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1. Introduction:

Commonly known measurements obtained from radiosonde observations are pressure, temperature, relative
humidity (PTU), dewpoint, heightendwinds. Yet, another measurementdnificantvalue obtained from

high resolution datas the radiosonde ascent ratss the balloon carrying the radiosonde ascends, its' rise rate
can vary significantly owing to vertical motions in the atmosph8&tedies on deriving vertical air motions and
other informaibn from radiosonde ascent ratata datérom the1950s (Corby, 1957) to more recevirk done

by Wang, et al. (208). The cause®or thevertical motions are often froatmospherigravity waveghatare
induced bysuch phenomena deep convection ithunderstormglLane, et al. 2003)et streams, andind flow

over mountain ranges.

SinceApril, 1995, the National Weather Service (NWS) has archived radiosondeataténe MIcroART
upper air sygmat sixsecond intervals for nearly all statianghe NWS 92 station upper air networkVith
the network deployment of the Radiosonde Regolent SystenfRRS)beginning inAugust,2005, the
resolution of the data archived increased to 1 secontaseand also includes the GRfliosondédeight
data. From these data, balloon ascent rate cateoeed by noting the rate ohange in height for a period of
time

The purpose of this study to present observations significantvariations ofradicsondeballoon ascent rates
above 20 kmn the stratospherakenclose to (less than 150 kaway) and near the timef severeand non
severghunderstorra. Alsoincludedare observations takeluringweatherevens where no thunderstorms were
present.

2. Calculation of Balloon Ascent Rate

Balloon ascent rates in m/s were calculated and plotted from the difference in derived PTU height (geopotent
from one second to the nexto reduce noise from the pressure sensor, these 1 second data were smeothed o
a moving 60 second intervalSmoothed one second ascent rates were also obtained from the GPS heights.
They were also smoothed over a 60 second interval to help remove the pendulum motion of the ascending
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radiosonde and other noiseeights derivedrom the PTU data are independent of those derived from the GPS
data and the two measurements can be used to verify that the ascent rates measured are accurate.

3. Balloons Used

NWS upper air stations use a balloon weighing about 600 gms. The balleaypically inflatedwvith 1.7 to

2.0 cubicmeters (65 to 70 cubic feet) either hydrogen or helium gasVhen inflation is completedhe

balloonis mostly spherical in shape ahds a diameter of about 1.5 metefsie balloons typically have an
ascemrate between 250 to 350 meters/minute and the average burst height is about 30 km. At that altitude th
balloonhas expanded to nearly 7 meters in diamelée shape of balloon as it risemnot alwaysa perfect

sphere. Some balloons will ascemith a somewhat flattened top, slowing the ascent speed, while others will
rise faster because they have a more rounded top. The dimensions of the balloon can also change as the be
rises and expandsving to uneven thickness of the balloon membrane.

4. Case Studies

Balloon ascent data fromvariety of weather eventspmehistoric anddating back to the late 199Qgere
investigated Some notable severe stormachas theMay, 1999 Oklahomna City F5tornadoand the May,
2010, EF5 tornado that struck ElI Reno, Q#re not presentedn these casefiére were missed observations
near the time of the severe weather or there were soundings that did not go much higher than 20 km.

All the radicsonde ascent rate plots show ascent rate in m/s indkisxand height in metein the yaxis (on
the left sigt). Altitudes in feet are also shown and along with the wind profile.

Case Studyl: The Joplin, MO, Tornado

An EF-5 tornado struck JoplitMissourion May 22 2011,shortly before 23:00 UTCMore information on the
storm is provided here:

http://www.spc.noaa.gov/exper/archive/events/110522/index.html

There is &NWS weather office in Springfield about 100 km away to the@akiplinthat takes routine
radiosonde observations. On May 22, the office also took a 19:00 UTC souRdjnges la through 1d shows
balloon ascent rate plots from soundings taken frofiQl®lay 22 to 12:00 May 23. éloon ascent ragan

m/s as derived from the PTU (red) and GPS (black) ataahown Note that for the 12:00 and 19:00 UTC
observations the ascent rates do not show significant variations throughout the observatiorer,Hiogv€0:00
UTC soundingFigure 1c)released at 23:35 UT Ghows significanthangesn ascentate that persigb above
30 km About12 hours later, when the 12Z May 23 sounding was tgigare 19 the strong variations in
ascent rate were no Iger seen.

The radiosonde for 00Z May 23 radosonde was not ingested intodetltorm at any time during the
sounding Figure 2 shows the radar imagery at the time of the balloon rel€asesevere thunderstorm that
struckJoplinhad moved east, but waot at the Springfield NWS office thterelease time

In Figure 1d note the rapid change in ascent rate near 31,000 meters. The high and low ascent rates are ma
with an orange dot. A review of the 1 second radiosondeg@igtare 1d)showed that t minimum
unsmoothed PTU derived ascent rate aa8.6 m/s at an altitude of 30,801 meters. Ab26meters the
unsmoothed secondsent rate had increased to 1in/. This translates to a 12 m/s ascent rate change in a
layer725meters thick Fran the 1 second latitude and longitude data the radiosonde tré@vlkih in this
layer when it was about 46.5 km away to the northeast of the launclrigitee 3shows the radar imagery for
the time (01:05 UTC) when the radiosonde was in this laygurés 4 and 5showthe visible satellite imagery
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for 00:15 and 00:45 UTQespectively. Note waves in the thunderstormaegr soth-central Missouri in
Figure 4 (inside red circle).



Springfield, MO (KSGF) Upper Air Plot: 12UTC - 05-22-2011 [291-1]
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Springfield, MO (KSGF) Upper Air Plot: 00UTC - 05-23-2011 [293-2]
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Figure 1c

Springfield, MO (KSGF) Upper Air Plot: 12UTC - 05-23-2011 [294-1]
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Springfield, MO (KSGF) Upper Air Plot: 00UTC - 05-23-2011 [293-2]

(m)

(ft)

Legend . /—

Ascension Rate [1sec] (m/s) ' =
Ascension Rate [1 min] (m/s) I = 2
— GPS Ascension Rate [1 min] (m/s) ——

33500

33000

325004

32000+

315004

31000+

30500

30000

295004

110000
109000

108000

107000

106000

105000
104000
103000

102000

101000

100000

99000

93000

97000

96000

29000

-1 0 1 2 3 4 5 3 7 B8 E] 0 1 2
Ascension Rate (m/s)

Figure 1e

95000
(mfs)



KSGF -- Springfield, MO 23:36:55 UTC Sun 22 May 2011
Base Reflectivity: 0.5 degrees, Precip Mode c) UCAR htip: / /ww. rap.ucar.edu /weather /radar/

Figure 2 (Courtesy of UCAR)



KSGF -- Springfield, MO

Base Reflectivity: 0.5 degrees, Precip Mode
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Figure 3 (Courtesy of UCAR)



. Sétﬁnimation Speed X Start PS i‘ _<I_] ﬂ Show

Left click - toggle onfoff; Right click - show frame

Figure 4 (Courtesy of UCAR)
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Case Study 2Waves Caused by Nesevere Weather

From November 23 to 2@010, soundings froitihe NWS office in Valley, Nebrasképear Omahaghowed
significant changes in balloon ascent ratethe stratospherabove 20 km Figures 5, 6 and 7 show balloon
ascent rates examples during this time period. No severe weather was octutnigghes soundingsind
high pressure was over the assshown inthe surface weather magsdures 8 and)9 A jet stream(see
Figure 10)possiblycombined with other weather features likely caused these waves.

Note: The balloon ascent rate data from thendmgs were derived from the NCDC archive product, which is

in BUFR format. While the ascent rate data from the PTU data is available in the archive, the data plotting
software was only able to retrieve the GPS data. Only ascent rates from the GP& stadava in the figures.

KOAX_72558 (KOAX) Upper Air Plot: 00UTC -11-23-2010 [671-1]
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http://www.hpc.ncep.noaa.gov/dailywxmap/dwm_stnplot_20101123.html
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Surface Weather Map at 7:00 A, E.S.T.
Figure 9 (surface weather map November 26, 2011)
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http://www.hpc.ncep.noaa.gov/dailywxmap/dwm_stnplot_20101126.html
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101125/0000 300 MB UA OBS, ISOTACHS, STREAMLINES, DIVERGENCE

Figure 10 300 mb analysis 00:00 UTC Nov 25, 2Q&t0urtesy of NCEP/SPC)

Case Study 3Severe Thundestorms over the TX Panhandle and Eastern OK

From the evening of April 22010 to the early morning hours éfpril 23, sever¢hunderstorms occurred over
the Texas panhandle and eastern OklahdAgure 10 shows visiblesatellite imagery for 00:45 UT@\pril 23.
More information on the storms @ailable at these websites:

http://www.spc.noaa.gov/exper/archive/events/100422/index.html

http://www.srh.noaa@y/ama/?n=april 22 2010

http://www.srh.weather.gov/lub/?n=ever810-20100422

http://www.mesonet.ttedu/cases/SevereWX 042210/20100422.html
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Figure 10 Visible satellite photo 00:45 UTC April 23, 20{€burtesy of the West Texas Mesonet)

NWS opeates an upper air station at Amarillo, ;Taad Norman, OK and kalloon ascent rate plotseashown
in Figures 11 through 1f®r each site before and after $everestorms occurredNone of the soundings were
ingested into the thunderstorms

Note that he significant changes in ascent ralb®ve 20 kntan be seen in the 00:00 UTC Amarillo sounding
(Figure 13)and about 12 hours later (12:00 UTC April 23) at the Norman sou(iiggre 17). In ure 11

notice that the GPS ascent rates and the ascenssoh e deri ved from the PTU da
likely from a small leak in the pressure sensor or another defect of some kind in the sensor.

In Figure 17, orange dots were placed on the ascent rates at about 26 km and 2&tSHimlocaton, the
radiosonde was about 100km ENE from the radiosonde launch site in Namthrs layer theradiosonde
appears to have traveled along a complete atmospheric(tkaygh to trough)The ascent rates rose as high as
about 8 m/s and slowed to ab@utn/s. e distance covered was about 4.5 km.
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Amarillo, TX (KAMA) Upper Air Plot: 12UTC -04-22-2010 [223-1]
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Amarillo, TX (KAMA) Upper Air Plot: 18UTC -04-22-2010 [224-1]
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Norman, OK (KOUN) Upper Air Plot: 12UTC - 04-22-2010 [227-1]
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Norman, OK (KOUN) Upper Air Plot: 00UTC - 04-23-2010 [228-1]
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Norman, OK (KOUN) Upper Air Plot: 12UTC - 04-23-2010 [229-1]
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Norman, OK (KOUN) Upper Air Plot: 00UTC - 04-24-2010 [230-1]
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CaseStudy 4 Non Severelhunderstorm

On May 19, 2010, rain amibn-severehunderstorms covered mostkansas and Missouri owing to low
pressure system that moved along the Oklahoma and Kansas bdaterthan 15&m away, in Oklahoma
and Arkansas, severe weather (hail and tornaamesirred during the dayBalloon ascent rate plots frotine
upper airstation in Spngfield are shown in Figure 19, 20, and 2th this casenonseverghunderstorra
occuredat Sprindield. Note that the plots do not shdle significant swings in ascent ratessseen during
severe weather evesshown in other casen this study.

Springfield, MO (KSGF) Upper Air Plot: 12UTC - 05-19-2010 [287-1]
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Springfield, MO (KSGF) Upper Air Plot: 00UTC - 05-20-2010 [288-1]
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Springfield, MO (KSGF) Upper Air Plot: 12UTC - 05-20-2010 [289-1]
km) (i) \
32000 - . - [
30000 3047100000 /
28000 26+
[ 90000
26000 : Legend 26
r Ascension Rate [1 min] (m/s) 30000 /
24000 f —— GPS Ascension Rate [1 min] (m/s) 24+
22000 224 /
70000
20000 20 %
18000 15460000 “4\
N
16000 16
50000 Wa
14000 14 W
R
12000 12440000 v/
10000 10
30000
8000 8
6000 6420000
4000 4 W\
10000
2000 2 |
. 0 1 2 3 4 5 6 7 8 9 10 (m/fs) (k!‘sxc
Ascension Rate [1 min] (m/s), GPS Ascension Rate [1 min] (m/s) "35;?50?50%0

Figure 21

22



Case Study 5The Springfield, MA, Tornado

A line of severghunderstorms passed through New England on June 1,&@d.@ EF3 tornado struck
Springfield, MA,during the late aftmoon. Hail 3.25 inches in diameter was reported in Shaftsbury More
information on the storm is available here:

http://www.spc.noaa.gov/exper/archive/events/110601/iiek.

Figures 22 through 28howthe radiosonde ascent rate plots from the NWS offices in Albany and Upton, NY
(on Long Island)before and aftgibeginning00:00 UTC June 2the tornado eventTheJune 2, 12:00 UTC,
Albany soundinderminated belov20 km.

Albany, NY (KALB) Upper Air Plot: 12UTC - 06-01-2011 [305-1]
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Albany, NY (KALB) Upper Air Plot: 16UTC - 06-01-2011 [306-1]
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Albany, NY (KALB) Upper Air Plot: 00UTC - 06-02-2011 [307-1] /c
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Albany, NY (KALB) Upper Air Plot: 12UTC - 06-02-2011 [308-1]
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Figure 25
Upton, NY (KOKX) Upper Air Plot: 12UTC -06-01-2011 [304-1]
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Upton, NY (KOKX) Upper Air Plot: 12UTC -06-02-2011 [306-1]
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Case Study 6GreensburgKS, Tornado

From May 4 to 6, 20Q7entral Kansas experienced severe weathiér large hail and tornadoesn EFR-5
tornadostruck Greensburg Kansas about 02:00 UT©n May 5, 2007. More information on the severe
weather that occurred on May 4 is provided here:

http://www.spc.noaa.gov/exper/archivetats/070504/index.html

The nearest NWS upper air station to Greenburg is Dodge City, KS, about 65 km away to-timtvesist.
Figures29 to 38 showadiosonde ascent rates from Dodge City, KS from 00:00 UTC May 5 through 12:00
UTC May 7. The12:00UTC May 6 souding is missing. The office was using MicroART at the time and only
ascent rates derived from the PTU data ai#t®oawainlg
of the data. This is a result of six second data being uskethanMicroART archives the pressuréa

resolution of only 0.1 mbRRS archives the pressure to 0.01 mb resolutidhe 18:00UTC sounding taken

May 6 (Figure 35) may have been ingested into a convective cloud as the radiosonde ascent rate shows an
abrupt shift upwards near 4,000 meters.

Dodge City, KS (DDC) Upper Air Plot: 12 UTC - 05-04-2007 [252-1]
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Dodge City, KS (DDC) Upper Air Plot: 00 UTC - 05-05-2007 [254-1]
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Figure 32
Dodge City, KS (DDC) Upper Air Plot: 18 UTC - 05-05-2007 [256-1]
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Dodge City, KS (DDC) Upper Air Plot: 00 UTC - 05-06-2007 [257-1]
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Figure 34
Dodge City, KS (DDC) Upper Air Plot: 18 UTC - 05-06-2007 [259-1]
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Dodge City, KS (DDC) Upper Air Plot: 12 UTC - 05-07-2007 [261-1]

10 (mis) ()
DDC 00 UTC
05-07-2007

Gm) ()

Legend

Ascension Rate [1 min] (m/s)

ap100000

28
“}eoo0o
26
5480000
22
L70000
20

45460000
50000
12440000
_+30000

£-4-20000

10000

3 4 5 6 7 8
Ascension Rate [1 min] (m/s), GPS Ascension Rate [1 min] (m/s)

Figure 37

10 (mfs)  ®9)
DDC 12UTC
05-07-2007

31



Dodge City, KS (DDC) Upper Air Plot: 00 UTC - 05-08-2007 [262-1]
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Figure 38

Case Study 7: The Hallam, NE, Tornado

At about 01:30 UTC on May 22004,Halem, NE wasstruck by a EF4 tornado. More information on the
storm is provided here.

http://www.spc.noaa.gov/exper/archive/events/040522/index.html

http://www.crh.noaa.gov/oax/archive/hallam/hallam.php

The nearedlWS upper air statioto Hallamis located at Valley, NE, about 100 km away to the northAast.
the time of thestorm, the office was usingicroART. Shownin Figures 39 through 4dre radiosonde ascent
rates from Valley before and after the storm occuridte 12:00 UTC, May 22, soundingas missing.
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Valley, NE (OAX) Upper Air Plot: 18 UTC - 05-22-2004 [289-1]
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Figure 39
Valley, NE (OAX) Upper Air Plot: 00 UTC - 05-23-2004 [290-1]
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Figure 40
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Valley, NE (OAX) Upper Air Plot: 12 UTC - 05-23-2004 [291-1]
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Figure 41

CaseStudy 8: Non Severe Thunderstorm

Non severe thundersims, caused by a stationary front, moved across Long Island, NY, from June 11 through
early June 12, 2011These storms passed near the NWS upper air station located at Upton, NY. Figure 42
shows radar imagery for 21:03 UTC on June 11 and Figure 43glaoar imagery fa@7:55 UTC on June 12.
Figures 44 through 47 show the radiosonde ascent rate plots for the soundings taken before and after this
weather event. Note that no significant changes in ascen(irategravity wavesare seembove 20 kmn the

stratosphere.
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KOKX -- New York City, NY/Upton 21:03:12 UTC Sat 11 June 2011
Base Reflectivity: 0.5 degrees, Precip Mode (c) UCAR htip: //www. rep.ucar.edu/weather /radar/

Figure 42(Courtesy of UCAR)
KOKX -- New York City, NY/Upton 07:55:08 UTC Sun 12 June 2011
Base Reflectivity: 0.5 degrees, Precip Mode (c) UCAR htip: / /www. rap.ucar.edu /weather /radar/
2 |

Figure 43(Courtesy of UCAR)
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Figure 44
Upton, NY (KOKX) Upper Air Plot: 12UTC -06-11-2011 [323-1]
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Figure 45
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Figure 46

Figure 47
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