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In the 4 year period from
2014 to 2017, more
people have died in Texas
from flooding than all
other weather hazards
combined.

Data from NWS National Hazard Statistics



Flood! Fatalities s

TEXAS FLOOD FATALITIES BY SHELTER FROM
2014-2016

Other
13%

In Water

25% Half of the flood fatalities
in Texasoccurredwhile
people were in their car.

2017 was skewed dueito
Hurricane Harvey. In
e 2017, there were 33
flood fatalities: in the:

water and 19 in vehicles.

Vehicle
50%

Data from NWS National Hazard Statistics
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WhattCausessRiooding?)?

Intense rainfall
Rain over severaldays
Dam/levee failures

High tides or storm surge
Snowmelt

Ice or debris jams

R




Flood Products



Watch vs Warning

A Waitch is issued when conditions arefavorable to occur.

A Warmihng is issued whenthe threat is occurring or imminentthreatening life or

property.
Couﬁtlesmﬁlash \.Z:B 1
Floo Watch L t‘, Y ]
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Flood vs. Flash Flood

A Flood is anoverflow of water onto normally dry land likely caused by rising
water in a river/bayou, poor drainage, or high tides/surge. Flooding is a longer
term event than flash flooding. It may last days or weeks

A Is a flood caused by heavy or excessive rainfall in a short period

of time, typically 6 hours or less. Flash floods are defined as:
¢t 3 feet of standing water (less i1 f thre
£t 6 inches of fast fl owing water across

Water in a stream or bayou flowing rapidly out of its banks, or
A dam break (even on a sunny day)



Understanding Flooding

Urban / Small Flood Watch Flash Flood
Stream Advisory Watch
WHAT IS IT?
WHAT IS IT? Flooding is WHAT IS IT?

Flooding of small
streams, streets
and low-lying
areas.

WHAT TO DO?
Stay away from
areas that are
prone to flooding
and stay clear of
rapidly moving

water

possible g typically
within a 6 to 48

hours before rain
is expected to
reach the area.

WHAT TO DO?
Stay tuned to local
river forecasts;
prepare for areas
near rivers to
spread towards
nearby roads and

buildings

Flash flooding is
possible gtypically
6 to 48 hours
before rain is
expected to reach
the area.

WHAT TO DO?
Have a way to
receive local
warnings, expect
hazardous travel
conditions and
have alternate
routes available

Flood Warning Flash Flood

Warning
WHAT IS IT?

Flooding impacts
are occurring or
imminent.

WHAT IS IT?
Flash flooding
impacts are
occurring or

WHAT TO DO? imminent.

Stay alert for
inundated
roadways and
follow all local
signage!
Additional impacts
include homes and
structures could
become flooded
and need to be
evacuated

WHAT TO DO?
Conditions will
rapidly become
hazardous! Do not
cross flooded
roadways or
approach inundated
areas as water may
still be rising

Flash Flood
Emergency

WHAT IS IT?
Flash flood
situation that
presents a clear
threat to human
life due to
extremely
dangerous
flooding
conditions

WHAT TO DO?
Immediatelyreach
higher ground by

any means
possible




You make t he
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Small
Stream

Flood
Advisory

e

SN ol
A

at

This image depicts what conditions may look
like during a flood advisory.
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Flash
Flood
Warning

This image depicts what conditions may look
like during a Flash Flood Warning.



Flash
Flood
Emergency
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This image depicts what impacts may result from a Flash Flood Emergency. A rapidly
moving flood wave resulted in this roadway being completely washed out.
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Flood
Warning
(Areal/

River/
Bayou)

This image depicts what conditions may look
like during an Areal Flood Warning.




Flood Timeline

Before
Event Onset

d
ory

River Flo

Increasing Impact Potential .

ALL Situations Represent Threatening Conditions to Life and/or Property

Note: Flooding can (and does) occur without a Flash Flood Watc|



Be sure to have multiple

ways to receive warnings.

Ways to Receive a Warning

Wireless TV and Radio

Emergency Alerts
NOAA Weather Radio and Weather Apps

All Hazards

Emergency Alert

Flash Flood Warning this area til
3:00 PM EDT. Avoid flood areas.
Check local media. -NWS

Settings Dismiss

Social Media

NWS Website: https ://www.weather.qgov/hgx_/



https://www.weather.gov/hgx/

Coastal and Storm Surge Flooding




Ekman Transport

¢

In general, winds generate motion upon ocean waters.
Water is deflected/transported 45° (at the surface) to 90° \N.\“o
(330-500 feet) to the right of the wind.

gotSC
_ . : \aye
Easy way to remember: Turn your back to the wind. A5
Water is transported toward your right. e
N
: : : : \ S
Depending on wind conditions,  water ca‘"aef“ pi |
the coastline causing levels to run much above normal -- /
even without a storm system in the area. Coastal flooding o0
can even result!
The opposite can be true as well, with wind

water away from shore and causing below normal water
levels -- increasing the risk of vessel groundings.



Ekman Transport

What impacts water levels locally?

C Wind direction. An easterly wind component will typically produce higher water
levels. Opposite is true about northwesterly directions.

C Wind speed. Higher speeds have a more significant impact than lower speeds.
C Duration. The longer elevated winds persist, the more significant the impacts.
C Fetch. The longer the distance the elevated winds, the more significant the impacts.

C Misc. Astronomical tides, seas, shelf slope, shape of the coast, etc.
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Which scenario is more likely to produce higher water levels?
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Which scenario is more likely to produce higher water levels?
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Which scenario is more likely to produce higher water levels?

#1 #2
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Which scenario is more likely to produce higher water levels?

#1 #2
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Which scenario is more likely to produce higher water levels?
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#2
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Which scenario is more likely to produce higher water levels?

#1 #2
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Coastal Flood Timeline

Event Onset Waitch Ag'

Increasing Impact Potential .

ALL Situations Represent Threatening Conditions to Life and/or Property



Storm surge

C Storm surge is an abnormal rise of
water generated by a storm, over
e mo@ and above the predicted
astronomical tides.

Wind and Pressure Components of Hurricane Storm Surge

C Storm surge is produced by water
being pushed toward the shore by
the force of the winds moving
counter-clockwise around the storm.

Water on ocean-side/
flows away without
raising sea level much As water approaches land
it “piles up” creating storm surge Q

Storm surge is often the greatest
threat to life and property from a
hurricane.




Storm Surge

Waves on top of surge are highly destructive.
Water weighs approximately 1,700 pounds per cubic yard.

'

M
\ Al
gl
QLR \ 17 ft
storm tide

2 ft normal
high tide
Mean sea level

NOAA/The COMET Program



Storm Surge

Hurricane Ike Inundation Depth Sensitive to the slightest changes in:

Storm track.

Storm intensity.

Forward speed.

Size (radius of maximum winds).

Angle of approach to the coast.

O 0 0O 0O 0 0

f Highest surge usually | == | =0
along and to the right |- | s Shape and characteristics of coastal
| Epe :
of landfalll o features such as bays and estuaries.
B «-s
== = =3 C Width and slope of the continental shelf. A
R = RS boo shallow slope will potentially produce a

greater storm surge than a steep shelf.

Storm surge values many times do not correspond well to the hurricane wind categories (on the Saffir-Simpson
Hurricane Wind Scale) that range from 1 to 5. These categories are based only on winds and do not account for
storm surge. ke was a category 2 storm that produced a 15-20 foot storm surge.



Storm Surge

Sometimes high water levels cut off communities well before (sometimes days) the bad weather
arrives. First responders need to be prepared for this and also ensure your personal family
members have a plan in place.

BREAKING NI
TROPICAL STORM HARVEY FOX1I0
COAST GUARD AVIATORS ASSISTING NEWS
| NATIONAL |

HARVEY CAUSES DEVASTATING FLOODS IN H




Track Errors

NHC Official Average Track Errors

Atlantic Basin Tropical Storms and Hurricanes
500

Average track errors

450 -
1960-69

400 1970-79

ST R PR P e P PR DR S N A SR TOR=QQ i

Track error (n mi)
=y Ny N )
Loy} e (3l Q
(w] o (e} [w}

1 1 1

2017
100 preliminary
50_ R S
Q
12 24 36 48 72 96 120

Forecast period (h)




Storm Surge
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Storm Surge

Observed surge
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Storm Surge 1 Readiness, Planning & Mitigation

Landfall 48+ hours out: pre

-computed

risk maps (SLOSH MOMs and MEOWSs). ¢

Nk |

tﬁii X “Killzen
k Austin

Maps made by using up to 100,000
hypothetical storms to compute the
maximum storm surge at an individual point.

Varying forward speed, radius of maximum
wind, intensity, landfall location, tide level,
and storm direction.

Ask your local NWS where to find these
maps and how to read them.

To access SLOSH MOMs:
https://noaa.maps.arcqgis.com/apps/MapSeri
es/index.html?appid=d9ed7904dbec441a9c
4dd7b277935fad&entry=1



https://noaa.maps.arcgis.com/apps/MapSeries/index.html?appid=d9ed7904dbec441a9c4dd7b277935fad&entry=1

Storm Surge - Response
<48 hours before landfall: NHC Potential Storm Surge

Hurricane X

C Shows geographical areas where inundation from
storm surge could occur and how high above
ground the water could reach in those areas.

C Based on the latest forecast track and intensity of
the tropical cyclone.

T 0 & .
O Cloverigaf " =,
T 9) -
sy Houston: ¥ Baytown
74 228 146

Lo B ¢ Takes into account likely forecast errors.

| oMiulorchndﬁ gt
[N : Pasadena"v\
. ,,%ugart;d - b} ) ) )
C The shading represents inundation levels that have

%
League Gity ”;,Z’ 2
» "

[Potentat Storm Surge Flooding: KOS Ganeson oy " a 10 percent chance of being exceeded, which can
Intertidal Zone/Estuarine Wetland % Gulf of Mexico .

B Orete han 1 oo b grownd @ ' therefore be thought of as representing a

[ g SO reasonable worst-case scenario for any individual

- Greater than 9 feet above ground | Sz -

O Loveesre | location.

Updated every six hours or so.




I \WsHouston % @NWSHouston

MHC Potsntal Stom Surge Floodeg Map C To access map: https://www.nhc.noaa.gov/ and
From 04 PM CDT Thursday August 24 to 10 PM CDT Sunday August 27 s e I e C t ﬁ St O r m S u r g e I n u n
tropical storm/hurricane.

Atlantic - Caribbean Sea - Gult ot Mexico

Tropical Weather Outiook (en Espafiol”) Tropical Weather Discussior
2 Lparay 205 PM EDT Tue Aug 23 201
O Tropical Depression Harvey B ) Satellite | Buoys | Grids | Storm Archive

NG LITTLE BUT EXPECTED TO RESUME A NORTHWESTWARD COURSE SOON...

1:00 PM CDT Wed Aug 23

Location: 21.5°N 92 5°'W Public Aviso Forecast Forecast Pronéstico Wind Speed
Moving: Stationary Advisory Publico” Advisory Di Di o Pr
Min pressure. 1005 mb #12A #12A #12 #12 #12 #12
Max sustained: 35 mph 100 PM COT 100 PM COT 1500 UTC 1000 AM CDT 1000 AM COT 1500 UTC
NWS Local US Watch/
Products Warning
239 PM COT 138 PMEDT
7 ; e 1
o e A =
Wind Speed Expenmental Amval Wind Warnings/Cone Wamings and
abilfie Time of Winds History Interactive Map Static Images Surface Wind

g |
Storm Surge U S Rainfall
Walch/Warnina Potential

Storm Surge
Inundation

Potential Storm Surge Flooding*
- Intertidal Zone/Estuarine Wetland
- Greater than 1 foot above ground
I:l Greater than 3 feet above ground

I:l Greater than 6 feet above ground
Greater than 3 feet above ground Download GIS data

nundation Layer Only | Inundation with Intertidal Laye ‘ - Greater than 9 feet above ground
Greater than 6 feet above ground

Leveed area
B eooiocthan 0 fant abaa - m Co‘:-nsult local officials for flood risk

Potential Storm Surge Flooding* Map Layer Options:

- Intertidal Zone/Estuarine Wetland m T Map Opacity Stider

- Greater than 1 foot above ground



https://www.nhc.noaa.gov/

Tropical Cyclone Timeline

| Storm/Hurricane
atch (s nours)

Before
Event Onset

m Surge Watch

Increasing Impact Potential .

ALL Situations Represent Threatening Conditions to Life and/or Property



Storm Surge + Freshwater Flooding (Harvey)

freshwater = 2

‘\:‘1:”:‘741, '.u .9
A 10. 5*
¥ 3.1

Still not safe for vessel ,n’“'(_‘ < Tg

navigation. 3.7

But When??? 2.8 4.1 3.2
— 2.7 surge
25 3.3
C Very difficult to forecast. 3.2
2.3
3.0
C Little guidance available. 4.8
5.3

3.5




Real Time Water Level Observations & Forecasts

Texas Point, Sabine Pass, TX (8770822)

Inundation History Page High Tide Bulletin Station Home Page

https://tidesandcurrents.noaa.gov/inundationdb/

Station is likely not experiencing floeding at this time

< 7 3 a
Station List 0 next 48 haurs at the: 7 NOAAINOS/CO.OPS
g & ," s r £ o Observed Water Levels at Texas Point, Sabine Pass, TX (8770822)
!‘ ] From 2018/10/13 00:00 LST/LDT to 2018/10/15 23:59 LSTILDT
\\ 40 4.0
M
(;- 3.0 3.0
_Moderate Flooding
£ ,, . Minor Flooding b o
I
=
=
8 0 1.0
=4
£
=2 0.0 0.0
o]
T
-1.0 -1.0
NOAA/NOS Center for Oparational Oceanographi Products and Sarvices
00:00 12:00 00:00 12:00 00:00 12:00
10/13 1013 10/14 10/14 10/15 10/15
| — Predictions — Observed — Forecast
Minor Flood Threshold: 1.99
Units: |Feet v Timezone: LST/LDT v Datum: | MHHW ¥
Present Water Level 2018-10-14 07:06 PM 1.11
Next High Tide 2018-10-15 11:39 PM 0.07
Highest Today 2018-10-14 09:36 PM 3an

Highest Tomorrow 2018-10-15 0024 AM 343




Real Time Water Level Observations & Forecasts

https://tidesandcurrents.noaa.gov/map/index.html?region=Texas

ol 2

https://slosh.nws.noaa.gov/etsurge2.0

'@"3 Probabilistic Extra-Tropical Storm Surge 1.0

MDL SURGE PRODUCTS STORM SURGE INFO PARTNER LINKS ORGANIZATIONS

)

Original ETSS | New ETSS | Probabilistic ETSS Datums | Disclaimer

. ETSS @ Static a Search ®n Bkmark
Status Map Station Hydrographs Guidance _ _ Graphs Stations Plot
Galveston Bay Entrance 8771341 Model Time(UTC): 2018-10-14 18:00
45 : :

T .
00 a0
Mon 10715 Thu 10/18

3

Time (UTC) -

e Forecast Water Levels [Observed Water Levels|[ Forecast Uncertainty (10%-00%)




River Flooding



River Flooding

N ._\_, 4 SR phis AN I 2
River flooding occurs when water escapes the river banks.
There are different thresholds for river flooding: action, minor,
moderate, major and record flooding. This image depicts what
a river flooding looks like. '
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Watershed

A watershed, or basin, is an area of land that
drains runoff from rainfall (stormwater )to a
body of water, either a river, bayou, creek, or
lake.

A watershed can flow into another

watershed.

Watersheds vary in shape and size which
ultimately lead to unique challenges.
Topography plays a big role in how watershed
boundaries are defined.

Brazos River Basin

Brazos-Colorado Coastal Basin

Texas Major River Basins,
Coastal Basins and

Major Bays

Life's better outside.




Diverse Watershed Characteristics in Texa
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Watershed

A watershed, or basin, is an area of land that
drains runoff from rainfall (stormwater )to a
body of water, either a river, bayou, creek, or
lake.

A watershed can flow into another
watershed.

Watersheds vary in shape and size which
ultimately lead to unique challenges.
Topography plays a big role in how watershed
boundaries are defined.

Galveston County has 1 site specific forecast
point.

Reset View

<

9 ¢ S o
| » Switch Basemap
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River Forecast Process

Hydrologic Modeling Forecast

TRINITY RIVER NEAR LONG LAKE (OAKWOOD)
Universal Time (UTC)
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Rainfall estimates and forecasts merged Rainfall ingested into hydrologic model.
into continuous dataset Forecasters adjust model parameters in real time

until further notice...or until the warning is



http://www.srh.noaa.gov/wgrfc/displayHMDimage.php?imagefile=p120i12.gif&date=20080521&alt=5 Day Total Rainfall Forecast
http://www.srh.noaa.gov/wgrfc/displayHMDimage.php?imagefile=p120i12.gif&date=20080521&alt=5 Day Total Rainfall Forecast

Hydrograph Basics

LOCATION:

Of the gage the
forecast is made, AT
means the gage is in
the limits of the
town/city, NEAR or
NR means that
town/city has the
closest post office

BRAZOS RIVER AT RICHMOND
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Hydrograph Basics

STAGE VS FLOW
Hydrologists,
models, reservoirs
work in flow.
Emergency
managers, media,
general public work
In stage.

What is flow or a
cubic foot per
second?
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A basketball is
roughly a cubic foot,
so 20,000cfs is
20,000 basketballs of
water passing the
gage every second.
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Understanding River Criteria Levels

ACTION

Impact: Water is over the banks and into the flood plain, but not a threat to
structures or roadways. Some action may be required such as moving farm
equipment or increasing awareness

MODERATE

Impact: Water now reaching areas only impacted by significant rain events. Structures
can be inundated, several roads covered with water, water may cut off certain areas,
widespread agricultural flooding.

MAJOR
Impact: Water is near the highest it#fHs ev
significant widespread impacts. Most roads will be covered by water in the area cutting
off if not completely flooding subdivisions, rivers can be several miles wide in areas.
Homes and structures underwater, bridges inundated and in danger of being hit by
debris. Impacts may be greater than ever experienced.
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If you notice any errors in the below information, please contact our Webmaster

54.74 MWajor flooding continues with significant home flooding in the following areas: Valley Lodge near Simonton, Bar Rd, Baker
Rd/Cumings Rd/Rio Brazos area north of Rosenberg, Edgewoed/Baudet Rd in Richmend, and FM 2759 near Thompsons
Low lying homes in Grand River, Rivers Edge, Pecan Estates in Thompson, and Pecan Bend flood as well

_ 54 Major flooding continues with US90A eastbound lanes inundated and impassible between Harlem Rd and New Territory. Pitts

Rd is impassible between US90A and Savannah Dr.

53 Major lowland flooding continues with FM 359 impassible between US30A and the Pecan Grove levee near Southern Place
Dr. The intersection of FM 359 and Mason Rd is impassible. FM 2759 is completely inundated east of Agnes Rd. Street
flooding occures aloeng Sienna Parkway between McKeever Rd and Steep Bank Trace. Street flooding occurs along
McKeever Rd between Sienna Parkway and SHE. Miller Rd near Arcola is inundated

52 Major lowland flooding continues with homes near intersection of Sixth St. and Avenue B in Rosenberg beginning to take on
water. FM 1489 is inundated south of Simonten to Johnson Rd. FM 723 is inundated north of Rosenberg to FM 359, making
the Kingdom Heights and Riverside ranch subdivisions inaccessible. FM 359 between US90A and Pecan Grove begins
taking on water. Thompson Ferry Rd south of LJ Parkway is inundated outside of the leveed area

51 Major lowland flooding continues with homes flooding along Cumings/Baker Roads and in Rio Brazos north of Rosenberg
FM 1093 is inundated to Stansberry Rd in Simonton. Underpass at intersection of SH36/90A west of Rosenberg is
inundated/impassible. Fort Bend County flood fight operations in Simonton are exceeded and cease. Low lying streets on
west side of Quail Valley take on water. Feeder roads along SH6 near intersection of FM 521/McKeever Rd are inundated
Low lying areas along Knights Ct take on water.

50 Major lowland flooding begins as homes in Richmond begin flooding and many homes in Simonton and Thompsons have
water in them. FM 1458 near FM 1093 remains inundated and closed. Homes along Carrol and McKeever Roads near FM
2759 in southeast Fort Bend County are close to taking water. Strange Drive. .Greenwood Drive_._and Second Street in
Richmond and Sixth Street . Avenue B.__and River Road in Rosenberg and Pittman Road in Thompsons are inundated with
over one foot of water.
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USGS Water Alertss

o Set alerts when a gauge reaches
certain water surface elevations.
o ldentify the gauge nearest you

USGS Water Alerts:
https://maps.waterdata.usgs.gov/mapper/wateralert/

ZUSGS

science for a changing world

42 Sites Map

@, Select Location

| News ‘ updated September 30, 2013

Search by Street Address:
Enter Street Address | £4 |

Search by Place Name:
Enter Place Name | > |

Search by Site Number(s):
Enter Site Number(s) | P |

Search by State/Territory:

Search by Watershed Region:

Kl

Select Data Type

About WaterAlert

(:,

How To Use WaterAlert

@

Related Information

@

Sam Houstan
National Forest

I

IL&lllllll‘l"illllllIIIIIII

2

(38) |
Angleton Brazoria
Natl Wildlife
0 10 mi Refuge

Lake .Jackson




USGS Water Alertss

Set alerts when a gauge reaches
certain water surface elevations.

Identify the gauge nearest you
Click on the gauge andselect
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USGS Water Alerts:
https://maps.waterdata.usgs.gov/mapper/wateralert/




