits knowledge base it was already known that the 
forecast track had a large 72-h error and the goal was to designate the error mechanism. During 
the beta-test, the NPS team had no fore-knowledge that any of the dynamical model forecast 
tracks was erroneous. While this error detection process was not perfect (see discussion below), 
the ability to apply the conceptual models in simulated real-time was an important step. 

Since each typhoon season is different, it was expected that the frequency distribution of 
large-error mechanisms might not be the same as during the 1997 developmental season, and 
new error mechanisms might be discovered. The frequency of detected error mechanisms.during 
the beta-test (cyclones 19 W through 30 W) is shovvn in Table 4.1, which is analogous to Carr 
and Elsberry's (1999) Table 1.3, except that all five dynamical models available to JTWC are 
included, and when justified, model forecasts for which there was no 72-h verifying position are 
included to increase the sample size. Table 4.2 provides error mechanism totals summed over all 
models, as well as the number of misses and false alarms made by the NPS beta-test team. 

In general, the error mechanism frequencies are similar to those in Carr and Elsberry 
(1999a, b, c). The Excessive-Direct Cyclone Interaction (E-DCI) is again the most frequently 
occurring error mechanism. Other frequently occurring error mechanisms in the developmental 
sample such as Excessive-Ridge Modification by a TC (E-RMT), Excessive-Reverse Trough 
Formation (E-RTF), and Excessive-Response to Vertical "wind Shear (E-RVS) also occurred 
frequently during the beta-test. These four frequently occurring error mechanisms (E-DCI, E­
RMT, E-RTF, E-RVS) were generally recognized successfully by the NPS beta-test team, as 
indicated by numbers of misses and false alarms being significantly smaller than the number of 
occurrences of each error mechanism (Table 4.2). In the cases of E-DCI and E-RMT, the false 
alarm rates are higher than desired. However, it should be noted that several false alarms for 
these mechanisms involved model track forecasts that were indeed degraded in the expected 
sense, but the degree of degradation did not result in a 72-h FTE greater than 300 n mi. 
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Table 4.1. Frequency of error mechanisms during the period of the SAFA beta-test. Error 
mechanism determinations were on the basis of forecast field evaluation in the cases of 
NOGAPS, GFDN, and JGSM, and on the basis of sufficient similarity of JTYM and EGRR 
tracks with model tracks for which fields were available. If two numbers are listed, the first 
(second) is the number of times the phenomenon occurred Excessively (!nsufficiently). 

CAUSES OF DEGRADED TRACK NUMBER OF DEGRADED 
FORECASTS DURING SAF A TEST TRACK FORECASTS 

Phenomenon Name NGPS GFDN JGSM JTYM EGRR 
Direct Cyclone Interaction DCI I4-0 2-0 8-0 I-0 4-0 
Semi-direct Cyclone Interaction SCI 

SCI on Western TC SCIW 
SCI on Eastern TC SCIE 

Indirect Cyclone Interaction ICI 
ICI on Eastern TC ICIE I-0 
ICI on Western TC ICIW 2-0 

Ridge Modification by TC RMT 5-0 1-0 2-0 
Reverse Trough Formation RTF 4-0 4-0 
Response to Vertical wind Shear RVS 5-0 0-2 1-0 
Baroclinic Cyclone Interaction BCI 2-I 0-I 
Midlatitude System Evolutions MSE 

Midlatitude CycloGenesis MCG 2-0 
Midlatitude CycloLysis MCL 
Midlatitude AnticycloGenesis MAG 1-0 2-0 
Midlatitude AnticycloLysiS MAL I-0 

Monsoon Gyre-TC Interaction GTI 0-I 0-I 0-I 
Total of all known causes 27-1 5-3 2I-2 2-1 6-I 
Not discernable or explainable 4 4 I 3 I 

Notice 13 model track forecast errors exceeding 300 n mi occurred for which no error 
mechanism was discemable or explainable (last lines in Table 4.1 and 4.2). Some of these model 
forecast tracks had extremely poor consistency with the past storm motion. Another troublesome 
case was a fast recurvature track by a dynamical model for which no fields were available to 
make a determination whether the error source was E-BCI or 1-RVS. Access to all4ynamical 
model fields would assist in some of these cases. 

Although the sample sizes are small, two areas of failure by the beta-test team were: i) 
that all cases ofE-BCI were missed; and ii) the number of false alarms for E-MCG (4) was twice 
the actual number of occurrences (2). The difficulty with recognizing E-BCI might have been 
expected. Carr and Elsberry (1999; see their Table 1.3; and section 4.c discussion) noted that 
both E-BCI and I-BCI can occur in different models in the same forecast scenario. They 
anticipated that without the benefit of hindsight, it would probably be difficult to recognize 
which track forecasts are more accurate when some models are forecasting BCI and some are 
not. The four E-MCG false alarms all occurred in conjunction with a rare monsoon Gyre-TC 
interaction (GTI) that caused the track of Bart (24W) to exhibit the severe direction and speed 
change characteristic ofGTI (see Carr and Elsberry 1995; their Fig. 2). Whereas the NPS team 
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Table 4.2. Total occurrences (column 3) of error mechanisms (regardless of whether the 
character is excessive or insufficient) summed over all the models in Table 4.1, misses by the 
NPS beta-test team (column 4), and false alarms by the NPS beta-test team (column 5) during the 
period of the beta-test. 

Total number of False 
ERROR MECHANISM NAME Occurrences Misses Alarms 
Direct Cyclone Interaction DCI 29 I 7 

Semi-direct Cyclone Interaction SCI 
SCI on Western TC SCIW 
SCI on Eastern TC SCIE 0 0 2 

Indirect Cyclone Interaction ICI 
I CI on Eastern TC ICIE I 0 0 
ICI on Western TC ICIW 2 2 I 

Ridge Modification by TC RMT 8 I 3 
Reverse Trough Formation RTF 8 3 1 
Response to Vertical wind Shear RVS 8 1 0 

Baroclinic Cyclone Interaction BCI 4 4 0 
Midlatitude System Evolutions MSE 

Midlatitude CycloGenesis MCG 2 0 4 
Midlatitude CycloLysis MCL 
Midlatitude AnticycloGenesis MAG 3 1 0 
Midlatitude AnticycloLysis MAL 1 0 0 

Monsoon Gyre-TC Interaction GTI 3 3 0 
Not discernable or explainable 13 1 1 

actually recognized the formation of the monsoon gyre from the satellite imagery and the 
NOGAPS analyses/predictions, the team had no guidance from the Carr and Elsberry (1999) 
study as to the likely accuracy of the NOGAPS or GFDN model tracks in a GTI event, which 
had not occurred in their 1997 developmental sample. It was expected that the TC track would 
curve cyclonically around the gyre circulation, and then rapidly change to a poleward 
orientation, and this indeed occurred. However, the team did not know whether the global or the 
regional models would better predict the timing and subsequent poleward acceleration. As shown 
in Fig. 4.1 (Track Display Area in lower left), the predicted rates of poleward acceleration after 
the quasi-stationary motion period that is a characteristic of GTI were markedly different among 
the models. The NOGAPS track forecast was too slow to accelerate and the peripheral 
anticyclone to the southeast ofthe TC (Fig. 4.1; upper-right Field Display) was much weaker 
than the peripheral anticyclone developed in the GFDN model (Fig. 4.1; lower-right Field 
Display), which predicted a much faster acceleration and a 72-h position ahead ofthe verifying 
position. Notice also that the mid-latitude trough to the northwest of Bart in the GFDN forecast 
is more developed than in the NOGAPS forecast. This is actually a remnant of a period ofE­
MCG that the NPS beta-test team successfully recognized in the previous two GFDN forecasts. 
Although moderate E-MCG was still occurring in this GFDN forecast, three of the other 
dynamical models were (in retrospect) degraded by Insufficient-GTI (I-GTI) as listed in Table 
4.1. Such a combination of error mechanisms did not occur in the developmental sample studied 
by Carr and Elsberry (1999). 
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Fig. 4.1. Screen capture ofthe Numerical Model Error Mechanism Assignment step as in Fig. 
2.6, except for Typhoon Bart (24W) on 0000 UTC 21 September 1999. 

A case ofE-DCI in the GFDN model that appears to be related to the unique TC 
initialization procedure employed in that model occurred in the case of Wendy (20W) (Fig. 
4.2a). The GFDN initialization technique apparently did not successfully remove all of the 
background circulation in the NOGAPS analysis. Consequently, the comparatively small spinup 
vortex inserted in the GFDN model at the location of Wendy remained distinct from, and was 
advected around, the remaining large-scale circulation that was centered to the southwest of 
Wendy at analysis time. As a result, the GFDN forecast track was fast and equatorward of the 
actual track of Wendy (Fig. 4.2a; lower left). Notice that Wendy appears as a mini-trough 
embedded on the poleward side of a larger cyclone in the GFDN 500-mb and 700-mb 
streamline/isotach forecasts at 42 h (Fig. 4.2a; upper and lower field displays, respectively). 
Since the GFDN vortex tracker was following this mini-trough, the NPS team surmised that the 
trough-appearance was an artifact of the 1° lat. outer grid of GFDN displayed by the prototype 
SAF A, and that a closed cyclone was actually being resolved by the 1/6° lat. inner-grid. After the 
fact, the 42-h 500-mb wind field from the inner grid of GFDN was obtained from MEL, and it 
was confirmed that a tiny closed cyclone for Wendy was resolved by the inner grid (Fig. 4.2b). 
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0 
Fig 4.2. (Top) Screen capture as in Fig. 2.6, except for Tropical Storm Wendy (20W) at 1200 
UTC 1 September 1999 and with both the NCON and SCON tracks displayed in the lower left. 
The GFDN wind forecasts after 42 h for 500-mb (top) and 700-mb (bottom) are shown on the 
right side. (Bottom) Streamlines and isotachs as in the upper-right field display in top panel, 
except from the 1/6° lat. inner grid ofthe GFDN model. 

Given this reasoning, the NPS team eliminated the GFDN track due to E-DCI. Whereas the 
NCON track forecast has a considerable equatorward bias, the SCON track forecast has a 
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negligible cross-track error, even though a significant along-track error occurred due to an 
undetected E-RTF in NOGAPS. The NPS team had no basis for rejecting the NOGAPS track 
forecast, since Iio fields were available for the UKMO model (i.e., the basis for the EGRR track), 
and the tracks/fields of JGSM and JTYM were not available. 

In summary, this case illustrates that the overall effectiveness of the Systematic 
Approach, and the prototype SAF A may be enhanced by forecaster understanding of the general 
characteristics of the dynamical model guidance. This case also illustrates that the effectiveness 
of SAF A may be diminished when an insufficient set of dynamical model forecast tracks and 
fields are available. This issue of an incomplete set of dynamical model forecast tracks/fields is 
discussed further in subsection ( 4) below. 

One advantage the NPS team might have over a novice forecaster is a more 
comprehensive knowledge ofthe characteristics of the dynamical models that might account for 
differences in track forecasts. The example of Wendy above is a case in point with regard to 
GFDN' s very high resolution. Another example, is derived from Carr and Elsberry's (1999a and 
c) observation that the higher horizontal resolution and more vigorous convective over-turning in 
the GFDN model compared to the NOGAPS model seems to affect the relative Response to 
Vertical Shear (RVS). As a result, NOGAPS is comparatively susceptible to E-RVS and GFDN 
comparatively susceptible to I-RVS. This knowledge undoubtedly contributed to the successful 
recognition during the beta-test period of all but one of the five cases ofE-RVS in NOGAPS, 
and both cases ofl-RVS in GFDN (Table 4.1). Since JGSM is also a global model and has been 
noted to have generally weaker TC circulations than NOGAPS, the NPS beta-test team also 
expected JGSM to be susceptible to E-RVS, which presumably contributed to the successful 
detection ofthe one case ofE-RVS in JGSM (Table 4.1; row 6). 

Whereas the forecaster may be cognizant ofthe different spectral resolutions of the 
global models versus the regional models, the NPS team may have been more aware of 
differences in the initial condition specifications (which may change frequently). Also it was 
known to the NPS team that in certain global models the sea-level pressure center and wind 
center tend to become decoupled as the TC approaches landfall (especially in steep terrain). 
Utilizing also the knowledge that the tracking routine in one model (i.e., JGSM) follows the 
pressure center and in another model (i.e., NOGAPS) follows the wind center, some differences 
in track predictions may be explained. One recommendation from the beta-test will be to 
summarize these dynamical model characteristics, including specific examples of how they have 
been found useful in evaluating the dynamical track forecasts. Formal training and application 
on guidance of the dynamical model characteristics is needed. 

Whereas the pre-knowledge thatthe 72-h FTE exceeded 300 n mi helped Carr and 
Elsberry (1999) recognize track and field indications of significant error mechanisms in 
NOGAPS and GFDN during the development of the Model Traits knowledge base, the prototype 
SAF A uses certain thresholds of ensemble radius to alert the forecaster to look for an error 
mechanism. The rationale for setting a provisional 72-h threshold of 250 n mi was discussed in 
section 2.c. Early in the beta-test, the NPS team assigned error mechanisms in certain cases when 
the 250 n mi threshold was not exceeded. An illustration of the impact is the case of Dan at 1200 
UTC 6 October 1999, in which the 72-h ensemble radius is 183 n mi, but the five dynamical 

44 



Fig. 4.3. Screen capture as in Fig. 2.6, except for Typhoon Dan (26W) at 1200 UTC 6 October 
1999 and with both the NCON and SCON tracks displayed in the lower left. The NOGAPS and 
GFDN 500-mb wind forecasts after 60 h and 54 h are shown in the upper right and lower right, 
respectively. 

model tracks are grouped into two distinct clusters (Fig. 4.3; lower-left). The NPS team 
(erroneously) assigned E-RMT to the JGSM/JTYM cluster because there was evidence that E­
RMT was occurring in the preceding JGSM forecasts. Although the team accepted the three­
member cluster ofNGPS/GFDN/EGRR, it noted that differences in the GFDN and JGSM fields 
were consistent withE-MAG in GFDN, if it turned out that the JGSM forecast was correct. In 
fact, E-MAG (an infrequent error mechanism) was degrading GFDN even compared to the 
NOGAPS forecast, as can be discerned from the more prominent ridge to the north of Dan in the 
GFDN 500-mb streamline/isotach forecast at 54 h compared to the equivalent NOGAPS forecast 
at 60 h (Fig. 4.3; lower-right and upper right field displays, respectively). A comparison of the 
NCON and SCON tracks to the actual track of Dan indicates that the NPS beta-test team would 
have been better off simply accepting all five tracks in.this case, particularly since there was 
much disagreement (recorded in the General Comment section of the Summary) among the team 
members as to which models were in error. This issue will be further discussed in subsection (8) 
below. 
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(2) New error mechanism .. One of the helpful features of the expert system is the 
capability to animate the dynamical model wind (or sea-level pressure) predictions. This 
capability was useful in detecting in the GFDN forecasts a mid-tropospheric jet that formed 
occasionally along the southern edge of the Himalayan Mountains. The narrow, concentrated 
isotach maximum then propagated eastward across central China (Fig. 4.3; compare lower and 
upper field displays). Occasionally, the longer-range GFDN track forecasts of a TC 
approaching southern China seemed to be affected by the anomalous jet. In the case of Dan 
shown in Fig. 4.3, the sudden poleward tum at 60 h in the GFDN forecast track corresponds to 
the overlap of the erroneous isotach maximum with the circulation of the TC. The erroneous jet 
was also accompanied by an anomalous cyclone to the north that may have contributed to the 
excessive ridging to the north of the TC in GFDN as compared to NOGAPS. This situation was 
brought to the attention of the FNMOC and GFDL personnel responsible for this model. Morris 
Bender of GFDL quickly traced the problem to the extremely abrupt Himalayan topography 
slopes in the nested model. The proposed solution of simply smoothing this topography to reduce 
the errors in calculating the pressure gradient force in the terrain-following coordinate is 
expected to eliminate (or at least reduce) this problem. Thus, no change in the set of large-error 
conceptual models of Carr and Elsberry ( 1999a, b, c) is proposed at this time. 

(3) Track re-location effect. Another useful feature of the expert system is a trend-of­
tracks display. This display of a sequence of track predictions by the same model is useful in 
detecting sudden changes or a consistent rotation of the predicted tracks with time. Another 
situation in which this display is useful is when a track relocation is made. Such a relocation 
occurred several times during the beta-test when the TC was just forming in a broad monsoon 
trough. It is sometimes difficult to determine which of the embedded Mesoscale Convective 
Systems (MCSs) will become the central feature. It is also possible that one small TC will exist 
for only a short time in the monsoon trough environment, and then another TC will form nearby. 
An example just after the prototype SAF A test concluded, epitomizes the positioning challenges 
that face the JTWC forecaster. The depression TD-31 W was initially believed to be off the coast 
of Vietnam as suggested by the weakly organized convection in satellite imagery (Fig. 4.4, top). 
However, in conjunction with another area of intense convection to the southwest, the overall 
cloud pattern could be interpreted as a manifestation of a much larger circulation centered in the 
South China Sea roughly midway between Vietnam and Borneo. As shown in Fig. 4.4, bottom, 
the satellite-based positions from JTWC shift from tracking the poleward center to tracking the 
larger circulation center, which is certainly a valid option. In making that shift, the sequence of 
extrapolation (XTRP) forecasts, which reflect the recent 12-h motion at a particular warning 
time, have poor temporal continuity. Although excellent temporal continuity cannot always be 
achieved when tracking such poorly organized depressions, using the capability of SAF A to 
display the trend of the XTRP forecasts can assist the forecaster in achieving better continuity. 
When such situations result in a significant position relocation, the NOGAPS (and UKMO) 
synthetic vortex technique will be affected via its persistence (of past motion) component. That 
is, the average environmental flow vector over the 13 synthetic observation points is compared 
with this past storm motion vector, and a correction is added at each of the 13 points such that 
these two vectors are equal. A relocation will help the NOGAPS model start its synthetic vortex 
from a better initial position. However, the storm motion vector connecting the relocation point 
with the prior storm position is not correct, and would be expected to depart significantly from 
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Fig. 4.4. (Top) Satellite IR imagery at 0000 UTC 2 December 1999 showing a weakly organized 
area of convection off the coast of Vietnam that was identified as TD-31 W at this time. Another 
area of convection is located to the west of Borneo that together with the first area of convection 
would become associated with TD-31 W. (Bottom) Screen capture of the prototype SAFA Tracks 
Display Area in Trend ofForecasts mode showing the track ofTD-31 Wand a series of four 
extrapolation (XTRP) forecasts with starting times ofOOOO UTC 1 December (XTRP-36) to 
1200 UTC 2 December (XTRP) 1999. 
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the environmental flow vector. Consequently, an anomalous correction vector is added to make 
the initial forecast motion along the (incorrect) persistence vector. 

Two solutions to this relocation-effect problem are being considered. First, the JTWC 
forecaster should also change the past positions in the working best track whenever a relocation 
is made so that a proper persistence vector is represented in the synthetic observations. Second, 
the NOGAPS initial TC condition algorithm should detect and flag excessive persistence vector 
differences from the environmental flow vector, i.e., whenever a large adjustment vector has 
been imposed on the synthetic observations. Since this problem arises from infrastructure 
practices that are not physically based contributions to TC motion, no new large-error conceptual 
. models as in Carr and Elsberry (1999a, b, and c) are proposed at this time. 

( 4) Minimum number of dynamical model tracks for consensus track. Elsberry and Carr 
(1999) provide the motivation and justification for a selective consensus (SCON) versus a non­
selective consensus (NCON). All of their comparisons of SCON versus NCON were based on 
situations with all five dynamical models available. Thus, elimination of one (or two) erroneous 
model tracks still left four (or three) supposedly correct tracks for calculating the SCON track. 

An early result during the beta-test was that occasionally less than five model tracks were 
available, especially when the TC was weak or quite small (e.g., during a series of midget TCs 
according to Dr. Mark Lander, personal communication). Thus, the NPS team was confronted 
with forecast situations with only three model forecast tracks, or even two or one track. Clearly, 
the single track forecast situation does not allow a cluster or spread analysis, or a consensus 
calculation. In the case of Typhoon Virgil (19W) at 1200 UTC 24 August 1999 (Fig. 4.5, top), 
the NPS team effectively had to work with only one track (NOGAPS) since the UKMO (EGRR) 
track extended only to 12 h. Since the TC had been moving southward and analysis of the 
NOGAPS forecast fields revealed no obvious error mechanism indicators, the NPS team 
reluctantly accepted NOGAPS track as the sole basis for SCON. As confirmed by the subsequent 
TC track in Fig. 4.5a, this SCON (and NCON) forecast was highly erroneous. 

The two-track situation is also difficult if one track is from a regional model and the 
second track is from the global model that is used to provide initial and boundary conditions for 
that regional model. That is, the two model tracks are not necessarily independent and both may 
suffer from the same error mechanism. In that case, both model tracks would be eliminated and 
the forecaster would be left without dynamical model guidance (recognition that the two models 
are likely to be erroneous is useful in that it would guide the forecaster to use empirical, 
statistical, or synoptic models). In the case of Typhoon Virgil at 0000 UTC 27 August (Fig. 4.5, 
middle), only the NOGAPS and GFDN forecasts, which were very similar, extended to 72 h. 
Based on the disagreement between the early portions of the NOGAPS and GFDN tracks and the 
recent motion ofthe TC, and on a trend of poor forecasts by both NOGAPS and GFDN for 
several days, the NPS beta-test team elected to reject both tracks. However, no dynamical 
guidance is then available at 24, 48, and 72 h. Unfortunately, all of the other objective technique 
track forecasts available to JTWC also forecast the TC to go essentially poleward, leaving the 
forecaster with no accurate guidance whatsoever. 
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Fig. 4.5. (Top) Screen capture from prototype SAFA showing track ofTyphoon Virgil (19W) 
and the available dynamical model forecast tracks extended and translated so as to originate from 
the TC position at 1200 UTC 24 August 1999. (Middle) As above, except for forecast tracks that 
originate from 0000 UTC 27 August 1999. (Bottom) As in above, except for forecast tracks that 
originate from 1200 UTC 25 August 1999. 
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When a forecaster has just a forecast track from a global model and a track for an 
dependent regional model that is significantly different, and the forecaster has the two sets of 
fields to evaluate, he/she can accept one of the tracks and create an SCON track that has some 
meteorological basis. However, this choice may not result in a particularly accurate SCON. In 
the case ofVirgil at 1200 UTC 25 August 1999 (Fig. 4.5c, bottom), 72-h NOGAPS and GFDN 
tracks are markedly different and the UKMO (EGRR) track extends only to 12 h. The beta-test 
team correctly rejected the highly erroneous NOGAPS track and accepted the GFDN track as the 
sole basis for SCON, resulting in a 276 n mi 72-h FTE that is not much below the 300 n mi lower 
limit for forecasts that Carr and Elsberry (1999) defined to be unacceptably innacurate. 

A fortunate discovery during the beta-test was that the JGSM predictions �w�e�r�~� available 
on the JMA public website. The NPS team was then able to apply the large-error conceptual 
models developed for the two USA models. This was very valuable in detecting possible large 
track forecast errors by the JGSM, especially when this was the same error mechanism as for one 
of the other tracks in the same cluster, or ifless than five model tracks were available. 

The question then is the minimum number of forecast tracks necessary for the application 
of the dynamical model evaluation module. Since only a relatively small number of cases (see 
statistics below) have been examined in a real-time situation, the minimum number will be set at 
three until further evidence is gathered. A minimum of three tracks guarantees that at least two 
of the models are independent, so that rejection oftwo forecast tracks from the same center 
would still leave the forecaster with some guidance. However, that track guidance could also be 
erroneous, _and if no collaborating fields are available, the forecaster has inadequate tools to 
make a good adjustment. 

The conclusion from these considerations is that the fields from at least one other 
dynamical model than NOGAPS and GFDN must be secured. Although access to the JGSM 
fields via the JMA website is one possibility, the reliability and timeliness of this source is 
uncertain. Another possibility is the global model (and perhaps the typhoon model) of the 
Central Weather Bureau (CWB) of Taiwan. This model will be upgraded during early 2000 
when a new computer system is installed. Negotiations are in progress to get access to these 
CWB global model fields. In the case of the CWB typhoon model, it is only integrated in a 
limited domain around Taiwan, and thus its limited availability does not guarantee the needed 
third model availability as in the case of the global models. The UKMO has provided archived 
fields from May 1997 until the present to carry out retrospective error detections. Negotiations 
are in progress to gain real-time access for research studies such as another beta-test period. 
Similarly, negotiations are proceeding to obtain the German global model fields prior to another 
beta test. Other options will be pursued as appropriate to ensure that a minimum number of 
tracks are available for the SCON and NCON calculations. 

Consideration must also be given as to when too much information is being provided for 
the forecaster to assimilate. The limited experience with five models suggests that the model 
tracks tend to cluster. When one model track within the cluster is found likely to be erroneous, it 
would take only a little time to animate the other model predictions from that cluster to see if the 
same error mechanism is present. It is also emphasized that information that a model had a 
specific error 12 h prior to the forecast time gives the forecaster a first clue as to the likely error 
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mechanism if the same track anomaly is again being predicted. The point is that adding n 
models does not mean n times the amount of effort will be required by the forecaster. In most 
forecast situations, adding another model track will make the consensus calculation more 
accurate since it is another possible solution given the uncertainty in the initial conditions. This 
statement presumes that the model is skillful and does not consistently make errors; such a 
biased model would take valuable forecaster time and not provide information worth the effort. 

(5) Timeliness of the GFDN model fields. The GFDN model predictions are (along with 
the NOGAPS model) one of the key components of the beta-test. Because the 0600 UTC (1800 
UTC) GFDN fields from MEL do not arrive at JTWC until about 1330 UTC (0130 UTC), the 
original beta-test design was to use the 18-h old GFDN fields to ensure that they would always 
be available. Because the beta-test was in delayed real-time, the �6�~�h� old GFDN fields were also 
available. During the test, it was then possible to check these 6-h old GFDN to see what 
additional information might be contained in the later model integration. In cases in which the 
track scenario is changing,.which are the most challenging for the forecaster, it was usually 
advantageous to have the later (i.e., 6-h old) GFDN model track and fields. Consequently, these 
6-h old fields became the default selection for the dynamical model evaluation. 

Two requests were then made by JTWC to the FNMOC. The first was to inquire whether 
it would be possible to advance the GFDN integration in the FNMOC operational schedule by 30 
minutes to an hour to ensure that those fields would be available to the JTWC forecaster. 
Unfortunately, the product release schedule does not allow FNMOC to make this change. The 
second option is to move the GFDN integration approximately 3-4 hours earlier in the schedule 
with the analysis and boundary conditions being provided from a preliminary NOGAPS. 
Although the use of the preliminary analysis fields would clearly be a degradation relative to a 
later analysis, it might be an improvement relative to the JTWC forecaster having to use an 18-h 
old GFDN integration. This option needs to be further considered before a formal request to 
FNMOC is made. 

(6) Objective error mechanism assignments. At the time of the beta-test, the objective 
error mechanism options were based only on the 72-h track cluster membership, i.e., on a 
grouping of similar tracks that frequently accompanied large-error mechanisms during the 
developmental sample. This simple approach occasionally failed during the beta-test in that the 
NPS team found an error mechanism not on the frequently occurring list appeared to be present 
that would provide a basis for excluding that model track from the consensus calculation. Thus, · 
additional research is necessary to improve the objective error mechanism assignment. 

Another improvement in the objective error mechanism assignment is to eliminate 
options that need not be considered by the forecaster. For example, the track turning 
characteristics may be inconsistent with the assignment of that error mechanism based only on 
cluster membership. 

It is thus recognized that the dynamical model evaluation could be more complete and 
forecaster-friendly with additional effort at NPS to improve the objective error mechanism 
assignment. This is a very time-consuming exercise to examine all of the cases and develop a 
more specific algorithm, and then to test its veracity by passing through the entire sample. The 
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challenge is to develop a more focused, pro-active list of assignments that does not have too 
large of a false alarm rate. The first upgrade of the objective error mechanism assignment will 
be based on the geometric relationships among the model forecast tracks, especially considering 
the geographical characteristics (tropical versus midlatitude error mechanisms). On a longer 
time scale, an objective technique to detect size changes of sea-level pressure isobars that may be 
associated with erroneous Ridge Modification by a TC (E-RMT) may be developed to assist the 
forecaster. Similarly, an objective routine to detect mid- to lower-tropospheric vorticity maxima 
around the TC may be developed to detect adjacent cyclones that may cause an erroneous Direct 
Cyclone Interaction (E-DCI). These objective techniques have been put in a "nice-to-have" 
category for now since a trained forecaster can easily detect these circulations or isoline changes 
when prompted by an objective error mechanism assignment, or by their identification during the 
prior forecast cycle. 

(7) Twelve-or six-hour cycle. Another limitation of the module for the beta-test was 
that it considered only a 12-h cycle of forecasts based on the 0000 UTC and 1200 UTC guidance. 
In practice, JTWC issues forecasts/warnings each 6 h. Although the 12-h cycle during the test 
involved examination of all of the model guidance (i.e., including 6-h or 18-h old regional 
models) received during the 12 h, it did not mimic the JTWC cycle or make the most timely use 
of the guidance information. A more realistic scenario would be to continually evaluate and 
assimilate the new guidance as it is produced on the 6-h cycle on which JTWC operates. That is, 
the "storyline" on which the JTWC warnings are based would be updated each 6 has either the 
global model guidance (0000 UTC and 1200 UTC) or the regional model guidance (0600 UTC 
and 1800 UTC) is received. This is the most timely use of the guidance information such that 
each dynamical model evaluation is simply an update of the prior 6-h evaluation. It will be 
unusual that the new guidance will cause a change in the error mechanism assignment from 6 h 
previously, except that a somewhat questionable model track forecast may now be revealed as 
more likely to be erroneous. 

(8) SCON versus NCON comparisons. A primary objective of the beta-test was to 
demonstrate that a selective consensus (SCON) track after deletion of one or more dynamical 
model tracks will have smaller errors than the non-selective (NCON) track. Whereas Elsberry 
and Carr (1999) have demonstrated reduced SCON errors relative to NCON when omitting the 
worst of five model forecast tracks, the beta-test was in simulated real-time in which it was not 
known in advance that one or more tracks may be in error. Thus, the goals are to demonstrate 
that the NPS team could detect an erroneous track(s) and that the elimination of that track(s) in 
the SCON calculation would result in smaller errors. 

Unfortunately, a relatively small sample is available for this SCON-NCON comparison 
with 61, 46, and 29 cases at 24, 48, and 72 h, respectively. The rapid fall-off in cases with 
increasing time indicates that these storms (19W to 30W) were relatively short-lived so that often 
a verifying position was not available, especially at 72 h. Given such a small sample, it is 
necessary to check whether these forecast situations may be considered easier or harder to 
forecast than might be expected with a larger sample. Thus, the 72-h CLIPER forecast error of 
305 n mi for the 29 cases was compared with the seasonal CUPER errors during 1990-1998. 
This nine-year CLIPER average was 373 n mi with a range between 341 n mi during 1990 to 420 
n mi during 1998. Thus, a caveat for this comparison is that the storm track forecasts during the 
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beta-test must be considered as easier than for a normal sample. Since the no-skill CLIPER was 
relatively accurate for this sample, it might be expected that it will be a little more difficult to 
further improve the forecasts via the selective consensus. 

Another factor in the SCON-NCON comparison is that the NPS team only chose to 
eliminate one or more tracks in 20 of the 29 cases verifying at 72 h. In the remaining nine cases, 
the NPS team chose to accept all of the model tracks, so that SCON may be considered as being 
equal to NCON. With nearly one third of the SCON errors being equal to the NCON errors, the 
overall track error difference was only 5 n mi. Both the SCON and the NCON errors were about 
100 n mi better than the CLIPER error 305 n mi at 72 h, which is then considered as a 33% skill, 
even for these relatively easier track forecasts in this small sample. 

As it became evident that only a small average SCON-NCON difference was being 
achieved when some cases of marked improvement ofthe SCON track relative to the NCON 
track had been achieved, a mid-test evaluation was made as to the cases when the SCON errors 
were greater than the NCON errors as in the case of Dan in Fig.' 4.3. In seven of these eight 
cases, the spread of the dynamical model tracks relative to the NCON position was less than 250 
n mi, which the data of Elsberry and Carr (1999) suggest may be a threshold for a relatively tight 
cluster. That is, the NPS team had been somewhat aggressive in attempting to detect and 
eliminate erroneous model tracks, and this nearly always resulted in a degraded SCON track 
relative to the NCON track. The only case when a successful SCON error reduction had been 
achieved when the consensus spread was less than 250 n mi was �w�h�~�n� a clear case ofE-DCI was 
occurring. Based on this discovery that it is generally not advisable to attempt a SCON forecast 
different from NCON when the spread was less than 250 n mi, this spread threshold was applied 
in calculating the statistics. · 

The SCON versus NCON comparison (Fig. 4.6) when the SCON track was set equal to 
NCON whenever the consensus spread was less than 250 n mi then results in a 10 n mi SCON 
improvement relative to NCON at 72 h. This sample is slightly larger (31 cases at 72 h) and the 
CLIPER 72-h error is also slightly smaller. The NCON and SCON skills relative to CLIPER are 
29% and 32%, respectively. Another metric is the 217 n mi error for the JTWC forecasts in this 
homogeneous sample, which is an even better performance than for the JTWC record 235 n mi 
72-h errors for the entire 1999 season. Since the average NCON and SCON errors for the NPS 
beta test team are 10% and 14% lower than for the JTWC forecasts, this offers encouragement 
for continued improvement. 

Considering separately only the 14 cases in which the SCON track differed from the 
NCON track, the improvement of SCON relative to NCON at 72 h increases to 23 n mi, and the 
NCON and JTWC 72-h errors are essentially equal (Fig. 4. 7). Thus, the NPS team was able to 
detect model tracks with large errors such that the average SCON track error at 72 h was about 
10% smaller than for the average NCON track errors for the same 14 cases. 

In conclusion, the NPS beta-team was able to "add value" in two ways. First, they 
recognized (after some mid-test evaluation) that NCON is typically a skillful forecast when the 
consensus spread is less than 250 n mi, and thus should have been accepted in those 17 cases. 
Second, the team recognized 14 cases in which elimination of one or more dynamical model 
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Fig. 4.6. Skill (inn mi) relative to the CUPER forecast track errors (FTE) listed along the zero 
line for a homogeneous sample (number of cases indicated) from TC 19W through TC 30W 
during August-December 1999 for Joint Typhoon Warning Center (JTWC), a non-selective 
consensus (NCON), and a selective consensus (SCON) track forecast by the NPS beta-test team. 
The SCON track has been set equal to the corresponding NCON track whenever the 72-h 
ensemble radius was less than 250 n mi. 

forecasts before calculating the consensus track (i.e., SCON not equal to NOCN) resulted in a 
10% improvement over NCON. Some special considerations of this beta-test were that this was 
a relatively easy sample of forecasts, that no forecast fields were available for the UKMO model 
and JTYM, and that some new GFDN error mechanisms were included. Therefore, this 10% 
improvement of SCON over NCON achieved during the beta-test may be considered to be an 
under-estimate of what may be achieved with a future operational SAF A. 
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Fig. 4.7. Skill (inn mi) relative to CLIPER FTEs as in Fig. 4.6, except for a subsample that only 
includes the date-time groups in which the NPS team eliminated likely erroneous model tracks, 
i.e., whenever the SCON track differs from the NCON track. 

Notice that the magnitudes of the SCON and NCON track errors for the 14 cases in Fig. 
4.7 are approximately 50 n mi larger than the corresponding error magnitudes in Fig. 4.6, which 
is for the entire sample of 31 cases. Thus, it is evident that the other 1 7 cases (all of which have 
a ensemble spread of less than 250 n mi) must have a smaller NCON track error than the overall 
average for NCON. These NCON track errors for small spread, large spread, and full sample are 
compared in Fig. 4.8). While the 24-h errors are almost identical, those cases with a small (less 
than 250 n mi) consensus spread at 72 h also have a smaller NCON average error. It is 
encouraging that this small 72-h NCON error for the 17 cases, in which the ensemble spread is 
less than 250 n mi, is actually just less than Department of Defense 72-h goal of 150 n mi. If the 
forecaster could confidently recognize these cases, the 72-h dangerous semi-circle for ships 
could be shrunk significantly in size. By contrast, the larger spread cases have a significantly 
larger NCON error. Such a good ensemble spread-consensus error correspondence is better than 
found by Goerss (2000) for his three-member global model consensus or two-member regional 
model consensus. Likewise, Elsberry and Carr (1999) found that a small (large) spread of a five­
member consensus did not necessarily indicate a small (large) consensus error as might be 
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Fig. 4.8. Forecast track errors (n mi)for the sample of NCON forecasts in Fig. 4.6 (labeled as 
all), the subsample ofNCON forecasts in Fig. 4. 7 in which the NPS team found erroneous model 
tracks (labeled poor), and then remainder of the tracks in the sample for which the NPS team did 
not find erroneous model tracks, and thus accepted the NCON forecasts (labeled good). The 
CINCPACFLT 24-, 48-, and 72-h track accuracy goals of 50, 100, 150 n mi, respectively, are 
indicated for reference. 

inferred from Fig. 4.8. Although this result may be overly favorable because of the small 
samples, it is encouraging that the large-spread cases do represent an opportunity to detect one or 
more erroneous model tracks and thus generate a selective consensus track that is an 
improvement relative to the non-selective consensus. 

While the focus ofthe beta-test was an evaluation of large-error detection in the five 
dynamical models, the JTWC forecaster also has shallow, medium, and deep BAMs derived 
from the NOGAPS model and a statistical-dynamical model (CUSM). As has been shown in 
previous studies, the shallow and medium BAMS generally do not have skill relative to CLIPER 
when considered over many cases, and this was true here (not shown). Although both the deep 
BAM and the CSUM had small skill in the·sample, they are not considered to possess sufficient 
skill to be included in the consensus. 

56 



5. Recommendations and Future Work 

Two over-arching conclusions of this test were: (i) the on-site test at the JTWC of the 
prototype SAF A was successful in the sense that the TDOs exercised in real-time the information 
display capabilities and were favorably impressed; and (ii) the NPS team was able in simulated 
real-time to demonstrate a "value-added" result of the dynamical model evaluation module, i.e., 
that the selective consensus (SCON) track errors were smaller than the non-selective consensus 
(NCON) errors, and both sets of errors were smaller than the official forecast errors for the same 
(albeit small) sample of storms. Thus, the most important recommendation is to continue the 
development of the prototype SAF A that will lead to a beta-test at JTWC during the 2000 
typhoon season. As mentioned at the end of section 3a, this is a step toward a new paradigm in 
which it is acknowledged that the primary guidance for TC track forecasting is the dynamical 
models. Indeed, the beta-test results strongly suggest that a simple consensus of the five 
dynamical models (NCON) should become the first basis for the track forecast. Then, the TDO 
can add value by applying the large-error conceptual models as guided by the SAF A error 
mechanism assignment procedure. Whereas the NPS team was able to demonstrate this value­
added benefit ofthe prototype SAFA, the objective of the beta-test at JTWC should be to 
demonstrate a similar benefit by producing SCON track forecasts with errors that are smaller 
than the NCON track errors. 

The SAF A system must be upgraded from a 12-h cycle to a 6-h cycle that is consistent 
with the JTWC operational tempo and official warning cycle. Consistent with the paradigm 
change mentioned above, the arrival of new dynamical model track and field guidance each 6 h 
(global forecasts generated from 0000 and 1200 UTC and regional forecasts generated at 0600 
and 1800 UTC) should be immediately evaluated in the context of the "storyline" for each TC 
track. The SAF A translation and extension of all of these dynamical model tracks to the current 
warning positions facilitates this update, and assures each warning is based on the most recent 
dynamical guidance. Essentially the same interpretive effort is required of the TDO, and that 
effort is spread more evenly across the forecast shift. The Fields Display and Summary sheet 
have already been configured for a 6-h cycle, so only the Tracks Display needs to be modified. 

Certain data requirements need to be addressed. First, the NOGAPS fields now 
available via TEDS need to be augmented to include 6-h fields to 78 h. This request to FNMOC 
has been made by the JTWC and is in progress. Second, access to the forecast fields from at 
least one foreign center is needed. Negotiations at FNMOC (and at NPS) with other centers are 
mprogress. 

The timing of the arrival at the JTWC of the dynamical model guidance is then a critical 
issue. A recent (February 2000) improvement has been that the GFDN fields now are received 
via the TEDS at FNMOC vice the MEL at NRL, which has resulted in a 2 h improvement in 
timeliness. Thus, these 0600 and 1800 UTC GFDN model predictions are now received around 
1130 and 2330 UTC, respectively, which is a comparable time delay to when the 0000 and 1200 
UTC NOGAPS predictions are received. In both cases, this model guidance timing means that 
only 3 h are available before the warning must be transmitted at the synoptic time plus 2.5 h. · 
Notice that this schedule for using the dynamical model guidance is 6 h earlier than during the 
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beta-test, in which the global model was utilized with a 12 h delay (i.e., the 0000 UTC guidance 
was not used until the 1200 UTC forecast--see Fig. 2.2). 

As discussed in section 4.b(5), the GFDN model guidance that was only 6 hold was 
occasionally a considerable improvement over the 18 hold GFDN. With the access ofthe 
GFDN model fields via TEDS, it is at least an option to await these 6-h old fields before doing 
the 1200 UTC and 0000 UTC warnings. Whereas this puts a tight time schedule on preparing 
the warning, if this new guidance is viewed as only a possible update of the "steryline" 
developed based on the prior guidance, then it may be possible for the TDO to accept the tight 
time schedule in order to use the latest guidance in a more timely manner. As discussed in 
section 4.b(5), the other option is to request FNMOC to run the GFDN off a preliminary 
analysis, which is already done for the lower priority TC when more than one TC exists. The 
degradation in the track forecasts from the preliminary guidance needs to be documented to see 
if the gain in timeliness is worthwhile. Whereas this shift in the FNMOC operational schedule is 
possible for GFDN, it will not be possible to get the NOGAPS fields any earlier since the global 
model is the main driver for a large fraction of the FNMOC products. Thus, the tight schedule 
for the TDO to use these NOGAPS fields with only a 6-h delay would still be necessary for the 
0600 UTC and 1800 UTC warnings. 

One prototype SAF A shortcoming noted by the TDOs was that an interruption in the 
SAFA session (e.g., to shift attention to another TC, or a computer problem) caused all of the 
completed work on the target storm to be lost. Thus, an essential SAF A upgrade is the capability 
to save and restore partially completed work on the target storm so that the TDO has the freedom 
to switch between active TCs without losing previous decisions. This capability has just recently 
been developed and has been incorporated into the prototype SAF A at the JTWC. 

One aspect of the prototype SAF A that was not adequately tested at the JTWC because of 
the HP Netscape problem was the basic help components. Since this information was available 
in hard-copy via technical reports, it is not clear how much of this information is necessary and 
more useable if it is on an electronic media. For example, is it useful to have a "how to use 
SAF A" file that reviews the basic screen layouts as in section 2, the location and functions of 
various buttons, and documentation on how and where quantities and displays are created? 
Forecaster input as to what they need is necessary to establish a priority list of upgrades for 
SAFA. 

In section 4.b(1), it was mentioned that knowledge of characteristics of the dynamical 
models is useful in interpreting and evaluating the veracity of the TC track forecasts. Some 
aspects such as the effective horizontal/vertical resolution and the relationship of a regional 
model to the global model that provides its initial and boundary conditions may be known. 
However, other key features relevant to TC forecasting such as the strengths/weaknesses of the 
initial TC specification, the TC tracking procedure differences, and terrain effects may not be 
well known. Similar difficulties in interpreting the objective track prediction techniques may 
arise if the TDO is not aware of their special characteristics. Each technique has strengths and 
weaknesses, or particular situations in which they should or should not be trusted. Thus, a 
compilation of information on dynamical and objective technique characteristics will be begun at 
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the NPS. This critical information for successful utilization of SAF A must then be incorporated 
into formal JTWC training. 

As described in section 4.b(6), an upgrade is needed in the algorithm that assigns 
potential error mechanisms based now on track clustering (see Appendix B). As indicated in that 
section, some ideas for improvement developed from the beta-test. The first objective will be to 
eliminate any options now listed based only on cluster membership that would not apply because 
of geometric or geographical relationships among the tracks and/or clusters. The second 
objective will be to develop a more pro-active algorithm that will also narrow the choices to the 
more likely error mechanisms. The development of a new algorithm will be a time-consuming 
effort at the NPS. 
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Appendix C 

JTWC-Suggested Modifications/Improvements to the Prototype SAF A 
Notes: 
1. Underlined suggestions were incorporated during period NPS beta-test. 
2. Italicized suggestions have been included since conclusion ofNPS beta-test 

1. General Functionality 

-Capability to run SAFA at 0600 and 1800 UTC as well as 0000 and 1200 UTC (i.e. on a 6-
hourly cycle as the official forecast.) 

I 

-·Capability to display NOGAPS fields even if no TC is in warning status to facilitate 
METW A TCH responsibility 

- ability to restore fully or partially completed work for editing or continuation of one TC after 
having exited to do another TC 

- full functionality of arrow keys (in addition to mouse-based control) when selecting one of the 
mechanisms in the Error Mechanism Table 

2. Information Display 

- Display track trend for a model that is not available at current DTG 

- ability to extract lat./Ion. position of circulations based on mouse location in either a field 
display or the track display 

- add geography to both track and fields display 

- center TC in NOGAPS field display, and adjust GFDN display east/west alignment 
accordingly. 

- capability to display NGPR track (produced at JTWC) instead ofNGPS track (produced at 
FNMOC) 

- capability to display tracks and field in any basin on JTWC 's area of responsibility 

- Selectable isobar/isotach contour/shading intervals 

- More flexible zoom feature for track and field displays (currently only 2x) 

-Ability to toggle track or field display between quarter-screen size and full screen size 

- Capability to display past track ensembles and associated Summary Sheets at 6-h intervals 
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- 6-hourly forecast track trends where applicable (e.g., JTWC and other official forecasts, and 
non-numerical objective aids such as CLIP, BAMs, CSUM, etc) 

- Display valid time in addition to forecast interval in field display labels 

-Display best-track positions every 6 hour, vice 12 hours. (Note: All positions are displayed, but 
currently an open-circle label appears at 0000 and 1200 UTC only) 

- Make the defaults in the two Field Display Areas the NOGAPS and GFDN 500-mb winds 
(currently, the NOGAPS 500-mb winds and sea-level pressures are the defaults) 

-Display other TC tracks when more than one TC is active. For example, for TC of interest 
display both past (in black) and forecast positions (in red) in field displays. But for other active 
TCs, display only current and past positions (in black). 

3. Proactivity and forecaster assistance 

- On-line SAF A "users manual" 

- SAF A training module 

-A more structured·display of the Error Mechanism Assignment procedure (e.g., instead ofthe 
current non-interactive procedure display via NETS CAPE, use a pop-up window that prompts 
forecaster on each steps and has an acknowledgment button to move to next step) 

- Documentation for ensemble spread analysis and objective cluster analysis criteria 

- more pro-active and accurate algorithms for assigning error mechanism pptions 

4. Information generation and output 

- Add NCON and SCON tau 00 lat/lon at bottom of printed Summary Sheet 

- Ability to create consensus-type forecast tracks that include models and techniques other than 
just the five main dynamical TC prediction models 

- Compute NCON and SCON at 12-h intervals (currently only 24, 48 and 72 h) 

-capability to automatically merge NCON and SCON, and the extended/translated NGPS, 
GFDN, JGSM, JTYM, and EGRR tracks created by SAFA into the ATCF database 

-ability to display a table ofNCON and SCON forecast positions on the screen, in addition to 
the printed Summary Sheet 
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Appendix B 

Basis for Objective �D�e�t�~�r�m�i�n�a�t�i�o�n� of Error Mechanism Options 

Based on analysis of all highly erroneous NOGAPS and GFDN track forecasts in 1997, certain error 
mechanisms have been identified as frequently degrading certain models (see Fig. 1.2 for definitions of 
the three-letter physical mechanisms; E=excessive and !==insufficient): 

Error NOGAPS GFDN OTHERS 
Mechanism 

E-DCI X X X 

E-RMT X X 

E-RTF X X 

E-MCG X 

E-RVS X X 

E-BCI X X X 

I-BCI X X 

Note.: OTHERS = any or all of JGSM, JTYM, UKMO 

Notice in the table above that the set of error mechanisms that frequently degrade NOGAPS (and one or 
more of the OTHERS models) is different from the set of error mechanisms that frequently degrade 
GFDN. In particular, notice that the error mechanism E-MCG was unique to GFDN during 1997. Given 
these facts, only certain error mechanisms are probable depending on how the tracks of NOGAPS, 
GFDN, and the other models are clustered, or which model track is an outlier relative to the other model 
tracks. 
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Cluster/Outlier Probable Error Justification 
Membership Mechanisms (See 

NOTE) 

NOGAPS is an outlier E-DCI, E-RMT, E-RTF These are all of the error 
mechanisms that frequently 

E-RVS, E-BC1, 1-BC1 degrade NOGAPS 

NOGAPS is a member E-DCI, E-RMT, E-RTF These are the error 
of a cluster that does mechanisms that frequently 
not include GFDN E-RVS, E-BC1, 1-BC1 degrade NOGAPS and one 

of the OTHER models, 
simultaineously, but not 
GFDN 

GFDN is an outlier E-DCI, E-MCG, E-BCI These are all the error 
mechanisms that frequently 
degrade GFDN, listed in 
order of decreasing 
frequency. 

GFDN is in a cluster E-DCI, E-BCI, E-MCG The first two error 
mechanisms frequently 
degrade GFDN and another 
model simultaneously. The 
third has been observed to 
affect only GFDN but is 
listed last as a low 
�p�r�~�b�a�b�i�l�i�t�y� option. 

NOTE: To reduce the number of error mechanism options for NOGAPS to three for any given situation, 
the 48-72h consensus forecast track of available numerical models (NCON) is subjected to a 
RECURVATURE TEST. The test is to see if the 48-72h direction ofNCON is between 025 and 080, 
and if the 48-72h speed ofNCON is greater than 10 kt. If the RECURVATURE TEST is failed, the 
error mechanism options in ITALICS are assigned. If the RECURV ATURE TEST is passed, the error 
mechanism options in BOLD are assigned. 
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Appendix C 

JTWC-Suggested Modifications/Improvements to the Prototype SAFA 
Notes: 
1. Underlined suggestions were incorporated during period NPS beta-test. 
2. Italicized suggestions have been included since conclusion ofNPS beta-test 

1. General Functionality 

- Capability to run SAF A at 0600 and 1800 UTC as well as 0000 and 1200 UTC (i.e. on a 6-hourly 
cycle as the official forecast.) 

-Capability to display NOGAPS fields even if no TC is in warning status to facilitate 
METW ATCH responsibility 

- ability to restore fully or partially completed work for editing or continuation of one TC after 
having exited to do another TC 

-full functionality ofarrowkeys (in addition to mouse-based control) when selecting one ofthe 
mechanisms in the Error Mechanism Table 

2. Information Display 

-Display track trend for a model that is not available at current DTG 

-ability to extract lat./lon. position of circulations based on mouse location in either a field display 
or the track display 

- add geography to both track and fields display 

- center TC in NOGAPS field display, and adjust GFDN display east/west alignment accordingly. 

- capability to display NGPR track (produced at JTWC) instead of NGPS track (produced at 
FNMOC) 

-capability to display tracks and field in any basin on JTWC's area of responsibility 

- Selectable isobar/isotach contour/shading intervals 

-More flexible zoom feature for track and field displays (currently only 2x) 

- Ability to toggle track or field display between quarter-screen size and full screen size 

-Capability to display past track ensembles and associated Summary Sheets at 6-h intervals 
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- 6-hourly forecast track trends where applicable (e.g., JTWC and other official forecasts, and non­
numerical objective aids such as CLIP, BAMs, CSUM, etc) 

- Display valid time in addition to forecast interval in field display labels 

-Display best-track positions every 6 hour, vice 12 hours. (Note: All positions are displayed, but 
currently an open-circle label appears at 0000 and 1200 UTC only) 

- Make the defaults in the two Field Display Areas the NOGAPS and GFDN 500-mb winds 
(currently, the NOGAPS 500-mb winds and sea-level pressures are the defaults) 

-Display other TC tracks when more than one TC is active. For example, for TC of interest display 
both past (in black) and forecast positions (in red) in field displays. But for other active TCs, 
display only current and past positions (in black). 

3. Proactivity and forecaster assistance 

- On-line SAF A "users manual" 

- SAF A training module 

-A more structured display ofthe Error Mechanism Assignment procedure (e.g., instead ofthe 
current non-interactive procedure display via NETS CAPE, use a pop-up window that prompts 
forecaster on each steps and has an acknowledgment button to move to next step) 

- Documentation for ensemble spread analysis and objective cluster analysis criteria 

- more pro-active and accurate algorithms for assigning error mechanism options 

4. Information generation and output 

- Add NCON and SCON tau 00 latllon at bottom of printed Summary Sheet 

- Ability to create consensus-type forecast tracks that include models and techniques other than just 
the five main dynamical TC prediction models 

-Compute NCON and SCON at 12-h intervals (currently only 24, 48 and 72 h) 

- capability to automatically merge NCON and SCON, and the extended/translated NGPS, GFDN, 
JGSM, JTYM, and EGRR tracks created by SAF A into the ATCF database 

- ability to display a table ofNCON and SCON forecast positions on the screen, in addition to the 
printed Summary Sheet 
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