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1.  Introduction 

The Climate Prediction Center (CPC) currently produces a product called the Global Tropics Hazards and 
Benefits Outlook which highlights areas of tropical cyclone (TC) formation and above- and below-average 
rainfall for the upcoming Week 1-2 forecast period.  The product is issued each Tuesday with an update on 
Friday during the peak of the Northern Hemisphere (NH) TC season (June 1st – November 30th).  It consists of 
a graphic highlighting Moderate and High Confidence of TC development and rainfall in the upper and lower 
third tercile, a live briefing, and a detailed 
discussion summarizing the forecaster’s 
reasoning.  CPC is working to shift this 
product to weeks 2 and 3 (with an eye on 
week 4) and make it a probabilistic 
forecast.  The goal of this study is to 
provide tools to support these TC forecasts 
at weeks 2-4.  Work is also being 
performed on precipitation at these leads, 
but is beyond the scope of this 
presentation. 

2.  Data and methods 

The CPC has access to three models in 
real-time that extend out to the week 4 time 
period.  NCEP’s Climate Forecast System 
Version 2 (CFSv2), the European Centre 
for Medium-Range Weather Forecasts’s 
(ECMWF) Integrated Forecasting System, 
and the Canadian Meteorological Centre’s 
(CMC) Environment Canada are examined 
to identify skill at the week 1 to 4 leads.  
Verification is performed using the Best 
Track datasets from NOAA and the Joint 
Typhoon Warning Center (JTWC).    

In order to track TCs in the models, a 
detection algorithm based on Carmargo & 
Zebiak (2002) is utilized.  This method 
uses seven criteria to designate a grid point 
as a TC.  These criteria guarantee that the 
TC is a warm-core system, has a local 
minimum in sea level pressure, and a local 

Fig. 1  Anomaly correlations of TC counts averaged over 1999-2012 
with lead times from week 1 to week 4 for the a) Atlantic, b) 
Eastern North Pacific, c) Western North Pacific, d) North Indian, 
e) South Indian, f) Australian, and g) South Pacific basins for the 
CFSv2 (red), the CMC (blue), and the ECMWF (green).  Note 
data from ECMWF does not yet extend into the full SH season.   
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maximum in wind speed.  The TC point is 
then tracked forward and backward in time 
following the vorticity maxima.   For 
analysis, the globe in broken up into seven 
ocean basins: Atlantic (ATL), Eastern 
North Pacific (ENP), Western North 
Pacific (WNP), North Indian (NI), South 
Indian (SI), Australian (AUS), and South 
Pacific (SP).   

The models produce a high number of 
False Alarms (FAs), which are storms that 
do not occur in observations but are 
produced by the model.  Because of this, a 
filtering technique is employed on the 
tracks.  Storm tracks are converted into a 
grid format to create storm track density 
distributions.  Using this grid format, the 
number of FA storms are calculated and 
used to filter the tracks.  A track is filtered 
by subtracting out the model climatology 
and the weekly FA climatology.  Any point 
remaining above zero is considered a TC.  
This method increases skill when trying to 
predict TC track locations. 

3.  Results 

Skill scores for both TC count and 
storm track are calculated using the model 
hindcasts to examine the viability of using 
these forecasts.   Because the hindcasts are 
over different periods, only the 
overlapping years of 1999-2012 are used 
to compare results.  Also note that 
ECMWF has only been available for this 
study since May, so values for November 
through April are not yet available, which 
includes the southern hemisphere (SH)  
season.   

For the TC count, the number of storms occurring in each week are averaged by ensemble member and 
compared to observations using an anomaly correlation (AC) which removes the skill from the seasonal cycle.  
The AC is calculated for each year during the basin’s active season and averaged over the 14-year period to 
create the correlations seen in Figure 1.  Because data for the ECMWF were not yet available during the SH 
season, results for this model are only included for the NH basins.  As expected, correlations drop with increased 
lead, but there is some skill retained in later weeks.  CFSv2 and ECMWF tend to outperform CMC with 
ECMWF having the highest correlations in week 1 and CFSv2 leading in weeks 2-4.  The ATL tends to be the 
exception with low correlations from the CFSv2.  Overall, the SI and three Pacific basins (ENP, WNP, and SP) 
show the highest level of predictability.    

In order to quantify the skill in the storm track forecast, the Heidke Skill Score (HSS) is used as a 
verification tool.  The HSS is based on a 2x2 contingency matrix of hits, misses, FAs, and correct null forecasts.   
A hit is defined as having a forecasted storm within three grid points (or 3o) of an observed storm. This score 
only gives credit for correct forecasts when a storm is observed, meaning no skill is given for correctly 
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Fig. 2  Heidke skill scores for filtered storm tracks for Week 1 (red) 
and Week 2 (blue) for the a) Atlantic, b) Eastern North Pacific, 
c) Western North Pacific, d) North Indian, e) South Indian, f) 
Australian, and g) South Pacific basins averaged from 1999-
2012.  The CFSv2 is in solid lines, the CMC in dashed lines, and 
the ECMWF in dotted lines.  The black dashed line at 0.2 is 
included as a reference point.  Note the x-axis change from May-
December for NH basins (a-c) to March-February for NI (d) and 
to July-June for SH basins (e-g). 

CFS         CMC      ECMWF 
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predicting a lack of activity if a storm is 
never present.  Therefore, months with no 
activity will have a zero score.    Figure 2 
shows HSSs for weeks 1 and 2, and Figure 
3 shows the scores for weeks 3 and 4.  
During the earlier leads in weeks 1 and 2, 
ECMWF outperforms CFSv2 and CMC 
with scores surpassing 0.4 during the peak 
in the seasons.  Skill is highest for the two 
NH Pacific basins (ENP and WNP) which 
is consistent with storm count ACs.  The 
two SH Pacific basins do not show as 
much skill in TC track location as they do 
with storm count.  The CMC does show 
some skill in week 1 for the Australian 
basin which is also consistent with the 
count correlations.  In the longer leads of 
weeks 3 and 4, the ECMWF levels out with 
the rest of the models, rarely breaking the 
0.2 mark.  The WNP and ENP remain the 
most skillful basins for the ECMWF and 
CFSv2 with HSSs staying between 0.1 and 
0.2. 

4.  Concluding remarks 

The results presented here show that 
there is skill in predicting TC frequency 
and track at week 2 and somewhat in week 
3.  ECMWF shows the most skill in week 
1, but by week 2 through 4, both the 
ECMWF and CFSv2 show similar skill.  They both tend to outperform the CMC model.  Basins with the most 
predictability in both storm count and track are the ENP and WNP. 

These methods will soon be utilized to create a probabilistic forecast that will serve as a first guess for CPC 
forecasters.   Work is ongoing to incorporate both a dynamical-statistical model and forecasts of equatorial 
waves and other modes into the information provided by the dynamical models.  These additional tools will 
assist in forecasting the longer leads of weeks 3 and 4. 
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Fig. 3  Same as Figure 2 but for Week 3 (orange) and Week 4 
(green). 


