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2. ABSTRACT 

GOES-R Geostationary Lightning Mapper (GLM) Risk Reduction Research (R3) conducted by the 
NASA MSFC Lightning Team has explored the feasibility of thunderstorm cell-oriented lightning-
trending or “jump” algorithms for application to operational severe weather warning decision support.  In 
2008-2010 R3 efforts we analyzed a large set of thunderstorm case types (supercell, linear systems, 
tropical, air-mass etc.) for a variety of environments (N. Alabama, Houston, Mid Atlantic, High Plains, 
Oklahoma, warm/cold season) to develop a prototype lightning jump algorithm (LJA) driven by lightning 
mapping array (LMA) and radar-based cell tracking datasets.  The prototype LJA produced robust 
warning verification statistics including a POD of 82% and a FAR of 35% with warning lead-time 
enhancements of ~20 minutes. To mature the LJA for transition to GOES-R algorithm readiness and to 
establish a path to operations we propose to accomplish the following objectives:  a) fill performance 
gaps in the current LJA related to ambient-regime trigger and flash rate thresholding- toward enabling a 
more robust accounting of thunderstorm environment and type; b) merge the LJA with automated 
advanced storm-intensity cell/object-tracking efforts; c) in tandem with (b) and in collaboration with 
aviation algorithm development (Carey et al. proposal) proceed with a physically-based fusion and testing 
of new data inputs into the LJA, including coincident GOES IR/VIS satellite data underpinned by detailed 
field campaign observations (CHUVA, DC3, and MC3E); d) transition AWG GLM Proxy algorithms for 
use with a quasi-real-time LJA, adjusting LJA trigger thresholds as needed; and e) to demonstrate the LJA 
within the framework of the GOES-R Proving Ground (PG) through direct collaboration with the NASA 
Short Term Prediction Research and Transition Center (SPoRT) and regional National Weather Service 
(NWS) Forecast Offices (WFOs) Huntsville, Birmingham Nashville, and Morristown. Collectively the 
proposed effort builds upon ongoing collaborations with the GOES-R Algorithm Working Group (AWG), 
expands collaboration with the PG and NWS, and opens new collaborations via cell/object tracking 
initiatives, new aviation weather applications, and interagency projects such as TRMM and GPM. 

 



3. Introduction 
 
The physical coupling of thunderstorm updraft to coincident rapid increases in total lightning 

production (intracloud and cloud-to-ground) and the manifestation of severe weather at the earth’s surface 
has been reported in numerous case studies over the past three decades (e.g., Goodman et al. 1988, 
Williams et al. 1989, MacGorman et al. 1989, Williams et al. 1999, Wiens et al. 2005, Tessendorf at al. 
2007, Schultz et al. 2009, Gatlin and Goodman 2010).   These rapid increases in lightning flash rate (FR), 
defined as “lightning jumps” (LJ), typically precede severe weather by tens of minutes (Williams et al. 
1999, Schultz et al. 2009, Gatlin and Goodman 2010).    Here the physical coupling is associated with 
thunderstorm updraft governance of the vertical distribution of precipitation-sized ice and supercooled 
water; both key contributors to the generation of electrical energy and attendant lightning production in a 
thunderstorm, and in combination with the draft structure concomitant development of severe weather.  
As an example of this coupling, Goodman et al. (1988) and Williams et al. (1989) related peaks in 
updraft, graupel and small hail development aloft to the peak in total lightning FR within individual 
microburst-producing thunderstorms observed in Alabama.  Their studies suggested a six-minute lead 
time between peaks in total storm FR and peak wind outflow in association with an ordered process of 
precipitation-ice production, electrification, descent and melting of precipitation ice and ensuing 
microburst production.  Similarly, MacGorman et al. (1989) noted an increase in total lightning 14 
minutes prior to the touchdown of a tornado in Oklahoma.   

Importantly, the Williams et al. and Goodman et al. studies indicated only a limited nowcasting utility 
of the cloud-to-ground (CG) component of lightning due to its lagged phasing with the total FR in a given 
thunderstorm; however, the implementation of a real-time national CG lightning detection network in the 
late 1980s and early 1990s directed attention away from total lightning FR and toward CG lightning uses 
in the nowcasting of severe weather. Subsequent results using CG lightning have been largely 
inconsistent and of limited use from a warning decision support standpoint (e.g., Kane 1991, Changnon 
1992, Knapp 1994, Perez et al. 1997, Carey and Rutledge 1998, Carey et al. 2003, Knupp et al. 2003, 
Schultz et al. 2011a).   

With the advent of ground-based total lightning mapping technologies and spaceborne lightning 
imagers on low-earth orbiting platforms (e.g., LIS and OTD, Christian et al., 2003; GOES-R 
Geostationary Lightning Mapper, GLM), the emphasis has more recently shifted back to the use of total 
lightning FR for severe weather nowcasting both in case study form  (e.g., Buechler et al., 2000;  Lang 
and Rutledge, 2002 , Goodman et al. 2005, Tessendorf et al. 2005, Wiens et al. 2005, Darden et al. 2010) 
and in more comprehensive studies suited to the development of automated algorithms for exploiting the 
positive correlation between lightning jumps and severe weather (Williams et al., 1999, Schultz et al., 
2009, Gatlin and Goodman, 2010- hereafter GG10).  

For example, Williams et al. (1999) demonstrated rapid increases in total lightning prior to the 
occurrence of severe weather in 32 of 34 thunderstorms in East Central Florida between 1996-98.  GG10 
examined 26 severe thunderstorms and one non-severe thunderstorm from the Tennessee Valley.  They 
confirmed the physical connection between storm dynamics (updraft and vorticity generation) and the LJ, 
and also established that an algorithm geared towards identifying lightning jumps was feasible. 
Concurrent to the GG10 study and in association with GOES-R Risk Reduction research Schultz et al. 
(2009) developed four additional LJA configurations using 83 thunderstorms (36 severe, 47 non-severe) 
from North Alabama and two storms (both severe) from the Washington D.C. area.  Using a combined 
manual and automated technique to define individual thunderstorm “cells” in radar imagery, Schultz et al. 
determined that their “2σ” LJA exhibited promise as the basis for a future operational algorithm with 
significant probability of detection (POD; 87%), low false alarm rate (FAR; 33%), and a high critical 
success index (CSI: 61%) using lightning data alone.  Recently, Schultz et al. (2011b) expanded their 
studies to include 625 thunderstorms from four different regions of the U.S. (Table 1) in order to enhance 
statistical sampling of thunderstorm types and application of the LJA in different convective regimes. 
With continued testing and development of the LJA and parallel development of cell tracking algorithms, 
it is anticipated that use of total lightning data (and in particular the LJA), when implemented using the 
GOES-R GLM, will provide important support to the National Weather Service (NWS)   
  



4. Related and prior GOES-R3 work 
 

We leverage approximately three years of current and prior R3 and related GOES-R Algorithm 
Working Group (AWG) research and development in three key areas to develop an operational LJA for 
use with the GOES-R GLM.  First, we rely on initial development of a prototype LJA using very high 
frequency (VHF) LMA data outlined in Schultz et al. (2009).  Second, we build on the previous GOES-R 
AWG development of GLM proxy optical flash data within our group, but tailor the proxy algorithm to a 
physically-based definition of Level II optical flashes using LMA source data- a proxy GLM flash better 
suited to ingest for a final GLM LJA.  Third, we build on previous and future cell tracking methods 
initiated within the Huntsville group and coordinated with V. Lakshmanan (OU CIMMS) using radar, 
satellite and lightning information to create time histories of individual thunderstorms. Automated cell or 
feature tracking is critical to the trending of total lightning flash rates when used as an aid in analysis of 
individual rapid storm growth and decay.  

Table 1 – Skill score statistics and average lead times (minutes) using 5 LJA configurations. 

Gatlin and Goodman (2010) provided an initial framework for the current version of the LJA; 
however, their datasets (see also Williams et al., 1999) focused on severe weather events (resulting in 
biased contingency statistics).  Schultz et al. (2009) expanded the Gatlin and Goodman framework by 
increasing the breadth of the case study inventory to provide a better statistical separation between both 
severe and non-severe thunderstorms.  The Schultz et al. studies (R3 work) also tested four additional 
LJA configurations with the most robust performance demonstrated by the “2σ” lightning jump 
configuration.   More recently we expanded the Schultz et al. (2009) study to include LMA and radar-
defined cells from other regions/convective regimes of the U.S. (Washington D.C., High Plains, 
Oklahoma).  This increased the case database size from 85 storms to 625 storms!  Importantly, the 
database now also includes severe thunderstorm environments less conducive to robust lightning activity 
(e.g., low-topped, cold season and tropical regimes; Schultz et al. 2010).  Note that the increased number 
and regional variety of storms tested with the 2σ LJA still produces robust verification statistics (Table 1).  
In Table 1 nearly 41% of the 2σ false alarms were lightning jumps that occurred with a severe warning 
already in place from a prior jump.  When these values are removed, the FAR is improved to an 
impressive 21%.  In similar testing of the LJA using only CG lightning we demonstrated a marked 
increase in the information content of total lightning for detecting severe weather.  Specifically, a 30% 
increase in the POD was noted using total instead of CG lightning trends in a limited 30 storm sample 
(Schultz et al. (2011a). 

The development of GOES-R AWG proxy data by Co-I Bateman (Bateman et al., 2008) plays an 
integral role in the development of GOES-R GLM-based products.  Note that Bateman’s initial goal was 
to develop a proxy dataset for testing GLM level 1 algorithms; however, when modified the software will 
provide a physically-based translation of VHF-based lightning source data to optical flash count.   
Because one cannot simply “smear” VHF output to GLM resolutions to create a GLM proxy, and because 
there is no GLM dataset, this development is vital to the future of all lightning based projects. 

In addition to creating the appropriate cell statistics and proxy flashes, there must be an a priori 
means to track storm “cells” in order to assign and trend groups of lightning flashes.  Co-I, Lakshmanan 
et al. (2006, 2007, 2009) has demonstrated that the Warning Decision Support System–Integrated 
Information (WDSS-II) software package can reliably track thunderstorm features.  In an ongoing 
collaboration between Lakshmanan and Cecil (Co-I), the tracking algorithms are being refined (Sec. 3) to 
include more data types (e.g., lightning).  The most recent efforts have focused on combining proxy GLM 
flash data either alone or with radar data to track and identify discrete cells. Collectively, a multi-
instrument cell-tracker will provide an overarching software platform from which LJA can function. 

Overall       Gatlin           2 Sigma     3 Sigma     Threshold 4     Threshold 5 
POD 0.87 0.81 0.53 0.74 0.64 
FAR 0.47 0.35 0.24 0.45 0.40 
CSI 0.49 0.57 0.45 0.46 0.45 
Lead time (all) 22.09 20.95 12.36 20.69 17.40 
Lead time (tor) 16.55 18.73 9.12 30.05 26.12 



5. Proposed work and technical approach 
 We propose to build on our current and previous R3 efforts through five interconnected research 
objectives. These objectives include mitigation of regime weaknesses in LJA trigger thresholds and 
interpretation of lightning activity in general (i.e., ensuring global applicability over the GOES-R field of 
view), implementing LJA using a true optical GLM proxy, assessing improvements in LJA skill through 
fusion of lightning and coincident GOES IR/VIS data, and developing the multi-sensor cell-tracking 
system within which LJA will be implemented as a sub-component.  Finally, the proposed effort seeks to 
demonstrate the LJA/cell-tracking algorithm(s) in an operational environment (PG and NWS; cf. attached 
letters)no later than year-3 of this proposal.   

a)  Closing the thunderstorm “regime gap” in current LJA trigger thresholds 
 

 We have identified several severe storm environments where total lightning is either absent or occurs 
in quantities too small to trigger the current LJA.  These environments are generally associated with cool 
season low-top convection, and the convective elements of land-fallen tropical cyclone rain bands (TCR).  
Cool-season events tend to occur in relatively high shear environments, and exhibit robust radar 
reflectivity cores extending above the -10°C level.  The depth of the reflectivity core suggests the 
presence of copious precipitation sized ice (indeed large hail); however cloud tops are suppressed making 
for less effective cloud-scale charge separation and a smaller volume of charge available for lightning 
production.  TCRs, as in the case of tropical maritime or monsoon convection (e.g., Petersen et al., 1996; 
Petersen and Rutledge, 2001; Cecil et al., 2003), tend to exhibit reduced reflectivity development aloft 
and far less lightning. Similar to cold season environments, ambient shear still renders TCRs a danger for 
tornadogenesis (e.g., McCaul, 1991; Crowe et al., 2010).  While there is a general decrease of lightning in 
these regimes compared to a classic spring supercell environment, the current case study database (which 
also includes 11 more cold season and 7 more TCR events for analysis) suggests that with some a priori 
objective identification of the surrounding environment LJA triggering thresholds could be modified in 
real time such that the algorithm could still be useful in decision support.  Nearly 40% of the missed 
events in Schultz (2011b) were from storms in these environments; hence we propose to investigate 
simple methods for objectively classifying such environments (e.g., season, observations, model 
reanalysis-based metrics such as CAPE, shear, tropopause height etc.) to modify trigger thresholds in the 
LJA.  If successful, we will significantly improve global regime application of the LJA.   

b)  LJA performance improvements via merger of satellite IR/VIS and lightning datasets   

 Fundamentally, use of GLM lightning data and tools like the LJA will be applied across a broad 
spectrum of convective regimes and in many portions of the GOES-R field of view only the satellite data 
will be available for storm intensity characterization.  Accordingly, we have forged a collaboration with 
the GOES-R Aviation R3 group (work proposed separately by Carey and Feltz et al.- GLM use for 
diagnosing convectively induced turbulence) to leverage ABI/VIS/IR applications expertise for this focus.  
The working hypothesis is that coincident trending of satellite multi-spectral/high temporal resolution 
datasets used in convective product algorithms (e.g., overshooting tops; Bedka and Minnis 2009) could be 
adapted and combined with LJA and cell-tracking algorithms to improve the overall performance of the 
LJA.  For the LJA, recent rapid-scan testing of GOES-14/15 have provided several high temporal 
resolution satellite datasets over existing LMA networks in several regions of the country.  Several of 
these events were rapidly-evolving cold season events where the LJA trigger thresholds need to be 
adjusted.  We will leverage work with our aviation collaborators to combine TRMM, GOES and SEVIRI 
datasets for adapting diagnostics of multi-spectral cloud top cooling trends in the vicinity of lightning 
clusters for use in the LJA and cell tracker  Here the IR/VIS satellite datasets may help with cell-level 
“focusing” of the coarser GLM pixels. Finally, we will collect and analyze GOES and SEVIRI satellite 
datasets with our R3 aviation partners in association with planned field efforts like CHUVA (sub-tropical 
Brazil; 2011), DC3 (plains, southeast U.S., 2012) and MC3E (Oklahoma; 2011); field campaigns where 
high quality air/ground-based microphysical and kinematic measurements of thunderstorms can be cross-
correlated to satellite and lightning measurements. The resulting analyses will aid in the development of 
physically-based methods for merging IR/VIS and lighting datasets to improve LJA regime performance. 
c)  Transition LJA -trigger thresholds to an expanded GLM Proxy dataset   
 Since the GLM is not yet operational, optical “lightning flash” proxies are required to thoroughly test 
the LJA.  We plan to generate these proxy data in real time from LMA data via physically-based 



transformations of LMA VHF to optical lightning source data.  Here we will leverage and augment an 
ongoing AWG GLM proxy lightning flash development effort lead by M. Bateman (MSFC) to test the 
level-1 GLM retrieval algorithms. These efforts involve intensive comparison studies of TRMM 
Lightning Imaging Sensor (LIS) optical and VHF LMA source data.  The LIS, a direct ancestor to the 
GLM instrument, provides a good optical-analog for what the GLM will see.  In order to simulate GLM 
observations in a given severe weather situation, and to implement this proxy in a real time cell-tracker 
algorithm with the LJA embedded therein, enhancements will be required beyond the scope of what is 
being done for the AWG proxy data task.  Specifically, the current AWG proxy algorithm will need 
refined physics (e.g., taking VHF source height into account when determining the detection of an optical 
pulse), recoding to handle LMA source data in all three-dimensions in real time, and the subsequent proxy 
flashes reevaluated to adjust current LMA threshold flash rates used in the LJA.  Finally, the revised 
proxy code will need to be merged with the cell-tracker algorithm for real time ingest of the LMA data 
stream in an operational PG demonstration. 

d) Multi-Sensor Cell (Object)-oriented tracking tools with LJA 
 

 Automated cell identification and tracking is necessary for the operational application of GLM-
lightning trending (LJA implicitly) and will be useful to our aviation collaborators.  We approach cell 
tracking from three “sensor availability” scenarios: 1) Only GLM lightning data available, 2) GLM 
lightning and ABI radiances or product derivatives available (overshooting top, convective initiation etc.), 
3) GLM lightning and ground-based radar available.   Scenario (1) is a default, i.e. the tracking and LJA 
can function in the absence of any ancillary data as long as GLM is providing data.  GLM-only cell 
tracking would allow rapid updates (~1 min.), but would be subject to greater uncertainty in cell 
assignment compared to a multi-sensor approach.  Scenario (2) should be applicable most of the time in 
the GLM domain.  Cloud diagnostics/information from ABI would better define the tracking of low-flash 
rate storms, particularly over the oceans and possibly in the case of low-flashing cool-season events.  
Scenario (3) would be the norm in most of the U.S., with NEXRAD reflectivities and/or future dual-
polarimetric products factoring into the identification of cells. 

 We use the w2segmotion object ID and tracking in WDSS-II as the basis for the tracking, with V. 
Lakshmanan partnering to help optimize these tools for use with LJA and GOES-R.  WDSS-II is also 
used with infrared-based tools by other groups and is being brought within the GOES-R AIT framework.  
WDSS-II allows storms to be tracked simultaneously at multiple scales using local maxima (in flash rate, 
or in a field that combines flash rate, radar, or ABI-based information) at a desired horizontal size.  We 
are primarily interested in two scales.  The LJA applies to a convective cell scale.  A mesoscale storm 
feature can also be identified and tracked, encompassing all contiguous (or nearly contiguous) pixels 
exceeding some minimum flash rate.  Here an obvious application is to identify hazardous portions of 
mesoscale cloud systems; e.g., areas that aircraft should divert around, or the portions that pose a threat to 
outdoor activities.  This emphasis relates to the collaboration we have pursued with Dr.’s Carey and Feltz 
(R3 aviation weather).  GOES cloud top temperatures will similarly be used in subsequent tracker testing, 
with advice sought from experts (e.g., K. Bedka, J. Mecikalski) concerning the fields most appropriate to 
use (channel, difference between two channels, or some manipulation of the radiances?).  
 An example of cell tracking for a severe microburst case in Huntsville, AL, 18 August 2002 is shown 
in Fig. 1. Here the cell tracking and identification used an automated algorithm but with manual 
adjustments. The wind damage event occurred while the total lightning flash rate was nearing its peak.  
Flash rates from two fully- automated runs of w2segmotion are shown next, with different numerals and 
colors used when the cell identification changes.  In the middle left panel the cells are tracked using GLM 
proxy flash counts only.  The same basic cell in southwestern Madison County changes its track number 
many times, preventing time trend analysis of flash rates.  At some times the storm is split between 
multiple cell identifications, reducing the flash rate.  In the lowest left panel, the cells are tracked using a 
combination of flash rates and radar-derived VIL (Fig. 1; note that VIL has also been correlated to 
lightning flash rate; Goodman et al., 1988).  Each field is scaled between 0 and 1, and the maximum value 
of flash rate or VIL at each grid point is fed to w2segmotion.  The cell changes names very early in its 
lifetime (around 2040 UTC), then maintains the same coherent cell identification for the remainder of its 
lifetime.  This captures the lightning jump between 2100 and 2115 UTC correlated with the wind gust at 
2117 UTC.  The w2segmotion provides numerous choices for parameters that control threshold values, 
cell sizes, separation between cells, matching of cells across time steps, etc. What works best for one case 
will not necessarily work well for another, and there are often tradeoffs between encompassing an entire 



cell, merging adjacent cells, and maintaining a coherent cell history.  These tradeoffs and ambiguities will 
impact cell-specific lightning trending and must be better defined prior to application of the tracker. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 (left).  Flash rates for 18 Aug. 2002 microburst case.  (a) LMA and NLDN flash rates, using combination of automated 
and manual tracking (from Goodman et al. 2005). Wind damage marked with ‘W’.  (b) GLM proxy flash rates, with colors and 
numbers marking different cell identifications, using proxy flash data as the only input to w2segmotion.  (c) As in b, but using a 
combination of VIL and flash rate to identify and track cells.  Flash rates in b and c are lower than in a because of different 
algorithms to convert from LMA sources to flashes, and because w2segmotion omits some flashes outside the storm core.  Right 
4-Panels. (a) Cell ID at 2135 UTC 18 August 2002. (b) Merged lightning and VIL field used for cell identification and tracking. 
(c) Proxy GLM flash counts accumulated over 5 minutes.  (d) VIL (also correlated to flash count; e.g., Williams et al., 1999) 
 

 e) Demonstrate LJA in operations via collaboration with the GOES-R PG, NASA SPoRT Center 
and WFO’s Huntsville, Birmingham, Nashville and Morristown.  
 

We will coordinate with NASA SPoRT PG activities to develop the most effective technical 
implementation, formats, and display techniques for demonstrating a prototype LJA/cell-tracking system 
in the GOES-R PG and regional WFO’s.  SPoRT has secure data connections in place to transmit/serve a 
real-time, finished LJA/cell-tracker product to both PG Spring Program participants and our individual 
NWS partners.  We will also coordinate with SPoRT/local NWS to develop an LJA training module for 
the end users.  This module will be made available to the NWS within its own learning management 
system, allowing forecasters to develop a baseline understanding of the product before the evaluation has 
begun.  This work will begin during year-2 but experience its maximum effort in year-3 of the proposal. 



6. Milestones, deliverables, responsible investigators 
 
 

Year 1 
• Investigate objective definition metrics/criteria for cool-season and tropical environments (e.g., 

CAPE values, shear, tropopause height, season, location etc.) [Schultz and Petersen] 
• Modify LJA to better handle cool season/tropical environments [Schultz, Petersen, Carey] 

o Analyze remaining 11 cold season and 7 tropical cyclone rain band cases for threshold and 
environment statistics.. 

o Identify environment proxies in NARR/seasonal data for application to adjustment of LJA 
trigger thresholds and general lightning threat (e.g., season, CAPE, wind shear, θe).   

• Adaptation of LJA for full use of a “Level II” GLM optical flash proxy [Schultz, Bateman] 
o LJA should begin to function as the proxy GLM LJA algorithm because of differences in 

detection of lightning using VHF and optical measurement techniques (Bateman et al. 2008).   
The current version of the LJA is based off VHF measurements of lightning.  

• Modify current WDSS-II cell tracking algorithm/reduce tracking ambiguity [Cecil, Lakshmanan].  
o A key challenge in automation of the LJA is to maintain consistent storm identifications 

through time for distinct cells.  This is needed to correctly identify the time trend of flash 
rate for a cell.  Sometimes the same basic cell will switch back and forth between different 
identifications at different time steps.  A possible solution for this has been identified and 
implemented in w2segmotion through collaboration with Lakshmanan, but not yet fully 
tested.  Another problem occurs when two nearby cells are sometimes joined into a single-
cell at one time step, and separated at the next time step.  These problems are common to 
virtually all automated cell tracking algorithms and will be minimized during this period.   

• Collaborate with aviation R3 investigators (Feltz, Carey) to improve/adapt lightning-based hazard 
products for aviation routing. Leverage this collaboration to investigate satellite data 
parameter/fusion in an “enhanced” LJA [LJ/Cell-tracker Team]. 
o Establish correlations between LJ’s and observed cloud top cooling rates, overshooting tops, 

cloud phase changes; taking advantage of high temporal (≤ 5 minutes) satellite datasets to 
improve the utility of the LJA. [Carey, Schultz, Petersen] 

o Leverage data collection and analysis from the Huntsville radar and LMA testbed, GOES-
14/15 tests, and upcoming field campaigns (CHUVA, MC3E, DC3).    Correlate total 
lightning to diagnosed thunderstorm microphysical properties (e.g., hail), or velocity 
couplets. [Petersen, Carey, Schultz, Goodman]. 

 

Year 2 
• Complete LJA Level II GLM optical-proxy transition (i.e., modified LJA thresholds for proxy) 

[Schultz]. 
o Deliver LJA Algorithm Theoretical Basis Document (ATBD) [Petersen, Schultz, Carey] 

• Merge LJA with ongoing cell tracking work of Cecil/ Lakshmanan [Cecil, Lakshmanan, Schultz] 
o Initial testing of LJA within cell-tracker in a post event “real-time” tracking simulation. 
o Coordinate with Lakshmanan to deliver cell-tracking ATBD for LJA 

• Continue collaboration with aviation (Feltz, Carey) to improve lightning-based hazard products 
using modified LJA/cell-tracker for aviation routing. [Team] 

• Begin preparation and planning for PG demonstration of LJA.[Stano, Petersen, Schultz, Cecil] 
 

Year 3 
• Test LJA/Cell-tracker in PG and local WFO’s [Stano, Petersen, Schultz, Cecil, Carey]. 

o Leverage SPoRT’s expertise/capability in transitioning NASA products to the NWS/PG as 
well as creating software plug-ins for the next generation decision support tool; AWIPS II.  

o Develop training material to educate end users on the methods, pros and cons of the 
lightning jump product components, which will provide a more informed evaluation.   



7. Benefits and gaps filled for GOES-R and the NOAA Strategic Plan 
 
 The LJA meets goals set for both the GOES-R and NOAA Strategic Plan in two main areas.    

• The LJA R3 effort will benefit NOAA’s Strategic Plan by incorporating new observational 
platforms to improve accuracy and lead time on warnings.  This will occur through application of 
new technologies related to R3 research performed for use of the GLM (and local VHF LMAs).   
Included in this benefit is the increase in development, application, and transition of advanced 
science and technology to operations and services.  The LJA and its trending emphasis will 
improve confidence and accuracy in determining the onset of hazardous weather and most 
importantly, improving warning lead time on high impact weather like tornadoes, hail and strong 
convective winds.  This increased lead time will better enable affected populations to take proper 
precautions to protect their lives and property.  Not only will the LJA will integrate local, 
regional, and global observation systems into NOAA’s weather and water services but it will also 
increase the collaboration between NOAA and external environmental partners.  

• The LJA, and more generally integration/interpretation of total lightning data, fills an important 
gap in current NOAA remote sensing and warning capabilities.  Total lightning  is a discrete 
countable quantity that is readily observed, unambiguously related to convection, and collected at 
a much higher temporal resolution than more traditionally used tools in the NOAA remote 
sensing tool chest such as radar (or even the cloud-to-ground lightning component).  This will 
continue to be the case for at least the next two decades.  When the lightning data are trended as 
in the LJA, and even combined with other satellite data sources, it provides an associated high 
temporal resolution virtual measure of thunderstorm vigor occurring over regions of sparse 
observational data, including oceanic regions.  Importantly, the absence of data does not imply 
the absence of a population or weather-affected commerce interest.  In this regard tools such as 
the GLM and associated LJA provide a measurable benefit to the warning process.  One clear 
example would be improving aviation routing in data sparse regions and ultimately making 
commercial flight safer through avoidance of high impact convective weather.  This comes via 
the near uniform storm scale coverage over the size of a hemisphere by the GLM.   

  



 
8. Current and Pending*  
*Note- no C&P is provided for student, Mr. Schultz, or for Dr. S. Goodman (unfunded, Co-I) 
 
a. Dr. Walter A. Petersen, NASA Marshall Space Flight Center 
 
Current 
 
Agency:    NASA 
Role:     PI 
Title:   Quantifying Particle Size Distributions in Support of GPM   
Amount:    $ 525 K 
Period:   3/1/2010 – 2/28/2013 
Support Level:   1 Month. 
 
Agency:    NASA   
Role:   PI 
Title:  GPM Ground Validation Science Manager 
Amount:   $ 100 K 
Period:   FY08 -  perpetual 
Support Level:   5 months 
 
Agency:    NASA   
Role:   PI 
Title:  GPM Ground Validation Gauge and Disdrometer Facility 
Amount:   $ 688 K 
Period:   FY10, FY11 
Support Level:   1 - 2.5 months (as needed) 
 
Agency:    NASA   
Role:   PI 
Title:  Advanced Microwave Precipitation Radiometer 
Amount:   $ 455 K 
Period:   FY10, FY 11 
Support Level:   1 - 2.5 months (as needed) 
 
Agency:    Von Braun Center for Science Innovation, Tennessee Valley Authority 
Role:   PI 
Title:  TVA Rain Gauge Initiative: Phase III 
Amount:   $ 175 K 
Period:   1/1/09 – 12/31/10 
Support Level:   1 month 
 
Agency:    NASA   
Role:   Co-I 
Title:  TRMM Lightning Imaging Sensor 
Amount:   $ 4500 K 
Period:   FY09- FY 12 
Support Level:   3 months 
 
Agency:    NOAA 
Role:   Co-PI 



Title:  GOES-R Risk Reduction (Lightning Jump, QPE, Fire Weather) 
Amount:   $ 503 K 
Period:   8/15/10 – 8/14/11 
Support Level:   3 months 
 
Pending: 
 
Agency:    NOAA [THIS PROPOSAL] 
Role:   PI 
Title:  GOES-R Risk Reduction Lightning Jump Algorithm and Cell Tracking 
Amount:   $ 410 K (620 K with third year option) 
Period:   3/1/11 – 2/28/13 (2/28/14 with third year option) 
Support Level:   1 month 
 
Agency:    Von Braun Center for Science Innovation, Tennessee Valley Authority 
Role:   PI 
Title:  TVA Rain Gauge Initiative: Phase IV 
Amount:   $ 100 K 
Period:   10/1/10 – 9/30/11 
Support Level:   1 month 
 
 
b.  Dr. Lawrence Carey, University of Alabama in Huntsville 

i. Current Support. 
Agency Project Title K$  Role Period 

Covered 
Commitment 
 (% FTE) 

NASA MSFC 
(Prime: NASA Earth 
Science) 

Quantifying Particle Size 
Distributions in Support of 
GPM Combined 
Precipitation Retrieval 
Algorithms 

82 Co-PI 3/1/10 – 
2/28/13 

8% 

NASA MSFC 
(Prime: NASA Earth 
Science) 

GPM Ground Validation 705 Co-PI 1/21/10 – 
9/30/12 

8% 

NSF, Division of 
Atmospheric and 
Geospace Sciences, 
Physical and 
Dynamic 
Meteorology (PDM) 
 

Collaborative Research: 
Understanding Relationships 
between First Lightning, In-
cloud Microphysics and 
Satellite-Observed Cumulus 
Cloud-top Properties 

392 Co-PI  
 

9/15/08 – 
8/31/11 

8% 

Aquila Laboratory 
(Prime: Army) 

World Adverse Weather 
Characterization Software 

80 Co-PI 8/25/09 – 
8/24/11 

15% 

Texas A&M 
University Research 
Foundation (Prime: 
NOAA CSTAR) 

Lightning in the Nowcasting 
and Warning Process 

76 Co-PI 8/1/08 – 
7/31/11 

3% 

NOAA Office of 
Oceanic and 
Atmospheric 

Tornado and Hurricane 
Observations and Research 
(THOR) Activities at the 

779 Co-I 8/1/09 – 
7/31/11 

4% 



Research (OAR) Huntsville Hazardous 
Weather Testbed (HWT) 

NOAA GOES-R Lightning Mapping Array 
(LMA) Observations In 
CHUVA to Support GOES-
R Proxy Generation and 
Algorithm Development 

99 PI 7/22/10 – 
7/30/11 

3% 

NASA MSFC – 
American Recovery 
and Reinvestment Act 

Water Supply and 
Management in California 
Project 

207 PI 6/14/10 – 
6/15/10 

15% 

Von Braun Center for 
Science & Innovation  
(Prime: Tennessee 
Valley Authority 
(TVA)) 

TVA Rain Gauge Initiative: 
Phase III 

331 Co-PI 1/1/07 – 
12/31/10 

8% 

NASA MSFC 
(Prime: NOAA 
GOES) 

GOES-R Risk Reduction 503 Co-PI 2/18/08 – 
11/16/10 

12% 

NASA MSFC 
(Prime: NASA Earth 
Science) 

Lightning Imaging Sensor 
for the Earth Observation 
System 

4500 Co-I 10/1/07 – 
11/16/10 

10% 

NASA MSFC Supporting Lightning and 
Radar Work at KSC 

342 Co-PI 8/1/08 – 
11/16/10 

12% 

 
ii. Pending Support. 
Agency Project Title K$  Role Period 

Covered 
Commitment 
(% FTE) 

NASA MSFC  
(Prime: NOAA 
GOES) 

GOES-R Risk Reduction 
(Continuation) 

142 Co-PI 8/15/10 – 
8/14/11 

12% 

NSF, Division of 
Atmospheric and 
Geospace Sciences, 
Physical and 
Dynamic 
Meteorology (PDM) 

An Observational Study of 
the Kinematic and 
Microphysical Control of 
Lightning Properties over 
Alabama during DC3 

390 PI 1/1/12 – 
12/31/14 

15% 

Von Braun Center for 
Science & Innovation  
(Prime: Tennessee 
Valley Authority 
(TVA)) 

TVA Rain Gauge Initiative: 
Phase IV (Continuation) 

78 Co-PI 10/1/10 – 
9/31/11 

8% 

 
 
c. Dr. Daniel J. Cecil, University of Alabama in Huntsville 
 
Current: 
 
Agency:  NASA PMM 
Title: Precipitation processes and retrieval challenges in intense mesoscale convective 

systems.  
Role:   PI 



Support Level:  5 months (0.4 FTE; $300 K) 
Period:   3/1/10 – 2/28/13 
 
Agency:  NOAA 
Title:   GOES-R Risk Reduction GLM   
Role:   Team member 
Support Level:  2 months (0.18 FTE) 
Period:   8/15/10 – 8/14/11 
 
Agency:  NOAA 
Title:   GOES-R Proving Ground   
Role:   Team member 
Support Level:  3.5 months (0.3 FTE) 
Period:   8/15/10 – 8/14/11 
 
Pending: 
 
Agency: NOAA GOES-R Risk Reduction Program 
Title:   The WRF Lightning Forecast Algorithm:  Refinement and Incorporation into 

Convective Ensemble Forecasts (McCaul PI) 
Role:    Co-I 
Support Level:  1 month (0.1 FTE)  
Period:    04/01/2012 - 03/31/2014 
 
 
d. Dr. Valliappa Lakshmanan, University of Oklahoma 
 
Current: 
 
Agency:  NOAA 
Title:   High Performance Computing: Morphing of model and radar nowcasts  
Role:     Co-PI 
Support Level:  2 months of salary 
Period:   FY10-11 
 
Agency:  NOAA  
Title:    Automated tuning of Autonowcaster (1 month of salary) 
Role:   Co-PI 
Support Level:  1 month of salary 
Period:   FY10-11 
 
Pending: 
 
Agency:  NOAA 
Title: GOES-R R3: Improvements to QPE using GOES visible ABI and model data 
Role:   Co-I 
Support Level:  0.75 months of salary 
Period:   FY11-13 
 
Agency:  NOAA 
Title: GOES-R R3: PI.  Integrated Storm Object Identification, Tracking and 

Nowcasting from Blended Satellite and Radar Data Fields 



Role: PI 
Support Level: 1 month of salary 
Period: FY11-13 
 
 
e. Dr. Geoffrey Stano, Ensco (NASA Marshall Space Flight Center) 
 
Current: 
 
Agency:   NASA  
Title:    NASA Short-term Prediction Research and Transition (SPoRT) Center  
Role:    Senior Scientist Team Member 
Support Level:  9 months (0.75; Year 1), 7.8 months (0.65; Year 2), 6.6 months (0.55, Year 3) 
Period:   9/ 2007 – 9/2014  
 
Pending: 
 
Agency:   NOAA GOES-R Risk Reduction Program 
Title:  Rate of Change Products for Geostationary Lightning Mapper Demonstration 

Data 
Role:    PI 
Support Level:   3 months (0.25, Year 1), 2.5 months (0.20, Year 2, 3)   
Period:    FY 2011 – 2013 
 
 
Agency:   NOAA GOES-R Risk Reduction Program [THIS PROPOSAL] 
Title:  The GOES-R GLM Lightning Jump Algorithm:  Research to Operational 

Algorithm  
Role:  Co-I 
Support Level:   1.8 months (0.15,Year 2), 3 months (0.25, Year 3) 
Period:    3/1/2012 – 2/28/2014 
 
 
f. Dr. Monte Bateman, USRA (NASA MSFC) 
 
Current: 
 
Agency:  NOAA  
Title:    GLM AWG Proxy Data Development 
Role:   Co-PI 
Support Level:  5 months (0.40 FTE) 
Period:   01/2009-9/2012 
 
Agency:  NASA  
Title:    GRIP Lightning Instrument Package 
Role:   Co-I/Integration Lead 
Support Level:  5.5 months (0.45 FTE) 
Period:  01/2009-9/2012 
 
Agency:  NASA  
Title:    Lightning cessation 
Role:   Co-I 



Support Level:  1 months (0.10 FTE) 
Period:   01/2009-10/2010 
 
Pending: 
 
Agency:  NOAA (THIS PROPOSAL) 
Title:    GOES-R Risk Reduction Lightning Jump 
Role:   Co-I 
Support Level:  1 months (0.10 FTE) 
Period:   03/1/2011-2/29/2012 
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10. Budget Explanation 
 
This budget is submitted by NASA MSFC Earth Science Office (MSFC/VP61) in Huntsville, Alabama 
(budget analyst Gregg Gelmis, phone 256-961-7564). It includes labor rates based on grade and step labor 
tables provided by the Office of Personnel Management website at www.opm.gov for Huntsville, 
Alabama. A MSFC general fringe benefit rate of 26% is applied to the base labor rate to achieve a fully 
loaded civil servant rate. An escalation rate of 4% has been applied to the out-year labor rates.   

The following addresses the basis for the specific elements of cost indicated in budget sheet: 

1. Direct Labor: Dr. Walter Petersen, Principal Investigator, is a NASA federal employee, and the 
direct labor rate (0.10 FTE) has been calculated as outlined above.  For out years an escalation factor 
has been included.  

2.   Other Direct Costs (ODC): 
a. Subcontracts (on-site):  Funds are requested to support a) Mr. Christopher Schultz, University of 
Alabama in Huntsville, Graduate Student Research Assistantship (tuition + stipend, 5% escalation 
rate); b) Dr. Geoffrey Stano, Ensco, 0.15 FTE (year 2), 0.30 FTE (year 3) for GOES-R Proving 
Ground transition of LJA; and c) Dr. Monte Bateman, USRA, 0.10 FTE (year-1) for GLM/LJA level 
II proxy coding.  A charge of 17% of on-site sub-contracts is levied for procurement’s F&A costs. 
b. Subcontracts (off-site): Funds are requested to cover University of Alabama in Huntsville 
participation (Dr.’s Cecil and Carey; 0.45, 0.45 and 0.40 FTE for years 1-3 respectively).  Includes 
fringe benefits of 34%, university overhead of 47.5% and a request for travel funds (~$3 K/year) to 
attend GOES-R3 Team review meetings and aviation collaborator meetings in Madison, Wisconsin. 
c. Consultants:  None. 
d. Equipment:  None. 
e. Supplies:  $0.5 K for misc. computer peripherals (storage) as needed. 
f. Travel (Civil Service): 3K per year (see sheet) [Travel to GOES-R3 Team Reviews in Fort Collins, 
CO est. @1.5 K/year and one trip to interact with off-site aviation collaborators in Wisconsin @1.5 
K/year].    
g. Data Costs: None. 
h. Network Upgrades and Support: None. 
i. Other: Year-3 travel costs ($2.4 K) for Dr. Stano to attend Proving Ground tests.  Funds in the 
amount of $3 K annually are requested to cover travel expenses for Co-I Dr. V. Lakshmanan, U. 
Oklahoma to visit Huntsville for collaboration in cell-tracker development and coding. 

3.   Indirect – Facility Costs 
Note that the Earth Science Office receives no general operating funds from the Marshall Center’s 
share of Center Management & Operations (CM&O) funds; hence this cost item is included as a 
matter of necessity. For further clarification, contact budget analyst Gregg Gelmis, phone 256-961-
7564. The NSSTC is located at 320 Sparkman Drive, Huntsville, AL. A MSFC Earth Science Office 
(VP61) F&A rate has been developed to recover the costs of operating the facility, which are part of 
Procurement’s requirement. This rate includes the square footage cost for residing in the facility, the 
costs for the information technology (IT) network connectivity and other multi-program IT support, 
the costs for facility operations personnel, and other incidental costs.  Full cost accounting at NASA 
requires inclusion of support labor such as department management and administration, resources 
management, procurement administration, etc. The labor costs for these personnel (who charge 
directly to the project) are included here. The current F&A rate for VP61 is $26K of the civil servant 
FTEs (escalated 4% per year thereafter). 

4.   CM&O Agency Rate - Reimbursables: MSFC Center Management & Operations costs are at a rate 
of 14.7%. 

5. Estimated Costs: Total amount of funding requested in budget sheet attached (Sec. 11). 
  

http://www.opm.gov/�


 
11.  Budget 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

COST ELEMENT % Time Year 1 % Time Year 2 % Time Year 3 TOTAL
1.  Direct Labor 0.1 $14,032 0.1 $14,666 0.1 $15,268 $43,966
a. CIVIL SERVICE FTE: 0.1 $14,032 0.1 $14,666 0.1 $15,268 $43,966
Walter A. Petersen 10.0% $14,032 10.0% $14,666 10.0% $15,268 $43,966
 0.0% $0 0.0% $0 0.0% $0 $0
 0.0% $0 0.0% $0 0.0% $0 $0
 0.0% $0 0.0% $0 0.0% $0 $0

2.  OTHER DIRECT COSTS (ODC) $147,207 $155,023 $176,006 $478,236
  Subcontractor On-site/Off-site at NSSTC, not MSFC
a. ON-SITE SUBCONTRACTORS LOADED LABOR 110.0% $67,639 115.0% $71,803 125.0% $94,282 $233,724
   Stano - ENSCO 0.0% $0 15.0% $22,890 25.0% $39,874 $62,764
   Schultz - UAH 100.0% $37,811 100.0% $38,480 100.0% $40,709 $117,000
   Bateman - USRA 10.0% $20,000 0.0% $0 0.0% $0 $20,000
% of On-site Subcontracts - F&A (procurement) $9,828 $10,433  $13,699 $33,960

b. ON-SITE OTHER COST & OFF-SITE SUBS: $76,068 $79,720 $78,224 $234,012
  Stano travel $0 $0 $2,400 $2,400
  UAH (Cecil and Carey; loaded) 45.0% $73,068 45.0% $76,720 40.0% $72,824 $222,612
  U. Oklahoma CIMMS - Lakshmanan (Travel) $3,000 $3,000 $3,000 $9,000

c.  Consultants $0 $0 $0 $0
d.  Equipment $0 $0 $0 $0
e.  Supplies $500 $500 $500 $1,500
f.  Travel Summary (civil service) $3,000 $3,000 $3,000 $9,000
g.  Data Costs $0 $0 $0 $0
h.  Other Subcontract Costs (equip, publications, etc.) $0 $0 $0 $0
i.  Network upgrades and support $0 $0 $0 $0

SUB-TOTAL DIRECT COST (1. Direct Labor + 2. ODC) $161,239 $169,689 $191,274 $522,202

3.  INDIRECT - Facility Costs $2,600 $2,718 $2,829 $8,146
4.  CM&O AGENCY RATE - REIMBURSABLES $24,084 $25,344 $28,533 $77,961
5.  ESTIMATED COSTS $187,923 $197,750 $222,636 $608,310

Whole Dollars

NASA/MSFC/Science and Mission Systems Office/Earth Science Office
Petersen et al. GOES-R Risk Reduction Proposal 2010 

 

Period of Performance:  March 1, 2011 - February 28, 2014



APPENDIX A:  Supporting Letters of Collaboration from National Weather Service Forecast Offices and 
unfunded Co-I’s. 
 

a) WFO Nashville, Tennessee 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
b) WFO Morristown, Tennessee 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
c.) WFO Huntsville, Alabama 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
c) WFO Birmingham, Alabama 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
d) Dr. Steven J. Goodman, NOAA; Unfunded Co-I 

 
 
From: GOODMAN, STEVEN J. (GSFC-4170)[NOAA] 
Sent: Wednesday, September 29, 2010 10:38 PM 
To: Petersen, Walter A. (MSFC-VP61) 
Cc: GOODMAN, STEVEN J. (GSFC-4170)[NOAA] 
Subject: endorsement of GOES-R3 Lightning Jump Algorithm Proposal 
 
Walt- thank you for the opportunity to continue our research collaboration 
on the application of total  
lightning data such as will provided by the GLM instrument to improve 
nowcasts of severe convective  
weather hazards through your GOES-R Risk Reduction Proposal “The GOES-R 
GLM Lightning  
Jump Algorithm:  Research to Operational Algorithm “.  I do not require 
any funding  
for salary or travel and plan to contribute to this research through the 
analysis of the Lightning  
Mapping Array and ancillary data sets and participation in the Proving 
Ground assessments. 
Thanks, 
Steve 
 


