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Hurricane Flora (1963) Cuba

Isolated locations in Cuba received over 80 inches (2,000
mm) of rain, with Santiago de Cuba recording 100.39 inches
(2,550 mm).

The highest rainfall total measured on Cuba from any rainfall
event on record.

Hurricane Flora is among the deadliest Atlantic hurricanes in
recorded history, with a death total of over 7,000.

Many citizens were left stranded at the tops of their houses.

Several entire houses were swept away by the flooding, and
many roads and bridges were destroyed, resulting in major
disruptions to communications.
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Characteristics of TC Precipitation

Stratiform and Convective Mechanisms

Typical warm season 1-day total

One-Day Rainfall Accumulation (dB[mm]) for Mon 2 Aug 1999

overage: TLH=83% MLB=79% AMX=62% VAX=95% TBW=58% BYX=100% JAX=81%

Primarily
Convective

Hurricane Irene 1-day total

One- Day Rainfall Accumulation (dB[mm)]) for Fri 15 Oct 1999

Day prage: ANX=100° BYX=100% JAX=100°% MLB=05% TEW=100% TLH=100% VAX=100%

Stratiform
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Factors Influencing Tropical Cyclone
Rainfall
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| What Factors Influence Rainfall from

Tropical Cyclones?

Movement — slow forward motion can produce more rain

Storm size — the larger the storm, the greater the area
typically receiving rain

Storm track — factor in the location of the rain

Diurnal cycle — heaviest rainfall generally near the storm
center overnight, outer band rainfall during the day

 Topography — enhances rainfall in upslope areas, but

decreases rainfall past the spine of the mountains

Moisture — Entrainment of dry air can redistribute and/or
reduce the amount of precipitation; increased moisture can
Increase rainfall

Interaction with other meteorological features (troughs,
fronts, jets) and extratropical transition can greatly modlfy
rainfall distribution
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Rank Hurricane Season

1 |"Great Hurricane" 1730

2 | Mitch 1996

s < |"Galveston"” 1900
4 |Fifi 1974

5 |"Dominican Republic”| 1930

6 |Flora 1963

q 7 |"Pointe-a-Pitre" 1776
8 |["Newfoundland” 1775

8 ["Okeechobee” 1925

10 |"Monterrey” 1509

See also: List of deadliest Atlantic hurricanes

Deadliest Atlantic hurricanes

Fatalities
22,000+
19,325+
8,000 — 12,000
a,000 — 10,000
2,000 — 8,000
7,186 — &,000
6,000+
4,000 — 4,163
4,075+
4,000

_ Rainfall

n Inches
P5.4 mm
7,

wrficane Mitch
26-November 5, 1998

Maxima:
ndelaria/Carmen, MX
Boca Raton, FL




Factors Influencing TC Rainfall

Storm Size

Determined by distance from center to outermost closed isobar

<2 degrees “Very small/ Charley
midget”

2-3 degrees “‘Small” Allison

3-6 degrees “Average” Frances ¥

6-8 degrees ‘Large” Wilma

>8 degrees “Very large” Gilbert

Joint Typhoon Warning Center




Factors Influencing TC Rainfall

Time of Day
Alberto July 4- 5 1994




Factors Influencing TC Rainfall

Time of Day
Alberto, July 4-5, 1994
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Mountainous Regions

The presence of mountains/hills across much of Mexico, Puerto
Rico, Haiti, the Dominican Republic, Central America,
Madagascar, China, and Japan acts to magnify rainfall potential
due to forced upslope flow into the mountams.
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sy 2 ‘“ "'"w’o Storm Total  30.51" Jayuya, PR
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Hurricane Georges in Puerto Rico _

$1.75 billion in damage u“ﬁ’é“.“:“:ye

28,005 homes destroyed




Factors Influencing TC Rainfall

Environmental Steering in Northern Hemisphere

TCs that move into a break in the subtropical ridge often
produce most of the rain right of their track

TCs that recurve due to significant upper troughs in the
westerlies often produce most of their rain left of their
track

« Rainfall may spread well in advance of the TC due to

Interaction with the upper jet on the leading edge of the
trough

Very slow moving TCs and symmetrical TCs produce the

most rainfall near the center
« Usually cyclical with maximum rainfall at night
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Factors Influencing TC Rainfall
Predecessor Rainfall Events

Predecessor Rainfall Event (PRE)
Image from Matt Cote and Lance Bosart —
SUNY Albany
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« Moisture transport well ahead of TC itself

« Coherent area of rain displaced north of the TC (near a front or over terrain)
« Maximum rainfall rates can exceed 200 mm in 24 hr

 Occurs for approximately 1 of 3 landfalling TCs in U.S. i—fu“é;g';j::ham




Where Is Flooding from Tropical

Cyclones leel to Occur’P

Areas Where the e |} Floyd 1999 -
Ground is Already [IFSr<. S Tar River, He
Saturated (Low Flash [ s =

Flood Values) 2

Areas of Terrain

Enhancement
Areas with Poor Lo T
Drainage or Prone to B e

Runoff

Areas with Directed

Drainage that can be < . e

Overwhelmed Gaston 2002 - Shockoe Bottom # s ne
City of Richmond: $7.9 mil E)




Warning Signs for Heavy Rainfall
Associlated with TCs

Hurricane Floyd
September 14-17, 1999

Maximum: 24.06"
__--Southport 5N, NC

K _ Track
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Warning Signs for Heavy Rainfall
Assoclated with TCs

e Slow moving TCs , _
If :

« TCs with a turning
or looping track
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Tropical Storm Allison - 2001

Houston, TX
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$5.5 Billion, 41 Fatalities
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Tropical Storm Fay (2012)
Slow Forward Motion

Tropical Storm Fay

Made initial landfall in the Florida Keys.

Came ashore again in the Naples area.

Fay then crossed the state and exited near New Smyrna Beach.
Fay came onshore again near St. Augustine and Jacksonville.
Crossed the Panhandle and finally leaving the Pensacola area
into Alabama, early on August 24.

Fay continued to dump heavy rains around Pensacola,
Tallahassee, and Panama City, Florida during August 25.
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Tropical Storm Fay (2012)
Slow Forward Motion
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Maximum: 27.65"
_Meibuurne 8 NW, FL



Tropical Storm Fay (2008)
Slow Forward Motion
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Warning Signs for Heavy Rainfall
Assoclated with TCs

!—Iurricane lvan
Sep ember 13-26, 2004

‘4356 sites
\ — 1
\\_ 3 4
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\\ 7 /’/
~10-
15
Mammum 17. 00"
Cruso, NC .
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2.25 miles down-slope

5 deaths
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Tropical Storm Fay (2008)
Orographic Interaction
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Maximum: 27.65"
_Melbuurne 8 NW, FL
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Tropical Storm Fay (2008)
Orographic Interaction
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Tropical Storm Debby (2012)

Interaction With A Pre-existing Boundary
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Tropical Storm Debby (2012)

Interaction With A Pre-existing Boundary

Tropical Storm Debby
une 22-27, 2012
1341 sites

Maximum: 28.78"
Curtis Mill 1 E, FL
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TC Rainfall Forecasting Tools




Kraft Rule

We’ve come a long way!

Developed in the 1950s by a
Hurricane Forecaster R. H. Kraft

T.C. Rainfall = 100/Forward Motion in Knots
Storm Moving at 25 knots = 4 inches
Storm Moving at 10 knots = 10 inches
Storm Moving at 05 knots = 20 inches




.Y NWS Tropical Cyclone Quantitative
Precipitation Forecasts (QPF)

laximum Rainfall caused
Tropical Cyclones and
eir remnants per stale
(1872-2007)
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Forecaster Improvements over
the Models

] HPC Day 1 QPF
24-h ending 12Z 20 Aug
2008 - T.S. Fay

NHC Track
Forecast Issued
at 09Z 20 Aug - "

v | Forecaster adjusts models for NHC forecast,
known model biases, and impacts of
surrounding meteorological features !u"g@:f;ails
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Scenario

| * Tropical Cyclone (TC) “X” is a week or
= more away from approaching your area

 \What information is available?

* How do | assess the risk of fresh water
flooding in my area?
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1 Week Before TC Rain Begins

Assess Likelihood of Ground Saturation

U.S. Drought Monitor  **.21; 200
= ' L H ; —

. rugt monltor
nttp://drought.unl.edu/DM/MONITOR.html|

Hazards Assessment:
i~ http://www.cpc.noaa.gov/products/expert_assessment/

| N e




4-5 Days Before TC Rains Begin
5 Day Quantitative Precipitation Forecast
Quantitative Precipitation Forecasts

Day 1 Days 1-2

Days 1-3 2- and
7/-day Totals

Days 4-5 and
Days 6-7

Loop of All 6-hourly or 24-hourly Forecasts for Days 1-3
View 12-Hour QPFs for Days 1-3

Weather Prediction Center (WPC) 5 Day QPF
http://www.wpc.ncep.noaa.gov/qpf/day4-7.s.hmtI!UHF%,FT_E.ﬂ’NE
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Rainfall forecast through Thu, 3/20.
Most rainfall expected locally late Sunday through Monday.

Strong tstorms possible with gusty winds.

Low tornado threat over NE Flonida south of I-10,




Flash Flood Gwdance

National Weather Service
Southeast River Forecast Center
3 Honr Flash Floed CGuidance
Updated April 27, 2009 9:50 AM CDT
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Amount of rain over a
specified time period that
will produce flash flooding

(less in urban areas)

Puerto Rico
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1-3 Days Before TC Rains Begin

Weather Prediction Center

Excessive Rainfall Graphics 74|L

®.| Area where Maximum

Risk of Exceeding =
Flash Flood Guidance:
* Slight (SLGT) 5-10%

* Moderate (MDT) 10-15%

* High (HIGH) >15%

Done for Days 1, 2, & 3

HIGH: > 15%
MDT: 10%-15%

(24 hr forecast periods)

Rainfall may Exceed
5 Inches Highlighted
for Day 1 Only



http://www.wpc.ncep.noaa.gov/qpf/excess_rain.shtml

During TC Event

Local Weather Forecast Office

 Near term QPF

« Local Watches/Warnings/
Advisories

 Local Statements and
Nowcasts

Graphicast
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1

> Winds Gusted ovi
> Around 10 Jnches of Rain.

|
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Remains of Enr:... el

,> Extensiye Hooding
v e ey BN

> . Yo' - 59 2
-~ 451 | Lawto
@ Graphicast Sun Aug 19 11:02AM COT g _" R |

y Nornan Forecast Office

Do

http://weather.gov

Click on map for local office




During TC Event

Local Weather Forecast Office

VTEC ID: 2012.0.NEW.KJAX.FF.W.0007 lll . L LD Inten:E.
25 June 2012 9:39 PM CDT 9 :
e

v T T

* Flash
Flood
Warnings!
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http://weather.gov  ¢#=...
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Click on map for local office )
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m, Storm specific

How Much Rain Fell?
Weather Prediction Center

#e HPC Tropical T e
Cyclone Public
Advisories .
(available at same issuance AAT o _;0
times as NHC Public ! Meximam=37 65"
Advisories) vy Melbourne 8 NW, FL

Track

rainfall
accumulation

(available several weeks later)

http://www.wpc.ncep.noaa.gov/tropical/tropstorms.shtml U“FS:ES?@Q'E



How Much Rain Fell?

Prrec'ipiriatrion h‘iap ‘ Downibad Silapeifirles \ Abouf thiis F;age H Oiiler Usefﬁl Informaition Survey & Feedbaclz :

Gulf of Mexico

BAHRMAS 11060 4a72f] %2

Overlays: Precipitation Opacity: Image Last Updated: 05/13/2014 13:57UTC
. g . z Image Valid:

States M Counties M River Basins

(g 05/12/2014 13:00 UTC to
m M River Forecast Center Boundaries — 05/13/2014 13:00 UTC
\'.'-‘ ﬁ i

%

Available Precipitation Images:
® Since 127 @ Last 3 Hours @ Last Six Hours ‘® Last 12 Hours O Last Day (24hrs)

@ |ast2Days @ Last3Days ®Last4Days @ Last5SDays @ Last7 Days
® Last14Days @ Last30 Days @ Last60Days '@ Last 90 Days @ Last 120 Days Iﬂwu
UR

® Hourly Archive . c RRECA
/ http://www.srh.noaa.gov/ridge2/RFC_Precip/ )




How Much Rain Fell?
Climate Prediction Center

WW.NWS.Noaa.gov

National Weather Servy» ' P
Climate Prediction Cente Observed Amount
e = " Compared to Climatology

Search the CPC 1-Day Precipitation (mm) 90—day occumulation ending 20090501
12Z April 25 2009 - 12Z April 26 2009

US and Mexico

Daily Precipitation

7-Days Precipitation
Accumulation - loop

About the Gridded
Analysis

Download Real-Time
Gridded Data

" Download Historical

i k8
[N
' =@
o

HPEPY
'

NN

ao

. 30, 90, 180 & 365-Day
Monitoring Maps
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Topo PrecipDEDIEE M Stations Boundaries M cities M Roads M Rivers
Legend

Climate Prediction Center — Accumulated
Precipitation from Day 1 to 1 Year

http://www.cpc.ncep.noaa.gov/products/Global Monsoons/ o
American_Monsoons/NAMS precip _monitoring.shtml HBRIGAgE



http://www.cpc.ncep.noaa.gov/products/Global_Monsoons/American_Monsoons/NAMS_precip_monitoring.shtml

How do you stay Informed

* hurricanes.gov
 Mobile.weather.gov

e e-mall scotcordero@noaagov

e Facebhook uswaionaeate sevice sacksonite
o Twitterenwsscksonie

. Goto Meeting

e Phone 361-289-0959




In Conclusion

Remember the factors that influence TC
rainfall (size of storm, time of day, speed etc.)

Evaluate the quality of the model data
available to you compared to the current
conditions

Assess the amount of shear in the
environment How will it influence rainfall?

Are there past TCs that resemble the rainfall
distribution and forecast of the TC?

Use all of the tools available (products from
NHC, NWP models, Local Offices, etc.)

Remember, heavy rain can also occur well
away from the TC itself (PRE, secondary
disturbances, etc.) *f*y
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Questions

Scott.Cordero@noaa.goV
904./41.43 /70 ext. 222

Working Together to Save Lives




Thank You

Questions?



