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Transitioning Ensemble-based TC Track and Intensity Sensitivity to Operations 
  

Principal Investigator: Ryan Torn (University at Albany-SUNY) 

Co-Principal Investigator: Jason P. Dunion (University of Miami/RSMAS/CIMAS) 

Co-Principal Investigator: Sim D. Aberson (NOAA/AOML/Hurricane Research Division)  

 

Abstract 

 

Operational Synoptic Surveillance missions have resulted in reduced tropical cyclone 

(TC) track-forecast errors; however, the basic flight-track design and observational sampling 

strategies have remained largely unchanged for the past decade despite numerous modeling suite 

upgrades. This proposal is the culmination of NOAA-funded research carried out over the past 

four years during the NOAA Unmanned Aircraft Systems (UAS) Sensing Hazards with 

Operational Unmanned Technology (SHOUT) project and in collaboration with National 

Hurricane Center (NHC) forecasters, including in real time during the 2018 Atlantic hurricane 

season.  Here, we propose to implement a modern, ensemble-based operational product that 

NHC forecasters could use to determine the locations for dropsondes and supplemental 

rawinsonde profiles over land that could subsequently reduce model uncertainty in forecasts of 

both TC track and intensity, which addresses JHT Priority 2. 

The first year of this project will result in an operational product based initially on 

European Centre for Medium Range Weather Forecasting (ECMWF) and Hurricane Weather 

Research and Forecasting (HWRF) forecast output, with an eventual extension to the Finite 

Volume Cubed-Sphere (FV3) ensemble system when it becomes available.  In particular, we 

plan to implement objective forecast metrics that take into account variability in TC position and 

intensity over the entire forecast, rather than the current approach that considers a single time.  In 

addition, we will implement methods to incorporate the sensitivity output into the current 

traveling salesmen software package used by NHC to produce objective flight tracks that sample 

as many of the identified sensitive regions as possible given current operational and platform 

constraints.  Our product suite can also be used to identify valuable supplemental rawinsonde 

locations as well. This development work will focus on previous high-impact case studies (e.g., 

Irma, Florence).  In addition, PI Torn will continue to provide a daily email summary of the 

experimental sensitivity output to NHC forecasters upon request during the 2019 season.  During 

Year 2, we will transition our Python-based software package for producing sensitivity maps for 

quick analysis by NHC forecasters to the NHC computing system and develop a training module 

on how to interpret the model sensitivity information that could be incorporated into the NOAA 

Virtual Laboratory (VLAB) .  By the end of Year 2, we expect the various project deliverables 

will be available to NHC forecasters (i.e., no input from the proposal team) and is projected to be 

at NOAA RL 8 or NOAA RL9 (if the project is accepted for operational implementation). 
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Statement of Work 
 

Overview of problem 

 

Tropical cyclones (TCs) are among the most deadly and destructive natural disasters 

(e.g., Rappaport 2014, Rappaport and Blanchard 2016); therefore, it is important to provide 

timely and accurate forecasts of these events.  TC track and intensity forecasts are heavily 

dependent on output from numerical weather prediction (NWP) systems, which are initialized 

with the best estimate of the atmospheric state at the time that the forecast is started (i.e., the 

analysis).  This analysis is produced by adjusting a short-term forecast initialized at an earlier 

time with new observational information via data assimilation.  Given that TCs generally occur 

over the ocean, collecting observations can be cost prohibitive and is typically limited to those 

provided by satellite and aircraft.  As a consequence, it is important to be able to identify what 

observations to obtain and where to take them to maximally reduce the error and/or uncertainty 

in the subsequent forecast.  These supplemental observations are often referred to as “targeted 

observations.”  The purpose of this proposal is to implement new operational methods that 

identify sampling strategies so that supplemental aircraft and/or rawinsonde observations would 

maximally improve TC track and intensity forecasting. 

The current operational targeting technique for dropwindsonde observations was 

developed in the mid-1990s and is based upon the variance of the NOAA Global Ensemble 

Forecasting System (GEFS) at the targeting time; in tests with a large number of cases, it was 

found that fully sampling regions of maximum variance with regularly spaced observations (and 

limiting  observations outside these regions) provided the largest track forecast improvement 

(Aberson 2003, Aberson et al. 2011).  When this system was implemented, the GEFS was based 

upon a bred-mode system which approximated the local Lyapunov vectors of the dynamical 

system, and the variance maxima were therefore related to the fastest growing modes.  The 

sampling strategy was based upon the then-current data assimilation and initialization in the 

global model, at the time a three-dimensional variational system with a synthetic vortex inserted 

at the TC location.  Since this time, the ensemble system, deterministic model, and data 

assimilation system have all been upgraded, and the synthetic vortex has been removed.  It is 

unclear whether the currently operational targeting and sampling strategies developed under 

these older forecast systems remain appropriate.  Furthermore, the current technique is subjective 

in that it does not necessarily suggest where observations will lead to improvements to a 

particular forecast metric.  By contrast, other methods, like the one being proposed here, provide 

information on improvements to specific forecast metrics, such as TC track and intensity. 

 The ensemble-based sensitivity technique (Ancell and Hakim 2017, Torn and Hakim 

2018) provides an attractive method of identifying sensitive regions because it is computationally 

inexpensive, assuming an ensemble of forecasts is already available, and there is a wide range of 

potential forecast metrics (J) that can be used.  Specifically, the sensitivity is computed via: 
𝜕𝐽

𝜕xi,t−dt
=  

𝑐𝑜𝑣(J, 𝐱i,t−dt)

𝑣𝑎𝑟(𝐱i,t−dt)
 

where, xi,t-dt is the ensemble estimate of the forecast field at a location i and time t-dt prior to the 

forecast metric itself.  In essence, this equation is a linear regression between an ensemble 

estimate of the forecast metric and the ensemble estimate of the forecast variable at an earlier 

lead time.  This calculation can be repeated over many different horizontal locations, times, and 

fields, from which maps of sensitivity can be created.  As a consequence, this calculation is 
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trivial to carry out; it can be done on a desktop computer.  The method has been shown to 

provide accurate estimates of forecast sensitivity for a variety of forecast metrics, including 

African Easterly Waves (Torn 2010), midlatitude cyclones (Lamberson et al. 2016), severe 

convection (Torn and Romine 2016, Torn et al. 2017), and the orientation of the midlatitude jet 

(Berman and Torn 2019).  Moreover, this ensemble-based method has been used to provide 

insight into the source of track differences for TCs characterized by large forecast position 

variability (e.g., Torn et al. 2015; Torn et al. 2018). 

 Previous applications of this technique suggest that it can be used to identify observations 

that will have the largest impact on the subsequent forecast, which indicates that this method is 

suitable for observation targeting.  Torn (2014) used ensemble-based sensitivity to identify the 

subset of dropwindsonde data that would have the greatest benefit to TC genesis forecasts during 

the PRE-Depression Investigation of Cloud-systems in the Tropics (PREDICT) field campaign.  

In each of the cases studied, assimilating data from just 3-4 dropwindsondes within the sensitive 

region had nearly the same positive impact on subsequent TC genesis forecasts as assimilating 

all of the dropwindsonde data collected during the mission.  Furthermore, the impact from the 

dropwindsonde data in the sensitive region is greater than that of a random sets of 

dropwindsonde data from the mission, which suggests that the method can identify the locations 

and fields that have the biggest impact on the subsequent forecast.   

 The PREDICT-based experiments were carried out after the completion of the field 

phase; however, there have been other real-time applications of the ensemble-based sensitivity 

method to improve TC forecasts.  During the NOAA Sensing Hazards with Operational 

Unmanned Technology (SHOUT) field campaign, our group used output from the Hurricane 

Weather Research and Forecasting (HWRF) and European Centre for Medium Range Weather 

Forecasting (ECMWF) ensemble forecast systems to compute the sensitivity of TC track and 

intensity forecasts and hence identify the location of target regions to sample with the NASA 

Global Hawk aircraft.  Prior to each mission, PI Torn carried out the sensitivity calculation for 

the TC of interest for the day, and provided a written and verbal summary to the other mission 

scientists who then used this information flight track planning.  Preliminary experiments with the 

GFS and HWRF systems with and without the dropwindsonde data indicate that the Global 

Hawk dropwindsondes provided a 10-15% improvement in TC track and intensity forecasts, 

which is significantly higher than the improvement obtained when Global Hawk dropwindsondes 

were assimilated during past field campaigns (i.e., NASA GRIP; Christophersen et al. 2017; 

Christophersen et al. 2018; Dr. Jason Sippel, personal communication).  One of the hypotheses 

for the increased value of the dropwindsondes from SHOUT is that the flight track designs 

during this experiment took into account an experimental version of the sensitivity information 

that is being proposed here.  There is currently ongoing work within the NOAA UAS program to 

assess the impact of observations collected by the Global Hawk, including dropwindsonde data. 

 Real-time ensemble-based TC track and intensity sensitivity estimates continued to be 

experimentally produced during the 2017 and 2018 hurricane seasons and was used in NOAA 

flight planning operations by forecasters at NHC.  These products were primarily based on 

calculations carried out with the ECMWF ensemble prediction system.  Ideally, we would have 

liked to carry out these calculations on NOAA-based modeling systems (i.e., GFS and HWRF); 

however, there are good reasons for why the initial implementation focused on applying this 

method to the ECMWF ensemble prediction system.  First, the quality of the ensemble 

sensitivity results depends on having sufficient ensemble members to compute the ensemble-

based regression coefficients.  The ECMWF system has 51 members, while the current version 
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of the GFS system only has 21 members.  Furthermore, it is more likely that the sensitivity 

information will be more useful if the ensemble provides skillful probabilistic forecasts (i.e., the 

ensemble-mean error is equivalent to the ensemble standard deviation).  Whereas the GFS TC 

position forecasts are generally under-dispersive, the ECMWF TC position forecasts have been 

shown to be skillful both in total distance and in the direction of greatest ensemble position 

variability (e.g., Hamill et al. 2011).  

Starting two days prior to individual synoptic surveillance flights, PI Torn calculated the 

sensitivity of TC position forecasts to the steering flow at the time of the proposed flight.  Each 

morning, he would then provide to the main flight-track designers at NHC a one paragraph 

summary of the sensitivity output, how the sensitive regions relate to the major atmospheric 

features that could influence the TC motion, and how the sensitive regions may have changed 

relative to previous initialization times.  In addition, PI Torn provided a sensitivity graphic that 

overlaid the sensitive regions on top of the steering flow.  During 2017, these calculations were 

carried out for Hurricanes Irma and Nate, and, in 2018, the experimental targeting guidance was 

provided for additional number of storms (Hurricanes Hector, Lane, Florence, Olivia, and 

Michael), which included cases that impacted the Hawaiian Islands. 

 For many of the surveillance missions, the target regions aligned well with the dynamical 

expectation for what synoptic features could impact the subsequent TC position forecast and 

with the distribution of dropwindsondes for that case.  Figure 1 shows the sensitivity of the 

ECMWF forecast of 2018 Hurricane Florence’s position at 0000 UTC 14 September (around the 

time of landfall) to the zonal component of the wind at 0000 UTC 11 September for the forecast 

initialized 0000 UTC 9 September (i.e., two days prior to a planned flight on 0000 UTC 11 

September).  In this particular case, the sensitive region is primarily located around and to the 

west of Florence’s position, suggesting that Florence’s position forecast is sensitive to the 

steering flow near the TC along the southern side of the subtropical ridge that was located north-

northwest of Florence (centered near 37 N 65 W).  In particular, the calculation suggests that 

making the zonal wind more westerly within the warm color regions would result in Florence 

making landfall closer to Cape Hatteras, and making the zonal wind more easterly (i.e., stronger 

trade winds) in the warm color regions would result in a position forecast farther south in South 

Carolina.  As a consequence, the dropwindsondes were deployed around the TC and on the 

southern side of the subtropical ridge within the sensitive region west of Florence. 

A second example of the ensemble-based sensitivity targeting is from 2018 Hurricane 

Norman in the central North Pacific for 0000 UTC 6 September.  For this time, the high-

sensitivity (i.e., target) region is to the northwest of the TC along the southern end of the 

midlatitude trough north of the TC.  Increasing the wind speed to the northeast of the TC results 

in a track forecast that is more to the northeast 48 h later.  In addition, the dropwindsondes 

deployed during this case were able to sample that sensitive region.   

 

5



 

 

Figure 1:  (a) 

Sensitivity of 

Florence’s 120 h (0000 

UTC 14 September) 

distance along the 

major axis to the 48-h 

(0000 UTC 11 

September) zonal 

component of the 

steering wind (shading, 

km).  Stippled regions 

indicate where the 

sensitivity is 

statistically significant 

at the 95% confidence 

level. The barbs denote 

the ensemble-mean 

steering wind. The 

large dot denotes 

Florence’s 0-h 

position, while the 

crosses denote the 

dropwindsonde 

locations.  (b) as in (a), 

but where the forecast 

metric is the time-

integrated track PC. 

 

 

 

 

Although forecasters at NHC have found this ensemble-based guidance to be useful for 

flight planning operations, the calculation and interpretation is currently done experimentally by 

PI Torn.  As a consequence, it appears that this is the optimal moment to transition this output 

into a formal operational product that does not depend on PI Torn’s input.  The purpose of this 

proposed effort is to implement an ensemble-based operational product that NHC forecasters 

could use to determine locations for dropwindsonde observations from operational aircraft and 

supplemental rawinsonde profiles over land that would sample regions that could subsequently 

reduce model uncertainty for both TC track and intensity. This proposal addresses JHT Priority 

2: “New applications of ensemble modeling systems for track, intensity and structure forecasting, 

including development of guidance on targeting supplemental observations (e.g., synoptic 

surveillance) that take into account hurricane forecaster use as well as data assimilation needs 

and dynamically-based wind-speed probabilities.”  Based on our experience over the past two 

years, we believe that this product is currently at NOAA RL 6.  We hypothesize that the target 

regions provided by this method will provide improved guidance on where to supplement the 
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regular observation network.  These supplemental observations could include aircraft 

dropwindsondes, supplemental rawinsonde launches, or even atmospheric motion vectors 

(AMVs) derived from the rapid-scan mesoscale sectors available on the GOES-R satellite series. 

 

Methodology and Work 

Plan 

 

 The focus of this 

proposal is to implement an 

operational product using the 

ensemble-based sensitivity 

software framework that our 

team has developed over the 

past four years so that it 

could be used by NHC 

forecasters to design 

synoptic surveillance flight 

tracks and identify 

rawinsonde observations that 

would benefit TC track and 

intensity forecasts.  The 

following two-year work 

plan includes a set of tasks 

that we believe will 

transition the product into a 

RL 8/RL 9 product that can 

work within the current NHC 

software suite and can be 

used in real-time by NHC forecasters.  Most of the tasks during Year 1 are focused on removing 

some of the subjective aspects of the methodology and incorporating new features that will help 

make the product more usable within the NHC suite.  By Year 2, the focus of the project will be 

on setting up the product within the NHC computing environment and working with NHC 

forecasters to tailor the product to their needs and make it easy to utilize within the operational 

environment.  Given the inherent time pressure that NHC forecasters are under, it is important to 

implement an operational product that can be quickly accessed and analyzed.  One of the 

potential time-consuming aspects of using this product could be choosing the appropriate 

forecast metric for optimizing TC position.  This includes both how to describe the position of 

the TC, since the position is described by two values (latitude and longitude) and what time 

period to choose.  Calculating and evaluating the sensitivity for forecast metrics at various lead 

times can be time-consuming and potentially could provide contradictory information.  

Furthermore, TC position at one lead time is often correlated with the position at earlier lead 

times in the forecast (i.e., a forecast that is further east at 48 h is likely to remain further east at 

72 h); therefore, it might be beneficial to implement a forecast metric that represents the position 

variability throughout the entire forecast, rather than focusing on the position at a single time. 

 One possible way to alleviate the need for assessing the sensitivity for forecast metrics at 

various lead times is to extend our current position-metric definitions to multiple time periods.  

Figure 2:  Sensitivity of the Norman’s 96 h (0000 UTC 8 

September) distance along the major axis to the 48-h (0000 UTC 

6 September) meridional component of the steering wind 

(shading, km).  Stippled regions indicate where the sensitivity is 

statistically significant at the 95% confidence level. The barbs 

denote the ensemble-mean steering wind. The large dot denotes 

Florence’s 0-h position, while the crosses denote the 

dropwindsonde locations. 
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In our experimental product, we combined the two components of location (latitude and 

longitude) by using a forecast metric that is the distance along the major axis of variability.  For 

example, Fig. 3 shows the position variability of the Hurricane Florence forecast described 

above, where the circles are the position ellipses derived using the technique of Hamill et al. 

(2011).  In essence, this method computes the direction that is characterized by the greatest 

position variability at a single time by computing the empirical orthogonal function (EOF) of the 

ensemble position estimates, where the forecast metric is the principle component (PC) of the 

EOF that describes the most variance.  For example, the largest variability for the 120-h forecast 

(given in magenta) is oriented in the southwest-northeast direction; therefore, the forecast metric 

we used in the target calculation above is the distance along that direction, which is equivalent to 

the PC of the position variability. 

 
 

Figure 3:  ECMWF ensemble forecasts of Hurricane Florence initialized at 0000 UTC 9 

September (gray lines). The dots indicate the location of each ensemble member at 24-h 

intervals, while the colored circles show a bivariate normal fit to the positions each 24 h, as in 

Hamill et al. (2011).  Purple denotes 24-h locations, cyan denotes 48-h locations, green denotes 

72-h locations, red denotes 96-h locations, and magenta denotes the 120-h locations.  The thick 

black line denotes the ensemble-mean track, while the dashed black line is the track associated 

with the time-integrated forecast metric equal to 1.0. 

In order to produce the forecast metric and sensitivity calculations, we plan to assess 

whether a time-integrated position variability metric can give similar sensitivity guidance as 

single-time position metrics.  In particular, we plan to use a forecast metric that is the PC of the 

ensemble position forecast over the entire 120-h forecast, rather than just at a single subjectively 

determined time as we have done previously.  As a consequence, the forecast metric takes into 

account the correlation in TC position among multiple times and removes the need for looking at 

the sensitivity for multiple times.  Fig. 3 shows the Florence tracks for the same case, while the 

dashed line is the track that is representative of the forecast metric (PC) equals 1.0.  In this 

situation, a forecast metric value of zero denotes a track forecast close to the ensemble mean, 

while positive (negative) metric values indicate that the TC moves to the right (left) of the 
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ensemble mean track.  As a consequence, this approach appears to succinctly summarize the 

track variability through the entire forecast into a single easy-to-understand value.  Fig. 1b shows 

the sensitivity of this integrated track metric to the zonal wind at 0000 UTC 11 September.  

Similar to Fig. 1a, which shows the sensitivity of the 120 h position forecast, the sensitivity of 

the time-integrated track metric to the steering flow is maximized near the storm and 

immediately to its west; therefore, it appears that this choice of forecast metric could be an 

efficient way to identify target regions without having to evaluate the sensitivity output for 

multiple times.  This capability is already available within our software package and will be 

assessed over a larger suite of cases in Year-1 of this project. 

Our previous work has computed the sensitivity to the zonal and meridional component 

of the steering flow.  Having to look at these two wind components can be problematic in that it 

can be time consuming to evaluate two sets of figures.  Furthermore, the direction of greatest 

steering wind variability often has components in both the zonal and meridional direction, 

similar to the position variability described above.  As a consequence, we plan to assess different 

ways of describing the wind field for sensitivity calculations.  This includes looking at the 

component of the wind that is in the same direction as the largest position variability for the 

forecast.  For example, the Florence example above has the largest position variability in the 

southwest-northeast direction at all time periods; therefore, we would compute the sensitivity to 

the component of the wind in that direction.  Another possibility is to compute the sensitivity to 

the vorticity of the steering flow since the vorticity is one way to combine the two wind 

components into a single scalar field.  From there, we can define the target region as locations 

where the sensitivity to the steering flow vorticity field is maximized.  Similar to the forecast 

metric description above, this capability is already available and has been tested on a small 

number of cases. 

In order to effectively address whether the integrated track metric and revised steering 

flow descriptions will be useful in an operational context, we will repeat our ECMWF sensitivity 

calculations for a number of high-profile TC cases from 2017 and 2018.  This list of cases will 

be coordinated with our NHC points of contact, so that the cases are of operational interest.  We 

will compare the target regions from the single lead time metrics to the integrated time metrics.  

If the regions are similar to one another, than it would indicate that we can move forward with 

using this metric.  Furthermore, we also plan to expand this time-integrated metric to intensity 

forecasts using HWRF ensemble output. 

 Transitioning this methodology into an operational product will also require developing a 

more streamlined software package that can be implemented within the NHC computational 

environment.  The ensemble sensitivity code that can use either ECMWF or HWRF ensemble 

output uses a combination of c-shell scripting and NCAR Command Language (NCL) plotting 

software, which could make it difficult for long-term maintenance and enhancement.  In 

response, we plan to rewrite the targeting software into a Python framework, which contains a 

number of packages that work well for meteorological applications and there are several NHC IT 

staff members using Python.  Furthermore, Python contains all of the unique capabilities of 

NCL, such as the spherepack routines (through the pyspharm package), that allow us to remove 

the TC vortex from the background steering flow.  Dr. Nick Schiraldi, a University at Albany 

Data Analytics and Visualization Specialist and an expert Python programmer, will assist in the 

development of this software that can be moved into the NHC computing environment.  

Furthermore, we will work with our NHC points of contact to create graphics that are easy to use 

in a time-constrained operational environment. 
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 In addition to the new Python framework for visualizing the target output, we plan to use 

the sensitivity fields within the current flight-planning software that was developed for NHC.  

An automated system for flight-track drawing was implemented at NHC through the Joint 

Hurricane Testbed in 2004 and has been used operationally since.  The system currently uses the 

subjective targeting technique based on NOAA’s Global Ensemble Forecast System; it was 

designed flexibly so that it can use any gridded field supplied to it.  The system uses a traveling-

salesman algorithm to draw the shortest flight tracks based on points of departure and return, 

aircraft, length of flight, requested resolution of dropwindsonde deployments, land and vortex 

avoidance or non-avoidance, location of operational rawinsonde releases, etc.  As a consequence, 

we plan to use the sensitivity fields as input into this pre-existing software to draw automated 

flight tracks.  This will be accomplished by writing the gridded sensitivity fields into a file while 

the graphics are being produced, which can then be input into the NHC flight-planning software.  

We will work with our NHC points of contact to adapt the conditions in use with the current 

version of the system to the new sensitivity fields. 

 During the 2019 hurricane season, we will not have the new software package available 

for use in operational planning.  As a consequence, PI Torn will continue to provide “on-

demand” target information guidance based on ECMWF and HWRF ensemble output in a 

similar manner as was done during 2017 and 2018.  In particular, PI Torn will provide a daily 

written summary of the target guidance for times of interest as well as graphics that can be used 

in flight planning and to optimize supplemental rawinsonde launches.  Prior to the season, PI 

Torn will coordinate with NHC forecasters to debrief on the process and products from the 

previous years and discuss ways to improve the usefulness in the upcoming season. 

 For the 2020 hurricane season, we will work with NHC personnel to have the 

sensitivity/target calculation performed on NHC computing platforms using the Python-based 

code that we will implement in Year 1, with the output being available to NHC forecasters in real 

time.  We anticipate that some hurricane specialists will require some supplemental training on 

how to use the output from this new system.  In order to address this, we plan to implement a 

training module within the NOAA VLAB environment that provides a description of the 

methodology and examples of how to interpret the output in collaboration.  In addition, we will 

produce output for a set of retrospective cases (determined in collaboration with NHC focal 

point) that forecasters could use for training purposes.  PI Torn will also be available to provide a 

training session at NHC on how to use the output.  Finally, PI Torn will remain “on call” during 

this season to assist NHC personnel with interpretation of the product output; however, by Year-

2 of this project, we expect that all real-time calculations will be done at NHC, rather than on 

University at Albany computers. 

 By Year 2 of this project, we expect that some of the drawbacks of the current GFS 

system will have been addressed.  During Spring 2020, it is expected that the operational GEFS 

system will be transitioned to an FV3-based configuration.  This new system is expected to 

expand from 21 to 30 ensemble members, which will provide more robust analyses of sensitivity 

values.  Furthermore, the FV3 system will have new stochastic model error methods, which is 

expected to produce more skillful ensemble TC forecasts.  As a consequence, it makes more 

sense to hold off on implementing the targeting method to the GFS system until the FV3-based 

version is put into operations.  The Python code that we plan to transfer to NHC will be written 

in such a way that it will be easy to incorporate FV3 output.  Both ECMWF and FV3 output is in 

GRIB format, so it should be relatively straightforward to switch in between these models and 

any future model with GRIB format output. 
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 At the end of Year 2, deliverables will include completion of a software package that will 

compute the sensitivity of TC track and intensity forecasts using output from the GEFS, HWRF, 

and ECMWF ensemble prediction systems for the current initialization time within the NHC 

computing environment.  For TC position, the output will be the sensitivity of the integrated 

position forecast variability to some aspect of the steering flow (either u, v component, wind in 

the direction of largest position variability, or vorticity of the steering flow).  For intensity, the 

output may be the sensitivity of the integrated intensity metric variability to the wind field at 

aircraft flight level.  For both metrics, the software will include the ability to draw optimal flight 

tracks based on the sensitivity fields and criteria that we develop with our NHC point of contact.  

In that way, we expect that this project will be a RL 8/RL 9 product. 

 It is worth emphasizing that the ensemble-sensitivity methodology is flexible and could 

be expanded in the future based on ongoing research.  NOAA HFIP-funded research that is 

currently underway in PI Torn’s research group (Title: Evaluating Initial Condition Perturbation 

Methods in the HWRF Ensemble Prediction System) includes exploring how to use ensemble 

sensitivity to identify target regions for TC wind field and precipitation forecasts.  We estimate 

that this work is currently at RL 3, but could progress toward RL 6 by the end of that project 

(August 2020).  We plan to implement the Python software package in a very flexible manner, 

such that if the output proves useful with the test cases, the sensitivity output could easily be 

modified to work with additional metrics, such as the wind and precipitation field.   

 

Timeline 

 

Year 1 (1 July 2019 – 30 June 2020): 

● Test new time-integrated track and intensity forecast metrics and ways to describe the 

steering flow 

● Begin transition of sensitivity software to Python framework 

● Test sensitivity fields in flight design software 

● Continue providing on-demand target information to NHC forecasters 

 

Year 2 (1 July 2020 – 30 June 2021): 

● Transition sensitivity software into the NHC computing environment 

● implement NOAA VLAB training module on how to interpret output and examples 

● Expand target guidance to include FV3 ensemble information 
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Data Management Plan 

 

The primary input data for this project are operational gridded forecast data produced by 

NOAA and ECMWF.  These forecasts will be accessed from either the NOAA HPSS system 

(which all PIs have access to), or through the ECMWF TIGGE archive 

(https://apps.ecmwf.int/datasets/data/tigge/levtype=sfc/type=pf).  Python sensitivity code will 

produce gridded sensitivity fields (likely in netCDF format) that will be used as input into 

NHC’s operational traveling salesman software for generating aircraft flight tracks.  These 

sensitivity fields will have embedded metadata that includes the forecast initialization time, TC 

identification, forecast metric, and field information that would allow any user to understand the 

data.  During the 2019 hurricane season, we will produce sensitivity plots and host these plots on 

a webpage at the University at Albany, similar to 

http://www.atmos.albany.edu/facstaff/torn/SHOUT/SHOUT_target.php.  By the end of the 

project, the Python-based sensitivity code will be transferred to NHC if the product is chosen for 

operational implementation.  This code will contain sufficient documentation that will allow 

NHC staff to maintain and expand the software as needed.   

 Gridded sensitivity output from the 2017 and 2018 retrospective cases and 2019 real-time 

demonstration will be archived on University at Albany servers and made available upon request.  

Once the software has been transferred to NHC, we will work with NHC staff to determine an 

appropriate policy to allow others to access the sensitivity grids for cases beyond 2019. 
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Percentage Effort: 8% (Year 1); 8% (Year 2) 

Person Months: 1.0/yr 

Total Requested : $258,900 

 

Pending Support (n/a) 
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Current and Pending

Sim D. Aberson

A. Currently Funded

None

B. Pending

None
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Budget Table Year 1 Year 2 Total

2% increase Yrs 2-3 for PI 7/1/19-6/30/20 7/1/20-6/30/21 7/1/19-6/30/21

Senior Personnel Yr 2 #of mon

PI - Ryan Torn 9,738        9,933   0.50 Sum mo 4,869              4,966              9,835              

Other Personnel Yearly Salary #of mon -                  

1 Graduate Students TBD 23,000      12 Cal mo 23,000            23,000            46,000            

1 Graduate Students TBD 2,265        3 Sum mo 6,795              6,795              13,590            

34,664            34,761            69,425            

Fringe Benefits Yr 1 Yr 2

PI 14.0% 14.5% 682                 720                 1,402              

Graduate Students 18.0% 18.5% 5,363              5,512              10,875            

6,045              6,232              12,277            

40,709            40,993            81,702            

Travel - Domestic

$566 Airfare Albany, NY to location $566 $566 1,132              1,132              

$206 /day per diem @ Miami, FL $1,236 $1,236  2,472              2,472              

$50 /person ground transportation $50 $50 100                 100                 

$100 / person conference registration $100 100                 100                 

$1,952 $1,852

3,804              3,804              7,608              

Supplies

1 Desktops/laptop solely for project  $2,900 2,900               2,900              

Annual supplies 400                 400                 800                 

Disk space 2,000              2,000              4,000              

5,300              2,400              7,700              

Total Direct Costs 49,813            47,197            97,010            

Indirect Cost Base 49,813           47,197           97,010           

Total Indirect Costs 54.50% MTDC 27,148            25,722            52,870            

TOTAL COSTS 76,961            72,919            149,880          

Year 1-2 6 days meeting in Miami, FL 1 person

PI or 

Schiraldi 

NHC 

seminar 

TOTAL Supplies

Yr1 Sum 

Mo Salary

TOTAL Salaries and Wages

TOTAL Fringe Benefits

TOTAL Salaries, Wages and Fringe Benefits

TOTAL Travel - Domestic

PI 

Tropcial 

Cyclone 

Conferenc
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