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Abstract: Operational use of consensus track forecasting methods has become relatively widespread 
in the last four years. This paper gives an overview of current consensus track forecasting methods, 
summarises recent research regarding consensus track forecasting methods, and looks at 
implementation challenges faced by operational centers.  We consider the relative merits and degree 
of operational use of single-model and multi-model ensembles, weighted and non-weighted consensus 
methods, selective and non-selective methods and use of a vector motion average in place of a 
geographical position average.  The theoretical basis for optimising consensus forecast skill is 
considered in relation to operational issues that may create roadblocks to realising that skill. A number 
of recommendations are made to improve uptake of consensus methods amongst operational centers, 
particularly those with fewer resources, and to optimise track forecasting skill in operational centers 
already using consensus methods.  
 
 
3a.1 Introduction 
 
The benefits of consensus forecasting have long been recognised by the meteorological community 
(Sanders 1973, Thompson 1977). A general subjective form of consensus track forecasting has been in 
widespread use ever since multiple forms of forecast track guidance have been available to forecasters. 
By the early 1990s, the potential for improved tropical cyclone track prediction from the objective 
blending of independent forecast tracks was explicitly recognised (Leslie and Fraedrich 1990), and a 
phase of experimentation and inconsistent operational use began (Jeffries and Fukada 2002). However, 
the chapter of “Global Guide to Tropical Cyclone Forecasting” on tropical cyclone motion (Holland 1993) 
makes no reference to consensus track forecasting.  
 
By the late 1990s, systematic use of objective consensus track forecasting methods (hereafter 
“consensus methods”) was established at the Joint Typhoon Warning Center (Jeffries and Fukada 
2002). Since that time an increasing number of Tropical Cyclone Warning Centers (TCWCs) have 
adopted the consensus method. At the time of writing additional TCWCs known to have adopted the 
consensus method include the National Meteorological Center of China Meteorological Administration 
(NMC/CMA) ,Central Pacific Hurricane Center (CPHC), Hong Kong Observatory (HKO) (Lee and Wong 
2002), Regional Specialised Meteorological Center (RSMC) Fiji, Australian Bureau of Meteorology 
(BoM) TCWCs (Perth, Darwin, and Brisbane), RSMC La Reunion, Vietnam National Center for 
HydroMeteorological Forecasting (NCHMF), and RSMC Tokyo Typhoon Center (JMA).  
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Clear evidence of the improvement in overall track forecasting skill obtainable via a consensus method 
has no doubt lead to its widespread uptake. However, work continues to find the optimal method for 
blending the available guidance.  
 
 
3a.2 Consensus Track Forecasting Methods  
 
3a.2.1 Interpolation of model tracks 
 
Forecasters are often required to make forecasts for times that are not available in the model output of 
some or all of the available guidance models. To maximise the availability of model track guidance, 
interpolation of the available guidance tracks is used to create interpolated model tracks with position 
forecasts for the required times. Investigation has shown that cubic spline interpolation offers no 
advantage over linear interpolation (Sampson et al. 2006a). All centers surveyed for this report were 
using linear interpolation.  For guidance tracks available at 6-hourly resolution the differences should 
be minimal. When track guidance is only available at poor temporal resolution, interpolation can cause 
introduction of significant error. However, the requirement to interpolate model tracks to increase track 
guidance availability, while likely to have a small negative impact on the accuracy of the resulting track 
predictions, is offset by the skill gain afforded by the consensus method.  
 
3a.2.2 Single and multi-model methods 
 
The generation of prediction ensembles for weather forecasting can be divided into two broad 
categories. First, a single numerical weather prediction (NWP) model can be integrated many times for 
the same base time using slightly different initial conditions. Most NWP centers now run such an 
Ensemble Prediction Systems (EPS). Although progress has been made in optimising perturbation 
methods in order to obtain a realistic spread in EPS model tracks (e.g., Puri et al. 2001), little work has 
been done on the long-term verification of the accuracy of an EPS mean track prediction against the 
deterministic track prediction of the same model NWP model, or that obtainable from a multi-model 
ensemble. The accuracy of NWP track prediction is known to be sensitive to model resolution and thus 
the requirement to run the EPS at a degraded resolution compared to the deterministic model run may 
impact on the accuracy of the ensemble mean track prediction. However, data from the annual NHC 
verification reports for the years 2001-2005 (Gross cited 2006, Franklin cited 2006) indicate that in the 
Atlantic and NE Pacific basins the GFS ensemble mean has similar average track prediction skill to 72 
hours as the control run (Figure 3a.1).  Most operational centers are not currently including the 
ensemble mean forecast as a member in their multi-model ensembles. 
 
An alternate approach to consensus track forecasting is to generate an ensemble prediction from a set 
of deterministic NWP models. This multi-model approach to consensus track forecasting has come to 
represent the current state-of-the-art in operational track forecasting. Consensus approaches using 
multi-model ensembles can be categorised as: 1) involving a weighted or non-weighted (hereafter 
“simple”) combination of guidance tracks; and 2) selective or non-selective. 
 
3a.2.3 Weighted and non-weighted methods 
 
Goerss (2000) showed that a simple average of the position predictions of a number of numerical 
models could outperform any of the member models (when averaged on seasonal timescales). Earlier 
Leslie and Fraedrich (1990) had shown that a weighted linear combination of the track forecasts of two 
models (CLIPER and an NWP model) could outperform either of the member models. Vijaya Kumar et 
al. (2003) and Williford et al. (2003) describe the similar development of a weighted multi-model 
ensemble for track and intensity, described as a superensemble (hereafter FSSE – Florida State 
University Superensemble). The FSSE methodology applies unequal weights to each forecast 
parameter (for track forecasts: latitude and longitude) of each model for each forecast time. They 
demonstrate that the resulting weighted consensus can outperform the non-weighted average of the 
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same set of models. However, Williford et al. (2003, p. 1891) note, “When significant changes are made 
to the component forecast models, a sufficiently large, updated training set is required to capture the 
updated model characteristics. Otherwise, the superensemble may not outperform an ensemble mean 
of the better models.” Given the pace of NWP development, “retraining” (recalculation of the regression 
coefficients) is generally required at the start of each season and may also be required during the 
season, as was the case for the 2000 Atlantic season (Williford et al. 2003).  This maintenance 
overhead may be an impediment to implementation in many operational centers. In contrast, the ease 
of implementation and lack of maintenance overhead of the Goerss’ method has resulted in it becoming 
the baseline forecasting method in many operational centers including BoM, HKO, JTWC, NCHMF, 
NHC and RSMC La Reunion.   
 
Weber (2004) has developed a probabilistic consensus method (Probabilistic Ensemble System for the 
Prediction of Tropical Cyclones (PEST)) that is capable of producing both deterministic forecast 
positions and geographical strike probability maps. One interesting aspect of Weber’s approach was to 
include all available guidance including other consensus predictions as ensemble members. When 
verified on global TC data for 2001 and 2002, the PEST mean annual (“deterministic”) forecast position 
errors were comparable in quality to that of other consensus methods.  
 
Weber (2004) argues that modification and updates to individual members of the ensemble, or addition 
of new members, has little consequence for PEST, which gives it an advantage over the weighted 
consensus method of Vijaya Kumar et al. (2003). However, the lack of improvement over the simpler 
approach of an unweighted consensus such as that of Goerss (2000) does not encourage operational 
implementation. The potential for PEST to produce multiple “deterministic” forecast positions (because 
the deterministic forecast positions are local maxima in the geographical probability distribution) may 
also be seen as an undesirable attribute in operational centers.  
 
In section 3a.4 Track Forecast Confidence – Guidance on Guidance, we discuss the growing demand 
for objective measures of confidence in track forecasts, and it is in this area that the greatest 
operational value of PEST may lay.  

 

Figure 3a.1. Homogeneous comparison of average model track error for the GFS control (GFS) and 
GFS ensemble mean (GEMN) in the North Atlantic and North East Pacific basins over the period 
2001-2005. The number of cases is shown in parentheses.  
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Figure 3a.2 (from Sampson et al. 2006)  Performance of the selective consensus for all SAFA analysis 
cases in the years 2000-2004. (a) 72-h forecast improvement (percent) of selective consensus over 
non-selective consensus. The number of cases is shown in parentheses. (b) Percentage of total 
forecasts for which a selective consensus was produced.  The total number of SAFA analyses and 
selective consensus forecasts, respectively, are shown in parentheses. 
 
 
3a.2.4 Selective and non-selective methods 
 
The weighting of individual forecasts based on past performance is one potential method of improving 
on the simple, non-weighted consensus method. The other approach that has received considerable 
attention, and has been systematically evaluated, is the selective consensus method.  
 
The Systematic Approach Forecast Aid (SAFA) is a knowledge-based tropical cyclone track forecast 
system developed to assist forecasters in the information management, visualisation and proactive 
investigation of error mechanisms associated with track prediction in NWP models (Carr et al. 2001). A 
key component of SAFA is the construction of a selective consensus (SCON) based on the exclusion of 
NWP model tracks suspected of having a 72-h forecast position error greater than 300 n mi (1 n mi = 
1.85 km).  Although a suspected 300 n mi forecast error is a necessary condition to eliminate a NWP 
model forecast, a large spread (outlier greater than 250 n mi from the position of the non-selective 
consensus of the SAFA models (NCON)) and an error mechanism must also be present. SAFA was 
installed for operational evaluation at JTWC in 2000 and evaluation continued through 2004 (Sampson 
et al. 2006a).  
 
Sampson et al. (2006a) found that over the evaluation period the JTWC forecasters produced fewer (~ 
5%) SCON forecasts, so that combined with the 95% of other forecasts no statistically significant 
improvement on the seasonal forecast errors was found.  In its first year of evaluation, SCON suffered 
from overuse (creating SCON when it was not justified) and the overall performance in this first season 
indicated the 72-h SCON forecasts were degraded by 7.5% with respect to NCON forecasts (Sampson 
et al. 2006a). A need for improved training of forecasters in the use of SCON was identified (Jeffries 
and Fukada 2002).  This experience highlights one of the principal advantages of non-selective 
consensus methods: application of non-selective methods requires little skill and therefore minimal 
training. In operational centers where high levels of training are difficult to support, this is a significant 
consideration.  
 
With additional training and restriction on its use, the number of SCON forecasts dropped markedly the 
following year and the quality of the SCON forecasts improved (Figure 3a.2, from Sampson et al. 2006). 
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Although on average SCON outperformed NCON for those few cases that an SCON was formed, over 
the remainder of the evaluation period, the positive impacts on the overall seasonal errors were not 
statistically significant (ibid). 
 
SCON use continued to decline over the evaluation period to the point of making the approach 
irrelevant (Figure 3a.2), partly as a result of model improvements leading to less opportunity for SCON 
creation (ibid).  Additional factors included the creation of new objective consensus aids that were 
essentially non-selective consensus tracks constructed from a larger pool of NWP models than that 
incorporated into SAFA. These new consensus forecasting aids were known to perform better than the 
equivalent non-selective consensus of the models incorporated into SAFA (NCON) (Goerss et al. 2004).  
During the 2005 season, SCON production was dropped from the JTWC operations.  
 
This highlights one of the other advantages of non-selective, consensus methods over selective (and 
weighted) consensus methods: non-selective, non-weighted consensus methods have minimum 
maintenance overheads and can incorporate new models “on-the-fly.” On the other hand, consensus 
methods that require ongoing maintenance (in this case the work required to incorporate new models 
into SAFA), are disadvantaged in an operational setting.  
 
In TCWCs other than the JTWC, SAFA has not been rigorously implemented. The NHC tested a 
version of SAFA (renamed Dynamical Model Track Prediction Evaluation System (DYMES)) and 
declined to implement on the basis that it was rarely successful in improving over a non-selective 
consensus and that it was time-consuming to use.  Although SCON, the specific form of selective 
consensus produced under SAFA, was not widely implemented and is no longer operationally 
produced, other selective consensus methods are widely used in TCWCs.  
 
Where there is good agreement between the model tracks, the forecaster has no imperative to exclude 
models and will have greater confidence in the track forecast. A forecast based on an ensemble with a 
small spread - although not guaranteeing low error - does provides greater confidence in an accurate 
track prediction. Forecasts from an ensemble with large spread may be either poor or good (Aberson 
2001, Buizza and Palmer 1998). Where there is generally good agreement between the models, but 
one or two models present as extreme outliers, a forecaster is more likely to exclude the outliers and 
opt for the consensus of the remaining models.  
 
At the HKO, forecasters may use space mean analysis (Bell and Lam 1980; Dong and Neumann 1986), 
cluster analysis of track forecasts and strike probability maps generated from ECMWF and JMA EPS 
are used to determine which (if any) model tracks to discard.   
 
In some cases the exclusion of a model is made along SAFA-lines (i.e., based on knowledge of 
individual model biases). For example, Perth TCWC forecasters have observed a pronounced 
left-of-track bias in the Australian Tropical Cyclone Limited Area Prediction Scheme (TCLAPS) during 
recent seasons.  One trap with all such “knowledge-based” approaches (including SAFA) lies in the 
time lag between the changes in individual model bias and the updating of the knowledge base.  
 
In addition to changes in individual model bias, the relative performance of NWP models changes with 
time. Hence just as weighted consensus methods require “retraining,” forecasters who subjectively 
weight their forecasts toward models with greater average historical skill face a similar trap. Moreover, 
forecasters may be influenced by short-term trends in model performance (recent excellent track 
predictions from a particular model) that are not indicative of longer-term trends.  
 
Tropical cyclone forecasters may also exclude an NWP model where the short-term forecast fields has 
a marked deviation from the current (manual) analysis of either the tropical cyclone or the broader 
environment. This is possible because NWP model runs become available to forecasters some hours 
after the nominal analysis time and each model run is typically used for another six to twelve hours 
before a more recent model run becomes available.  
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A detailed diagnosis of model fields is by no means an easy task and the difficulty for the forecaster lies 
in qualitatively determining how far a model must be “off-track” before it should be excluded from the 
consensus.  A model that may be diagnosed as having a poorer initial representation may turn out to 
have the more accurate track prediction, as the following case illustrates.  
 
Intense Tropical Cyclone Francesca formed in the southwest Indian Ocean (SWIO) during early 
February 2002. The 1200 UTC 3 February 2002 analyses of the United Kingdom Meteorological Office 
global model (UKMO) and the European Center for Medium-range Weather Forecasts  (ECMWF) 
model were very similar in their depiction of the amplitude and position of synoptic features across the 
SWIO (not shown). The only discernible difference between the two was that the UKMO, which is a 
“bogussed” model, had a better initial representation of the cyclone position.  Nevertheless, the 42-h 
ECMWF cyclone position forecast proved much more accurate (within 93 km) compared with the 
UKMO 42-h forecast error of 440 km. Interestingly, streamlines of the 500 hPa and 400 hPa 42-h 
forecast fields of both models are strikingly similar, with respect to the relative position and amplitude of 
synoptic features (Caroff et al. 2004).  Hence we have an example where both models similarly 
analyse the situation and its evolution and yet they result in significantly different track forecasts.   
 
Despite the difficulties and risks involved in the subjective application of selective consensus methods, 
the potential still exists for forecasters to add considerable value to track predictions in specific 
situations. Seasonal verification statistics do not reflect occasional instances of very large errors.  
These cases are of great interest to operational centers not just because of the magnitude of the error 
but also because of the disproportionate effect they have on user confidence in track predictions. It is 
these instances where forecasters have the greatest potential to add skill to track prediction. Such 
instances may not all be associated with large ensemble spread.  Research that targets the 
application of consensus methods in cases where large errors have resulted may be required for 
progress in this critical area. 
 
   
3a.2.5 Position consensus vs vector motion consensus 
 
During the 2005-2006 Southern Hemisphere (SH) tropical cyclone season, BoM introduced a change 
to their consensus method. Previously the BoM consensus method was similar to that described by 
Goerss (1998) in which the forecast positions of a set of objective aids are geographically averaged to 
determine the consensus forecast position.  Similar to the HKO approach, the BoM consensus 
method involves construction of an “on-the-fly” consensus in which all models available at the forecast 
time is required are utilised, so the number of consensus members varies according to the availability. 
Originally the BoM consensus method required that all forecast hours of a given consensus have 
homogeneous membership, which effectively truncated the consensus forecast to the shortest 
lead-time of any member.  This method can lead to consensus forecasts that are shorter than the 
operational requirement and hence to the subjective manipulation of longer lead-time forecast positions. 
To redress this, the BoM method was amended to allow inhomogeneous membership with forecast 
lead-time, and the forecast positions were displayed in a manner that allowed forecasters to identify 
how many members had contributed to a given forecast position.      
 
It was observed that combining short- and medium-range models in this manner could give rise to a 
discrete change in the consensus forecast position as the number of objective aids was reduced at 
longer lead times (Figure 3a.3b). It was noted that when an initial position correction is being applied to 
the objective aids it is possible to construct a consensus track forecast based on the average vector 
motion of the objective aids rather than the average geographical position. When the number of 
consensus members does not vary with lead-time, the two approaches give the same result.  The 
vector motion average method has the advantage of always providing a smooth forecast track (Figure 
3a.3c). This approach has also been considered (but not yet tested) in relation to weighted consensus 
methods by Vijaya Kumar et al. (2003).   
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It is common for an initial position correction to be applied to model tracks before they are used to 
construct a consensus track.  If the position correction is small then this should cause a slight increase 
in skill.  However, if the model position is a significant distance from the analysed position, then it can 
be argued that the environmental steering flow represented in the model may be significantly different 
from that in the vicinity of the cyclone and it would be invalid to include the model in the consensus. For 
this reason, models with gross analysis errors are occasionally excluded from a consensus method by 
some centers (e.g., BoM).  Other centers (e.g., NHC) do not exclude models on this basis. 
 
During cyclogenesis it can be difficult to accurately identify the position of the seedling disturbance 
when a coherent long-lived low-level circulation center (LLCC) is not yet well defined. Tropical cyclones 
often form from a Mesoscale Convective System (MCS) in which the vorticity is maximized in the 
mid-troposphere and decreases above and below. In the Australian region, it has been observed that 
when a MCS is under steady translation in an environment of moderate vertical wind shear, from time 
to time well-defined small-scale LLCCs will become evident in the satellite imagery up-shear of the 
MCS. If the vertical shear is maintained, as the MCS translates farther west the LLCC generally 
becomes increasingly separated from the convection and new LLCCs are observed in the “wake” of the 
MCS. The failure to identify this process can lead to discontinuous shifts in the analysed position of the 
seedling disturbance.  A similar problem occurs with cyclogenesis in the monsoon trough where 
multiple small-scale LLCCs are commonly observed within a broad area of weaker winds. One of these 
centers may eventually become a coherent long-lived LLCC, or a new LLCC may develop. At this stage 
of development, it is often difficult to accurately determine the LLCC.  It can be argued that there is no 
skill gain to be had from performing an initial position correction when the initial position cannot be 
accurately analysed.  Whereas it is not possible to create a vector-motion consensus forecast without 
performing an initial position correction, it is still possible to generate a geographical consensus 
forecast. Consequently BoM TCWCs have recently adopted the approach of using a vector motion 
average whenever an initial position is being applied, and using a geographical position average when 
the initial position cannot be confidently analysed.  
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Figure 3a.3. Consensus forecast tracks generated from the tracks shown in (a) (with initial position 
correction applied) using (b) average geographical position and (c) average vector motion.   
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3a.3 Optimising Consensus Track Forecasting  
 
The average forecast error of an unweighted consensus forecast has been shown to be dependent on 
three things: 1) the number of models included in the consensus (Goerss et al. 2004, Buizza and 
Palmer 1997, Leith 1974); 2) the mean forecast error of the individual models that constitute the 
consensus Goerss (2000a); and 3) the degree of independence (or effective degrees of freedom) of the 
forecast errors of the individual models (ibid).   
 
3a.3.1 Effect of ensemble size on accuracy  
 
In a study with an EPS, Buizza and Palmer (1997) showed that the skill of the ensemble mean was 
dependent on ensemble size only when up to eight members were included in the ensemble. This is a 
‘law of diminishing returns’ and is expected to apply, at least qualitatively, to multi-model ensembles as 
well.  
 
While forecasters readily add members to the consensus that are considered to have individual skill, 
there is often a reluctance to add objective aids that are less skillful (BoM and NHC forecasters, 
personal communication). This concern is naturally exacerbated if the number of available guidance 
tracks is low (and hence the less skillful model will exert a greater influence on the resulting consensus). 
Krishnamurti et al. (2000) give some weight to such concerns, noting that: “The (unweighted) ensemble 
average appeared to degrade in skill if more and more models with lower skills were used in the 
averaging process.”   
 
Goerss (2000) considered a pool of three models where one of the models had a significantly poorer 
skill level than the other two models. A homogeneous comparison of the three-model consensus 
against the consensus of the best two models showed that omission of the model with less average 
skill did not improve the forecast, in fact a slight but not statistically significant degradation of skill 
occurred. 
  
3a.3.2 Independence of consensus members 
 
Sampson et al. (2006) demonstrate that a model with relatively lower forecast skill (but still with better 
skill than CLIPER) can have one of the largest positive impacts on the skill of an unweighted consensus 
when that model has greater independence from the other members of the consensus. Vijaya Kumar et 
al. (2003) show that a weighted consensus method can significantly improve on the skill of the 
individual models even where the models are highly correlated (low independence).  In their results, a 
strong correlation between the members of the consensus resulted in the unweighted ensemble mean 
being only slightly better than the individual models. However, the weighted consensus track proved 
significantly more skilful.   
 
3a.3.3 Optimal consensus membership 
 
Given the dependence of consensus accuracy on the three factors listed above, the question arises as 
to how TC forecasters can determine when the addition of a model of a given individual skill level will 
provide a positive contribution to the average accuracy of an unweighted consensus.   
 
Skill is generally defined as the ability to improve upon simple techniques such as those based on 
climatology and persistence, and so it has become common practice to measure the track forecasting 
skill of objective aids against that of the Climatology and Persistence forecast (CLIPER; Neumann 
1972). It could therefore be argued that a simple benchmark for inclusion of a model in a consensus is 
that it has greater average skill than CLIPER. However if we consider a consensus already formed from 
a reasonably large set (say N>>8) of skilled guidance tracks exhibiting significant independence, then 
the above discussion suggests that if we were to add a significant number of related (non-independent) 
guidance tracks, each only marginally outperforming CLIPER, accuracy of the resulting consensus may 
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be degraded.  
 
The evidence presented by Goerss (2000) and Sampson et al. (2006) clearly supports the methodology 
of the JTWC and the HKO where models are included in the consensus based not on their individual 
skill but on a comparison of the skill of the consensus formed with and without the candidate model.  
 
For NWSs with access to a small number of NWP tracks, the work of Buizza and Palmer (1997) 
suggests that the focus should be on gaining greater access to model tracks. In their implementation of 
consensus track forecasting, the Vietnam NCHMF has taken advantage of the multiple advisories 
available for their area of interest by using the operational track forecasts of the JMA, the JTWC, and 
the Chinese Meteorological Agency (CMA) as consensus members.  
 
 
3a.4 Track Forecast Confidence - Guidance on Guidance  
 
The level of confidence that can be assigned to a specific track forecast (cf. mean skill verified over a 
given historical period) is a parameter of intrinsic value to risk managers. Forecasters often view the 
spread of the multi-model consensus as well as that of single model EPS to gauge a level of confidence 
in the track forecast.  As previously mentioned (section 3a.2.3), forecasts from an ensemble with large 
spread may be either poor or good (Aberson 2001, Buizza and Palmer 1998).  Hence it is not 
straightforward to determine track forecast confidence from ensemble spread. PEST provides a 
method of directly generating strike-probability maps that may be of significant value to risk managers. 
As discussed in section 3a.2.3, the possibility of multiple local maxima in strike probability, while 
arguably a benefit of this approach, may detract from its suitability to operations where the emphasis 
remains on a single deterministic track forecast.   
 
Goerss (2004, 2006) has developed a method for the prediction of consensus error (GPCE) that is 
applicable to simple consensus methods in common usage.  Stepwise linear regression of a pool of 
predictors available prior to the forecast deadline was used to determine to what extent the TC track 
forecast error of an unweighted consensus could be predicted. For the 2001-2003 Atlantic seasons, the 
most important predictors were found to be consensus model spread and TC intensity (either initial or 
forecast). The regression models were able to explain 15-20% of the track forecast error variance for 
shorter forecast lengths (24-72 h) and 45-50% of the track forecast error variance for longer forecast 
lengths (96-120 h). By adding a constant (varied with respect to forecast length), radii were derived to 
draw circular areas around each consensus forecast position. The additive constants were chosen so 
that the verifying TC position was contained within the circular area surrounding the consensus forecast 
position 72-74% of the time for the 2001-2003 Atlantic seasons. These predicted radii varied from 
approximately 30-140 n mi at 24 h, 55-260 n mi at 48 h, 65-550 n mi at 72 h, 90-1000 n mi at 96 h, and 
125-1175 n mi at 120 h (ibid.). Based on the size of these radii, a forecaster can determine how much 
(or little) confidence can be ascribed to the consensus forecast position. Two contrasting examples of 
GPCE output forecast are shown in Figure 3a.4a-b. 
 
Independent data tests of the GPCE produced results that compared quite favourably with those from 
dependent testing, which suggests that the regression model developed from 2001-2003 data could be 
applied to the 2004 TC season. Further work is underway to extend the approach to other basins, 
optimise the length of training period, investigate the use of more sophisticated regression methods, 
and determine the impact of dataset stratification (based principally on recurvature) on determination of 
the regression models (ibid.).   
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Figure 3a.4 (from Goerss 2006) Predicted 72% confidence radius (solid) surrounding the 120-h CONU 
forecast for Hurricane Kate from (a) 00 UTC 30 September 2003 and (b) 00 UTC 13 September 2003.  
The individual model tracks used to create the CONU track are shown along with the 120-h radius 
(dotted) used in the NHC Potential Day 1-5 Track Area graphic. 
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3a.5 Roadblocks and recommendations 
 
3a.5.1 Access to model tracks 
 
One of the biggest roadblocks to wider uptake of consensus track forecasting techniques is the 
availability of NWP guidance tracks. The significance of this roadblock is likely to be greatest for 
operational centers with minimal resources. At present there is no central repository of NWP guidance 
tracks and no agreed format for their exchange. NHC and JTWC run a number of vortex trackers and 
likely have access to the greatest number of NWP tracks. All model tracks are automatically ingested at 
these centers (i.e., there is no need for forecasters to manually input NWP tracks). 
 
At the HKO, the NWP forecast tracks disseminated by UKMO and JMA are ingested into software (the 
Tropical Cyclone Information Processing System (TIPS)) developed to generate and display the 
consensus track on-the-fly (Tai and Ginn 2001).  The TC forecast positions of the ECMWF and NCEP 
models are determined from the surface prognoses as the point of minimum mean sea-level pressure, 
which is identified by overlapping parabolic interpolation (Manning and Haagenson 1992).  An 
interactive tool is used to extract these forecast positions for the TIPS. 
 
The RSMC La Reunion runs a vortex tracker on several models and supplements this with the output of 
vortex trackers from other centres. However delays in receiving the output from some centres 
frequently restricts the number of models available for the consensus and one of their major ongoing 
efforts is aimed at enlarging the number of consensus members via an increase in the number of 
models and an improvement in the timeliness of their arrival.  
 
The BoM runs a vortex tracker on the Tropical Cyclone Limited Area Prediction Scheme (TCLAPS) 
model, but otherwise relies on access to the output of vortex trackers run by the JTWC, the JMA, the 
ECMWF and the UKMO, which are supplemented with the manual input of guidance tracks from model 
parameter displays. The manual input of NWP guidance tracks is undesirable for two reasons. First, it 
introduces an element of subjectivity, especially when the displayed resolution of the model fields is 
poor. Of greater concern from an operational point of view is the time-consuming nature of the process, 
which acts to limit the number of members in the consensus (insufficient time to enter the tracks) and/or 
reduce the time available to the forecaster for analysis and forecasting. This has been identified as a 
significant operational problem at BoM TCWCs.  
 
Many smaller National Weather Services (NWS) have access to only one or two NWP models. 
Understandably these nations often desire a degree of independence in tropical cyclone forecasting, 
which occasionally leads to situations where warning policy is weighted toward the track prediction of a 
single (locally available) model over the generally superior guidance provided by the relevant RSMC 
using consensus methods.  
 
The broad and free dissemination of NWP guidance tracks, preferably in a standard format, is required 
for widespread uptake of consensus track forecasting methods. NWSs with fewer resources are likely 
to have less access to NWP guidance tracks and this imbalance may impact on disaster mitigation in 
less developed nations.  To allow RSMCs/TCWCs to access the latest TC track forecasts from 
different global /regional models in an efficient and timely manner, it is desirable to establish a 
“one-stop-shop” website similar to that of the Severe Weather Information Center (SWIC) website 
(http://severe.worldweather.wmo.int/) of the WMO for bringing together the latest TC guidance / 
forecasting tools from different NWP centers for operational TC forecasting.  The "Numerical Tropical 
Cyclone Prediction Web Site" (https://tynwp-web.kishou.go.jp – password protected) implemented by 
JMA for displaying TC forecast tracks provided by major NWP centers in graphical form for the 
members of the ESCAP/WMO Typhoon Committee is certainly a good example and encouraging start 
(Kyouda 2006).  
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3a.5.2. Need for interpolation and initial position correction 
 
Forecasters are required to generate forecasts for specific times and those times may vary across 
operational centers. Thus access to software capable of interpolating the model tracks to the times of 
interest is generally necessary for the implementation of consensus methods. There may also be the 
requirement for the software to be able to perform an initial position correction to the model tracks 
before interpolation. Although this is not a difficult technical challenge and for most operational centers 
this is not a significant roadblock, it may be a consideration for smaller operational centers.  
 
With respect to interpolation, the most practical assistance that could be offered may be to ensure that 
NWP tracks are interpolated to hourly positions prior to dissemination, which removes the requirement 
for further interpolation.   
 
Initial position correction can only be performed following analysis of the cyclone position and hence 
supporting this element of consensus forecasting methodology requires provision of access to suitable 
software. This correction might be achieved through projects that encourage major RSMCs/TCWCs to 
share basic software tools with smaller NWSs in the region. However, provision of this software through 
a web interface associated with the “one-stop-shop” referred to above would facilitate the widest 
possible access.  
 
3a.5.3. Access to model fields for diagnosis 
 
TCWCs  may have access to the forecast track of an individual NWP model, but not to the forecast 
fields. This limits the forecaster to a decision to include or exclude the model track based on gross 
characteristics of the track. While some of the results presented in recent years suggest that 
forecasters should indeed limit themselves to excluding model tracks with gross errors, the 
development of a mental picture of different forecast scenarios remains an important part of the 
operational forecasting process. Knowledge of the range and relative likelihood of various forecast 
scenarios improves the products and briefings provided by the forecaster and thereby adds 
considerable value to the warning service. It is not essential for the forecaster to have access to the 
model fields of every ensemble member, particularly since operational constraints are unlikely to allow 
a detailed diagnosis of every model.  However, it is desirable for the forecaster to have access to a 
suite of models representative of the range of possible outcomes.  
 
3a.5.4. Training needs  
 
Adequate training is essential to the successful operational implementation of any new forecasting 
technique, and the experiences of the JTWC and the BoM have shown that this is true for consensus 
forecasting methods. Other experiences at the BoM have shown that forecasters are more likely to use 
new forms of objective guidance if they are presented with clear evidence of improved skill and are able 
to grasp the scientific basis for the increase in skill.  Conversely forecasters tend to resist the 
implementation of “black box” techniques. Forecasters are generally well adapted to a form of 
subjectively weighted and subjectively selective track forecasting. Hence one aspect of the 
implementation of unweighted consensus methods that may require focused training is the idea that an 
individual model with lesser (greater) skill but greater (lesser) independence can add more (less) skill.  
It is recommended that operational centers adopting consensus track forecasting methods provide 
appropriate training to forecasters to ensure successful implementation. Regional assistance will help 
smaller operational centers learn from the experience of major RSMCs/TCWCs in using consensus 
methods and EPS products. 
 
With weighted consensus methods, a different kind of training is required that could prove a roadblock 
to successful long-term implementation. As previously discussed, the changing nature of NWP models 
requires that weighted consensus methods are continually “retrained” and this maintenance overhead 
may prove to be a roadblock for continued use. Similarly selective methods such as SAFA that are 
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based on knowledge of systematic biases and error mechanisms in NWP models involve a retraining 
requirement that may be a hurdle to operational use. It is recommended that operational centers give 
close consideration to the maintenance overheads associated with any potential consensus 
methodology before implementation. 
 
3a.5.5. Bifurcation scenarios  
 
Occasionally the track of a cyclone is sensitively dependent on minor changes in the interaction of the 
tropical cyclone with a mid-latitude trough system. 
  
The most common example is where the recurvature of a system is sensitively dependent on the 
amplitude and timing of the interaction with a mid-latitude trough. The output from the 00 UTC 12 
August 2004 run of the ECMWF EPS for Hurricane Charley in Figure 3a.5 demonstrates this situation.  
 
Continued improvement in NWP may eventually establish levels of skill in deterministic track 
forecasting that make such difficult forecasting decisions extremely rare. In the meantime, while the 
service requirement for a single deterministic track forecast is maintained, it is difficult to see how the 
onerous position of the forecaster in this circumstance can be improved. 
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Figure 3a.5. ECMWF EPS probability distribution for Hurricane Charley from 00 UTC 12 August 2004 
that has a forecast track probability distribution with a bifurcation involving either a recurvature or a 
missed-recurvature. 
 
 

 
 
Figure 3a.6. (from Franklin, cited 2006b). Homogenous comparison for selected Atlantic basin early 
intensity guidance models for 2005.  
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3a.5.6. Consensus methods for intensity forecasting 

  
Skill in intensity forecasting has failed to keep pace with track forecasting skill. Encouraged by the 
success of consensus track forecasting, an increasing amount of research is being conducted into 
consensus methodology to intensity forecasting, with some success already recorded.  
 
Verification for the 2005 Atlantic season indicates that a two-member consensus intensity forecast 
created from the GFDL hurricane model and Decay SHIPS model, both skilful models, provided better 
operational guidance than either model alone. Indeed this simple consensus outperformed the FSSE 
intensity forecast despite the use of the previous official forecast as input to the FSSE (Figure 3a.6). 
 
Sampson et al. (2006c) used a statistical-dynamical model (STIPS) with the predictors derived from the 
outputs of ten NWP models to form a simple consensus intensity forecast. Some of the fields required 
for STIPS were not available for some of the models, which was addressed by substituting fields from 
another NWP model (e.g., NOGAPS), although this may have affected both the skill and independence 
of the consensus members. Preliminary tests with a small dataset showed promise. The gain in skill 
from forming an intensity consensus was generally not as large as the gain in skill from forming a track 
consensus of the same ten members. This result was anticipated, as the skill and independence of the 
consensus member intensity forecasts are less than the skill and independence of the track forecasts. 
Long-term plans include gaining access to field data for all consensus members and acquiring other 
independent skilful intensity forecasts.  
 
The Naval Research Laboratory Monterey (NRL) has commenced a project to investigate consensus 
intensity forecasting, with a focus on cyclogenesis, by applying multivariate regression to a set of 
forecast parameters from the available NWP models. This is similar to the process used by Sampson et 
al. (2006c) without the explicit formulation of a STIPS model. Initial results have been encouraging 
(Grant Elliott, personal communication).  
 
 
3a.6 Summary 
 
Use of consensus track forecasting methods provides additional forecasting skill over that obtainable 
from any individual model. Clear evidence for this has lead to wider implementation of consensus 
methods. A number of variations in consensus methods have been examined and the relative merits of 
each approach have been discussed. Access to a number of NWP track predictions and adding models, 
up to at least 8 models, can increase skill. Access to model tracks is the most significant technical 
roadblock to implementation of consensus methods at additional operational centers, and it is 
recommended that steps be taken to improve open access to NWP model tracks in a standard format.  
 
Experience has shown that some degree of automation and software support is essential to effective 
implementation and it is recommended that consideration be given to ways in which NWSs with fewer 
resources can be supported in this area.  
 
Experience has also shown that appropriate training is critical to uptake and appropriate use of 
consensus methods.  To this end it is recommended that WMO tropical cyclone training courses 
include specific training on the use of consensus approaches and that operational centers looking to 
implement consensus track forecasting methods include targeted training as a part of their 
implementation plan.  
 
Despite continued overall improvement in track prediction of NWP models, instances of large track 
prediction errors still arise, even following the application of consensus methods. Research that 
improves the application of consensus methods in cases where large errors have resulted may be 
needed for progress in this critical area.   
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