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Consensus forecasts aids, those derived from forecasts from several models, and
ensemble forecasts aids, those derived from several forecast created by a single
model, have become commonplace. Consensus forecast aids are now an integral
part of operational tropical cyclone forecasting at the Joint Typhoon Warning
Center (JTWC). These consensus aids generally have lower average errors than
individual forecast aids and benefit from the skill and independence of their mem-
bers. This paper discusses the performance of one ensemble forecast aid and one
consensus forecast aid run in real-time and made available to JTWC during the
2007 and 2008 southern hemisphere tropical cyclone seasons. The ensemble fore-
cast aid is shown to be as skillful as the top performing ensemble member at each
forecast time. The consensus forecast aid is shown to be the most skillful aid avail-
able to JTWC during the 2007 and 2008 seasons. Further experiments indicate
that adding more forecast aids to the intensity consensus may marginally improve

both skill and forecast availability of the consensus forecast aid.

Introduction

In this paper, combinations of tropical cyclone forecasts
are discussed. These combinations have been referred to
as consensus methods and/or ensemble methods and those
terms are often used interchangeably in the literature. To of-
fer some clarity to readers of this paper, the authors provide
definitions for these terms. The term ‘consensus’ refers spe-
cifically to the combination of forecasts made by different
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models or techniques, while the term ‘ensemble” refers to
the combination of forecasts made with the same technique
or model. These definitions will be used throughout this
manuscript.

The meteorological community recognized the benefits of
consensus forecasting as far back as the 1970s (Sanders 1973;
Thompson 1977). A subjective form of consensus forecast-
ing has been applied to tropical cyclone track forecasting for
decades, and more recently objective consensus methods
have become popular (Burton et al. 2007). The more suc-
cessful consensus forecasting efforts focused on combining
dynamical track models (Goerss 2000; Williford et al. 2003)
because track models have outperformed intensity forecasts
(DeMaria et al. 2007).
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Some of these dynamical track models also produce fore-
casts of tropical cyclone intensity (maximum 1-min mean
wind at 10 m elevation). However, most of the dynamic
models cannot simulate the inner core dynamics of a tropi-
cal cyclone because of limited horizontal resolution, inad-
equate initialization and inappropriate parameterizations of
the smaller scale processes (Knaff et al. 2007). Consequently,
the only skillful intensity forecast models are high-resolu-
tion numerical models and statistical-dynamical models de-
signed specifically for tropical cyclone forecasting (DeMaria
et al. 2007).

Dynamical models that routinely produced intensity fore-
casts for the southern hemisphere and were available to
the Joint Typhoon Warning Center (JTWC) during the 2006
through 2008 seasons are: the Naval Operational Global At-
mospheric Prediction System (NOGAPS; Hogan and Pauley
2007), the Geophysical Fluid Dynamics Laboratory Hurri-

cane Prediction System run with NOGAPS initial and bound-
ary conditions (GFDN; Rennick 1999), the United Kingdom
Meteorological Office global model (UKM; Heming 2008),
the National Weather Service (NWS) global spectral model
(GFS; Moorthi et al. 2001), the fifth-generation Pennsylvania
State University/National Center for Atmospheric Research
Mesoscale Model (MM5; Grell et al. 1995) run operationally
by the US Air Force Weather Agency (AFWA), and finally
the TC-Limited Area Prediction System (TC-LAPS; Davidson
and Weber 2000) and the Tropical eXtended Area Prediction
System (TXLAPS; Australian Bureau of Meteorology 2005)
run by the Australian Bureau of Meteorology. Table 1 pro-
vides a summary of these and other aids examined in this
study. A more exhaustive overview and reference list for
many of these models is discussed in Heming and Goerss
(2009).

Table 1. Objective tropical cyclone intensity guidance techniques available at the Joint Typhoon Warning Center between 2006 and
2008, its interpolated aid, a brief description, and the year of first availability. + STIPS ensemble members were run at NRL
in real-time, but only a descriptive text file was delivered (via email) to JTWC.

Model JTWC Aid ID Interpolated Description First available

NOGAPS NGPS NGPI US Navy global model 2004

UKM UKM UKMI Met Office global model 2003

GFS AVN AVNI NWS global model 2002

GFDN GFDN GFNI Geophysical Fluid Dynamic Lab initialized by the navy 1998
Operational Global Analysis and Prediction system
model

TC-LAPS TCLP TCLI Australian TC-Limited Area Prediction System 2002

TX-LAPS TXLP TXLI Australian Tropical eXtended Area Prediction System 2005

US Air Force AFW1 AFWI Air Force mesoscale model 2002

regional model

5-day Statistical ST5D None Statistical model 2004

Intensity Forecast

PEST PEST None Consensus and probability aid 2005+

AFS1 AFS1 None STIPS ensemble member 2006+

AVS1 AVS1 None STIPS ensemble member 2006+

GFS1 GFS1 None STIPS ensemble member 2006+

NGS1 NGS1 None STIPS ensemble member 2006+

TCS1 TCS1 None STIPS ensemble member 2006+

UKS1 UKS1 None STIPS ensemble member 2006+

WBS1 WBS1 None STIPS ensemble member 2006+

STIPS ensemble ST10 None Average of all STIPS ensemble member forecasts 2006

average

ST11 ST11 None Multi-model consensus that combines the ensemble 2007
members of ST10 and GFNI

ST12 ST12 None ST10 members, GFNI and CHII Not Available

ST13 ST13 None ST10 members, GFNI, CHII and TCLI Not Available

ST14 ST14 None ST10 members, GENI, CHII, TCLI and UKMI Not Available

CHIPS CHIP CHII Coupled dynamical hurricane model 2003
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Two simple models are designed specifically to produce
intensity forecasts. The Southern Hemisphere Statistical
Typhoon Intensity Prediction System (SH STIPS; Knaff and
Sampson 2009a), as described in Part II, is a statistical-dy-
namical model that forecasts changes in intensity through
regression of large-scale environmental parameters (e.g.
vertical wind shear, sea surface temperature, relative humid-
ity, temperature, and low-level vorticity) and an empirical
inland decay model (DeMaria et al. 2006). Even though SH
STIPS has lower mean absolute error than the NWP models,
it does not forecast rapid intensification (Knaff et al. 2007)
because statistical models are designed to minimize variance
over the entire development data set. An ensemble version
of the western North Pacific, STIPS (Knaff et al. 2005), has
been implemented for the western North Pacific with lim-
ited success in that its forecasts perform as well as its most
skillful member (Sampson et al. 2008). A similar methodol-
ogy has been applied to create an ensemble using SH STIPS
that is described in detail in Appendix A. Throughout the
remainder of this paper the STIPS ensemble refers to the
southern hemisphere version unless stated otherwise.

The Coupled Hurricane Intensity Prediction System
(CHIPS; Emanuel et al. 2004) is the second model designed
specifically to produce intensity forecasts, and unlike STIPS,
it attempts to model the inner core region. Inputs to this
model now include a thermodynamic state, vertical wind
shear, sea surface temperature, climatological mixed layer
depth and sub-mixed layer thermal stratification (Emanuel
et al. 2008).

A simple climatology and persistence statistical model
called the 5-day Statistical Hurricane Intensity Forecast
(ST5D; Knaff and Sampson 2009b) is used as the intensity
skill baseline. Although this model is a poor predictor of
rapid intensification and decay, its seasonal average perfor-
mance is still competitive. Other statistical intensity aids (e.g.
climatology, climatology and persistence, analogs, extrapo-
lation and hybrids) exist, but they do not perform as well
as ST5D (Knaff and Sampson 2009b) and are not discussed
further.

The first purpose of this study is to assess the skill of the
existing guidance available to JTWC for forecasting south-
ern hemisphere tropical cyclones. The second purpose is to
determine whether superior skill can be obtained using a
simple equally weighted consensus of the best performing
members. Intensity forecasts for the northern hemisphere
have been shown to have relatively little skill compared to
skill baselines (Sampson et al. 2008; DeMaria et al. 2007), so
it is likely that the skill of intensity forecast aids in the south-
ern hemisphere is also low and that the benefits of equally
weighted consensus aids will be small. Still, it is important to
perform a study that sets an intensity consensus baseline to
assess further improvements.

Data

The data used for this study are from the operational ar-
chive at the JTWC as stored on the Automated Tropical Cy-
clone Forecasting System (Sampson and Schrader 2000), for
which a description is given in JTWC (2008). For this study
a large homogenous data set is desirable so that any result-
ing statistics are stable. The GFDN intensity forecast aid was
available as early as 1998, and by 2003 there were five inten-
sity forecast aids available to JTWC (Table 1). However, the
skill baseline (ST5D) only became available in 2004 and a few
of the better performing aids only became available in 2005,
2006 and 2007. Hence, the period chosen for evaluation in
this study was from 1 July 2005 to 30 June 2008.

Methods

Intensity forecast aids are characterized as being either early
or late depending on whether or not they are available to
the JTWC forecaster during the forecast cycle. For example,
consider the 1200 UTC forecast cycle, which begins with the
1200 UTC synoptic time and ends with the release of an of-
ficial forecast at 1500 UTC. The 1200 UTC run of the GFDN
model is not complete nor is its forecast intensity aid (also
named GFDN) available to the forecaster until about 1600
UTC. This is about an hour after the official JTWC forecast is
released, and thus the 1200 UTC GFDN would be considered
a late forecast aid because it could not be used to prepare the
1200 UTC forecast.

CHIPS and all the dynamical model forecast aids available
to JTWC are late models. CHIPS forecasts are judged to be
late because they require the current forecast track as input
and results are not complete in time to be considered for
the intensity forecast, which at JTWC usually occurs imme-
diately after the track forecast is constructed. To alleviate the
problem, a simple method is used to take the latest available
forecast aid from a run of a late model and adjust it to the
current synoptic time and initial conditions. For example, the
GFDN forecast aid for hours 6-126 from the previous (0600
UTC) run would be adjusted, or shifted, so that the 6 h fore-
cast (valid at 1200 UTC) would exactly match the observed
1200 UTC position and intensity of the tropical cyclone. If 6 h
interpolated forecast aids are not available, 12 h interpolated
forecast aids are computed. The 12 h interpolations occur
approximately 15 per cent of the time or less for models that
are available every six hours.

The adjustment process creates an early version of the
GFDN forecast aid for the 1200 UTC forecast cycle that is
based on the most current available guidance. The adjust-
ment algorithm is called “the interpolator” and the adjusted
aids are called “interpolated” aids. The version of the in-
terpolator used in this study is similar to that described in
Sampson et al. (2006). The name of the interpolated forecast
aid is usually the acronym of the late forecast aid with an “1”
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substituted for the last letter (Table 1). One exception used in
this study is GFDN, for which GFNI is the acronym for the
interpolated forecast aid.

The STIPS ensemble members (AFS1, GFS1, AVS1, NGS1,
TCS1, UKS1 and WBS1) and thus the STIPS ensemble (ST10),
described in Appendix A, are considered early models. They
make use of interpolated tracks available before the official
track forecast is produced, are run during the official track
forecast construction, and return intensity forecasts to the
JTWC forecaster in time for use in the official intensity fore-
cast construction. A benefit of running an ensemble of SH
STIPS in the southern hemisphere is that the forecasts are
available every six hours and extend beyond 48 h. In contrast,
running SH STIPS on the official JTWC track, as was done to
evaluate the skill of SH STIPS in Knaff and Sampson (2009a),
would produce an aid that is usually available every 12 hours
and extends to 48 h. Since the JTWC track is not required to
run SH STIPS in this manner, forecasts are also produced for
weak tropical systems. These forecasts can serve as tropi-
cal cyclone formation guidance. Though this application has
not been rigorously verified, the output has been available to
JTWC and the preliminary results look promising. Another
benefit running STIPS as an ensemble is that it produces a
range of solutions. The ensemble size is small (at most seven
members in the southern hemisphere), but the members
could provide guidance for different forecast scenarios. An
example of an ensemble of SH STIPS forecasts is shown for
Tropical Cyclone Fame, the 13th tropical cyclone of the 2008
season at 1200 UTC 26 January (Fig. 1). In this example, SH
STIPS is run using identical input fields (i.e. forecast fields
from NOGAPS), but tracks from four different NWP mod-

Fig. 1  STIPS ensemble members for the 26 January 1200
UTC forecast for Tropical Cyclone Fame, the 13th
tropical cyclone of the 2008 JTWC season. Forecast
periods are 12, 24, 36 and 48 h and each position is
labeled with corresponding STIPS ensemble member
intensity forecast (kn). The solid typhoon symbol rep-
resents the initial position, and the four characters at
the end of each forecast indicate the specific ensem-
ble member.
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els. Even with identical input fields, the ensemble member
output intensities at 48 h are markedly different. While one
of the solutions (AFS1) remains over water for the entire 48
h forecast, the others (NGS1, GFS1 and WBS1) make land-
fall between 24 and 36 h. The STIPS ensemble (ST10) for this
example is an average of the four ensemble member intensi-
ties. At 48 h, the ST10 intensity is (79+38+35+33)/4 or 46 kn.
One final advantage to running an ensemble is that at least
a few of the members (NGS1, AVS1, and UKS1) are run with
dynamic forecast fields that are consistent with the ensemble
member tracks. This ensures that the shear computations in
SH STIPS are computed with an annulus around the tropical
cyclone instead of an annulus that potentially intersects the
vortex.

ST11, a consensus aid which is an average of all avail-
able STIPS ensemble members and GFNI, is also an early
model. ST11 was implemented and available to JTWC for
the 2007 and 2008 southern hemisphere seasons based on
results from evaluations in the western North Pacific. The
2006 season forecasts were recomputed for this evaluation
to increase the dataset. The other consensus aids in Table 1
that are evaluated in this study (ST12, ST13 and ST14) were
not available operationally. These consensus aids however
were computed using equally weighted operationally avail-
able and independent forecasts (i.e. consensus members)
and thus their evaluation statistics are representative of an
actual operational capability. The authors intend to evaluate
these consensus forecast aids based on real-time indepen-
dent data in the near future.

All the ensemble and consensus forecasts discussed be-
low are equally weighted averages of forecasts from the
available members at each forecast period (12, 24, 36, 48, 72,
96 and 120 h). An ensemble or consensus forecast is only
computed if two or more members exist for a given forecast
period. If fewer than two members exist, the ensemble or
consensus computation is aborted for this and subsequent
time periods.

The interpolated, ensemble and consensus forecasts
presented here have been recomputed using methods de-
scribed above to ensure that all results are computed using
the same version of the interpolator. Average differences in
performance between recomputed interpolations and those
produced in operations are generally less than 1 per cent.
Forecasts are verified only when the best track intensity
(1-minute sustained) is greater than 20 kn (10.3 m/s) and only
when the system is a tropical or subtropical cyclone. Per-
formance is discussed through the use of skill charts. The
measure of skill in these charts is defined as:

Skill = 100*(baseline error-model error)/baseline error ...(1)
Thus, skill is positive when the forecast aid error is less than

that of the baseline forecast aid, which in this study is the
climatology and persistence technique ST5D. A one-tailed
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Student’s t-test at the 95 per cent level is used to test the
statistical significance of forecast error differences between
intensity forecast aids. The effective sample size used for the
Student’s t test is estimated to be the number of 30 h samples
contained in the dataset, which is described as the time be-
tween effectively independent samples (Leith 1973).

Results

A verification of the various intensity forecast aids available
during the 2006 through 2008 seasons is shown in Fig. 2.
In general, the intensity forecast skill is less than the skill
associated with track forecasts. For example, GENI track
forecast skill at 48 h is approximately 25 per cent while its
intensity forecast skill at 48 h is negative. However, a num-
ber of skillful intensity aids are available, and many of them
are members of the STIPS ensemble described above and
in more detail in Appendix A. Three of the best performers
at all forecast times are consensus and ensemble methods.
PEST (Weber 2005) is one of these consensus methods and it
performs well, as expected. Most improvement or degrada-
tion seen in PEST relative to the other consensus aids can
be attributed to the choice of input models, and results and
diagnostics discussed below for the STIPS ensemble (ST10)
and the STIPS-based consensus aids (e.g. ST11) would also
apply to PEST.

One striking result seen from Fig. 2 is that ST11 perfor-
mance is superior to ST10 performance even though the only
difference is that the lacklustre-performing GFNI is added
to the STIPS ensemble to form ST11. The authors attribute
this effect to the relative independence between the GFNI
aid and the STIPS ensemble members. As proposed in Go-
erss (2000), a successful consensus or ensemble forecast (i.e.
one that outperforms other guidance) is constructed from
members that are independent and have relatively small
mean forecast errors. For intensity forecasts, the combined
effects of these two factors is illustrated by the equation for
the consensus mean error p =p/(n)"%, which is based on the
central limit theorem and where p is the mean error of the
members (assumed to all be equal to each other) and n is
the number of independent members/forecast aids (Samp-
son et al. 2008). This relationship implies that increasing the
number of independent members reduces the mean error
of the consensus. In operations, the intensity forecast errors
are not entirely independent so n is replaced by the effective
number of members or effective degrees of freedom n . Two
members with errors that are completely independent (n, =
n = 2) can produce a consensus with a mean error reduc-
tion of approximately 30 per cent. On the other hand, two
members with errors having little independence (e.g. n, =
1.1) would only produce an improvement of approximately
5 per cent over the member mean. In this and other papers
(Goerss 2000; Sampson et al. 2006; Sampson et al. 2008) n, is
computed from the mean error reduction achieved by com-

Fig. 2

Comparison of intensity forecast skill (per cent) for
JTWC early forecast aids at (a) 24 h (b) 48 h and (c)
72 h. Data includes 2006-2008 southern hemisphere
seasons. Skill is based on ST5D and the comparison
is inhomogeneous. Acronyms are defined in Table 1
and Table A1. Number of cases is shown in paren-
theses. Consensus aids are shaded dark. ST11 con-
sensus was not available to JTWC in 2006, and was
recomputed for this evaluation.
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bining the members rather than computing the mean error
reduction achieved from n,.

Our investigation of the independence of the STIPS en-
semble ST10 is shown in Fig. 3. The results indicate that the
STIPS ensemble performs about as well as the top perform-
ing members (AVS1 and TCS1), and in head-to-head com-
parisons outperforms four of the members at the 24, 48, and
72 h forecast periods as indicated by the filled circles. To ex-
plore whether the ensemble members lack independence,
all possible two-member ensemble combinations (21 in all)
were computed for the entire 2006-2008 seasons. The fore-
cast results of each two-member ensemble were verified
against the average of the mean forecast errors for its two
input members. For two-member ensembles with 300 or
more cases the forecast performance improvements in mean
forecast errors ranged from 1 per cent to 3 per cent, indi-
cating that independence is quite low (i.e. n, ranging from
1.02 to 1.06). By comparison, forecast improvements for two-
member consensus aids computed from other aids used in
this study (300 or more cases) are higher (4 per cent to 8 per
cent), which indicates more independence (i.e. n, ranging
from 1.06 to 1.17). These STIPS ensemble independence es-
timates are consistent with expectations because ensemble
members essentially use the same model (SH STIPS), even
though they have different track and NWP model input. For
instance, the same exercise applied to a track forecasting
consensus found the average effective degrees of freedom
to be 1.54 for aids that included a generally less skillful baro-
tropic model (WBAI) and 1.34 for aids that did not (Sampson
et al. 2006). This result is important to the later discussions
of the intensity consensus aids (ST11, ST12, ST13, and ST14)
because it suggests that a model with relatively large errors
can improve a consensus forecast when its forecasts are rel-
atively independent when compared to the other consensus/
ensemble members.

Forecast availability is also an important consideration
because a forecast aid that performs well may not be as
useful to a forecaster if it is only available for 50 per cent of
the official forecasts. The availability of the STIPS ensemble
at 48 h (651 cases) is approximately 5 per cent higher than
the STIPS ensemble member with the highest availability
(NGS1), and its availability is more than double the best per-
forming member at 48 h (TCS1).

Figure 4 shows the impact of adding interpolated fore-
casts are added to the STIPS ensemble members one at a
time, which resulted in the four consensus aids ST11 (ST10
members + GFNI), ST12 (ST11 members + CHII), ST13 (ST12
members + TCLI) and ST14 (ST13 members + UKMI). As
mentioned above, ST11 has been available to JTWC since
the 2007 season. Normally in a study like this, the best per-
forming aid not already in ST10 (i.e. CHII) would be added to
the ensemble first, but here we include GENI first since that
particular aid (ST11) was made available to JTWC in 2007.
Immediately apparent from Fig. 4 is that improvements in

Fig. 3

20

10

20

10

20

10

(a) 24 h (b) 48 h and (c) 72 h intensity forecast skill
(per cent) with respect to ST5D for 2006-2008 south-
ern hemisphere seasons. Diamonds are individual
STIPS ensemble members, circles are STIPS ensem-
ble means for the same cases. Horizontal dashed line
is ensemble mean skill when all cases are considered
(821, 649, and 499 cases at 24, 48 and 72 h, respec-
tively). Filled circles indicate that for that ensemble
member the ensemble mean forecasts are improved
in a statistical significance manner. Ensemble mem-
ber acronyms are defined in Table A1l. Number of
cases is shown in parentheses.

a
@]
—o__ & 2——-:)———‘ e
. Avst o L UKS1L
GFS1 (540) 186 WBS1
* o (803) <1 ss) (810)
AFS1 (320
(594)
b
________ R 0O
o @) © o
~ *
. Avst . TCS1 * .
NGS1 @37
* 6% (629) 3‘;85)1 WBS1
AESL (622)
GFSI
(466) s
¢
L
=g --o-— o -
AVS1 I}
(238) o)
* TCS1
. NGS1 (155)
AFS1 S (462) *
(362)
GFST WBSI
@31) @7




Sampson and Knaff: Southern Hemisphere cyclone intensity forecast methods, Part Il 25

Fig. 4  Intensity forecast skill (per cent) relative to ST5D for
one ensemble aid and four multi-model ensemble or
consensus aids. Dataset is from the JTWC 2006-2008
southern hemisphere seasons and is homogeneous.
Acronyms are defined in Table A1. Number of cases
is shown in parentheses.
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skill are small. The largest improvement in skill is gained
by adding the first interpolated aid (GFNI) with the STIPS
ensemble members to yield ST11. These improvements of
approximately 2-3 per cent are significant at the 24 and 48
h forecast periods, but not at the 72 h forecast period. Addi-
tion of more aids to this consensus to produce ST12 through
ST14 yields mixed results, none of which are statistically
significant. The top performer at 24 h is ST13, while ST12
is the top performer at 48 and 72 h. The ST10, ST11, ST12,
ST13 and ST14 forecasts were available for 74 per cent, 78
per cent, 89 per cent, 90 per cent, and 91 per cent of the 465
JTWC forecasts for 48 h, respectively. So from an availability
standpoint, ST12, ST13, and ST14 provide the most reliable
guidance.

Summary and conclusions

Intensity guidance available to JTWC during the southern
hemisphere 2006-2008 seasons was evaluated against a skill
baseline. An equally weighted consensus of STIPS ensemble
members and GFNI (ST11) was found to be the top perform-
er, though its skill relative to the statistical baseline (ST5D)
was generally low compared to skill found in track consensus
aids. Running a STIPS ensemble as described here has ad-
vantages over running SH STIPS on a single official forecast
track including forecast availability, a range of forecast solu-
tions, and timeliness; however there was no demonstrated
improvement in skill. Upon further inspection we found that
there was less independence among STIPS ensemble mem-
bers than there was among aids from two different models
(e.g. GFDN and CHIPS), hence there was little gain in skill by
averaging the ensemble member forecasts.

Additional experiments were conducted involving the
addition of the most skillful of the remaining intensity aids
(CHII, TCLI and UKMI). Although the procedure was de-
fined before the analysis, results from these experiments
should be considered preliminary until they have been re-
produced on real-time independent data. Adding additional
models yielded mixed results, none of which were statisti-
cally significant. The STIPS ensemble with the addition of
GFNI, CHII and TCLI was the top performer at 24 h, and
the STIPS ensemble with the addition of GFNI and CHII was
the top performer at 48 and 72 h. One advantage of adding
CHII and TCLI in the consensus is that they increased the
forecast availability by about 10 per cent while producing
similar forecast skills. The consensus aids described in this
evaluation could serve as benchmarks for other determinis-
tic intensity forecasts from consensus and ensemble meth-
ods reviewed by Burton et al. (2007). They may also provide
operational forecast guidance. It is suspected that improve-
ments in the consensus members and additional members
would further benefit this simple, equally weighted intensity
consensus approach.

Expected improvements should mostly come from NWP
models with higher resolution, better specification of the
tropical cyclone inner core dynamics, better initial condi-
tions, better boundary conditions and other improvements.
For example, a coupled version of the GFDN model is now
available for evaluation, and there are ongoing improve-
ments in models like TCLAPS that include superior initial
and boundary conditions from the soon to be operational
Unified Model. There are also improvements in the simpli-
fied models. For example, a version of STIPS run in the west-
ern North Pacific and that also makes use of ocean heat con-
tent as a predictor has shown small but significant increases
in skill (Goni et al. 2008). The additional models and improve-
ments to existing models should translate into an improved
intensity consensus for use as guidance by the forecasters.
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APPENDIX A
The STIPS consensus

The STIPS consensus (ST10) is constructed using seven NWP
model interpolated track forecasts available at approximate-
ly synoptic time + 1.5 hours. The interpolated track forecasts
chosen were the seven members of the southern hemisphere
operational track consensus (CONW) used at JTWC for the
2005-2006 seasons. These interpolated tracks then provide
forecasts of storm locations from which SH STIPS produces
intensity forecasts. The STIPS ensemble members are listed
in column one and the forecast track aids used are those
listed in column two of Table A1.

Ideally, a STIPS ensemble forecast would be formed using
members with thermodynamic and dynamic fields from the
model specified by the interpolated track. This would provide
the most independence between the members, which could

Table A1. STIPS ensemble members. The name of the individu-
al ensemble member is given in the first column. The
following columns describe the input data used in the
STIPS model to create each of the ensemble mem-
bers that are used in the ensemble average (ST10).
Dynamic forecast fields refer to the specific forecast
model that provides the forecasts of the winds. The
NOGAPS is used to provide the thermodynamic,
moisture, and SST fields for all the members.

ST10 member Track input Dynamic forecast fields

AFS1 AFWI NOGAPS
AVS1 AVNI GFS

GFS1 GFNI NOGAPS
NGS1 NGPI NOGAPS
TCS1 TCLI NOGAPS
UKS1 UKMI UKM

WBS1 WBAI NOGAPS

possibly lead to a larger reduction in the consensus mean. It
would also provide model fields with a vortex structure con-
sistent with the interpolated track, and thus should provide
for more realistic vertical shear computations in SH STIPS.
However, a complete suite of model forecast fields was not
available for each ensemble member so a compromise solu-
tion was constructed. SH STIPS is run with the interpolated
model track NGPI and field data from NOGAPS to produce
NGS1. STIPS is run with the interpolated track UKMI, UK
Met Office model forecast winds and NOGAPS data for all
other input (temperature, relative humidity and geopotential
height) to create the ensemble member UKS1. SH STIPS is
run with the interpolated track AVNI, GFS forecast winds,
and NOGAPS fields for all other input to create AVS1. The
other four STIPS ensemble members (AFS1, GFS1, TCS1,

and WBS1) are run using the interpolated tracks (GFNI,
TCLI, and AFWI, respectively) and NOGAPS input fields.
The field input for each ensemble member is also summa-
rized in Table A1.

A western North Pacific version of STIPS was originally
installed at JTWC in 2004, and this aid used the JTWC fore-
cast track and NOGAPS input fields. Changes in the JTWC
operational configuration in 2006 required that the SH STIPS
model, which was developed early in 2006, be run remotely,
with the output delivered on a schedule to JTWC. This change
made it unlikely that the SH STIPS based on the JTWC fore-
cast track (STFD) would be available in time for use in the
JTWC operational intensity forecast. The authors ran STED
at NRL in near real-time for comparison with ST10 during
the 2006-2008 southern hemisphere seasons. ST10 and STFD
mean absolute intensity forecast errors are within 3 per cent
of each other at 12, 24, 36 and 48 h. The most notable differ-
ence is that STFD performance is better by 2.1 per cent at the
12 hforecast, which is to be expected since STFD uses the cur-
rent JTWC track forecasts. On the other hand, the STIPS en-
semble actually outperforms STED by 1-2 per cent by 36 and
48 h, though the results do not pass statistical significance
tests.
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