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Rules of thumb



« Kraft equation (inches)
Maximum rainfall=100/speed (in knots)
* TRopical Rainfall Potential (TRaP)

Maximum rainfall=Avg measured rain rate X Length of rain shield/speed
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Forecast guidance examples for Hurricane Florence

Links, class notes, and video lectures available on JSU teaching website:

http://weatherclasses.com



http://weatherclasses.com/

Comparison global, regional, high-resolution models

18-h forecast rain total
Initialized Sept. 14, 187
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GFS Total Accumulated Precipitation (inches) from 18z145ep2018 to 12z2155ep2018
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NAM-12km Total Accumulated Precipitation (inches) from 18z14Sep2018 to 12z155ep2018
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HRRR Total Accumulated Precipitation (inches) from 18z14Sep2018 to 12z155ep2018
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Comparison global, regional, high-resolution models

30-h forecast rain total
Initialized Sept. 14, 187



GFS Total Accumulated Precipitation (inches) from 18z145ep2018 to 00z165ep2018
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NAM-12km Total Accumulated Precipitation (inches) from 18z14Sep2018 to 00z165ep2018

N Init: 18z Sep 14 2018 Forecast Hour: [30] walid at 00z Sun, Sep 16 2018
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HRRR Total Accumulated Precipitation (inches) from 18z14Sep2018 to 00z165ep2018
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Comparison global, regional, high-resolution models and hurricane model

18-h forecast rain rate or radar reflectivity (derived from rain rate)
Initialized Sept. 14, 187



GFS 6-hour Averaged Precip Rate (mm/hr), MSLP (hPa) & 1000-500mb Thickness (dam)
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NAM-12km Near-Surface Reflectivity (dBZ) & MSLP (mb)
N Init: 18z Sep 14 2018 Forecast Hour: [18] walid at 12z Sat, Sep 15 2018

TROPICALTIDBITS.COM

IN{S T

25N - -




HRRR 1km AGL Reflectivity (dBZ) & MSLP (mb)
N Init: 18z Sep 14 2018 Forecast Hour: [18] walid at 12z Sat, Sep 15 2018
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Comparison global, regional, high-resolution models and hurricane model

30-h forecast rain rate or radar reflectivity (derived from rain rate)
Initialized Sept. 14, 187



GFS 6-hour Averaged Precip Rate (mm/hr), MSLP (hPa) & 1000-500mb Thickness (dam)
N Init: 18z Sep 14 2018 Forecast Hour: [30] walid at 00z Sun, Sep 16 2018
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NAM-12km Near-Surface Reflectivity (dBZ) & MSLP (mb)
N Init: 18z Sep 14 2018 Forecast Hour: [30] walid at 00z Sun, Sep 16 2018
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HWRF FLORENCE-06L Composite Reflectivity (dBZ) & MSLP (mb)
Init: 18z Sep 14 2018 Forecast Hour: [30] wvalid at 00z Sun, Sep 16 2018 TROPICALTIDBITS.COM
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Ensemble Tropical Rainfall Potential (eTRaP)
Examples shown for 6-hr forecast

Initialized Sept. 14, 187



Probability of Precipitation (POP)>25 mm

25 mm =1inch

800 FLORENCE : 24HRS FPROE >= S0 MM ETRAF



Probability of Precipitation (POP)>50 mm

50 mm = 2 inches




Probability of Precipitation (POP)>75 mm

75 mm = 3 inches

5: 00 FLOREMCE :24HRS PROB »= 150 MM ETRAF



L ~ o
NORA
25.49 101.E Z00E. 2 =04, & a0g g212.2 MM

.- Bl 3 =0 32 INCHES ]




NOAA’s Weather Prediction Center (WPC) generalized graphics

Initialized Sept. 14, 187
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Day 1 Excessive Rainfall Outlook : %
Valid 01Z Sat Sep 156 2018
Thru 122 Sat Sep 15 2018

Risk of rainfall exceedilngt; flash flood guidance
lssued: 0151Z Sat Sep 15 2018 within 25 miles of a poin :
Forecaster: CHENARD HIGH: > 50% Ly e ok
NOAA/NWS/NCEP/WPC |MDT: 20%-50% MRGL: 5%-10% Y




Hydrology tools



https://water.weather.gov/ahps/ W
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@ https://water.weather.gov/ahps/rfc/rfc.php
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NOAA’s Water Model



® Not secure | water.noaa.gov/tools/nwm-image-viewer

National Water Model Experimental Image Viewer

The viewer below has been made available to view the pre-generated imagery depicting output from the National Water Model. For dir
imagery shown in the viewer, visit the following location: https://www.nohrsc.noaa.gov/pub/staff/keicher/WRFH_ppd/web/static_images

Dataset: Forecast Type:

Streamflow v Analysis

National Water Model Streamflow Guidance
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Dataset: Forecast Type:

Streamflow v Analysis

2018-09-15 17:00:00 UTC
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Dataset: Forecast Type:
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USGS Flood Page



C  @® https://water.usgs.gov/floods/

Regional and Local Flood Alerts [§

PROJECT ALERT NOTICE (GA NC SC)
HURRICANE FLORENCE

Sat, 15 Sep 2018 13:00:16 EDT
Hurricane Florence makes landfall on NC
coast.

PROJECT ALERT NOTICE (VA WV)
USGS VA-WV WSC DEPLOYING
SENSORS IN ADVANCE OF
HURRICANE FLORENCE

Tue, 11 Sep 2018 12:47:13 EDT
USGS staff is deploying water level and
meteorological sensors in advance of
Hurricane Florence.

PROJECT ALERT NOTICE (MD) USGS
PREPARES FOR DATA COLLECTION
IN RESPONSE TO HURRICANE
FLORENCE (MD-DE-DC WSC)

Tue, 11 Sep 2018 12:04:26 EDT

Field crews deploy monitoring assets
ahead of potential impacts from Hurricane
Florence.

PROJECT ALERT NOTICE (MD) HIGH
RIVER FLOWS AND FLOODING IN
WESTERN MARYLAND

Mon, 10 Sep 2018 14:08:33 EDT
Radar-estimated rainfall totals ranging

USGS Flood Information

CURRENT FLOODING HISTORICAL FLOODING FLOOD

This section contains information about active and recent events tracked by the USGS National Floods Specialist. Streamflow data is \
agencies to forecast flood magnitude and timing, operate flood control systems, and manage emergency response. In addition, USGS
and dissemination of geospatial imagery and map products used for flood response and evaluation.

Saturday, September 15, 2018 13:30ET

Today's Flood Conditions
(USGS WaterWatch)

- River Above Flood Stage

- 99th Percentile
- 95-98 Percentile




Search USGS streamgage P

Choose a data retrieval option and select a location on the map
./ List of all stations '® Single station ' ' Nearest stations ' Peak flow

Explanation - Percentile classes

ver above
<95 | 9598 | >=99 [GoctSee| raneed

A\ Streamgage with flood stage O Streamgage without flood stage
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WaterWatch: Water Resources Conditions

Summary
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Empirical and climatology applications for return-level studies



Moan ran rabe (mn"h",l

Rainfall CLImatology and PERsistence (R-CLIPER)

RR=-5.5+110(Rpay / R)-390(Ryyax / R)* +550(Rypax / R)> —250(Rpyax / R)* (2.19)

(a) Intensity

Hurricane Rainfall Rate
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Variants used for baseline skill metrics (models should perform better!) and FEMA’s Mitigation division (HAZUS software)



Satellite-derived rainfall rate pdfs
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o sy and S. S. Chen, 2004: Precipitation
distribution in tropical cyclones
using the Tropical Rainfall
Measuring Mission(TRMM)
microwave imager: A global
perspective. Monthly Weather
Review, 132, 1645-1660.
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FIG. 14. Radial distnbution of rainfall PDFs for (a) TS, (b) CATI2,
and (c) CAT335 storms. The color scale and black lines are as desenibed
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R-CLIPER for TS, Min Hurr, and Major Hurr, with avg, + 10%, + 20%, * 34%, + 68%,

Radial structure of rainfall rate probability distribution functions
for tropical storms
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24-h accumulated rainfall (inches) for different intensities and speeds
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Asymmetry and width should be added through wind shear,
topography, dry air intrusion, 2D wind structure, and size

A version of R-CLIPER, known as R-PHRaM, considers only shear

and topography. No known CLIPER model’s for other
parameters.

R]-‘Hl{uh-'l o RH-{'L]PEI{ T RH]'I-.:LII' mod T Rl-.rpu}-_:,raph}'

More complicated terms could also incorporate frontal and
trough interactions, as well as extratropical transitions



Also not considered in mitigation formulations are Predeccor
Rainfall Events (PRE).

A PRE is a coherent area of heavy rainfall poleward of a tropical
cyclone, which is distinct from its main precipitation shield, but
still indirectly related to the storm.

PRE Locations Relative to TC Track (1998-2006)

Potential for excessive flooding
before cyclone’s arrival

o5 | Potential for excessive
26 flooding beginning before
arrival of TC rainfall

River flooding could also

coincide with surge event ; i t

(mOSt StUdIeS assume rlver rlse . PRE Left of TC Track PRE Along TC Track PRE Right of TC Track
Iags S u rge eve nt) Relative Locations
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NEW YORK, THURSDAY, SEPTEMBER 9, 2004

Seth Wonig for 1he Now York Times
A stretch of Ninth Street in Brooklyn yesterday, between Smith Street and Second Avenue. Bystanders said
the area was prone to flooding even in times of light rain. Some said it was waist high at its worst yesterday.

Downpour Overwhelms Transit in Morning Rush




Considerations for post-Harvey and post-Florence research



General questions and discussion















