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Weather-Related Deaths in Texas

B Flooding
I All Other Weather Hazards
2016
2015 In the 5 year period from
2013 to 2017*, more
people have died in Texas
2014 from flooding than all
other weather hazards
013 combined.

*2017 Data: 70 Flood Related Deaths in TX
out of 138 Total Weather-Related Fatalities

Data from NWS National Hazard Statistics



Flood! Fatalities s

Texas Flood Fatalities by Shelter from 2013-2016 Over half of the flood
Other fatalities: im Texas
12.5% ' Water occurred w!’nlle people
26.0% were in their car.
Permanent Home
10.6%
Vehicle
51.0%

Data from NWS National Hazard Statistics
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RecenttBigyFloodss...

Memorial Day 2015 4 ™ e === 7 :
Tax Day 2016 = *
Brenham 2016

Harvey 2017

And ot her hi st
Tropical Storm Allison
1994 Flood

Tropical Storm Claudette
Brenham 2016

Tax Day 2016
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WhattCausessRiooding?)?

0 Intense rainfall

0 Rain over severaldays

0 Damllevee failures

0 High tides or storm surge
0 Snowmelt

Ice or debris jams

R



Types: affFlooding g

Ponding & Sheet Flow Flooding
Flooding that occurs gradually over time, usually 6
hours after the rain begins or longer (longer duration)

Flash Flooding
Flooding that develops quickly (typically 6 hours or
less) either from heavy rainfall or dam/levee failure
(shorter duration).

River Flooding
Flooding that occurs from water escaping river banks. - :

Coastal Flooding
Flooding along a coastline either from high tides or
storm surge during a tropical storm or hurricane




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 ]
Exa 1e T

\ Waiker




Flood vs. Flash Flood

A Flood is anoverflow of water onto normally dry land likely caused by rising
water in a river/bayou or poor drainage. 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




Urban /
Small
Stream

Flood
Advisory
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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 Flooding



What impacts water levels locally?

Ekman Transport: Water is deflected/transported 45° (at the surface) to 90°
(330-500 feet) to the right of the wind.

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

Wind speed: Higher speeds have a more significant impact than lower
speeds.

Duration: The longer elevated winds persist, the more significant the impacts.

Fetch: The longer the distance the elevated winds, the more significant the
impacts.

Miscellaneous: Astronomical tides, seas, shelf slope, shape of the coast,
etc.

Wind
e
g-f ‘5\@:@
ez
net
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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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#2

Teweyvile

ia @
The =
Woodlands
Tomball Spring
Humble
press
5]
Pp @ v
b Houston -
v Gp Pasadena
jugar Land
59 ® Pearland

West

lolumbia

brgent

Lake Jackson

Freeport

Lumberton

Moss Hill

G Vidor T

Beaumont
China R
(s
Nederland
3
Port Arthur
.. Hamshire
D winnie @
McFaddin

National

& Bolivar
o
& Peninsula
3
&

Texas City

Galveston
Galveston

Island

Ea

Water transport

Teneyvile
= Lake Charles —1°%]
Vinton @&
@ g4
Orange
€2
Sabine
National
Wildlife
Refuge

Cameron () Creole

t wind 20 knots

Moss Hill

Hardin
Daisetta

Tomball
l‘l',,
Humble d
w9
P @ )
Houston
_ Baytown &
@ L 2
@ Pasadena £
<&
ugar Land
B ® Pearland
League City & Bolivar
™ i
& Peninsula
Alvin (<,
(O] Texas City
Galveston
Galveston
Island
Brazoria
T Angleton National
olumbia wildlife
Refuge
Lake Jackson
Freeport
hrgent

Sour Lake

Lumberton

Lake Charles /oW

Vinton @

&3] vidor — @ (8 g,

Beaumont Smnge
China 2
(s} G
Nederland sabifie
@ National
Port Arthur Wildlife
Refuge
Cameron () Creole
McFaddin
National
Wildlife
Refuge

Water transport

Google




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?

#1

#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

Wind and Pressure Components of Hurricane Storm Surge Storm surge is an abnormal rise of water
generated by a storm, over and above the
Storm moQ predicted astronomical tides.

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

T— / Storm surge is often the greatest threat to life
flows away without and property from a hurricane.

raising sea level much As water approaches land
it “piles up® creating storm surge

©The COMET Program



Storm Surge

L &
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 Inundatlon Depth

nghest surge usually ~ ...

Inardution Layers (TX) - HCFCO
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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. |Ike was a category 2 storm that produced a 15-20 foot storm surge.

Sensitive to the slightest changes in:

O 0 0O 0O 0 0

Storm track.

Storm intensity.

Forward speed.

Size (radius of maximum winds).
Angle of approach to the coast.

Shape and characteristics of coastal
features such as bays and estuaries.

Width and slope of the continental shelf. A
shallow slope will potentially produce a
greater storm surge than a steep shelf.



Storm Surge

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

BREAKING
TROPICAL STORM HARVEY FOXIO
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
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Storm Surge

—— Forecast surge

Real scenari oéNHC fhret t k
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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 MEOWs).

iﬁi; X < Killeen
: 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.

e ¢ Ask your local NWS where to find these maps and
‘ how to read them.
_r;nter Bi il B arm O, NOAA, USGS, EPA, NPS ) torm g




Storm Surge - Response

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

Z1HER s o o the tropical cyclone.
| Missiom Befid }EV”"VOHOUSton-V 226 ¢ _:“me" i b1 S W j’/”\‘ /_‘P~
- PaBadenad" 1T B0 e — C Takes into account likely forecast errors.
Sugar Land : ] : By oy
Missour i City

SN N C The shading represents inundation levels that have
Potential Storm Surge Flooding: [ | pebesen ooy A a 10 percent chance of being exceeded, which can
—————— @ e therefore be thought of as representing a
reasonable worst-case scenario for any individual
location.

I Greater than 1 foot above ground
Greater than 3 feet above ground j 5 5’163"“(0’" 5:
Greater than 6 feet above ground B

| I Greater than 9 feet above ground

¥
|

C Updated every six hours or so.




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)

3 o freshwater 3.2 a6
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Still not safe for vessel _— K

17T % B navigation. 3.7 2.8
/ i But When??? 2.8 . 4.1 3.2 35
’S‘Q‘(\?Qe u_c‘ 2 6 .
© 5 5 2-7 Surge
C Very difficult to forecast. 25 24
3.2
C Little guidance available. 3.0
4.8
C Cannot express how valuable local NWS
hydrologists are in these complex 5.3

situations!!!
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
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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.

Topography plays a big role in how watershed
boundaries are defined

A watershed can flow into another watershed.
Watersheds vary in shape and size which
ultimately lead to unique challenges.

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.

Topography plays a big role in how watershed
boundaries are defined

A watershed can flow into another watershed.
Watersheds vary in shape and size which
ultimately lead to unique challenges.
Matagorda County has 3 primary watersheds:
Colorado, San Bernard, andres Palacios Rivers

Brazos-Colorado Coastal Basin

Texas Major River Basins,
Coastal Basins and

Major Bays

Life's better outside.
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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.

Topography plays a big role in how watershed
boundaries are defined

A watershed can flow into another watershed.
Watersheds vary in shape and size which
ultimately lead to unique challenges.
Matagorda County has 3primary watersheds:
Colorado, San Bernard andTres Palacios Rivers
NWS issuesriver forecasts for 3 sites in
Matagorda County.

1

Colorado River "% %,
aBayCry
o 3
° N
" Tres Palacios b

at Midfield LN

Colorado River
at Matagorda

for & chvanging world

- - |
Esfi, HERE, Garmin, USGS, NGA, EPA, USDA, NPS A=)



River Forecast Process

Hydrologic Modeling Forecast

TRINITY RIVER NEAR LONG LAKE (OAKWOOD)
Universal Time (UTC)

SAC-SMA CATCHMENT MODEL STRUCTURE 152 152 152 152 152 152 152
Oct23  Oct25 Otz Oct20  Oct3l Nev2  Nov 4 Mov 6
Fast Response (Surfoce, tmp P o 1 1 1 L " "
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I s Site Time (CST)
| z -~~~ Graph Greated ( 04AM Nov 2, 2015) —s— Observed —s— Forecast (issucd 8:44AM Nov 2)
1T
[LOLT2(plotting HGIRG) "Gage 0 Datum: 175.06'] TR ]
Trnay fives st alas (DALTZ)
- L FLC
- { TONA CE HOUSTON/GALVESTON, TX
- e 926 PM COT THU MAY 26 2016
- Iy
fom / \ Service in Houston/Galveston has issued a flood warning
3= \
i \
1= [
ol ] wing counties in Texas...Austin
= i
= I
p U
- 'f 0007 .NO,
i

s The National Weather Service in Houston/Galveston has issued a

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

| COLORADO RIVER (TX) NEAR BAY CITY

Universal Time (UTC)
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| BACT2(plotting HGIRG) "Gage 0" Datum: 0' | | Observations courtesy of US Geological Survey



COLORADO RIVER (TX) NEAR BAY CITY

Universal Time (UTC)
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Hydrograph Basics

FORECAST:
Forecast River
Stages

CREST:
Peak Stage
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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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Hydrograph Basics

A basketball is
roughly a cubic foot,
so 20,000cfs is
20,000 basketballs of
water passing the
gage every second.

COLORADO RIVER (TX) NEAR BAY CITY

Universal Time (UTC)

132 132 132 13Z 13Z 132 132 132 132 132 13Z
Bug 26 Aug 27 Aug 28 Aug 29 Aug30 Aug3l Sep 1 Sep 2 Sep 3 Sep 4 Sep 5§
1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1

Latest observed value: 39.56 ft at 8:15 AM T

CDT29-Aug-2017. Flood Stage iz 44 ft

ajor: 46.0° :
oCETELE AS 0 T

Balm I Balm I 8am I Balm I Eialrn I Eialrn I Eialrn I Balm I Balm I 8d

Sat sun Mon Tue Wed Thu Fri Sat sun Mon Tue
Aug 26 Aug 27 Aug 28 Aug 29 Aug30 Aug3l Sepl Sep2 Sep3  Sepd Sep s
Site Time (CDT)

---- Graph Created (8:50AM Aug 29, 2017) —&— Observed —=— Forecast (issued 8:10AM Aug 29)

| BACT2(plotting HGIRG) "Gage 0" Datum: 0' | | Observations courtesy of US Geological Survey



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.




