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n , n n Ms. Shafer and Dr. Merceret
This Quarter’s HIgh'IghtS supported the Atlas 5 launch on
30 January.

. e ) Dr. Watson and Dr. Merceret
» Ms. Crawford continued work on the objective lightning forecast task supported the Falcon 9 launch

The AMU team worked on seven tasks for their customers:

for airports in east-central Florida, and began work on developing a on 1 March.

dual-Doppler analysis with local Doppler radars. Dr. Bauman and Dr. Huddleston
e Ms. Shafer continued work for Vandenberg Air Force Base on an supported the Atlas 5 launch on

automated tool to relate pressure gradients to peak winds. 19 March.

e Dr. Huddleston continued work to develop a lightning timing forecast
tool for the Kennedy Space Center/Cape Canaveral Air Force Station area.

« Dr. Bauman continued work on a severe weather forecast tool focused on east-central Florida.

e Mr. Decker began developing a wind pairs database for the Launch Services Program to use when
evaluating upper-level winds for launch vehicles.

o Dr. Watson began work to assimilate observational data into the high-resolution model configurations
she created for Wallops Flight Facility and the Eastern Range.
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Quarterly Task Summaries

This section contains summaries of the AMU activities for the second quarter of Fiscal Year 2013 (January-
March 2013). The accomplishments on each task are described in more detail in the body of the report starting on
the page number next to the task name.

Objective Lightning Probability Forecasts for East-Central Florida
Airports (Page 5)

. 7 ; Purpose: Develop an objective lightning probability
Right Brain Photography (http:/iwww.flickr.com/photos/ forecast tool for commercial airports in east-central

rightbrainphotography/480979176/sizes/z/in/photostream/) =RY R ERte) help improve the lightning forecasts in the

warm season. The forecasters at the National Weather
Service in Melbourne, FL (NWS MLB) are responsible
for issuing forecasts for airfields in central Florida, and
need to make more accurate lightning forecasts to help
alleviate delays due to thunderstorms in the vicinity of
an airport. The AMU will develop a forecast tool similar
to that developed for the 45th Weather Squadron

(45 WS) in previous AMU tasks. The probabilities will
@@ be valid for the areas around the airports and time peri-
ods needed for the NWS MLB forecast.

Accomplished: Modified the graphical user interface
(GUI) to display the output from the lightning probabil-
{ ity forecast equation for each station, month and time
period stratification, and added a feature to output the
probability values for all time periods in one form.

| Tests by NWS MLB forecasters indicated the GUI will
be useful in operations.

Vandenberg AFB Pressure Gradient
Wind Study (Page 7)

Purpose: Provide a wind forecasting capability that will im-
prove wind warning forecasts and enhance the safety of the
30th Operational Support Squadron (30 OSS) customers’ op-
erations. This capability will be an Excel GUI that ingests sur-
face pressure data automatically and determine the likelihood
of reaching warning-level winds based on the pressure gradi-
ent (PG) across Vandenberg Air Force Base (VAFB). This will
allow 30 OSS forecasters to evaluate PG thresholds between
specific pairs of regional observing stations under different
synoptic regimes to help determine the onset and duration of
warning category winds.

% California

Accomplished: Developed a mean sea level pressure
(MSLP) database containing observations from seven region-
al observing stations identified by the 30 OSS. These data
were quality controlled and organized by synoptic regime and
observing station pair to evaluate PGs between stations when
peak winds = 40 kt were observed. Began evaluating PGs for
each station pair organized by synoptic regime.
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weather threat.

thresholds.

-

Accomplished: Generated stability parameters to use as
severe weather indices for the warm season months in the
years 1989-2012 from the 1500 UTC soundings. Deter-
mined severe thresholds for each sounding parameter and
developed an objective total threat score based on the

Quarterly Task Summaries

(continued)

First Cloud-to-Ground Lightning Timing Study (Page 10)

Purpose: Develop a tool that provides the distribution of first
cloud-to-ground (CG) lightning times in the Kennedy Space
Center (KSC)/Cape Canaveral Air Force Station (CCAFS) light-
ning warning circles to assist the 45 WS customers when plan-
ning potentially hazardous outdoor activities. The AMU will de-
termine if there is a relationship between speed-stratified flow
regimes and the time of the first CG strike. This relationship, if it
exists, would be used in a final tool to assist forecasters in de-
termining when the first CG lightning will occur on KSC/
CCAFS.

Accomplished: Performed statistical tests on the associa-
tions between the first CG strike and the speed-stratified flow
regime of the day. Created a GUI using the Slicers feature in
Excel 2010 showing the number of times the first strike oc-
curred in each hour for any combination of stratifications, in-
cluding the sea breeze flow regime, speed, month, and
whether lightning occurred

Severe Weather Tool using 1500 UTC CCAFS Sounding (Page 13)

Purpose: Develop a Meteorological Interactive Data Dis-
play System (MIDDS) capability to assess the daily severe
weather threat during the warm season months of May-
September at KSC/CCAFS based on the late morning,
1500 UTC, CCAFS (XMR) sounding. Using the late morn-
ing sounding for this capability instead of the early morning,
1000 UTC, sounding will provide a the 45 WS forecasters
with a more accurate assessment of the atmospheric insta-
bility each day leading to a better assessment of the severe

J
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Quarterly Task Summaries
(continued)

Configuration and Evaluation of a Dual-Doppler 3-D Wind Field System

(Page 16)

Purpose: Develop a dual-Doppler system using freely availa-
ble software to create a three-dimensional (3-D) wind field over
KSC/CCAFS using data from the three local Doppler radars.
Space vehicle operations are halted when winds exceed de-
fined thresholds and when lightning is a threat. A display of the
wind field to reveal areas of high winds or convergence, espe-
cially over areas where no observations exist, would be useful
to forecasters in predicting the onset of vehicle-critical weather
phenomena, and can also be used to initialize a local
mesoscale numerical weather prediction model to improve the
model forecast of these phenomena. A dual-Doppler wind field
display will aid in using ground processing and space launch
resources more efficiently by stopping or starting work in a
timelier manner.

Accomplished: Acquired information about two dual-Doppler
analysis software packages and the computing resources re-

quired to run them.

NWS MLB radar
-

Wind Pairs Database for Persistence
Modeling (Page 17)

Purpose: Develop upper-level (UL) wind profile temporal pair data-
bases and conduct a statistical analysis of wind changes at the Eastern
Range (ER), Western Range (WR) and Wallops Flight Facility (WFF)
for use by NASA’s Launch Services Program (LSP) space launch vehi-
cle teams in their commit-to-launch decisions. Their current assess-
ments are based on UL wind data obtained earlier in the launch count,
which may not represent the winds the vehicle will ascend through. This
uncertainty can be mitigated by a statistical analysis of wind change
over time periods of interest using historical data from the launch range.
The intent of these databases is to help LSP improve the accuracy of
launch commit decisions by applying wind change statistics based on
measured historical data, as opposed to modeled data, into UL wind
assessments.

Accomplished: Compiled databases of wind profiles at WFF and WR.
Applied quality control (QC) algorithms to remove suspect wind profiles.
Developed wind profile pair database and determined number of wind
profile pairs for each time period for WFF and WR.

N
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Quarterly Task Summaries
(continued)

Range-Specific High-Resolution
Mesoscale Model Setup (Page 19)

Purpose: Establish a high-resolution model with data assimi-
lation (DA) for the ER and WFF to better forecast a variety of
unique weather phenomena. Global and national scale mod-
els cannot properly resolve important local-scale weather fea-
tures due to their coarse horizontal resolutions. A properly
tuned model at a high resolution would provide that capability
and provide forecasters with more accurate depictions of the
future state of the atmosphere.

Q \Wallops Elight'Eacility,

Accomplished: Installed and tested the Gridpoint Statistical
Interpolation (GSI) software on the local AMU modeling clus-
ter. Began acquiring data to assimilate into the model.

- J

AMU Quarterly Report 5 January—March 2013




-

~

AMU ACCOMPLISHMENTS DURING THE PAST QUARTER

The progress being made in each task is provided in this section, organized by topic,
with the primary AMU point of contact given at the end of the task discussion.

SHORT-TERM FORECAST IMPROVEMENT

Objective Lightning
Probability Forecasts
for East-Central Florida
Airports (Ms. Crawford)

The forecasters at NWS MLB are
responsible for issuing weather fore-
casts to several airfields in central
Florida. They identified a need to
make more accurate lightning fore-
casts to help alleviate delays due to
thunderstorms in the vicinity of an
airport. Such forecasts would also
provide safer ground operations
around terminals, and would be of
value to Center Weather Service
Units serving air traffic controllers in
Florida. To improve the forecast, the

AMU was tasked to devel-

p
PREDICTORS FOR MCO JUL 21-00 UTC EQUATION

|

op an objective lightning
probability forecast tool for
the commercial airports in
east-central Florida for
which NWS MLB has fore-
cast responsibility using
data from the National
Lightning Detection Net-
work (NLDN). The resulting
forecast tool will be similar
to that developed by the
AMU for the 45 WS in pre-
vious tasks (Lambert and
Wheeler 2005, Lambert
2007). The lightning proba-

bility forecasts will be valid Precipitable Water (PW)
for the time periods and 1.9 Enter the Precipitable Water (in) from
areas needed by the NWS 3 this morning's 1000 UTC XMR sounding

MLB forecasters in the

LIGHTMNING CLUMATOLOGY 1995-2011

==

warm season months,

Input for Cimatology
Choose Date

Choose the Month before the Day value

Month Jul - Day 1 (=

Site and Time Period

Station MCO -

1000-700 mb Winds

Time
(UTC)

Flow
Regime Sw-l (Knots

Flow Regime
Definitions

Speed Categories
and Ranges

Continue...

Exit ‘

defined in this task as

Predictors
There are four predictors for MCO Jul 21-00 UTC:
1. Three-Speed Flow Regime Probability,
2. Precipitable Water (PW),
3. 1-Day Persistence and
4. Daily Climatology.
Input the values for PW in inches and Persistence below,
the GUI will get the flow regime probability and daily
climatology values automatically.

Persistence

© Yes \yas lightning observed within 10 nmi of MCO
" No

Obtain the PW value from the current MIDDS
1000 UTC Skew-T product:

New Input ‘

between 2100-0000 UTC yesterday?

Display Probabilities

May-September. L

J

Graphical User
Interface

Ms. Crawford added
the lightning probability
forecast equations to
the GUI (AMU Quarter-
ly Report Q1 FY13) and deliv-
ered it to Mr. Volkmer at NWS
MLB. In addition to the equation
output, the GUI displays the daily
climatology and flow regime val-
ues for each stratification: month,
station, time period, flow regime,
and speed. Figure 1 shows the
initial input form with the time
period drop-down list displayed.
If the user chooses 21-00 for the

L

J time period and clicks the

“Continue...” button, the predic-

Figure 1. The initial GUI input form. The user
makes choices in each box and then clicks
the “Continue...” button to get equation input
form. The chosen wind speed value, covered
Qy the time period drop-down list, is 10 kt.

tor input form for the 2100-0000
UTC equation in July at Orlando
International Airport (MCO) is

Figure 2. The input form for the predictor values in
the July MCO 2100-0000 UTC equation. The user
makes choices in each category and clicks the
“Display Probabilities” button to open the output
form. The “New Input” button closes the form and
returns control to the initial input form (Figure 1).

displayed (Figure 2). The list of pre-
dictors in each equation is at the top
of the equation input form. In this ex-
ample, there are four predictors:
three-speed flow regime probability,
precipitable water (PW), one-day
persistence, and daily climatology.
The flow regime probability and daily
climatology are retrieved from a table
by the GUI using the information pro-
vided in the initial form (Figure 1).
The user inputs the PW from the
1000 UTC CCAFS sounding and Yes
or No for one-day persistence indi-
cating whether lightning occurred the
previous day during the same time

period.
J
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( After making choices in the equation input form, the user clicks
the “Display Probabilities” button to display the probability output
form shown in Figure 3. The left panel in Figure 3 repeats the in-
formation from the input form and the daily climatology, flow re-
gime, and equation lightning occurrence probabilities are shown in
the right panel. The output form also contains two buttons that dis-
play informational forms when clicked. The “Flow Regime Defini-
tions” button displays a form that describes the wind flow patterns
of the seven flow regimes, and the “Speed Categories and Rang-
es” button displays a form containing the names of the flow regime
wind speed categories and their ranges.

After his tests, Mr. Volkmer said it would be helpful if forecast-
ers could see the probabilities of all four time periods in the same
form. Ms. Crawford added “All” as a choice in the time period drop
-down menu on the initial input form (Figure 1). The equation input
form associated with choosing All time periods for the MCO July
example is shown in Figure 4. The user chooses the values for the
predictors in all four equations at once. In order to not crowd the
form, the specific predictors for each time period are not listed as
in the individual time period equation input form (Figure 2). The
specific predictors for each time period are

e 1500-1800 UTC: Thompson Index (TI) and two-speed flow re-
gime probability;

¢ 1800-2100 UTC: Tl and one-day persistence;

e 2100-0000 UTC: Three-speed flow regime probability, PW, one-
day persistence, and daily climatology; and

» 0000-0003 UTC: Flow regime probability (not speed related),
daily climatology, and Lifted Index (LI).

B

-
CUMATOLOGIES AND EQUATION OUTPUT (1995-2011)

LIGHTNING PROBABILITIES

Input Output
DATE il 1 DAILY CLIMO 42%
STATION MCO FLOW REGIME 50%

TIME PERIOD (UTC) | 21-00 FLOW REGIME 2-SPD | 46%

=)

PREDICTORS FOR ALL MCO JUL EQUATIONS

Choose Yes or No in the time groups below for
1-Day Persistence:

Persistence 18-21 UTC

® Yes was lightning observed within 10 nmi of MCO
" No between 1800-2100 UTC yesterday?

Persistence 21-00 UTC
' Yes \yas lightning observed within 10 nmi of MCO
 No between 2100-0000 UTC yesterday?
Obtain the LI PW and TT values from the current
MIDDS 1000 UTC Skew-T product:

Lifted Index (LI)
2 ﬂ
Precipitable Water (PW)

1.92

Thompson Index (TI)
42) ﬂ

IMPORTANT TI and LI INFORMATION

Enter the Lifted Index from this
morning's 1000 UTC XMR sounding

Enter the Precipitable Water (inches)
from this morning's 1000 UTC XMR
sounding

Enter the Thompson Index from this
morning's 1000 UTC XMR sounding

Display Probabilities

New Input ‘

8 J

Figure 4. The GUI input form for the predictor
values in the July MCO equations for all four time
periods. The user makes choices in each category
and clicks the “Display Probabilities” button to
open the output form. The “New Input” button
closes the form and returns control to the initial
input form (Figure 1). The “Important Tl and LI
Information” button provides information about LI
calculation differences in AWIPS and MIDDS.

Flow Regime Definitions |

Choose New Input
Speed Categories and Ranges |

*NOTICE®
With the exception of the equation output, the climatological statistics shown

not necessarily indicative of future lightning occurrence.

FLOW REGIME SW-1 FLOW REGIME 3-SPD 56%
SPEED 10 EQUATION 56%

here reflect historical lightning occurrence for the period 1995-2011. They are

"

J

(nessage forms that provide definitions of these parameters.

Figure 3. The GUI output form for July 2100-0000 UTC at MCO.
The input choices from Figure 1 are in the left panel and the
climatological and computed probabilities are in the right panel.
The “Choose New Input” button closes the form and returns control
to the equation input form input form (Figure 2). The “Flow Regime
Definitions” and “Speed Categories and Ranges” buttons open

The “Important Tl and LI Information” button in Fig-
ure 4 provides information about differences in how
LI is calculated between the Advanced Weather In-
formation Processing System (AWIPS) used by
NWS MLB and MIDDS used by the 45 WS. AWIPS
uses the forecast maximum temperature for the sur-
face parcel and MIDDS uses the 1000 UTC ob-
served values. The equations were developed using
the MIDDS value. The difference in the calculations
would result in a lower, or more unstable, LI value in
AWIPS. Use of the AWIPS LI would result in higher
lightning probability values than what would be cal-
culated with the MIDDS value. Since Tl is the differ-
ence between K-Index and LI, it would behave simi-
larly. This is important information for forecasters
when choosing LI and Tl values.

J
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/ As for the individual time period
equation input form, the user clicks
the “Display Probabilities” button to
display the output form shown in Fig-
ure 5. Similar to the individual time-
period form, the left panel repeats
the information from the initial input
form. The right panel, however, dis-

plays the probabilities for all four time

periods.

Ms. Crawford delivered this ver-
sion of the GUI to Mr. Volkmer for
testing. He indicated this version will
be useful to forecasters and had no
further suggestions for modifications.

Status

In late March, the Air Force
stopped releasing rawinsondes at
1000 UTC from CCAFS due to budg-
et issues. This is effective until the
end of the 2013 fiscal year on 30

-

A"

-
CLIMATOLOGIES AND EQUATION OUTPUT (1995-2011) lﬁ\
LIGHTNING PROBABILITIES
Input Output
DATE w1 Time (UTC) 1518 18-21  21-00  00-03
sTATIoON [ mco DALY CLIMO | 24% | 0% | 42% | 15%
TIME (UTC) ALL FLOW REGIME | 38% | s52% | 50% | 20%
FLOW REGIME | Sw-1 FLOW REGIME 2-SPD | 32% [ s5% [ 46% [ 21%
SPEED
10 FLOW REGIME 3-SPD | 22% | s5% | s6% | 24%

Flow Regime Definitions | EQUATION | 61% | 76% | s6% | 9%

Speed Categories |

*NOTICE®
With the exception of the equation output, the climatological statistics shown
here reflect historical lightning occurrence for the period 1995-2011. They are
not necessarily indicative of future lightning occurrence.

Choose New Input

=

Figure 5. The GUI output form for all four time periods. The input choices are in the
left panel and the climatological and computed probabilities for all four time periods
are in the right panel. The “Choose New Input” button closes the form and returns
control to the equation input form for the four time periods (Figure 4). The “Flow
Regime Definitions” and “Speed Categories” buttons open message forms that

September. The forecasters at NWS  provide definitions of these parameters as in Figure 3.

MLB understand that the tool may
not perform optimally with other data,
but they plan to use high temporal
resolution model analysis soundings
as close to 1000 UTC and CCAFS
as possible, and will also use the
Cape Canaveral Global Positioning
System PW data available from the
site http://www.suominet.ucar.edu/.

Vandenberg AFB

Pressure Gradient Wind

Study (Ms. Shafer)

Warning category winds can ad-
versely impact day-to-day space lift
operations at VAFB. For example,
winds = 30 kt can affect Delta Il vehi-
cle transport to the launch pad, Delta
IV stage Il attitude control system
tank load, and other critical opera-
tions. The 30 OSS forecasters at
VAFB use the MSLP from seven re-
gional observing stations to deter-

mine the PG magnitude as a guide to

forecast surface wind speed at
VAFB. Their current method uses an
Excel-based tool that is manually in-
tensive and does not contain an ob-
jective relationship between peak
wind and pressure gradient. They
require a more objective and auto-
mated capability to help them fore-
Qast the onset and duration of warn-

When the 1000 UTC sounding is
reinstated, they will resume using
that data. It is important to note that
the climatological values output with
the equation probabilities are still val-
id as they do not depend on current
sounding data.

ing category winds to enhance the
safety of their customers’ operations.
The 30 OSS has requested that the
AMU develop an automated Excel
GUI that includes pressure gradient
thresholds between specific observ-
ing stations under different synoptic
regimes to aid forecasters when issu-
ing wind warnings.

Data Acquisition and Processing

Last quarter, Ms. Shafer received
historical wind data from the 30 OSS.
After quality controlling and pro-
cessing these data, she used them to
determine all days where peak winds
= 30 kt were observed. Considering
the number of = 30 kt peak wind days
was over 1,200, Mr. Brock requested
Ms. Shafer to increase the peak wind
threshold to = 40 kt to reduce the
number of days in the database. Per
his request, Ms. Shafer determined
all days where peak winds = 40 kt
were observed, 745 in all, and pro-

Ms. Crawford continued writing
the final report.

For more information contact Ms.
Crawford at 321-853-8130 or
crawford. winnie@ensco.com.

vided Mr. Brock a list of these dates.
Mr. Brock organized the dates by
synoptic regime and delivered this
information to Ms. Shafer in an Excel
spreadsheet. There are a total of 11
synoptic regimes that affect the
weather at VAFB. Seven synoptic
regimes were observed on the dates
provided by Ms. Shafer. Table 1
shows the number of = 40 kt days
per synoptic regime.

At Ms. Shafer’s request, Mr.
Roeder of the 45 WS obtained the
MSLP observations from the seven
weather stations identified by 30
OSS for calculating PGs (Figure 6)
from the 14th Weather Squadron (14
WS). Once received, Ms. Shafer de-
veloped an MSLP database contain-
ing hourly observations from each
station on the days when peak winds
= 40 kt were observed. She then or-
ganized these observations by syn-
optic regime and determined the

J
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Table 1. Number of days with peak winds = 40 kt for
each synoptic regime.
Synoptic Regime Number of 2 40 kt days
m

North Pacific High (NPH) 141

California High (CH) 81

California Low (CL) 81

Upper Trough (UT) 64

Pacific High (PH) 141

Great Basin High (GBH) 84

hourly PGs by station pair. The 30 OSS station pairs, dis-
tance between stations, and PG formula are in Table 2.
The two station pairs listed below the green line are addi-
tional pairs the AMU included to further evaluate the rela-
tionship between peak wind and PG at VAFB.

Pressure Gradient Evaluation

In order to better understand the relationship between
peak wind and PG at VAFB, Ms. Shafer created a series
of graphs plotting PG and maximum peak wind (MPW)
versus time for each of the synoptic regimes. The MPW
was the maximum peak wind of all peak wind speeds
observed at the 26 towers in each hour. She created a
PG/MPW versus time graph for four days in each synop-
tic regime, each day representing a different time of the
year in order to have a diverse collection of case studies
when evaluating the PG and MPW relationship. Figure 7
is an example of the PG/MPW versus time graph for 14
July 2011 with a California High (CH) synoptic regime.
The MPW is on the left y-axis, the PG is on the right y-
axis, and time is on the x-axis. Included in the graph are
the PGs from each of the 14 station pairs used in the
task. In order to better highlight potential trends and/or
relationships between PG and MPW, Ms. Shafer also
plotted the absolute value (ABS) of the PGs versus time
(Figure 8). For instance, consider the trend of MPW
compared to the trends of the PG and ABS(PG) for the
KPRB-KVBG station pair in Figure 7 and Figure 8, re-
spectively. Notice the trends in ABS(PG) in Figure 8,
particularly for the negative PG series (Figure 7), better
matches the trends in MPW in this case. To see if these
trends would assist in the analysis, Ms. Shafer created
ABS(PG) versus time graphs for all days included in this
evaluation.

Ms. Shafer’s initial review of the PGs and MPW did
not yield a clear relationship between the two variables.
For the days selected, most PG and ABS(PG) trends did
not follow the MPW trends as expected. She met with
the AMU team and showed them the charts, and they
discovered there may be a link between synoptic re-
gime, MPW, and the PG orientation: north-south (NS)
versus east-west (EW). As an example, Figure 9 is the

‘ik“ ~ XY
Figure 6. Locations of the seven observing stations in the
pressure gradient assessment. KVBG is VAFB.

Table 2. List of the 30 OSS-identified station pairs and
distance (km) between them used in the PG calcula-
tions. The station pairs below the green line were add-
ed by the AMU.
Station Pair Distance (km)

KVBG — KBFL 159.0

KBFL — KLAS 359.6

KVBG — KLAS 514.4

KACV - KSFO 4021

KSFO - KPRB 266.7

KPRB — KVBG 1041

KVBG — KLAX 218.5

KACV - KPRB 663.3

KPRB — KLAX 279.4

KACV - KVBG 759.6

KSFO - KVBG 358.5

KACV — KLAX 929.6

s s |

KPRB — KLAS 495.3

KLAX — KLAS 380.0
Pressure Gradient (PG) formula:
PG (dp) 100

=|— | *®
D
Where: dP = Pressure difference (mb) between two stations
D = Distance (km) between two stations
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Figure 7. Example PG/MPW versus time graph with a

Figure 8. Example ABS(PG)/MPW versus time graph with a
California High flow regime.
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Trough flow regime.

25 January 2008 with an Upper
Trough (UT) synoptic regime. When
comparing the ABS(PG)s for each
station pair, the KVBG-KLAX and
KPRB-KLAX ABS(PG)s, with a NS
orientation, followed the MPW trend
and had greater magnitudes than the
other pairs at the same times. Anoth-
er example, Figure 10, is from 4 No-
vember 2008 with a North Pacific
Low (NPL) synoptic regime. After
comparing these ABS(PG)s, there
were four with higher magnitudes;
KBFL-KLAS, KVBG-KLAS, KPRB-
KLAS and KLAX-KLAS (see Figure
6). All of these station pairs had EW
oriented PGs on this day.

To further investigate the relationship
between PG and MPW at VAFB, the
AMU will divide VAFB into two sec-
tions: North Base (NB) and South
Base (SB). The NB-MPW and SB-
MPW will be determined per hour
and compared to the PGs. The NB
\and SB towers are identified by the

Figure 9. ABS(PG)/MPW versus time graph with an Upper

Figure 10. ABS(PG)/MPW versus time graph with a North

Pacific Low flow regime

ABS(PG)/MPW versus time graph for yellow and light blue diamonds in

Figure 11, respectively.
Climatology Database

Ms. Shafer completed pro-
cessing the tower data for the cli-
matology database at each of the
26 wind towers. The database in-
cludes temperature (F), dewpoint
(F), relative humidity (%), average
1 minute sustained wind speed (kt)
and direction (degrees), and peak
wind speed (kt) and direction
(degrees) at the 2, 4, and 16 m
sensor levels. If time permits, Ms.
Shafer will calculate climatology
statistics and deliver this infor-
mation in a Microsoft Access or
Excel GUI as discussed at the No-
vember 2012 tasking meeting.

Contact Ms. Shafer at 321-853-
8200 or shafer.jaclyn@ensco.com
for more information.

Figure 11. All VAFB wind towers
designated as North Base (yellow) and
South Base (light blue)
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/First Cloud-to-Ground

Lightning Timing Study

(Dr. Huddleston)

The probability of CG lightning
occurrence is included in the daily

and weekly lightning probability fore-

casts issued by the 45 WS. These

forecasts are important in the warm
season months, May-October, when
the area is most affected by lightning.
Many KSC and CCAFS organizations
use this information when planning
potentially hazardous outdoor activi-

ties, such as working with fuels or
rolling a vehicle to a launch pad.

These organizations would benefit
greatly if the 45 WS could provide

more accurate timing of the first CG
lightning of the day in addition to the

probability of lightning occurrence.
The AMU has made significant im-

provements in forecasting the proba-
bility of lightning for the day. Howev-
er, forecasting the time of the first CG

lightning with confidence has re-
mained a challenge. The ultimate

goal is to develop a tool that provides

the distribution of first CG lightning
times in the KSC/CCAFS lightning

warning circles to assist the 45 WS
customers to plan for activities prone
to disruption due to lightning activity.
In this task, the AMU will determine if
there is a relationship between speed
-stratified flow regimes and the time

of the first CG strike. This relation-

ship, if it exists, would be used in a
final tool to assist forecasters in de-
termining when the first CG lightning

will occur on KSC/CCAFS.
Stratification

In the previous quarter, the AMU
and 45 WS discussed ways of strati-

fying the data into sea breeze flow

regimes and speed categories. The
resulting stratifications, three based

on flow regime and two based on

wind speed in the surface to 5,000 ft
layer, are outlined in Tables 3, 4, and
5. For more details on how the cate-

gories were chosen, refer to AMU
Quarterly Report, (Q1 FY13). The

original intent was to stratify the data
by flow regime and speed category.
With two, four, and eight flow regime

N

categories, and three and four speed not rejected. Note that Hy is never \
categories, the data could be divided accepted, just not rejected. Not re-
into a minimum of 6 and maximum of jecting Hp means there is not enough

32 stratifications. Dr. Huddleston
would then choose the stratificatio
combination that provided enough

samples with which to conduct a ro-

bust statistical analysis.
Data Analysis

Dr. Huddleston began analy-
sis to determine if there was a
relationship between the flow
regime/speed combinations and
the timing of the first lightning
strike of the day. In most cases,
her analysis showed that stratifi-
cation to the requested levels
resulted in sample sizes that
were too small for meaningful
statistical analysis. Accordingly,
Dr. Huddleston performed analy-
sis on data that was stratified by
either the flow regimes in Tables
3 and 4 or the speed regimes in
Table 5, but not combined.

Dr. Huddleston used the chi-
square (y°) statistical significance
test to determine whether there

evidence to reject it, not that it is val-
n id. The alternative hypothesis (H4),
then, is that there is a significant rela-
tionship between the flow regime
sectors or speed categories and the
first lightning strike of the day.

Table 3. The eight 45 WS sea breeze
flow regime sectors for the surface to
5,000-ft layer as outlined in the 45 WS
Forecast Reference Notebook (FRN).

Fslgv?/ E:aegeirznee Direction Sector
E >66° and <110°
SE >110° and <155°
S >155° and <200°
SW >200° and <245°
W >245° and <290°
NW >290° and <335°
N >335° or =20°
NE >20° and <66°

was a signifi-
cant relation-
ship between
the first light-

ning strike of Stratification
the day and
one of the sea Two-Sector

breeze flow

Table 4. The alternate two- and four-sector sea breeze
flow regime sectors for the surface to 5,000-ft layer.

Sea Breeze Flow Direction Sector

Regime
Off-Shore 2135° and <315°
On-Shore 2315° or <135°

regimes or one
of the speed
regimes. The
x? test requires
a null hypothe-
sis (Ho). Dr.
Huddleston
defined Hy as
no significant
relationship
between the
flow regime
sectors or
speed catego-
ries and the
first lightning
strike of the
day. Hp can
either be re-
jected as being
improbable or

Four-Sector

Off-Shore SW
Off-Shore NW
On-Shore NE
On-Shore SE

>135° and <225°

>225° and <315°
>315° or <45°

245° and <135°

Table 5. The mean surface to 5,000-ft layer four-speed
stratifications and alternate three-speed stratifications.

Strit?‘irz:ea?i(cj)ns Strﬁglr?wa:on Wind Speed Range
Low <5 kt
Four Medium >5 kt and <11 kt
JARINY Medium High | >11 ktand <16 kt
High >16 kt
Low <7.7 kt
(aJ:rrr?fte) Med >7.7 kt and <12.6 kt
High >12.6 kt

>4
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/ For the first step in the Xz test, Dr.
Huddleston determined the observed
number of strikes in each hour for
each stratification and, from the ob-
served values, calculated an associ-
ated expected number of strikes. She
calculated the expected number of
strikes by multiplying the total num-
ber of strikes in each hour, regard-
less of flow regime or speed, with the
total number of strikes in a flow re-
gime sector or speed category re-
gardless of time, then divided that
number by the total number of first
lightning strikes of the day in the peri-
od of record (POR), which is the
warm season months in the years
1989-2012. For example, the total
number of first strikes in the eight-
sector easterly (E in Table 3) flow
regime over all hours was 64. The
total number of first strikes in the
0700 local hour was 35. She multi-
plied these two values and then di-
vided by the total number of first
strikes of the day over all hours and
flow regimes for the POR, which
was1,282. The expected number of
first strikes for the 0700 local hour in
the E flow regime was (64*35)/1,282
= 1.75. While it is not possible to
have a fractional number of first
strikes, this expected value, 1.75, is
what was needed for the %? calcula-
tion. The observed number of first
strikes for this stratification was 5.

After all expected frequencies
were calculated, Dr. Huddleston

7= (#0bserved — #Expected)?
B #Expected

computed the ¥ statistic using the
equation (Wilks 2006)

She then compared the calculat-
ed ? statistic to a an associated >
critical value in a standard y? distribu-
tion table. If the calculated y? statistic
was greater than the y? critical value,
then she could reject Hy and assume
there was a significant relationship
between the first strike of the day and
flow regime or speed category. Oth-
erwise, she could not reject Hy and

N

the day occurrence based on flow
regime or speed category.

Table 6 shows the overall results
of the analysis. The only statistically
significant outcome in which Hq could
be rejected was for the two-sector
flow regimes (Table 4). For the y?
test to give accurate results, most
expected values must be large. Dix-
on and Massey (1983) define this as
no more than 20% of the expected
values being < 5. Because of this re-
striction, the y? test was invalid for
the eight- and four-sector flow regime
stratifications. All stratifications
(either flow regime or speed catego-
ry) that divided the data into more
than two sectors caused the groups
of data to be too small for meaningful
statistical analysis such that Hy could
not be rejected.

Even though the % test showed a
statistically significant relationship
with the two-sector flow regimes, i.e.
there are differences in the first light-
ning strike occurrence between on-
shore and offshore flow, it did not
indicate which times were different.
The 45 WS forecasters requested a
tool to help them determine the tim-
ing of the first strike. In order to test
which times were different, Dr. Hud-
dleston used the Marascuilo proce-
dure (NIST/SEMATECH 2013). This
procedure enables comparisons be-
tween all pairs of groups simultane-

ously, which can identify the groups \
likely responsible for rejecting Ho.

To start the Marascuilo proce-
dure, Dr. Huddleston counted the
number of hours for which data were
available for the onshore and off-
shore stratifications. There were 17
hours (0700-2300 local time) each of
onshore and offshore flow, equaling
34 hours or groups. She then calcu-
lated the total number of pairs of data
to compare using the formula
k*(k-1)/2, where k is the number of
groups of data, in this case 34. The
total number of data pairs in this test
was 34*33/2 = 561. This results in
every time period being compared to
every other time period. Dr. Huddle-
ston computed the difference in each
pair of data, and then computed the
corresponding critical ranges for
each pair of data. Next, Dr. Huddle-
ston compared the absolute differ-
ence of each of the data pairs
against its corresponding critical
range. If the absolute difference in
the data pair was greater than its crit-
ical range, then she could conclude
that observed values were signifi-
cantly different from each other
(Levine et al. 2007). Unfortunately,
the Marascuilo procedure did not find
any observed values that were signif-
icantly different from one another,
mostly likely due to the small group
sizes after stratification by hour as
needed for the procedure.

Stratification

Eight-sector flow regimes

Table 6. Results from the y? tests. Hy is the null hypothesis indicating
no significant statistical relationship between the first strike of the day
and flow regime or speed category stratifications. Hy is the alternate
hypothesis indicating a significant statistical relationship between the
first strike of the day and flow regime or speed category stratifications.
. ________________________ ____________________|

Status

+? test invalid

Comments

More than 20% of

(Table 3) expected values < 5
Two-sector flow regimes . Significant relationship
(Table 4) RejectHo | with first strike

Four-sector flow regimes
(Table 4)

+? test invalid

More than 20% of
expected values < 5

Four-speed categories

Fail to reject Hy

No relationship to first

AMU Quarterly Report
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(Graphical User Interface

Although the number of observa-
tions in each of the stratifications was
too small to allow for valid statistical
comparisons, Dr. Huddleston dis-
cussed with the 45 WS if providing a
GUI displaying the frequencies and
percentages of the timing of lightning
under the various stratifications
would be helpful. The 45 WS agreed
that such a GUI would be helpful to
the forecasters and launch weather
officers (LWOs) in generating their
daily forecasts for lightning timing. At
the LWOs’ request, Dr. Huddleston
added a preliminary Tl stratification in
the GUI to account for stability and
moisture.

end of each of the Slicer menu.

N

Dr. Huddleston developed a GUI
using the Slicers feature in Excel
2010. Slicers, which are new to Excel
2010, are embedded graphic objects
that allow the user to quickly and
easily filter data in an Excel PivotTa-
ble on multiple criteria. Slicers can
also be used to filter data in more
than one PivotTable created in the
workbook simply by connecting addi-
tional tables. Slicers show which fil-
tering criteria are currently selected
in the connected PivotTables (Harvey
2010).

Figure 12 shows an example of
the GUI using Excel 2010 Slicers for
the FRN sea breeze flow regime
stratification (Table 3). Note that in
this example, although the selection

A B BEREEEr ) K L M N 0 P Q R s 5
1 Month & r v ; 1
2 . . DidLtg Occur? % Time of First Strike Occurrence ) .
3 No (Stratified by 45 WS FRN Sea Breeze Flow Regime) N{>3a5" or £a0)
4 7 8 2 =8=NE (>20° & 266°)
5 Yes w i .
- q E 10 A == (66" & £110°)
: 3 8 7 \ /_;. —mSE (>110° & £155°)
Speed Category FRN [ g g g | % F I"-, --\ 5 (>155° & 200°)
ff L \
Low (<5 kts) Med [>5 kts & <11 kts) g 4 | 7 e —8—SW (>200° & £245°)
8 '8 \ ——a
Med High (>11kts &<l... | High (>16 kts) ¥ 2 (madasl dlasois 5 \ W (>245° & 5290°)
9 g g 2 o ¥l s et e
10 fE rwogoamznahBagINgy —NWEIass)
11 speed Category (Alt) = =
12 =
15 Low (7.7 kts) First Strike Local Hour
14 Med (>7.7 kts 8 £12.6 kts)
e Time of First Strike Occurrence N (>335° or <20°)
o (Stratified by 45 WS FRN Sea Breeze Flow Regime) B
17 ) ) . —8—NE (>20° & $66°)
: 35%
12 Thompson Index & Sea Breeze Flow FRN E Box —aE (>66° & £110%)
- >14.40 to £19.40 E (66" & £110°) g 25% —=SE (>110° & £155°)
3
71 >19.40 to <24.40 SE (>110° & <155°) 6‘1 igi —e [>155° & <2007)
225 | >24.40t0<29.40 5 (>155° & 200%) 5 ho% —6—SW (>200° & £245°)
23
= >29.40 to <34.40 SW (>200° & <245°) g gx W (>245° &<250°)
3L
25 >34.40 to £39.40 W (>245° & <290°) g NW (>290° & £335°)
26 r
- >39.40 NW (>290° & €335°) =
2 {blank) First Strike Local Hour
29 L
30 Local Hour of First Strike
31
a2 7 g 9 10 11 12 13 14 15
33 16 elyf 18 19 20 21 22
34
H 4 ¥ H| Introduction RawData | SeaBreezeFlowl ~ SeaBreezeFlow2 SeaBreezeFlow3 SpeedCategori] 4 »il.:

Figure 12. An example of a GUI using Excel 2010 Slicers for the FRN flow regime stratification. In this example, the
stratifications were the month of August, days when lightning occurred, medium FRN speed category, and Thompson Index
>29.40. The top chart shows the number of times lightning occurred during each hour and the bottom chart shows the
frequency of occurrence as a percentage of first lightning strike occurrences in each flow regime. Note that after the user
selects the filters from the Slicer menus, the categories that contain no data after filtering are grayed out and moved to the

boxes for both the FRN speed cate-\
gory and the alternate speed catego-
ry (Table 5) are shown, the user is
expected to select from one or the
other, but not both. Dr. Huddleston

will emphasize this in the GUI train-
ing for the customer.

Dr. Huddleston showed an initial
draft of the GUI without Slicers to Ms.
Winters, Mr. McAleenan, and Mr.
Roeder of the 45 WS, who approved
the design. She then showed a sec-
ond version of the GUI using Excel
Slicers to Mr. McAleenan and Mr.
Craft of the 45 WS, who approved
the new design.

For more information contact Dr.
Lisa Huddleston at 321-853-8217 or
lisa.l.huddleston@nasa.gov.
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@evere Weather Tool
Using 1500 UTC CCAFS
Soundings
(Dr. Bauman)

People and property at KSC and
CCAFS are at risk when severe
weather occurs. Strong winds, hail
and tornadoes can injure individuals
and cause costly damage to struc-
tures if not properly protected. The
ER customers at KSC and CCAFS
use the daily and weekly severe
weather forecasts issued by the 45
WS to determine if they need to limit
an activity such as working on gan-
tries, or protect property such as a
vehicle on a pad. Missed lead-times
and false alarm rates have shown
that severe weather in east-central
Florida is difficult to forecast during
the warm season (May-September).
Due to the threat severe weather
poses to life and property at the ER
and the difficulty in making the fore-
cast, the 45 WS requested the AMU
develop a warm season severe
weather tool based on the late morn-
ing, 1500 UTC (1100 local time),
XMR sounding. The 45 WS frequent-
ly makes decisions to issue a severe
weather watch and other severe
weather warning support products to
NASA and the 45th Space Wing in
the late morning, after the 1500 UTC
sounding, which is more representa-
tive of the atmospheric instability
than the early morning, 1000 UTC,
sounding. A tool using the 1500 UTC
sounding should provide improved
accuracy for severe weather notifica-
tions and better allow decision mak-
ers to implement appropriate mitiga-
tion efforts.

Stability Parameters

Dr. Bauman generated the stabil-
ity parameters to be used as severe
weather indices based on the 1500
UTC XMR sounding data for the 24
years of warm season months from
1989-2012. There were a total of
2,842 soundings available out of a
possible 3,672 days. Dr. Bauman
removed 14 soundings from the data-
base on days when KSC/CCAFS
was under the influence of a tropical

N

cyclone, and another 30 that failed
QC checks resulting in a total of
2,798 soundings. He generated the
following severe weather indices
from the soundings:

o Lifted Index (LI)

o K-Index (KI)

e Thompson Index (TI)

o Showalter Stability Index (SSI)
o Total Totals (TT)

e Cross Totals (CT)

 Vertical Totals (VT)

o Severe Weather Threat Index
(SWEAT)

o Convective Available Potential En-
ergy (CAPE)

e CAPE based on the maximum
equivalent potential temperature
(CAPE Max 6,)

o CAPE based on the forecast maxi-
mum temperature (CAPE FMaxT)

o Convective Inhibition (CIN)
o PW
e Temperature at 500 mb

o Average relative humidity in the
850-500 mb layer

o Average relative humidity in the
850-600 mb layer

 Helicity

o Storm Relative Motion Speed and
Direction

~

Stability Thresholds

After generating the indices, Dr.
Bauman categorized the occurrence
of days with reported severe weather
and days without reported severe
weather by threshold values for each
index, and then developed charts
showing the percent of time severe
weather was reported based on spe-
cific thresholds. The thresholds were
the same as those used in the Se-
vere Weather Decision Aid (Bauman
et al. 2005). An example using TT is
shown in Figure 13. When the TT
was in the low category (TT < 45),
severe weather was reported 11% of
the time. When TT was in the medi-
um category (46 < TT < 48), severe
weather was reported 25% of the
time. When TT was in the high cate-
gory (TT > 48), severe weather was
reported 45% of the time.

Dr. Bauman used the categorized
thresholds from each index to deter-
mine if they would be useful predic-
tors of severe weather occurrence.
He created a threat score for each
index derived from the percent of
time severe weather occurred in
each threshold category. To scale
the threat score between 0 and 10,
he divided the percent value by 10.
He will use these scaled threat score
values as the basis to compute a to-
tal threat score from multiple indices.

Total Totals

M Severe M Non-Severe

100%

80%

60%

40%

Occurrence

20%

0%

Low (< 45)

Med (46 to 48)

High (> 48)

Threshold Category

Figure 13. Stacked bar chart of TT for the low, medium and high threshold
categories showing percent occurrence of the number of days with reported

severe weather (red) and days with no reported severe weather (green).
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Figure 14. Line chart of stability indices showing the threat
score for each index in each threshold category.

Figure 15. Line chart of energy indices showing the threat
score for each index in each threshold category.

Figure 14 compares the threat
score for each index in each catego-
ry. Lines with steeper slopes show a
relationship to severe weather by
having low threat scores in the Low
category increasing to higher threat
scores in the High or Very High cate-
gories. Based on the slope of each
line in Figure 14, the best indicators
of severe weather occurrence were
SSI, TT, SWEAT, LI and VT as they
had the largest increase in severe
weather threat score from lowest to
highest threshold category. The CT,
Tl and Kl slopes were not as steep,
representing a smaller threat score
change across the threshold catego-
ries and, therefore, they were not as
good as the other indices in their
forecastability of severe weather be-
tween categories. Similarly, the
thresholds of energy indices derived
from the soundings are shown in

Figure 15. The CIN, CAPE Max 6,
and CAPE FMaxT were the best en-
ergy index indicators with slopes sim-
ilar to the CT, Tl and KI stability indi-
ces.

Flow Regimes and Jet Position

The flow regime for each day and
position of the 200 mb jet relative to
east central Florida are also indica-
tors of the occurrence of reported
severe weather. Figure 16 shows the
occurrence of severe weather based
on daily flow regime and Figure 17
shows the occurrence of severe
weather based on 200 mb jet posi-
tion. Severe weather is more likely to
be reported in the northwest or
southwest flow regimes and when
upper-level jet dynamics cause diver-
gence aloft. In both figures, the threat
scores are as previously described.
These values will also be used with

the multiple indices to compute a to-
tal threat score.

Total Threat Score

A total threat score (TTS) will be
output by the tool to provide the fore-
casters with an objective assessment
of the daily threat of severe weather.
Dr. Bauman summed the threat
scores from the stability indices, en-
ergy indices, flow regime and 200 mb
jet position for each day with reported
severe weather and for each day with
no reported severe weather to deter-
mine the TTS for each day in the da-
ta set. The daily TTS values ranged
from 7 to 39. Based on the range of
scores, he created seven TTS cate-
gories to help the forecasters assess
the likelihood of severe weather oc-
currence. Table 7 shows the occur-
rence of reported severe weather for
each of the seven TTS categories.
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b
o

b
o

200 mb Jet Position

bl
o

o
[=]

b
o

b
o

N
o

_—

™
[=]

-

Threat Score
w
o

L
=]

//

Threat Score
w
o

g
[=}

/

/

o
o

o
o

Other
Flow Regime

NE SE

NW SW Overhead

Exit Entrance

Jet Position

None Divergence

Qcore for each flow regime.

Figure 16. Line chart of daily flow regime showing the threat

Figure 17. Line chart of 200 mb jet position showing the
threat score for each jet position characterization.
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FI’ he occurrence was deter-

mined by dividing the number of Table 7. Occurrence of severe weather based on seven total threat score cat-
severe days in each category egories.

by the total number of days in

that Category_ For examp|e, TTS < 10 10-14 15-19 20-24 25'29 30'34 2 35
48% of the time severe weather

was reported for days when the Occurrence 0% 2% 7% 18% 48% 63% | 92%
TTS was 25-29. In the data set,

severe Weather was reported Severe DayS O 1 1 63 147 181 50 1 1
on 181 days out of 375 days

(181 + 375 = 0.48) when the Total Days 23 535 937 836 375 80 12

TTS was 25-29.

Dr. Bauman will incorporate the
stability thresholds and threat score

categories into MIDDS to develop the
real time severe weather tool based
on the 1500 UTC sounding.

For more information contact Dr.
Bauman at
or 321-853-8202.

INSTRUMENTATION AND MEASURMENT

Configuration and Eval-
uation of a Dual-
Doppler 3-D Wind Field
System (Ms. Crawford)

Space vehicle ground and launch
operations are halted when wind
speeds from specific directions ex-
ceed defined thresholds and when
lightning is a threat. Strong winds
and lightning are difficult parameters
for the 45 WS to forecast, yet are im-
portant in the protection of customer
vehicle operations and the personnel
that conduct them. A display of the
low-level horizontal wind field to re-
veal areas of high winds or conver-
gence would be a valuable tool for
forecasters in assessing the timing of
high winds impacting operations, or
convection initiation (Cl) and subse-
quent lightning occurrence. This is
especially important for areas where
no weather observation platforms
exist. Developing a weather radar
dual-Doppler capability would provide
such a display to assist forecasters in
predicting high winds and CI. The
wind fields can also be used to initial-
ize a local mesoscale numerical
weather prediction model to help im-
prove the model forecast winds, Cl,
and other phenomena. Finally, data
combined from multiple radars will
lessen radar geometry problems
such as the cone of silence and
beam blockage. This display will aid
in using ground processing and

\space launch resources more effi-

ciently by stopping or starting work in
a timelier manner. The AMU was
tasked by the 45 WS and NWS MLB
to develop a dual-Doppler display
using data from the 45 WS Doppler
Radar, NWS MLB Weather Surveil-
lance Radar 1988-Doppler (WSR-
88D), and the Federal Aviation Ad-
ministration Terminal Doppler Weath-
er Radar at Orlando International Air-
port as input, and available software
to derive the wind field over east-
central Florida, especially over KSC/
CCAFS to support the safety of
ground and launch operations.

Software and Hardware

Ms. Crawford began the task by
determining the appropriate software
and hardware for the task. She con-
sulted with Dr. Huddleston, who con-
ducted the AMU study determining
the feasibility of a dual-Doppler capa-
bility with the local radars
(Huddleston 2012). She provided Ms.
Crawford with reference material de-
scribing multi-Doppler radar analyses
to assist in determining the available
software packages and the neces-
sary computing resources.

Huddleston (2012) identifies
three software packages that can be
used to create a dual-Doppler analy-
sis. First, the 45 SW Radtec 43/250
dual-polarization/Doppler radar uses
the Interactive Radar Information
System (IRIS™) software package
by Vaisala to display the data. The
IRIS software has an add-on product
called NDOP that provides the capa-

bility to create dual-Doppler wind
fields. The cost for NDOP at the time
of the study was $16,000. Secondly,
the National Center for Atmospheric
Research (NCAR) has a set of radar
processing software programs that
can be downloaded and used free of
charge (

)- This software was
used in Dolan and Rutledge (2007) to
create multi-Doppler analyses in real
time. Finally, the National Severe
Storm Laboratory’s (NSSL) Warning
Decision Support System Integrated
Information (WDSS-II) system can
create dual-Doppler analyses in a
research mode, with the possibility of
real-time operation (

).

The KSC Weather Office budget
does not allow for a $16,000 software
purchase, so Ms. Crawford will use
either the NCAR or WDSS-II soft-
ware. Through the websites given in
the previous paragraph, she learned
that any PC with a current Linux op-
erating system is sufficient to run ei-
ther package. Dr. Bauman deter-
mined that the AMU has a PC that
can be used for this purpose. It has
dual 2.4 GHz processors, 6 GB RAM
and 1 TB of hard drive space. This is
a more powerful system than that
used for real-time dual-Doppler anal-
ysis in Dolan and Rutledge (2007).

For more information contact Ms.
Crawford at 321-853-8130 or

J
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(Wind Pairs Database
for Persistence Model-
ing (Mr. Decker)

NASA LSP space launch teams
include a UL wind assessment in
their vehicle commit-to-launch deci-
sions. Their assessments are based
on wind measurements obtained ear-
lier in the launch count, which may
not represent the environment the
vehicle will ascend through. Uncer-
tainty in the UL winds over the time
period between the assessment and
launch can be mitigated by a statisti-
cal analysis of wind change over time
periods of interest using historical
data from the launch range. Without
historical data, theoretical wind mod-
els must be used, which can result in
inaccurate wind placards that misrep-
resent launch availability. This can
result in over conservatism in vehicle
wind placards and may reduce
launch availability. Conversely, if the
model is under-conservative it could
result in launching into winds that
might damage the vehicle. LSP
tasked the AMU to calculate wind
change statistics over specific time
periods, also known as wind pairs,
for each month from historical UL
wind observations at the ER, WR and
WFF. The wind pairs of interest are
over the time periods of 45 and 90
minutes, and 2, 3 and 4 hours. The
intent of these databases is to help
LSP improve the accuracy of launch
commit decisions based on UL wind
assessments. Because of their expe-
rience in working with UL wind pair
databases and statistical analysis of
UL wind change, the Natural Environ-
ments (NE) group at Marshall Space
Flight Center (MSFC) is working on
this task under the AMU’s direction.

Data Acquisition and Processing

Upper level wind measurements
can be made from a variety of instru-
mentation. The most common is a
balloon-lofted instrument package
known as a rawinsonde that
measures the wind directly and trans-
mits the data back to a ground-based
receiving system. Rawinsondes are
released at the ER, WR, and WFF.

\Another balloon-based system used

at the ER and WR is a specially de-
signed balloon known as a
Jimsphere, which were tracked by
ground-based radars. Software at the
ground station uses the radar data to
determine wind speed and direction.
The ER has multiple vertically point-
ing 50-MHz and 915-MHz Doppler
Radar Wind Profiler (DRWP) sys-
tems that, when their measurements
are spliced together, can generate a
wind profile in the region of interest
for launch vehicles. An advantage of
the DRWPs over balloon-based sys-
tems is that they take measurements
at much higher temporal frequencies
than balloons. This yields orders of
magnitude more profiles compared to
balloon profiles. The WR also has a
duplicate DRWP system to the ER
but due to limited sample size and
time to process the data it will not be
available for this task.

The only source of UL wind data
available at WFF is from rawin-
sondes. Mr. Decker obtained two da-
tabases of rawinsonde profiles from
WEFF for this task. The first was from
the National Climatic Data Center
(NCDC) Integrated Global Radio-
sonde Archive (IGRA) data from Jan-
uary 1965 through December 1999.
The other database of rawinsondes
was obtained directly from WFF and
has a POR of January 2000 through
January 2013. He first processed
these data through QC algorithms to
remove unacceptable profiles and
then combined the data into a single
comprehensive database.

Archived data from rawinsondes
and Jimspheres were available for
the WR wind pair assessment. Mr.
Decker obtained three sources of
data: IGRA rawinsondes from Janu-
ary 1965 through January 2013, WR
rawinsonde profiles from January
2007 to December 2012, and a WR
Jimsphere database with a POR from
January 1965-December 2007.
There is a time overlap with the 3
data sources as some of the WR ra-
winsondes and none of the WR
Jimsphere data were included in the
IGRA database. He processed the
data from the rawinsonde archives
through QC algorithms to remove
unacceptable profiles and then com-

bined into a single comprehensive \
database. Mr. Decker obtained the
Jimsphere database in late March, so
it was not included in the initial anal-
yses. He will QC these data and in-
clude them in the comprehensive da-
tabase.

Because of the aforementioned
advantages of DRWP data over ra-
winsonde and Jimshphere data, Mr.
Decker will only evaluate the DRWP
data for the ER. Data from the ER
DRWP systems are currently being
processed at MSFC NE to generate
databases of wind pairs. Once pro-
cessed, this database will have a
POR of January 2000 through De-
cember 2009. Details of the QC pro-
cesses are documented in Barbre
(2012). Once the processing is com-
plete, Mr. Decker will create wind
pairs with these data for the ER.

Preliminary Data Analysis

Mr. Decker’s initial analysis con-
sisted of counting the number of wind
pairs for the five time intervals (45
and 90 minutes, 2, 3, and 4 hours)
contained in the generated WR and
WFF databases over their PORs. His
experience with generating temporal
wind pair databases from balloon
systems indicated that there were not
enough profile pairs per month to
have a statistical sample that cap-
tures the full range of wind change
variability. Therefore, he expanded
the time periods by +/- 15 minutes to
capture more pairs for each period.
For example, profile pairs that were
spaced between 2:45 to 3:15-hours
were included in the count of 3-hour
pairs. The number of temporal pairs
for all five intervals over the POR in
the WR database is 1835 temporal
pairs. Given this count, Mr. Decker
decided to separate the pairs into
three wind climatology seasons:
Summer, Winter and Transition. He
stratified the WR data based on
worst and best months to launch a
vehicle. The worst period is the win-
ter months of January through
March, and the best period is the
summer months of May through Sep-
tember. The other months, April and
October through December, consti-
tute the transition period. Table 8 lists
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/me number of wind pairs for each of
the five time interval and three sea-
sonal periods. Note that these totals
are expected to increase when the
Jimsphere profile database is incor-
porated.

The WFF database pair count
over the POR for all five time interval
periods resulted in 590 pairs (Table
9). Even though there were over
30,000 profiles in the WFF database,
unless there were special situations
requiring high frequency of balloon
launches, the vast majority of profiles
in the WFF database are separated
by 12 hours or greater. The small
annual sample size for each time in-
terval may not capture the range of
temporal variability in the winds and
also increases the uncertainty in
characterizing wind change ex-
tremes. Mr. Decker will perform fur-
ther analysis to determine if this data-
base is acceptable for the intended
use.

Continuing Work

The WR and WFF balloon data-
bases contain data that are spaced
at inconsistent vertical intervals.
Therefore, Mr. Decker will either in-
terpolate the data to fill in missing
points, or filter the data to remove
smaller wavelength features in order
to produce equally spaced altitude
profiles that contain the same energy
content. At the same time, he will
perform a power spectrum analysis
on the different balloon systems to

determine the effective vertical reso-
lution to apply when filtering the wind
data. In addition, Mr. Decker will per-
form a pair count of the ER DRWP
database to determine the number of
pairs. He will deliver three sets of
wind pair databases, one for each
range, upon completion of task.

For more information contact Mr.\
Decker at 256-544-3068 or

Table 8. Seasonal count of wind pairs in the WR POR for the five

time periods.

Time Interval Winter Summer | Transition | TOTAL
45 minutes 151 196 178 525
90 minutes 53 90 66 209

2 hours 125 181 128 434
3 hours 114 165 92 371
4 hours 76 139 81 296
TOTAL 519 771 545 1835

Table 9. Seasonal count of wind pairs in the WFF POR for the five

time periods
Time Interval Winter Summer | Transition | TOTAL
45 minutes 26 91 42 159
90 minutes 9 61 16 86
2 hours 12 74 16 102
3 hours 68 61 17 146
4 hours 19 58 20 97
TOTAL 134 345 111 590

MESOSCALE MODELING

Range-Specific High-

Resolution Mesoscale
Model Setup: Data As-
similation (Dr. Watson)

The ER and WFF would benefit
greatly from high-resolution
mesoscale model output to better
forecast a variety of unique weather
phenomena. Global and national
scale models cannot properly resolve
important local-scale weather fea-
tures at each location due to their

horizontal resolutions being much too

coarse. A properly tuned high resolu-
tion model would provide that capa-
bility. This is a continuation of a pre-
viously customer-approved task that
began in FY12 in which the Weather
Research and Forecasting (WRF)
model was tuned for the ER and
WEFF. This task will provide a recom-
mended local data assimilation (DA)
and numerical forecast model design
optimized for the ER and WFF to
support space launch activities. The

model will be optimized for local
weather challenges at both ranges.

Configuration of New Modeling
Clusters

The two new AMU modeling clus-
ters were turned on in January 2013.
Under KSC direction, Mr. Magnuson
from ENSCO, Inc., began initial setup
on the clusters for AMU personnel to
use. His work was halted by KSC in
February 2013 and will resume when
KSC IT Security provides an
“Authority to Operate” certification for
both clusters. J
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ﬁnstallation and Configuration of
Data Assimilation Software

Dr. Watson acquired the GSI
software to use for the data assimila-
tion portion of the task. GSl is a vari-
ational data assimilation system that
was originally developed by the Na-
tional Oceanic and Atmospheric Ad-
ministration (NOAA) National Centers
for Environmental Prediction (NCEP)
and is freely available for community
use. The system has been used in
various operational systems since its
development.

Dr. Watson installed the software
on the existing AMU modeling cluster
with the help of Mr. Magnuson. GSI

could not be compiled on the existing
cluster since it required a newer ver-
sion of the compiler software. There-
fore, Dr. Watson configured and
compiled GSI on an ENSCO cluster
that had the updated compiler soft-
ware and ported it over to the AMU
cluster. Dr. Watson then tested the
installation by running GSI test cases
from the Developmental Testbed
Center website (http://
www.dtcenter.org/com-GSl/users/).

Dr. Watson began acquiring ini-
tialization data for GSlI, including con-
ventional observations from platforms
such as METAR and sounding, and
various satellite data such as bright-

AMU ACTIVITIES

AMU Operations

Mission Immediate

Dr. Huddleston and Dr. Bauman
completed a Mission Immediate task
to assess the accuracy of the NCEP
North American Mesoscale (NAM)
model low-level wind speed and di-
rection forecasts and compare them
to XMR Skid Strip observations. The
45 WS was concerned the model
was not performing properly due to a
model change in October 2012. They
wanted to quantify any degradation
as soon as possible because Range
Safety uses the data in their toxic,
debris and Blast Assessment predic-
tion models, and range forecasters
use the data in their forecasts. Dr.
Bauman wrote a script to download
and process the NAM files created
before the model change (15 October
2011-15 January 2012) and after the
model change (15 October 2012-15
January 2013) and saved them as
Excel formatted files for Dr. Huddle-
ston. She computed bias, standard
deviation and mean error of the NAM
forecasts against the XMR observa-
tions provided by Mr. McAleenan of
the 45 WS. The NAM model ap-
peared to perform very well when
compared to the XMR observations.

N

There were no statistical differences
in the wind speed before and after
the model changed. The wind direc-
tion, however, did appear to deviate
more from observations after the
model changed. Overall the model,
before and after the changes,
matched the observations well.

IT

The AMU file server containing
over 21 years’ worth of AMU work
failed on 3 January. No data was lost
because the AMU routinely backed
up the server to local external disk
drives. On 14 January, Mr. Robert
Brown, NASA GP-G, provided the
AMU with a shared folder on a GP
server at KSC to replace the AMU’s
failed server. Dr. Bauman completed
moving 855 GB of AMU files to the
new shared folder on 31 January.
The AMU staff also received new
NASA Agency Consolidated End-
user Services workstations to replace
their old PC’s.

Conferences and Training

Dr. Bauman, Ms. Crawford and
Ms. Shafer attended the 93rd Annual
American Meteorological Meeting in
Austin, Texas, 7-11 January. Dr.
Bauman and Ms. Shafer presented
AMU work at the 16th Aviation,

ness temperatures, satellite winds, \
precipitation rates, etc. The data is
available in Binary Universal Form for
the Representation of meteorological
data (BUFR) and is freely available
from NCEP. She will continue to ac-
quire data as needed as the task pro-
gresses.

For more information contact Dr.
Watson at watson.leela@ensco.com
or 321-853-8264.

Range and Aerospace Meteorology
(ARAM) conference at the AMS
meeting. Dr. Bauman also chaired
the opening session of the ARAM
conference.

Dr. Bauman, Ms. Crawford, and
Ms. Shafer attended the Day Of
Launch Working Group meeting at
KSC; the AMU staff attended annual
security training at ENSCO’s Cocoa
Beach office; and Dr. Watson pre-
sented the results from the Range-
specific High-resolution Mesoscale
Model Setup task to the 45 WS. Dr.
Bauman and Dr. Huddleston provid-
ed first drafts of their input for a fea-
ture article on “Research to Opera-
tions” for the journal Space Weather
to Dr. Merceret.

Operations Support

Mr. McAleenan of the 45 WS
asked the AMU for assistance as-
sessing if the heavy rainfall on 24
February impacted the Falcon 9
Dragon capsule while exposed on
the launch pad. Dr. Bauman down-
loaded the NWS MLB WSR-88D ra-
dar data and used the AMU GR2An-
alyst software to display only reflec-
tivities = 45 dBZ. The data indicated
heavy rainfall did not occur at the
launch pad and therefore did not im-
pact the Dragon capsule.

J
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Visitors

Dr. Bauman and Dr. Huddleston
provided an overview of the AMU to
Mr. Marc Siebert of the Ka-Band Ob-
jects Observation and Monitoring
(KaBOOM) project. The AMU staff
presented an overview briefing of
the AMU to the new 45 WS Range
Weather Operations Flight Com-
mander, Capt. Sweat, and dis-
cussed the AMU’s current tasks.
They also presented an overview
briefing of the AMU to personnel
from the KSC Procurement Direc-
torate and discussed the AMU’s cur-
rent tasks.

AMU Chief’s Technical
Activities
(Dr. Huddleston)

Dr. Huddleston reviewed the
KSC 50 MHz DRWP replacement
program development review (PDR)
packets. The PDR occurred at KSC
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" LIST OF ACRONYMS )

14 WS  14th Weather Squadron LI Lifted Index

30 SW 30th Space Wing LSP Launch Services Program

30 OSS  30th Operational Support Squadron LWO Launch Weather Officer

45 RMS  45th Range Management Squadron MCO Orlando International Airport

45 OG 45th Operations Group MIDDS  Meteorological Interactive Data Display
45SW  45th Space Wing System

45 SW/SE 45th Space Wing/Range Safety MPW  Maximum Peak Wind

45 WS 45th Weather Squadron MSFC Marshall Space Flight Center

ABS Absolute Value MSLP Mean Sea Level Pressure

AFSPC  Air Force Space Command NAM North American Mesoscale model

AFWA  Air Force Weather Agency NB North Base (at VAFB)

AMPS Automated Meteorological Profiling System NCAR National Center for Atmospheric Research
AMU Applied Meteorology Unit NCDC National Climatic Data Center

ARW Advanced Research WRF NCEP National Centers for Environmental Prediction
AUC Area Under the Curve NE Natural Environments

AWIPS  Advanced Weather Information Processing ~ NLDN  National Lightning Detection Network
System NOAA National Oceanic and Atmospheric

BUFR Binary Universal Form for the Representation Administration

of meteorological data NPL North Pacific Low

CAPE Convective Available Potential Energy NS North-South orientation

CAPE Max 8, CAPE based on the Maximum Equivalent NSSL National Severe Storms Laboratory
Potential Temperature NWS MLB National Weather Service in Melbourne, FL

CAPE FMaxT CAPE based on the forecast maximum PDR Program Development Review
temperature PG Pressure Gradient

CCAFS Cape Canaveral Air Force Station POR Period of Record

Cl Convection Initiation PW Precipitable Water

CIN Convective Inhibition QC Quality Control

CG Cloud-to-Ground SB South Base (at VAFB)

CH California High SMC Space and Missile Center

CSR Computer Sciences Raytheon SSi Showalter Stability Index

CT Cross Totals SWEAT Severe Weather Threat Index

DA Data Assimilation TI Thompson Index

DRWP Doppler Radar Wind Profiler TT Total Totals

ER Eastern Range TTS Total Threat Score

ESRL Earth System Research Laboratory UL Upper Level

EW East-West orientation URL Uniform Resource Locator

FRN Forecast Reference Notebook USAF United States Air Force

FSU Florida State University uT Upper Trough

GSlI Gridpoint Statistical Interpolation VAFB Vandenberg Air Force Base

GUI Graphical User Interface VT Vertical Totals

Ho Null Hypothesis WDSS-Il  Warning Decision Support System Integrated

H. Alternative Hypothesis Information

IGRA Integrated Global Radiosonde Archive WEFF Wallops Flight Facility

IRIS Interactive Radar Information System WR Western Range

JSC Johnson Spe_zce Center _ ~ WRF Weather Research and Forecasting Model

KaBOOM Ka-Band Objects Observation and Monitoring \ysr.88D Weather Surveillance Radar 1988-Doppler

Kl K Index XMR  CCAFS 3-letter identifier

KSC Kennedy Space Center
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