Introduction

The National Weather Service (NWS) in Mount Holly (PHI)
experiences a variety of weather threats throughout the course
of each year. Flash flooding is becoming one of the greatest
warm-season threats across the county warning area (CWA), as
the frequency and severity of these events have noticeably
increased for various reasons (including broadening
urbanization, more frequent occurrences of anomalous
tropospheric moisture content during the warm season, etc).
Research-to-operations advances in flash flood forecasting,
warning operations, media and technological innovation has
allowed for flash flood warning operations at NWS PHI to rapidly
evolve. Much of this modernization has occurred in concert
with the storm-based warning era in the NWS; however,
integration of media and technological advances into the
warning process has been a more recent focus (especially in the
past three years). We examine the state of flash flood
verification for the office in an effort to determine and quantify
the effects such modernization has had on warning operations.

Flash Flood Climatology and Verification in the NWS PHI
County Warning Area

Flash flooding in the NWS PHI CWA tends to occur primarily in
two favored corridors (Fig. 1a). The first is located within the
greater Philadelphia metropolitan area northeastward toward
the Trenton and New Brunswick areas in New Jersey. The
second stretches from Reading to Allentown in eastern
Pennsylvania. These two corridors are highly urbanized and are
becoming increasingly so in the past two decades (Fig. 1b) with
subtle but observable increases in flood frequency at many
gauges in these areas (e.g., Fig. 3).

The most noticeable trend in warning verification over the past
decade has been a recent large increase in lead time (Fig. 2a).
Other statistics exhibit little trend through the period [as these
values appear to be more closely tied to annual variations in
flash flood events and warnings issued (Fig. 2e)]. However, the
probability of detection has also increased noticeably in the past
three years, suggesting a potential association with the office
integration of media/technological advances. Several examples
are provided in Figs. 4 and 5. A common theme among these is
the promotion of situational awareness: combining a high
volume of data into simple, comprehensible, and immediately
actionable displays of information to promote fast and effective
decision-making.
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Figure 1: (a) Number of flash flood warnings issued by the NWS PHI office from the period 1 January 2008 to 24 December 20189.
Image courtesy of the lowa Environmental Mesonet at lowa State University. (b) Population increase (green) and decrease
(purple) between the 2000 and 2010 census. Image courtesy of United States Census Bureau.
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Figure 3: Number of distinct flood events per year from 1960 to 2016 for the
Pine Brook gauge on the Passaic River (blue), the Bound Brook gauge on the
Raritan River (orange), and the Norristown gauge on the Schuylkill River

(purple).

Figure 4a (right): Example of a social media page that reports (in near real-
time) county dispatches. These pages have been instrumental in (1) the
identification of multiple and distinct flash flood events within single
warnings, (2) faster verification of warnings, ultimately providing more
informed decisions with subsequent warnings, and (3) receipt of events in
less-populated areas that may otherwise have been unknown, even well after
the event. Example from the 11-12 July 2019 flash flood event.
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Figure 2: Flash flood warning lead time in minutes (a), false alarm ration (FAR); (b), probability of detection
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(POD); (c), and critical success index (CSl); (d) during the storm-based polygon warning era. Statistics for the
National Weather Service as a whole are in red, for all Eastern Region offices are in green, and for the NWS
PHI office are in blue. Note that 2019 data are not shown (preliminary) but continue to indicate an increasing

trend in lead time and POD and a decrease in FAR from the previous year.

Figure 4c: Automated, real-time situational awareness display of mPING reports within the NWS PHI CWA
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during the 11-12 July 2019 flash flood event. A flash flood emergency was issued for Berks County during the
height of the event, with receipt of these reports one of the first indications regarding the severity of flash
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Figure 2e: Number of flash flood warnings issued per year by NWS PHI from 2008

to 2019 (shown as accumulated totals through the year). Image courtesy lowa
Environmental Mesonet at lowa State University.
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Figure 5: Internal situational awareness page providing color-coded flood
information for gauges within and surrounding the PHI CWA. Each gauge is
interactive, providing gauge information and instructions for product issuance
when operational needs arise.

Current Operational Philosophy

NWS PHI has implemented a modernized approach to flash flood
warning operations in the storm-based warning era. The
approach has several key features:

* [Integration of media and technological advances [e.g., RSS (Fig.
4b), mPING (Fig. 4c), ArcGIS (Fig. 5), and others]

 Emphasis on situational awareness (Figs. 4 and 5)

* Incorporating research-to-operations advances to facilitate
improved decision-making [including the Multi-Radar/Multi-
Sensor (MRMS) system, Flooded Locations and Simulated
Hydrographs (FLASH), Flash Flood Monitoring and Prediction
(FFMP), among many others]



