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ABSTRACT

An isolated extreme rainfall event occurred across portions of the Springfig, Missouri, area on 15 June
2013 causing substantial flooding of several small headwater tributaries of the James River. Heavy, nearly
stationary thunderstorm activity developed along an outflow boundary after 1500 UTC. This area of
thunderstorms trained over souttern Springfield before dissipating around 1845 UTC. Posevent analysis of
rainfall amounts indicated both gauge observations and radarderived estimates exceeding the 180 event
(1% annual chance equivalent). Local storm reports from the National Weather Service (NWS) foredas
office in Springfield were supplemented with additional reports derived from news media and social media.
Flash flood nowcasting techniques such as NW&idded flash flood guidance (GFFG), rainfall average
recurrence interval (ARI) estimates, thedistrib uted hydrologic modektthreshold frequency (DHM-TF), and
the flooded locations andsimulated hydrographs (FLASH) project were compared to local storm reports of
flash flooding. A timeline of output from each of these techniques was compared to the time dadported
flooding to evaluate the usefulness of each tool in the context of NWS operations. It was found that GFFG
underestimated the scope of the flash flooding and would not have provided an estimate of flash flood
severity. Rainfall ARI estimates, DHM-TF, and FLASH each suggested a significant flash flood event
however, DHM -TF output would have been available too late for forecasters and FLASH output would have
provided several areas of false alarms. Rainfall ARI estimates provided the best balance ofatging areas of
flash flooding, correctly estimating flash flood severity, and being available in a timely manner to NWS
forecasters.

1. Introduction 201Q 2011). Experimental techniques may provide a

An isolated extreme rainfall event occurred acrossvay to improve flash flood nowcasting and meet the
portions of the Springfield, Missouri, area on 15 Jungoals of these assessments.
2013 causing substantial flooding of several small  Discussing a flood in terms of a streamflow
headwater tributaries ofh¢ James River. Isolatedfir et urn peri odo or fAaverage
areas were analyzed to be at least aytOfvent (1% has been used to describe the rarenéss event for
annual chance equivalent) when looking at botth 2 many years. In recent years, the concept of describing
and 3h durations. There was very little lag timerainfall in terms of an ARlalso has been used to
between the periods of heaviest rainfall and the worgirovide better context for extreme events. With the
impacts of flash floding. Although flash flood availability of improved updates to rainfall frequency
warnings were issued by the National Weather Servicanalysis data acrssthe catiguous United Statest
(NWS) prior to reports of flooding, heightened has been proposed that rainfall ARIs can be estimated
wording (such as #Afl as hinfehtime tb betemeommguaicate Yiabd severity s ith o t
used in a flood warning or statement until after theunfolds if not before it begins (Parzybok et al. 2011;
most severe flood impactsad begun. The ability to Parzybok and Shaw 2012). Numerous experimental
recognize extreme events as they unfold and providechniques utiiing both streamflow ARI and rainfall
severitybased product wording has been highlightedARI are being tested with the goal of improving
by several NWS service assessments (NWS ,1998lecision support services by NWS forecasters.
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This case study provides a brief meteorologica
overview of the 15 June 2013 event in the Springdfiel
area and also disclessoperational forecasting consid B4
erations. An emphasis is placed upon information th4
would have been available to warning forecasters pr
to the onset of flooding. Section 2 provides a meteo
ological overview of the flash flood evergection 3
discusses various rainfall estimation methpdsction
4 provides an overview of nowcasting methods co
pared to flooding reportsection 5 discusses strength
and weaknesses of each nowcasting methaut
section 6 discusses conclusions that can be made frg
this case study.
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2. Meteorological aspects 13047 Us RaD:
. . Figure 1. Hydrological Prediction Center surface analysis and
a. Synopticanalysis radar composite for 0900 UTC 15 June 20CBck image for an
external animation valid from 0000 through 1800 UTC 15 June

The origins of the thunderstorm activity directly
responsible for this event lie with a line of storms that
formed in Nebraska and lowa on 14 June. At 0300
UTC 15 June2013 a surface lowvas analyzed near [, SGF 1306151200 (Observed)
Omaha Nebraska, with an associated weak warm frongt | .. / *
and stationary front extending southward toward th¢
Gulf Coast (Fig. 1). The cluster of storms evolved intd
a squall line overnightyith the activity turning toward
the southsoutheast almost parallel to the front. By |™F
0900 UTC (Fig. 1), the line of thunderstorms wag
decaying as it moved into central Missquaind an
outflow boundary was analyzed along the leading edge,... o 1
of the activity. The low pressure area and associatge .. === "==f % 4 ::
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1500 UTC,thunderstorm activity decreased in areal|[m=:om s o im0 |
coveragebut increased in intensity just to the north ofg;q e o Soundingfor the 1200 UTCL5 June 2013 launch from
the Springfield area. The heaviest activity was sittingyws WFo Springfield Click image for an external version; this
over the northeastn sections of Springfield by applies to all figures hereafter.
approximately 1400 UTC and was moving very slowly
eastward, with storms continuing to build toward themore moist air from the west (Fig. 3b). The 0°C and
southwest. 120°C levels were approximately 4025 m (13 210 ft)
Surface winds were light through the event, generand 6760 m(22 170 ft), respectively. The sounding
ally ¢2.5 ms* (5 kt). The 1200 UTC sounding from profile was rather moist, although the precipitable
NWS Weather Forecast Office (WFO) Springfieldwater (4.17 c¢cm or 1.64 in) was not particularly
(located on the northwesnside of the city indicated anomalous for June (80th percentile; Bunkers 2013).
generally light winds up to about 4®Gb, above Southwestrn Missouri was in an area of very light
which winds were 1623 ms'*! (30i 45 kt) from the low-level (Figs. 3a and) and midlevel winds just east
west (Fig. 2). Although light, winds at 928b were of a 508mb shortwave trough (Fig. 3c). Springfield
advecting somewhat warmer air from the southwestas on the edge of a steep gradient toward higher

(Fig. 3a) andvinds at 850 mb were advecting slightly Precipitable water to the west (Fig. 3d).

propagation. Over the-B period from roughly 1200 to [z
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Figure 3. Storm Prediction Center meanalysis vatl 1200 UTC 15 June 2013 for (a) 925 mb, (b) 850 mb, (cjrBBPand (d) the upwind
propagation vectors combined with the precipitable water. A black star showscétien of SpringfieldDisplayed fields are wind (kt
multiply by 0.5144 fom s1), precipitable water (irmultiply by 2.54 for cm), height (dam), and temperature and dewpoint (°C).

b. Radaranalysis treme nature of the event wasedio nearly stationary
thunderstorms training over the same location for a

The thunderstorms directly responsible for perucmuItipIe—hour period.

ing the flash flood activity had formed by about @50
UTC. One area of heavy rainfall was located just easo; Rainfall estimation
of Springfield with another area forming on the™
soutkern side of the city as seen in the NWS WFO  Rainfall data from numerous sources were ob
Springfield (KSGF) NexGeneration Radar (NEX tained and analyzed for the period of heaviest rainfall
RAD) (Fig. 4; these thunderstorms were nearlyon 15 June 2013. Rainfall data ch@ subdided by
stationary By 1600 UTC, the storm over southernits spatial coverage meaning either point data such as
Springfield becamalominant and had stalled. Thun from a rain gauge, or gridded data such as from
derstorm activity continued to develop over the sameemotely sensed estimates. Some of these data are
area of soutérn Springfield for nearly 3 h (1544845 available to forecasters in rei@he and some datare
UTC) until dissipating. only available after an eventhis section elaborates
According to radar data from KSGHye highest on the different types of data used in this analysis.
rainfall rates occurred over the far southern portions dfirst is point rainfall data from official sources, then
Springfield near the Greene/Christian County line, juspoint rainfall data from partner agencies and the
southwest of the James River Freeway (US 60) angpublic, followed by gridded rainfall estimates.
Schoolcraft Freeway (US 65) interchange. The ex
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Figure 4. NEXRAD reflectivity (dBZ, scale at left of each imagiedm KSGF for the Springfield area at approximately 1500 UTC (left)
and approximately 1600 UTEC5 June 2018&ight). Click image for an external animatiafalid from1500 to 1845 UTC.

a. Pointrainfall data sons, and called in to a local NWS office), andRkS
from the general public (rainfall measured, via- un
nown means, by persons of unknown training, and
alled in to a local NWS office). The locat®of all

rain gauge siteareshown n Fig. 5.

Point rainfall data were first obtained from official
sites, which include the Automated Surface Observiné
System (ASOS; automated statiaiat typically are
located at airpas), United States Geological Survey
(USGS; automated stations -lmwated with river
observations), NWS Cooperative Observer Program
(COOP; typically manualeporting daily stations used
for NWS climate records), and National Climatic Data
Center (NCDC; lagterm climate reporting stations).

Of these, information from ASOS and USGS sites

would typically be available in reéime to NWS

forecasters. Next, point rainfall data were obtained

from unofficial sites of partner agencies, which

include the City of Bringfield Public Works (auto

mated gauges used fetormwater engineering) and

the Community Collaborative Raimdail, and Snow

Network (CoCoRaHS; typically manuegporting dai

ly stations monitored by a volunteer observer- net

work). Of these, ir-]formation from the _Springfield rain Figure 5. Locations of point rainfall data obtained for this analysis.
gauQe networkypically WO“"?' be ava!lable_ in real Symbols represent the different sources of rainfall datbjective
time to NWS forecasters. Finally, point rainfall dataotal rainfall contous (in; multiply by 2.54 for cmjare provided
were obtained from private sites, which includefor reference.

Weather Underground Personal Weather Stati@s sit

(WU PWS; automated stations of varying quality and  Rainfall data from ASOS, USGS, COOP, NCDC,
reliability run by private persons or groups), localand LSR sites were obtained from the lowa Environ
storm reports from trained spotters (LSR; rainfalme nt a | Me s o mmesbréetsagram.rastalteieduk
measured, via unknown means, by N\&ned per sites/locate.php Data from CoCoRaHS sitegereob-
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