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May 22, 2013



NC Risk Management Framework
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Hazard Risk Management — Progressive Steps
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Digital Topo-bathymetric Model
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ACQUISITION / GENERATION




ACQUISITION / GENERATION - Finish Floor Elevations
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North Carolina Floodplain Mapping Program Current Status
Building Flootprint updates (2010 imagery) and First Floor Elevation Collection

April 26, 2013

Catawba

Linceoln

Legend

- Complete

- Complete November 2013
| Complete April 2014

NORTH CAROLINA

T Floodplain Mapping Program

COOPERATING TECHMICAL




Field Collection

First Floor Elevation
Foundation Type
Roof Shape

Roof Slope

Number of Stories

Parcel Conflation

Occupancy Type
Building Value

Year Built

Heated Sq Ft

Roof Shape

HAZUS Block Conflation

Roof Cover Type

Roof Cover Quality
Water Resistance
Roof Deck Attachment
Roof Deck Age

Roof Wall Connection
Roof Frame Type
Hurricane Shutters
Roof Tie Downs
Window Area
Masonry Reinforcing

Joist Spacing

Number of Units



ACQUISITION / GENERATION -

" CRITICAL INFRASTRUGTURE &

Agriculture & Food

Banking & Finance

= Healthcare &
Chemical Public Health

4 Commercial Facilities Transportation Energy
Systems

Communications =
Critical

Manufacturing

Critical Manufacturing

IMPACTED
Dams SECTOR

Transportation
Systems

Defense Industrial Base

Emergency Services Energy

Government Facilities Healthcare &
Public Health

Healthcare & Public Health

Information Technology
Water

National Monuments & Icons

Government/
Nuclear Reactors, Materials, & Waste Emergency Services

Energy

4 Postal & Shipping Gnvemmem{
Emergency Services

® Transportation Systems

Water

Dependent and/or interdependent relationships DEPENDENCY LATENCY

A
=i Top assessed dependencies of impacted sector Approximatel
36 Hours




ACQUISITION / GENERATION — Mobile LiDAR Road Data

GTMO has acquired new
transportation / roadway spatial
data. This entails:

e Mobile LiDAR collection —
4,300 miles

State Maintained Roads < 16
feet (NAVD 88)

Real-time Inundation Metrics
Evacuation Route Planning




On The Road Again

Willie Nelson

Willie Nelson - 16 Biggest Hits, track 6/16, disc 1/1

1998

Country

152.35316

eng - 
Amazon.com Song ID: 203882630




LiDAR Road Data
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ACQUISITION / GENERATION — Mobile LiDAR Road Data

* Inundation Analysis for Storm Surge (Roadway Depth)

30 ROADS
Depth in Feet
ms-8
Wi-6
[2-4
[]o-2
[ Mot Inundated




ACQUISITION / GENERATION — Mobile LiDAR Road

e Inundation Analysis for Storm Surge (Roadway Depth)
e Case Example of 12 feet Of Storm Surge
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Cross Sections
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Eilrst' EloemElevationl (FFE) Determinations

) N




First EloorElevation (FFE) Determinations,”
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FEEs applied to Building Footprints =
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Buildingpltevel Flood DepthrAnalysi's

Building Flood Depths >

(Water.Surface Elevation = FFE)




Buildiingsltevel Flood Damiages

563,306
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10 Year. Flood

Building Damage
1 N ES

< 8 [ 51 - s204

| |5204 - 51,530

| |s1,531 - 52,917
I 52,918 - $511,475
I 511,476 - §40,910




MultizReturn Period Flood Analysis ==

o

Damaged Buildings
50 Year, Flood

=5701,755

Building Damage
| EL
I 51 - 51,610
[ |s1611 - 53,963
[ ]53,964 - 59,260
I 59,261 - 521,187
I 521188 - 567,474




MultiEReturn-Period Elood Analysis

y
_ /3 Buildings

Year.
=$2,433,3310

I 51 - §19,690

| |s19,601 - §38,220
| ]538,221 - 564,491
I 564,492 - §138,090
I 5138091 - §396,231




MultigReturn-Period Elood Analysis

Damaged Buildings
500 Year. Flood

Total Loss = 57,718,820

| |537.610 - 365,775

[ |365,776 - 98,501

I 598,502 - $206,555
[ 5206,556 - 51,555,934
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€« - C' | [ staging.ncem.org/fris/
[ Mew Tab (7] Imported From IE (1)

/1 Flood Risk Information 5

] suggested Sites

vet:;;rﬂenl and o s
L draf q cite-data. Site
is subject to disruptions for updates and
revisions.

_’fﬁ} Am | at risk of flooding? q Benefits of Floodplain Mapping
Who am 17 O General F'ubln:E[ Floods are among the most frequent and costly natural
Enter all or part of your address and click GO. disasters in terms of human hardship and economic loss.
Address, City. or ZIP n North Carolina’s Digital Flood Insurance Rate Maps (DFIRM)
= o enable business leaders and residents to more accurately
County El Richmond, North Carolina predict flood hazards and prepare for flood risks.

Go to NC Floodmaps for more information.

—~ http://fris.nc.gov/fris
Flood Insurance Study Flood Risk Map

Flood Risk Report

FLOOD INSURANCE STUDY
FECERAL EME T‘GGEE:C_LIJANA GEMENT

CCArCRATED AREAS

Flood Risk Management Plan



http://staging.ncem.org/fris/Home.aspx
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[ ] suggested Sites || New Tab (] Imported From IE (1)

g cite-data. Site
NOI'{ Carbh a Flood Risk Mmatlon Systemxs sul ect to dtsruphuns for updates and

{ﬁ} Am | at risk of flooding? g Benefits of Floodplain Mapping B T !
Who am 17 O [ General F'ubln:'E[ Floods are among the most frequent and costly natural

Enter all or part of your address and click GO. disasters in terms of human hardship and economic loss.

Address, City. or ZIP n North Carolina’s Digital Flood Insurance Rate Maps (DFIRM)

enable business leaders and residents to more accurately
predict flood hazards and prepare for flood risks.
Go to NC Floodmaps for more information.

County [+] Richmond, North Carolina

http://fris.nc.gov/fris

FLOOD INSURANCE STUDY
FECERAL EME T.Gq:g:c"; MANAGEMENT



http://fris.nc.gov/fris
http://fris.nc.gov/fris

i R I S K Enter Address, City, or ZIF i o Who am I?

Am I at Risk?
Getting Started About IHRM

Ct a hazard to learn more:

NMNatural Hazards in North Carolina

North Carolina is subject to numerous natural
hazards that pose risks to public health and
safety, the environment, property, and the
economy.

@ This site is under development and is still draft. Do not quote or cite data. Site is subject to disruptions for updates and revisions

- -. http://irisk.nc.gov/irisk/

Mitigation Action Plan

i

FLOOD INSURANCE STUDY

FEDERAL EMERGENCY MANAGEMENT
AGENCY

Mitigation Action Plan
Macon, County, NC

¥ FEMA é



http://irisk.ncem.org/irisk/
http://irisk.ncem.org/irisk/

i R I S K Enter Addres ity, or ZIF ietermine your risk

Am I at Risk?

Select a hazard to learn more:

NMNatural Hazards in North Carolina

North Carolina ect to numerous natural
hazards that pose risks to public health and
safety, the environment, property, and the
economy.

Who am I?

About IHRM

@ This site is under development and is still draft. Do not quote or cite data. Site is subject to disruptions for updates and revisions

Mitigation Action Plan
Macon, County, NC

¥ FEMA _ é

FLOOD INSURANCE STUDY

FEDERAL EMERGENCY MANAGEMENT
AGENCY
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Flood Risk Management Plan
Durham County, NC

Drought Management

Plan
Durham County, NC

OLD STONY CREEK DAM

Landslide Management

Plan
Macon County, NC

Flood Risk Mgmt. Plan

Drought Plan

Dam Emrg. Action Plan

Other Hazards

NEw HANOVER COUNTY
NorTH CAROGLINA

MULTI-JURISDICTIONAL
Hazarp MiTigaTion PLAN

Srrmamn 2004




Flood Risk Management Plan
Durham County, NC

[C]

Flood Risk Mgmt. Plan

Drought Pla

Dam Emrg. Action Plan

andslide Management

Plan
Macon County, NC

Other Hazards

NEw HANOVER COUNTY
NorTH CAROGLINA

MULTI-JURISDICTIONAL
Hazarp MiTigaTion PLAN

Srrmamn 2004
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"'[;]\ Am | at risk of flooding? 0 Benefits of Floodplain Mapping
State: |E| Floods are amaong the most frequent and costly natural
disasters in terms of human hardship and economic loss. The
Click the map to select a state Regional Flood Risk Information System allows states to

share and distribute flood risk information more effectively.
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) This site is under development and is still draft. Do not
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Flood Zone:

Flood Source:

Base Flood Elevation:
County:

Political Area:

CID:

Panel:

Map Number:

Panel Effective Date:

Latitude:

Longitude,

Ellerbe Creek
309.6 ft W
Durham
City Of Durham
ATO086
0832

183200

16

36.01614
: -78.89212

D Impacted Structure )

Parcel ID: 0832-13-14-8890'0)

Intersecting Flood Zone: AF
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is under development and is still draft. Do not
ct to disruptions for update

@ Risk is not calculated for this county. ?

106 Higbee St, Durham, NC

’q..'.. ! Google Street View
i K"

.

Building
Value (5):

.' Stories:
i}
. Square Feet
N il | (Fo: I
Foundation: | CrawlSpace |E|

Oceupaney

Single Family Dweli
Type: 1I'IEO-' Farn ¥ _l'II'IE:

The river flooding hazard is rated High for this
location.




L]
l R I S K Enter Addr City, or ZIP to determine your risk

Am I at Risk?

Select a hazard to learn more: “ m

Natural Hazards in North Carolina

MNorth Carolina is subject to numerous natural
hazards that pose risks to public health and

safety, the environment, property, and the
economy.

@ This site is under development and is still draft. Do not quote or cite data. Site is subject to disruptions for updates and revisions.
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@ This site is under development and is still draft. Do not quote or cite
data. Site is subject to disruptions for updates and revisions.

User Feedback

- What are my county risks?

Edgecombe ?

Hazard Risk

E Levee Failure
s River Flooding

E':J ¢ Earthquake

94 Extratropical
2] Winds

I

Hi




W This site is under development and is still draft. Do not quote or cite
data. Site is subject to disruptions for updates and revisions.

iRISK |

User Feedback

Edgecombe

Humber of buildings potentially affected: 1,453

& River Flooding

|Choose a Return Period {in years]|

"

10 (25 )50 @100 (C) 500

e R A |

Map: River Flooding (100 year)
Building Damage Hot Spots

The legend colors represent the range of damages.

Total Damage Relative Losses
0-19% (Low)
020 - 39% (Low-Medium)
M 40 - 59% (Medium)
M 60 - 79% (Medium-High)
I 80 - 100% (High)




@ This site is under development and is still draft. Do not quote or cite
data. Site is subject to disruptions for updates and revisions.

User Feedback

- County Information

Edgecombe

Number of buildings potentially affected: 3,328

s River Flooding

|Chnnse a Return Period (in years}l

nJ

10 @325 @50 100 @500

- -

Map: River Flooding (300 year)
Building Damage Hot Spots

The legend colors represent the range of damages.

Total Damage Relative Losses
0-19% (Low)
20 - 39% (Low-Medium)
I 40 - 59% (Medium)
B 60 - 79% (Medium-High)
I 0 - 100% (High)

County Mitigation Wizard »




@ This site is under development and is still draft. Do not quote or cite
data. Site is subject to disruptions for updates and revisions.

User Feedback

o Battl "- (1} ; ' : —

Edgecombe

Humber of buildings potentially affected: 3,228

& River Flooding

|(_hnnse a Return Period {in years}|

")

0 25 )50 100 @500

Map: River Flooding (300 year)
Sector: Commercial Facilities

Click a sector name to view map hotspots.

Damages Buildings

Sector ES} g
Agvicilises e pood. 1,024,513 45
105,315 4
Commercial Facilities 5,267,795 136
J Government 1,126,216 1

L 3 Healthcare and Public

I i 609,909 1



Edgecombe

Mumber of buildings potentially affected: 30,315

g Hurricane Winds

Choose a Return Period (in years)

Map: Hurricane Winds (100 year)
Building Damage Hot Spots

The legend colors represent the range of damages.

Total Damage Relative Losses
|10 -19% (Low)
20 - 39% (Low-Medium)
W 40 - 59% (Medium)
W 60 - 79% (Medium-High)
I 80 - 100% (High)




@ This site is under development and is still draft. Do not quote or cite
data. Site is subject to disruptions for updates and revisions.

User Feedback

Edgecombe ?

Hazard Risk

E Levee Failure
s . River Flooding

@ Earthquake

Og Extratropical
o Winds

@ Hurricane
Winds

-'Dg Thunderstorm
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“ Wildfire

Hazard Impact
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Q Drought
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ﬂ Suggested Sites || NewTab [ Imported From IE (1)

North Carc

Jndation Mapping Alert Network

>
o
I

Welcome, SPARTA | Logout |

AN Gage Network MEPE Gage Info L Scenario Forecast Search Legend

FEReREAVezZB®

\ ~il : :ttp://fiman.nc.gov fiman/

~ . Flood Inundation Mapping
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Mitigation Action Plan
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http://fiman.nc.gov/fiman/

Coastal Gage - Profile

Weather sensors

Transmission antenna

GPS receiver

Solar panel provides power to the
battery

Aluminum box contains sensor devices,
data collector, satellite transmitter and
battery



Locations of Coastal Gages

o

Albemarle

1. Edenton

2. Elizabeth City
3. Columbia

= NCEM

Pamlico
4. Belhaven
TN e \ 6. Cedar Island

g e e lad 1l

= USGS




Waterfront Park,
Albemarle Sound

Edenton, NC
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Waterfront Park, Edenton:
) m Elevation: 6
" ‘ -_ t-lﬂﬁi'.‘..

Current Depth
[]10-1 Feet
[]1-3 Feet
[]3-5 Feet
B -5 Feet
[ Mot Flooded
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| _ Waterfront Park, Edenton:
* - Elevation: 8

_— N )
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Current Depth
[10-1 Feet
[11-3 Feet
[]3-5 Feet
I =5 Feet
I Mot Flooded




=~ Waterfront Park, Edenton:
- Elevation: 11

P SNt

Current Depth . : : .;.:}MQ:",}
[10-1 Feet - < | -
[11-3 Feet
[13-5 Feet
I >5 Feet
I Mot Flooded




~¢ Waterfront Park, Edenton:
o Elevation: 12

W 1};:“ ﬁ \,; f

Current Depth p—" . ‘ﬁ:f-!ﬂ

[10-1 Feet
[11-3 Feet
[]3-5 Feet
I =5 Feet
I Mot Flooded




Synthetic Library Approach
N
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Coastal Inundation Gages and Map Libraries - Locations
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NC SPARTA
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County Hotspot Report

NOAA Surge Prediction
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https://www.ncsparta.net/

Real-Time Risk Analysis and Response Planning

Sampson
Cumbe rland

Bladen

Colu I'f'lbI.IS

Hurricane Irene

‘I

Advisory 28 - 5am 8-27

*~..Northampton

Halifax \H\

Duplin

Legend
County

Advisory 28 windswath
N 0.499 -1.299
1.300 - 2.300
2301 -3.199
3.200 - 4.199
4,200 - 5,098
5.099 - 6.099
6.100 - 7.100
I 7101 -8.100
P 8101 -9.101
I s.102 - 10.098

Sampson
berland

Columbus

~

Brunswick

Hurricane Irene
Advisory 29 - 11am 8-27

Johnston /
Wayne
rmett P
9"‘\_,,4\_

=
\\.‘No.-th ampton

Halifax ’\\

Legend

[ | County
Advisory 29 windswath
SURGESO
I 0499-1.298
1.300 - 2.300
2.301 -3.199
3.200-4.101
4.102 - 5.000
5.001 - 5.899
5.900 - 6.900
1 6901-7.799
I 7.800 -8.799
I 8.800 - 9.701




SLOSH compared to Buildings

. SLOSH Polygon is compared to the
building footprints

. The SLOSH elevation and first floor
elevation of the building are known.

. Simple Subtraction will give us the depth
of flooding in each structures.



SLOSH compared to Buildings




Flooded Buildings Count by 5000ft




Flooded Buildings Count by County




Raster Intersected With Roads (beta)




Depth of Road Flooding (beta)

epth of Road Flooding
0 - .5 ft flooding
5 -1 ft flooding
1- 2 ft flooding
2 - 3 ft flooding

- - = =D
r

greater than 3 ft flooding



Counties Impacted

Height of flooding
Advisory 29 Advisory 28
structures per structures per
0-1ft 2ft 3ft 4ft S5t >5ft county county
Total
4469 2303 1327 882 649 1352 10982 9991
Beaufort
742 418 254 143 58 10 1625 1038
Bertie
) 2 2 2 0 0 11 10
Brunswick
2 0 0 0 0 0 2 2
Camden
20 5 i 0 0 1 27 22
Carteret
558 354 193 159 s 48 1387 1543
Chowan
13 6 1 1 0 0 21 19
Craven
435 204 101 50 30 12 832 772
Currituck
39 4 3 1 0 0 47 69
Dare
845 164 61 26 17 21 1134 1326
Gates
0 0 0 0 0 0 0 0
Hertford
6 0 3 1 7 0 17 14
Hyde
935 509 303 281 264 543 2835 2145
New Hanover
23 16 23 10 4 0 76 75
Onslow
109 67 12 2 0 3 193 176
Pamlico
519 497 343 201 194 709 2463 2464
Pasquotank
54 15 & i 0 1 a8l 66
Pender
65 25 12 1 0 0 103 &9
Perquimans
13 0 1 0 0 0 14 (5]
Tyrrell
82 15 i 1 0 4 105 138
Washington
4 2 3 0 0 0 = 17

Total Building
Count by county
of flooded
structures by
depth of
flooding




Hurricane Irene:
Storm Surge Probablistic

gl
Currituck

Tyrre:f

Total Building Count of flooded structures

Advisory 28 Advisory 29




—_Ty

Counts of buildings -
flooded over 3 feet

3708 Total Structures

Legend
Adv27 Flooded Structures

] 1-5

| ]s-20
2 -50
5 -100
I 101 - 150

Hazus Depth Raster
Value

High : 10.5255

Psia Surge Impact on Structures
= Hurricane Irene Advisory 27 11PM 8-26

- Low : 2.38419e-006

Map Provided by NCEM-GTMO




Advisory Number

Advisory 28

Advisory 27

Hurricane Irene, Advisory 28
8-27-2011 5:00AM

Total Population Total Number in Wind Swath
Total Population 3585787 3884198
Median Income {US Dollars) 37272.59 37154.23
Structures 1909607 2119734
Critical Infrastructure:
Chemical 2321 2521
Dams 1481 1935
Gas stations 3602 3923
Grocery stores 1918 2074

| Pharmacies 761 817
Nuclear Sites 2 2
Shelt_ers 322 350
Functionally Fragile Medical Facilities:
Age 65 + 389623 435240
Assisted living 1569 1758
Correctional Facilities 146 157
Hospitals 3843 3991
Mursing Homes 161 178

ﬂier 5 yrs of age 248369 267695
Agricultural Livestock:
Cattle Ranches 26 50
Horse Ranches 3 3
Poultry Farms 18 18
Swine Farms 2350 2384
Livestock Lagoons 3954 4051

Hurricane Irene

08/27/2011

5:00AM

Estimated Total
Affected per Census Block Group

Hospitals
NUM_HOSPIT N
0

1
P
I
X




Questions

John.Dorman@ncdps.gov
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