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Abstract 
This proposal is directed to the FY2013 Joint Hurricane Testbed (JHT) call for proposals, and 
targets the program priority for developing quantitative guidance tools for seasonal tropical 
cyclone (TC) forecasts using statistical and dynamical methodologies (NHC-17/JTWC-14).  The 
proposal is aimed at developing a dynamical-statistical forecast model for intraseasonal TC 
prediction over the tropical North Atlantic and Pacific based on the NCEP’s new version of 
Climate Forecast System (CFSv2) 45-day dynamical forecasts and implementing the model into 
operations at the National Hurricane Center (NHC) and the Joint Typhoon Warning Center 
(JTWC), and also at the Climate Prediction Center (CPC). The project will enable us to help 
accomplish the JHT mission through utilizing the state-of-the-art climate model forecasts to 
develop new applications, testing and evaluating new products for TC forecast. 
 
TC activity is modulated by the MJO and exhibits large sub-seasonal variations over the tropical 
North Atlantic and Pacific. Issuing a skillful intraseasonal forecast of Atlantic and Pacific TC 
activities in a timely manner could greatly benefit the emergency preparedness and risk 
management for the TC-affected areas. With the development of CFSv2, data from 45-day 
CFSv2 reforecasts (1999-2010) and real-time forecasts (2011-2012) are available. This dataset, 
together with a better skill for the MJO prediction in CFSv2, offers a unique opportunity to 
develop and test the dynamical–statistical model for operational forecast of 30-day mean Atlantic 
and Pacific TC activities.  We expect that this model will complement the existing dynamical-
statistical seasonal forecast model at the CPC on the intraseasonal time scale. 
 
We propose the following work to be completed for this project: 
 
(1) To establish the empirical relationships between the observed 30-day mean TCs and the 
CFSv2-predicted ocean/atmosphere conditions for the same 30-day moving window throughout 
the entire hurricane season for the tropical North Atlantic, eastern and western tropical North 
Pacific regions, respectively, based on the 1999-2012 data, and identify potential predictors for 
the intraseasonal TC forecast; 
(2) To develop a hybrid dynamical-statistical model for the intraseasonal TC forecast with the 
multiple linear regression method and cross-validate the model over the 1999-2012 period; and 
(3) To test the model for real-time intraseasonal forecasts for the 2014 hurricane season and 
implement the model into operations at NHC and JTWC. 
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Statement of Work 
 
1. Duration of the project 
The proposed work will be conducted over a two-year period. The dynamical-statistical model 
for the intraseasonal forecast of Atlantic/Pacific tropical cyclone (TC) activities will be 
developed during the first year. In the second year, real-time forecasts for the 2014 hurricane 
season will be tested and transitioned to operations at the National Hurricane Center (NHC) and 
the Joint Typhoon Warning Center (JTWC). The operational intraseasonal forecast of the 
Atlantic/Pacific TC activities will commence during the 2015 hurricane season. 
 
2. Description of the project 
 
2a. Prior research results 
Our relevant prior research includes (a) development of a hybrid dynamical-statistical model for 
Atlantic/eastern Pacific hurricane seasonal prediction (Wang et al. 2009), (b) seasonal hurricane 
prediction with a high-resolution coupled model (Schemm and Long 2009), and (c) development 
of a dynamical-statistical forecast model for seasonal western Pacific TC activity (Li et al. 2012). 
The hybrid model (Wang et al. 2009) was built upon the empirical relationship between the 
observed interannual variability of TCs/hurricanes and the variability of sea surface temperature 
(SST) and vertical wind shear from the 26-year (1981–2006) hindcasts with the NCEP Climate 
Forecast System version 1 (CFSv1). The model was implemented for real-time forecasts for the 
hurricane season at the NOAA Climate Prediction Center (CPC) in 2008, using the CFSv1 
dynamical seasonal forecasts of SST and vertical wind shear as predictors. In the past five 
seasons, this model provided skillful seasonal forecasts and useful information for the NOAA 
Hurricane Outlooks. SSTs from the CFSv1 seasonal forecasts have also been used in the 
dynamical-statistical forecast model developed at GFDL for predicting seasonal Atlantic 
hurricane activity (Vecchi et al. 2011).  
 
With the same dynamical-statistical approach, a forecast model was also developed for 
predicting seasonal TCs over the western North Pacific (Li et al. 2012). Based on the empirical 
relationship between the observed seasonal TC activity and the dynamical predictions of large-
scale oceanic and atmospheric conditions from the new version (v2) of CFS, and further, using 
the CFSv2 predicted July–October tropical North Atlantic SST, vertical shear of zonal wind, 
500-hPa height, and 850-hPa zonal wind over the tropical and subtropical Pacific as predictors, 
the model demonstrates skillful seasonal forecasts for the western Pacific TCs. This model is 
competitive with other statistical models currently used for the seasonal TC predictions over the 
same region and is being implemented for operational forecast at the Hainan Meteorological 
Service of the China Meteorological Administration. 
 
In 2009, a dynamic hurricane season prediction system was implemented operationally at 
NCEP/CPC utilizing the T382 CFS CGCM (Schemm and Long 2009) and it has been providing 
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the dynamic prediction input for the NOAA Hurricane Season Outlook. The hindcast 
experiments were performed with the dynamic prediction system for the 1981-2008 period to 
establish the model climatology and to conduct skill evaluation on the seasonal tropical storm 
activities. In analyzing the northern hemisphere tropical storms in the T382 CFS, the detection 
and tracking criteria used in earlier studies (e.g. Camargo and Zebiak 2002) have been adopted to 
this higher resolution model. The favorable results from the T382 CFS prediction system include 
very realistic reproduction of the interannual variability in tropical storm activity as well as the 
shift to a more active hurricane era in the middle 1990s. The dynamic system has shown 
considerable skill in predicting the seasonal storm activities for the 2009-2011 period. 
 
Despite major advances in our ability to dynamically or/and statistically predict seasonal TC 
activity, predicting TC activity on a sub-seasonal time scale remains a challenge.  Given the 
increased temporal specificity, prediction of TC activity on intraseasonal time scale may have a 
more significant social impact. The most recent example is the 2012 Atlantic hurricane season, 
which was characterized by two very active months, August and October. During each month, 
there were eight and six TCs, respectively, with one landfall hurricane (Isaac in August and 
Sandy in October) causing catastrophic damage in the Gulf coast and the Northeast coast. Given 
the relatively long period of the hurricane season (6 months) and significant damages that may 
be caused by TCs and hurricanes, issuing skillful sub-seasonal forecasts of Atlantic and Pacific 
TC activities in a timely manner could greatly benefit the emergency preparedness and risk 
management for the TC-affected areas. Observations have shown that the sub-seasonal TC 
activity is strongly modulated by tropical intraseasonal variability, known as the MJO (e.g., 
Maloney and Hartmann 2000; Klotzbach 2010). Our prior work on the hurricane season 
prediction together with a better representation of the MJO in the new version of CFS (Weaver et 
al. 2011) will help us to build and test the dynamical-statistical model for the intraseasonal 
prediction of TC activity over the tropical North Atlantic and tropical North Pacific regions. 
 
2b. Working hypothesis and objectives 
The basic working hypothesis of this proposal is as follows. The TC activities over the eastern 
and western tropical North Pacific, as well as the tropical North Atlantic, exhibit large variability 
on the sub-seasonal time scale. An above-normal hurricane season may have certain periods with 
inactive TC activity, and vice versa. Observational studies (e.g., Liebmann et al. 1994; Maloney 
and Hartmann 2000; Camargo et al. 2009) indicate that the MJO exerts a strong influence on the 
TC activity on this time scale. Given the close association between the MJO and the TC activity, 
the significant improvement of the CFSv2 in predicting the MJO three weeks ahead (Zhang and 
van den Dool 2012) provides an opportunity to make skillful forecasts of the TC activity on the 
intraseasonal time scale.  
 
This proposal is directed to test this hypothesis to develop a dynamical-statistical model for TC 
intraseasonal prediction, and to implement the prediction system into operations. The project 
targets the program priority of quantitative guidance tools for seasonal tropical cyclone forecasts 
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using statistical and dynamical methodologies (NHC-17/JTWC-14). The outcomes of the 
proposal will also enable us to help accomplish the JHT mission through utilizing the state-of-
the-art climate model forecasts to develop new applications, testing and evaluating new products 
for tropical cyclone forecast. 
 
Our prototype test of predicting monthly TCs for the 2010 Atlantic hurricane season indicates 
certain forecast skill and predictability of TCs on the sub-seasonal time scale. The 2010 Atlantic 
hurricane season was the third most active season on record with 19 TCs, among which there 
were 12 hurricanes and five major hurricanes. However, the TC activity had substantial variation 
within the hurricane seasons and was actually near normal in the early season and was well 
above normal only in September and October (Fig. 1a). The dynamical-statistical model (Wang 
et al. 2009) made a successful seasonal prediction in May 2010 for the 2010 hurricane season 
with 20 TCs, 12 hurricanes, and six major hurricanes, based on the CFSv1 dynamical seasonal 
forecast of SST and vertical wind shear for the target season. To test the predictability of 
intraseasonal TC activity for the 2010 season, the same model was also applied to monthly data, 
using the CFSv1-predicted vertical wind shear for the target month as a predictor. The monthly 
TC forecasts with lead times from 3 months to 0 month are very close to observations for most of 
the months in the hurricane season (Fig. 1b). However, the forecast for TCs in September, the 
month of peak TC activity, was weaker than the observations, indicating the need of 
improvements for the model for the TC intraseasonal prediction.  
 

 
Fig. 1. (a) Monthly distribution of TCs in the 2010 Atlantic hurricane season and (b) forecasts of monthly 
TCs for the 2010 hurricane season using the dynamical-statistical model (Wang et al. 2009) with lead 
time from 3 months to 0 month. Blue line in (a) is the monthly TC climatology (1981-2009) and green 
lines are +/- one-standard-deviation departure from the climatology. 
 
With the development of the new version of CFS, data from 45-day CFSv2 reforecasts (1999–
2010) are available.  An evaluation of CFSv2 (Weaver et al. 2012) indicates that the MJO is 
better represented with a higher prediction skill in CFSv2 than in CFSv1 (Fig. 2). The time scale 
for a skillful MJO prediction was extended from two weeks in CFSv1 (Seo, et al. 2009) to three 
weeks in CFSv2 (Zhang and van den Dool 2012). The 12-year retrospective forecasts, together 
with the real-time 45-day CFSv2 forecasts starting from 2011, offer a unique opportunity to 
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develop and test the dynamical–statistical model approach for operational forecast of 30-day 
mean Atlantic and Pacific TC activities.  We expect that this model will complement the existing 
dynamical–statistical seasonal forecast model at CPC on the intraseasonal time scale. 
 

 
Fig. 2. MJO prediction skill expressed by the correlation coefficient (black lines with dots) between the 
CFS-predicted MJO indices (PC1 and PC2 of CHI200) and those derived from the reanalysis data. (a) and 
(c) are the correlations for PC1 and PC2, respectively, between CFSv1 and the NCEP/DOE Reanalysis 
(R2).  (b) and (d) are the correlations for PC1 and PC2, respectively, between CFSv1 and CFS Reanalysis 
(CFSR).  The lead times are from 0 day to 30 days. 
 
This proposal is thus aimed at developing a dynamical-statistical forecast model for the 
intraseasonal TC activities in the tropical North Atlantic and Pacific based on the CFSv2 45-day 
dynamical forecasts and implementing the model into operations at two operational forecast 
centers (NHC and JTWC) and CPC. The objectives of this project are as follows: 

(1) To establish the empirical relationship between the observed 30-day mean 
TCs and the CFSv2-predicted ocean/atmosphere conditions for the same 30-day 
period throughout the entire hurricane season for the tropical North Atlantic, 
eastern and western tropical North Pacific regions, respectively, and select 
potential predictors for the intraseasonal TC forecast; 
(2) To develop a hybrid dynamical-statistical model for the intraseasonal TC 
forecast with the multiple linear regression method and cross-validate the model 
over the 1999-2012 period; and 
(3) To test the model for real-time forecasts for the 2014 hurricane season and 
implement the model into operations at NHC and JTWC. 
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2c. Proposed methodologies 
 (1) Potential predictors (Objective 1) 
To select potential predictors for the intraseasonal forecast of TC activity, we will first establish 
the simultaneous relationships between 30-day mean large-scale ocean/atmosphere conditions 
and the TC activity in the eastern and western tropical North Pacific and tropical North Atlantic 
regions, respectively, using observational data. The data include the NOAA Hurricane Best 
Track Dataset and the daily CFSv2 Reanalysis data. The analysis will be based on the 
correlations between 30-day mean TCs and 30-day mean SST/atmospheric circulation fields over 
the 14 years from 1999 to 2012. Each 30-day period starts from 1st, 11th, and 21st of the months 
from May to November, respectively. There are total 19 moving 30-day periods covering the 
entire hurricane season from May 1 to November 30, with each starting date 10 days apart. The 
atmospheric fields include vertical wind shear, sea level pressure, 500-hPa height, and 850-hPa 
wind. An index representing the 30-day mean activity of the MJO will also be employed.  
 
A similar correlation analyses will be performed between the observed 30-day mean TCs and the 
30-day mean SST/atmospheric circulation fields derived from the 45-day CFSv2 reforecasts 
(1999-2010) and CFSv2 real-time forecasts (2011-2012). The relationships depicted by CFSv2 
will be compared with those based on the observations to validate CFSv2 in reproducing the 
associations between SST/atmospheric anomalies and the intraseasonal TC variations. The data 
from CFSv2 are ensemble means. The 4 x daily 45-day forecasts for a common target 30-day 
period provide a maximum 60 ensemble members, with lead times from 15 days to 1 day. For 
each CFSv2-predicted variable, the region of high correlations with the 30-day mean TC activity 
will be used for area-averaging as a potential predictor. 
 
(2) Dynamical-statistical forecast model (Objective 2) 
A hybrid dynamical-statistical forecast model for the intraseasonal TC activity will be developed 
for the eastern and western tropical North Pacific and the tropical North Atlantic, respectively. 
Similar to the model in Wang et al. (2009) for the seasonal TC/hurricane prediction, a statistical 
model for a 30-day mean TC prediction will be developed based on the empirical relationships 
established in (1) with the multiple linear regressions of 30-day mean TCs versus the CFSv2-
predicted predictors over the 1999-2012 period. For the entire hurricane season (May-
November), there will be total 19 ensemble mean forecasts, each 10 days apart. In addition to the 
ensemble mean forecasts, the forecasts based on individual 60 members will be used to develop a 
probabilistic forecast of TCs, based on the spreads among the 60 members. Therefore, similar to 
what we have done for the seasonal TC/hurricane prediction, each forecast will consist of the 30-
day mean TCs, a forecast range (ensemble mean ± one standard deviation of spreads), and the 
chances in percentage for above-normal, near-normal, and below-normal TC activity based on 
the distribution of all individual member forecasts. 
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The intraseasonal forecasts of 30-day mean TCs will be cross-validated for each hurricane 
season during the 1999–2012 period. The forecast skills will be assessed (e.g., correlation score, 
root mean square error, hit and false alarm rate) for various forecasts with different combinations 
of the predictors for the tropical North Atlantic, eastern tropical North Pacific, and western 
tropical North Pacific, respectively. The cross-validations will determine a set of predictors to be 
used in the final configuration of the model for each ocean basin. 
 
(3) Real-time forecast and operations (Objective 3) 
Real-time forecasts of 30-day mean Atlantic and Pacific TCs will be made for the 2014 hurricane 
season based on the 45-day CFSv2 dynamical forecasts.  The intraseasonal forecasts will be 
updated every 10 days from May 1 to November 1, 2014 (total 19 30-day forecasts) for each 
ocean basin. The real-time 45-day CFSv2 forecasts have much more ensemble members each 
day then the 45-day CFSv2 reforecasts (16 vs. 4). Probabilistic forecast of TCs for the 2014 
season thus can be made with enough number of ensemble members but shorter lead times (e.g., 
80 ensemble members, lead times from 5 days to 1 day). A shorter lead time is likely to increase 
the forecast skill. 
 
In the meantime, the forecast model with detailed documentations and computer codes (UNIX 
shell scripts and FORTRAN codes) will be transferred to the National Hurricane Center (NHC) 
and the Joint Typhoon Warning Center (JTWC) for testing and implementing into operations. 
Alternatively, the forecast procedures may be implemented operationally at CPC and the final 
forecast products will be transmitted to NHC and JTWC 
 
3. Work plan 
The proposed project will be conducted over a two-year period (08/01/2013−07/31/2015). 
Objective 1 will be met primarily through the statistical analysis of the NOAA Hurricane Best 
Track Dataset and the daily CFSv2 Reanalysis data over the 1999-2012 period, and the 45-day 
CFSv2 reforecasts (1999−2010) and the 45-day CFSv2 real-time forecasts (2011−2012) in the 
first five months (08/01/2013−12/31/2013). In the following four months (01/01/2014−  
04/30/2014), we will work on the development of the dynamical-statistical forecast model for the 
intraseasonal TC prediction (Objective 2), including the cross-validation for the 1999−2012 
period, and prepare the documentation for the model. The progress of the model development 
and validation will be reported at the annual Interdepartmental Hurricane Conference (IHC) in 
March 2014. 
 
During the 2014 hurricane season (05/01/2014−11/30/2014), the model will be tested for the 
real-time intraseasonal TC forecast (Objective 3) at PIs’ home institution, the NOAA Climate 
Prediction Center, as well as at the two operational forecast centers, the National Hurricane 
Center (NHC) and the Joint Typhoon Warning Center (JTWC). The real-time operational data 
needed as the model input will be the 45-day CFSv2 forecasts. The data will be used to derive 
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and obtain the predictors for the target 30-day period, which are the 30-day mean 
SST/atmospheric circulation anomalies averaged over the specific regions with high correlations 
with the 30-day mean TC activity. The test of the real-time forecasts at the two operational 
centers will also serve as practice for the forecasters at the two centers to get familiar with the 
model. 
 
In the following three months (12/01/2014−02/28/2015), we will evaluate the model 
performance in the 2014 hurricane season and finalize the model configuration based on the 
assessment. A related report will be presented at the annual IHC in March 2015. In the last five 
months (03/01/2015−07/31/2015), the model will be implemented for operational forecasts at the 
two operational centers (NHC and JTWC; Objective 3). The procedures will include transferring 
finalized codes to the local computer at the two operational centers and training local forecasters 
to extract the 45-day CFSv2 real-time forecast data and run the forecast model. 
 
4. Timeline for project delivery 
The timeline for delivering scientific and technical documentation and training materials are list 
below, which will be formalized with the coordination between the PIs and the JHT/JTWC focal 
points if the proposal is funded. 
 

03/31/2014  Scientific and technical documentations of the model 
03/31/2014  Training materials with model codes 
04/30/2014  Real-time forecast for the 2014 hurricane season 
05/31/2015  Finalized model for operations  

 
5. Schedule for travel 
The PIs plan to attend the annual Interdepartmental Hurricane Conference (IHC) each year 
(March 2014 and March 2015) and present the progress and results of the project. Additionally, 
there will be two short visits to each operational center (NHC and JTWC) for one of the PIs in 
April 2014 for testing the real-time intraseasonal forecast for the 2014 hurricane season and in 
May 2015 for implementing the model into operations.  
 
6. Estimates of staff, computer, and facility requirements 
At PIs’ home institution, we have all the computer equipment necessary to carry out the work of 
this project, including UNIX workstations and NOAA R&D supercomputers (Zeus and Gaea), as 
well as access to HPSS. The proposed budget includes funds for partial support of one of the PIs 
and a support staff to help PIs with data processing. We also have teleconferencing facilities at 
the NOAA CPC for communications with the two operational centers (NHC and JTWC). The 
forecast model will be a statistical model and can be run on any workstations. It should be easy 
for implementation into operations at the two forecast centers. The two centers do need to have 
remote access to the 45-day CFSv2 real-time forecasts used as the model input. 
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8. Budget 
 (For purposes of this budget the years are August through July of the following year.) 
 
Year                                                               2013              2014             Total 
Salaries and Overhead                    
Schemm (1 mo/yr)                                          N/C              N/C                
Kunar (1 mo/yr)                                             N/C              N/C   
Wang (4 mo/yr)                                         $51.0K           $54.0K         $105.0K 
Support Scientist (3 mo/yr)                          $30.0K              $33.0K            $63.0K 
 
Equipment 
Peripherals                                                 $2.0K            $0.0K            $2.0K 
 
Supplies and 
Data Costs (5Tb data storage)                    $0.5K            $0.0K               $0.5K 
Travel                                                      $4.5K            $6.0K          $10.5K 
TOTALS                                                   $88.0K          $93.0K           $181.0K 
 
Budget explanation 
Personnel: Drs. J. Schemm and A. Kumar are federal employees and are supported by the 
CPC base. They will make an in-kind contribution of up to 1 month per year each on the project 
and will oversee the overall research activities. Dr. H. Wang will be responsible for statistical 
analyses on relationship between subseasonal TC activities and SST/atmospheric circulation 
parameters and testing the proposed intraseasonal TC activity prediction system. 
  
Travel: The travel is based on an estimate of one domestic trip per year ($1500) for the PIs and 
support staff to attend scientific meetings relevant to this research project and short visits to the 
two operational centers as proposed. 
	   
Other direct costs:  4 month salary of a Co-PI (Wang) and 3 month salary of a support staff is 
requested for each year. Salaries include an overhead and benefits factor of 1.8 for contractor 
support.  The stipends are projected to increase 5% per year. Support is also being sought for 
disk space for data storage.  
 
9. Data sharing plan 
The forecast model, cross-validations, and real-time forecasts for the 2014 hurricane season 
obtained in this project will be published in a scientific journal and shared with the scientific 
community. In addition, we will create a website to make available the detailed models and 
products of the operational intraseasonal forecasts of the Atlantic/Pacific TC activities, illustrated 
with figures. The purpose is to provide a guide to help general publics to understand and 
interpret the forecasts.   
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