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ABSTRACT

The extent to which the tropical cyclone (TC) track forecast error of a consensus model (CONU)
routinely used by the forecasters at the National Hurricane Center can be predicted is determined. A
number of predictors of consensus forecast error, which must be quantities that are available prior to the
official forecast deadline, were examined for the Atlantic basin in 2001-03. Leading predictors were found
to be consensus model spread, defined to be the average distance of the member forecasts from the
consensus forecast, and initial and forecast TC intensity. Using stepwise linear regression and the full pool
of predictors, regression models were found for each forecast length to predict the CONU TC track forecast
error. The percent variance of CONU TC track forecast error that could be explained by these regression
models ranged from just over 15% at 48 h to nearly 50% at 120 h. Using the regression models, predicted
radii were determined and were used to draw circular areas around the CONU forecasts that contained the
verifying TC position 73%-76% of the time. Based on the size of these circular areas, a forecaster can
determine the confidence that can be placed upon the CONU forecasts. Independent data testing yielded
results only slightly degraded from those of dependent data testing, highlighting the capability of these
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methods in practical forecasting applications.

1. Introduction

Consensus tropical cyclone (TC) track forecast aids
formed using TC track forecasts from regional and
global numerical weather prediction models have be-
come increasingly important in recent years as guidance
to TC forecasters at both the National Hurricane Cen-
ter (NHC) and the Joint Typhoon Warning Center
(JTWC). Goerss et al. (2004) illustrate the improve-
ments made over the past decade in the TC track fore-
casts from these models and from consensus forecast
aids formed using these models. Forecasters at NHC
routinely use consensus forecast aids formed using the
interpolated TC track forecasts from the Geophysical
Fluid Dynamics Laboratory (GFDL) Hurricane Predic-
tion System (GFDI; Kurihara et al. 1993, 1995, 1998)
and the Global Forecast System (AVNI; Lord 1993)
run at the National Centers for Environmental Predic-
tion, the Navy Operational Global Atmospheric Pre-
diction System (NGPI; Hogan and Rosmond 1991;
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Goerss and Jeffries 1994) and the GFDL model (GFNI;
Rennick 1999) run at Fleet Numerical Meteorology and
Oceanography Center, and the Met Office global
model (UKMI; Cullen 1993; Heming et al. 1995). Two
of these consensus forecast aids are CONU and
GUNA. CONU is a consensus model that is computed
when track forecasts from at least two of the following
five models are available: GFDI, AVNI, NGPI, UKMI,
and GFNI. GUNA is a consensus model that is com-
puted when track forecasts from all four of the follow-
ing models are available: GFDI, AVNI, NGPI, and
UKMI. While the TC track forecast errors for these two
consensus models are comparable, the forecast avail-
ability of CONU is decidedly superior to that for
GUNA. Therefore, the focus of this study is on CONU.

The purpose of this study is to determine to what
extent the TC track forecast error of the consensus
model, CONU, can be predicted prior to the time when
official forecasts must be issued. Predictors of consen-
sus forecast error must be quantities that are available
prior to the official forecast deadline. Goerss (2000)
defined consensus model spread to be the average dis-
tance of the member forecasts from the consensus fore-
cast and found that, in a broad sense, a forecaster could



1986

use that quantity to obtain some measure of confidence
to attach to the consensus forecast. Forecast displace-
ment is defined to be the difference between the initial
and forecast latitudes (or longitudes) of the TC. The
possible predictors examined in this study are consen-
sus model spread, initial and forecast TC intensity, ini-
tial TC position and forecast displacement of TC posi-
tion (latitude and longitude), TC speed of motion, and
the number of members available to the consensus
model.

In the next section we describe how these predictors
are used to estimate CONU TC track forecast error for
the Atlantic basin. We also illustrate how the results of
this error estimation are displayed for the NHC fore-
casters. In section 3 we outline the results of indepen-
dent data testing of the technique. In the final section
we summarize the results of this research and discuss
our future research plans.

2. Estimation of consensus model track forecast
error

First, we illustrate the relationships between some of
the possible predictors and CONU TC track forecast
error. For CONU in the Atlantic basin, the consensus
model spread was found to be positively correlated with
consensus model TC track forecast error for all forecast
lengths. This relationship is illustrated in the scatter-
plots displayed in Fig. 1, where we see that in general,
larger (smaller) CONU forecast track error is associ-
ated with larger (smaller) model spread. The weakest
relationship was found for the 48-h CONU forecast
(Fig. 1a) for which the correlation between spread and
forecast error was 0.28. The strongest relationship was
found for the 96-h CONU forecast (Fig. 1b) for which
the correlation was 0.63. The correlations for the
shorter forecast lengths (24-72 h) ranged from 0.28 to
0.39 while those for the longer forecast lengths (96120
h) ranged from 0.59 to 0.63. As shown in the scatter-
plots displayed in Fig. 2, initial and forecast TC inten-
sity were found to be consistently but, in general, less
strongly related to track error with correlations ranging
from 0.30 for the correlation between 120-h CONU
track forecast error and initial TC intensity (not shown)
to 0.40 for the correlation between 72-h CONU track
forecast error and 72-h forecast TC intensity (Fig. 2b).
Note that the forecast TC intensities come from the
interpolated previous official forecast (OFCI) and are
not confined to the 5-kt bins displayed in Fig. 2a for
initial TC intensity. The TC intensity and CONU fore-
cast track error were found to be negatively correlated
with larger (smaller) track error associated with weaker
(stronger) tropical cyclones. Other predictors were
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F16. 1. CONU (a) 48- and (b) 96-h track forecast error versus
spread for the Atlantic basin (2001-03).

found to be reasonably well correlated with forecast
error at certain forecast lengths. Scatterplots for two of
the more highly correlated predictors for CONU 120-h
forecast track error are displayed in Fig. 3. The negative
correlation (a value of 0.52) between longitude dis-
placement and track error is illustrated in Fig. 3a, where
we see that larger (smaller) track error is associated
with larger eastward (westward) forecast displace-
ments. In Fig. 3b, we see that CONU 120-h forecast
track error is positively correlated with initial TC lati-
tude with a correlation of 0.43. Taking a closer look at
this figure, it appears that this relatively high correla-
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F1G. 2. CONU (a) 24- and (b) 72-h track forecast error versus
(a) initial and (b) 72-h forecast TC intensity for the Atlantic basin
(2001-03).

tion is due to a much larger range of 120-h CONU
forecast track error for TCs located north of 25°N than
for those located south of that latitude. Almost all of
these large errors are associated with incorrect recur-
vature forecasts.

Using stepwise linear regression (Draper and Smith
1966) and the pool of predictors from the Atlantic basin
for 2001-03, regression models were found for each
forecast length to predict the CONU TC track forecast
error. To avoid overfitting the dependent dataset, we
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required that a predictor explain at least 3% of the
variance before allowing it to be used by the final re-
gression equation. All of the final regression coeffi-
cients were found to be significantly different from zero
at well above the 99% level. The regression equations
and scatterplots displaying the relationship between
CONU track forecast error and predicted error are
shown in Fig. 4. The model spread (SPR) was found to
be the leading predictor at 96 and 120 h and the second
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leading predictor at 24, 48, and 72 h. The percent vari-
ance of CONU track forecast error that could be ex-
plained by spread alone ranged from about 10%-15%
for the early forecast lengths to 35%—-40% at 96 and 120
h. Initial TC intensity (INTI) was found to be the lead-
ing predictor at 24 h and the third leading predictor at
120 h. Forecast TC intensity (INTF) was found to be
the leading predictor at 48 and 72 h and the second
leading predictor at 96 h. For all forecast lengths, the
percent variance of CONU track forecast error ex-
plained by intensity alone ranged from about 10% to
15%. Possibly because of the enhanced correlation due
to recurvature errors, initial TC latitude (LATI) was
found to be the second leading predictor at 120 h. Using
these linear regression models, the percent variance of
CONU TC track forecast error that could be explained
for the 2001-03 Atlantic seasons ranged from just over
15% at 48 h to nearly 50% at 120 h. This increase in
variance explained for the longer forecast lengths is
consistent with the increase in variance explained by
spread, the leading predictor at 96 and 120 h.

Even though GFNI track forecasts were only avail-
able out to 72 h for the 2001-03 Atlantic seasons, this
study was done in anticipation of their availability out
to 120 h for the 2004 season. As was done for CONU,
linear regression models were also found for GUNA, a
consensus model that does not use GFNI. For all fore-
cast lengths, these regression models were quite similar
to those found for CONU. The similarity of these mod-
els for forecast lengths out to 72 h gave us confidence
that the regression models derived for CONU for 96
and 120 h (without GFNI) could be utilized during the
2004 season, when the longer-range GFNI forecasts
would be available.

Next we want to translate these results into a form
that has meaning for the NHC forecasters. For the
2001-03 Atlantic hurricane seasons, circular areas with
static radii based on NHC’s official forecast error for
the last 10 yr of 81 n mi at 24 h, 150 n mi at 48 h, 225 n
mi at 72 h, 282 n mi at 96 h, and 374 n mi at 120 h drawn
around the official forecasts contained the verifying TC
position 67%-71% of the time. These circular areas
form the basis for the potential day 1-5 track area
graphic routinely disseminated by NHC. We would like
to construct similar radii to be placed about the CONU
forecasts that will contain the verifying TC position
roughly 70% of the time. For the 2001-03 Atlantic hur-
ricane seasons, radii were computed by adding a con-
stant varying with forecast length to the predicted
CONU TC forecast error derived using the linear re-
gression models. The constants (15 n mi at 24 h, 30 n mi
at 48 h, 45 n mi at 72 h, 60 n mi at 96 h, and 75 n mi at
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120 h) were chosen so that the verifying TC position
would be contained within the circular area surround-
ing the CONU forecast position roughly 70% of the
time. These predicted radii, which varied from approxi-
mately 30 to 140 n mi at 24 h, 55 to 260 n mi at 48 h, 65
to 550 n mi at 72 h, 90 to 1000 n mi at 96 h, and 125 to
1175 n mi at 120 h, were used to draw circular areas
around each of the CONU forecast positions. For the
2001-03 Atlantic hurricane seasons, these areas were
found to contain the verifying TC position 72%-74% of
the time. These radii are represented in Fig. 4 by the
dashed lines. Note that the scatterplots in Fig. 4 display
the relationship between CONU track forecast error
and predicted error (not predicted radii). The points
below the dashed lines represent the cases where the
CONU forecast error is less than the predicted radius
and the verifying TC position would be contained
within the circular area surrounding the CONU fore-
cast position. The points above the lines represent the
cases where the CONU forecast error is greater than
the predicted radius and the verifying TC position
would be located outside the circular area surrounding
the CONU forecast position.

The final step is to effectively convey this informa-
tion to the NHC forecasters. We illustrate (Fig. 5) the
application on the Automated Tropical Cyclone Fore-
casting System (Sampson and Schrader 2000) of these
predicted circular areas for two specific cases. In Fig.
Sa, the 120-h CONU forecast for Hurricane Isabel
made at 0000 UTC 13 September 2003 is shown along
with the predicted circular area. For this case, the veri-
fying position of Hurricane Isabel (indicated by the
large black dot) falls just within the boundary of this
unusually small area (radius of approximately 150 n
mi), which is consistent with the small spread of the
120-h model forecasts for AVNI, GFDI, NGPI, and
UKMI. On the other hand, in Fig. 5b, the predicted
circular area surrounding the 120-h CONU forecast for
Hurricane Kate made at 0000 UTC 30 September 2003
is quite large (radius of approximately 800 n mi), which
is consistent with the large spread of the 120-h model
forecasts. This large spread is primarily due to the
UKMI forecast, which is over 1000 n mi east-southeast
of the CONU forecast position and even farther from
the forecast positions of the other models. While the
verifying position of Kate is contained within the circu-
lar area, it is approximately 600 n mi from the CONU
forecast position. Thus, based on the size of these cir-
cular areas, a forecaster can determine the confidence
that can be placed upon the CONU forecasts and use
that information in the process of producing the official
forecast.
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FIG. 5. Predicted 72% confidence radius (solid circle) surround-
ing the 120-h CONU forecast for (a) Hurricane Isabel, 0000 UTC
13 Sep 2003 and (b) Hurricane Kate, 0000 UTC 30 Sep 2003. The
individual model tracks used to create the CONU track are shown
along with the 120-h radius (dotted circle) used by the NHC po-
tential day 1-5 track area graphic.

3. Independent data testing

We now outline the results of an independent data
test that was performed for CONU for the Atlantic
basin. For each forecast length, regression equations
were computed using stepwise linear regression and the
pool of predictors from the Atlantic basin for 2001-02.
The predicted TC forecast errors were then computed
for the 2003 Atlantic season. Scatterplots displaying the
relationship between CONU track forecast error and
the independent predicted error are shown in Fig. 6.
While the values of the various regression coefficients
vary, we found that the predictors chosen to be used at
each forecast length were the same as those chosen
when the 2001-03 Atlantic seasons were used as the
dependent dataset. Using these linear regression mod-
els, the percent variance of the CONU track forecast
error that could be explained for the 2003 Atlantic sea-
son ranged from 23% at 24 h to 46% at 96 h, quite
similar to what we found from the dependent testing
outlined in section 2. Just as was done previously, pre-
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dicted radii were computed to be used to form circular
areas around the CONU forecast positions. For this
independent sample, these predicted radii varied from
approximately 30 to 140 n mi at 24 h, 30 to 330 n mi at
48 h, 45 to 545 n mi at 72 h, 60 to 650 n mi at 96 h, and
75 to 825 n mi at 120 h. These radii are represented in
Fig. 6 by the dashed lines. Note that the scatterplots in
Fig. 6 display the relationship between CONU track
forecast error and predicted error (not predicted radii).
The points below the dashed lines in Fig. 6 represent
the cases where the CONU forecast error is less than
the predicted radius and the verifying TC position
would be contained within the circular area surround-
ing the CONU forecast position. These areas were
found to contain the verifying TC position 68 %—-83% of
the time and, except for 120 h, the percentages were
actually higher than those found for the dependent
sample (Fig. 4). In all areas of comparison (percent
variance of consensus model track forecast error ex-
plained, range of the predicted radii, and percent of
verifying TC positions contained within the circular ar-
eas), we see that the results found from independent
testing compare quite favorably with those found from
dependent testing. We conclude from our independent
testing that the regression equations derived from pre-
vious seasons appear to be stable and can be effectively
applied to the next season.

4. Summary and conclusions

The purpose of this study was to determine to what
extent the TC track forecast error of the consensus
model, CONU, can be predicted prior to the forecast
deadline. The possible predictors examined in this
study were consensus model spread, initial and forecast
TC intensity, initial TC position and forecast displace-
ment of TC position (latitude and longitude), TC speed
of motion, and the number of members available to the
consensus model.

For CONU in the Atlantic basin, it was found that
consensus model spread was the most important pre-
dictor followed by TC intensity (either initial or fore-
cast). Consensus model spread was found to be posi-
tively correlated with consensus model TC track fore-
cast error while intensity was found to be negatively
correlated.

Using stepwise linear regression and the pool of pre-
dictors for the 2001-03 Atlantic seasons, regression
models were found to predict CONU TC track forecast
error for each forecast length. It was found that the
regression models explained 15%-20% of the track
forecast error variance for the shorter forecast lengths
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(24-72 h) and 45%-50% of the track forecast error
variance for the longer forecast lengths (96 and 120 h).
Predicted radii were derived by adding a constant
(which varied with respect to forecast length) to the
track forecast error predicted by the regression models.
These radii were used to draw circular areas around
each of the CONU forecast positions for each forecast
length. The additive constants were chosen so that the
verifying TC position was contained within the circular
area surrounding the CONU forecast position 72%-—
74% of the time for the 2001-03 Atlantic seasons.
These predicted radii varied from approximately 30 to
140 n mi at 24 h, 55 to 260 n mi at 48 h, 65 to 550 n mi
at 72 h, 90 to 1000 n mi at 96 h, and 125 to 1175 n mi at
120 h. Based on the size of these radii, a forecaster can
determine how much (or little) confidence can be as-
cribed to the CONU forecast position.

Independent data testing was performed. The 2001-
02 Atlantic seasons were used as the dependent dataset
and regression models were derived. These regression
models were then applied to the 2003 Atlantic season.
In all areas of comparison (percent variance of consen-
sus model track forecast error explained, range of the
predicted radii, and percent of verifying TC positions
contained within the circular areas), we found that the
results from the independent testing compared quite
favorably with those found from dependent testing.
Thus, we concluded that we should be able to effec-
tively use the regression models determined from the
2001-03 Atlantic seasons to produce guidance to be
used during the 2004 Atlantic season.

We close with a discussion of our future research
plans. The techniques described in this paper will be
extended to the eastern and western North Pacific and
the Southern Hemisphere basins in JTWC’s area of re-
sponsibility. The predicted consensus error guidance
will be verified for all basins and forecast lengths. We
will examine the question of what length training pe-
riod is optimal to produce the regression models to be
used for an upcoming season. In this study we used
simple stepwise linear regression. The use of more so-
phisticated regression methods along with the transfor-
mation and combination of selected predictors will be
investigated. As illustrated by Goerss et al. (2004), the
TC track forecasting skill of the operational numerical
weather prediction models is steadily improving as the
various operational centers make upgrades to their
forecast systems. The impact of changes made to the
individual models upon the predicted consensus error
guidance will be examined. Finally, we would like to
take a hard look at consensus track error in much the
same way as Neumann and Pelissier (1981) examined
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TC track forecast error for the Atlantic in the 1970s.
The change in the relationship between the CONU
120-h track forecast error and initial TC latitude at ap-
proximately 25°N displayed in Fig. 3b suggests the same
stratification scheme used by Neumann and Pelissier.
They used a latitude of 24.5°N to divide storms that
remain in the easterlies (or which are just beginning to
recurve) from storms that have already recurved into
the westerlies (or which are well into recurvature). We
plan to investigate the impact of this stratification on
the determination of the regression models to predict
consensus track error and to also look into the predic-
tion of zonal and meridional consensus track errors.
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