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Driving Force — You May Remember This

October 2015 - Hurricane Joaquin Storm in the Carolinas
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Presentation Outline

» Background and Context
 Rainfall Probability Concepts

« Storm Event Magnitude Approach
» Case Study Applications

« Summary and Conclusions

* Looking Ahead
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Background and Context

 Rainfall is the most direct and relatable
characteristic that defines magnitude of a
storm event

* There are a number of resources that report
storm event rainfall

* Natural desire to associate large events
with recurrence interval
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PrOblem Statement Background and Context

 Rainfall generally report as depth totals or
animated reflectivity images

 Traditional Reporting Limitations:

— Duration “lost is translation”
— Little to no information on storm pattern

Magnitude of storm unknown,
misinterpreted, and/or
miscommunicated

A Y | E SP
‘:‘I. f 4
' 7

¥ ESP Associanes. P A



The ObjECtive Background and Context

* Figure out a way to compile rainfall data
and compute and visualize storm event
magnitudes

Answer the common question:

What magnitude storm event did we (or
are we going) to have?
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Goals

« Compute for large areas quickly

* Visualize near real-time observed and
forecast precipitation probabilities

 Retroactively compute probabilities for
nistoric events

* Integrate wide range of storm magnitudes
— 2-yr through 500-yr+

» Handle range of storm durations

— 6-hr, 12-hr, 24-hr, 7-day, etc.

YESP



Rainfall Probability Concepts

Basic Inputs

« When, where, and how much it rained
— Rainfall amounts distributed over time
— Spatial location

» Statistical rainfall probability information
— Depth-Duration-Frequency (DDF)

DESP



Data SOu rYrces Rainfall Probability

Concepts

e Rainfall Amounts
— Rain gages
— Radar-Based:
« NEXRAD/Radar Products

 NWS River Forecast Center (RFC) Products
« NSSL Multiple Radar / Multiple Sensor (MRMS)

 Rainfall Probability
— NOAA Atlas 14 (successor of TP-40)
— USGS gage studies
— Local storm design manuals
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Gage-Based Rainfall Data Rainfall Probability

Concepts

Pros
— Most accurate
— Near real-time readings

Cons:
— Point-Based Reading
— Incomplete/Inconsistent spatial distribution
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NC Rain Gages
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Radar-Based Rainfall Data Rainfall Probability

Concepts

Pros
— Complete coverage
— “Area” based estimates

Cons:
— Less Accuracy

— Ease of use
— Not as “real-time”
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NEXRAD Data from Greenville, SC Station
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NWS Precipitation Download

Hourly

Precipitation Shapefile Download

Last Update: 11/18/2015 0847 GMT

Month Day Hour Year "Download” Button
brecipitation Data Nov ~ 18 ~ 8 ~ 2015 ~ Download Now!
Legend File -

| File Name | Files Included [ size

nws_precip_2015111808.shp
nws_precip_2015111808.5hx
nws_precip_2015111808.dbf

‘ {1) Select Download ‘ (2) Select Date | (3) Press the

Approx

nws_precip_2015111805.tar.gz 0.5to 7.0 MB

Warnings & Forecasts | Graphic: General Information

The precipitation data are quality-controlled, multi-sensor (radar and rain gauge) precipitation estimates obtained from Mational Weather
River Forecasts Service (NWS) River Forecast Centers (RFCs). The original data are in XMRG format and projected in the Hydrologic Rainfall Analysis
Project (HRAP) grid coordinate system, a polar stereographic projection true at 60°M / 105°W. Our software reads each paricipating RFC's
XMRG file and grabs the hourly precipitation estimate for each HRAP grid cell.

River Observations

QFE: Cuantitative

Dov Use the form above to download these files. Alternatively, you can download a program called waget that mimics fip capability. Due to
Precipitation Estimates

increased web security, the anonymous FTP server is no longer available. When using wget, the proper URL to provide is:
hitpiwww.srh.noaa.gowridge2/Precip/gpehourlyshapellatest or hitpJ/fwww.srh.noaa. goviridge2/Precip/gpehourlyshape Y'Y Y MW
MYYYMMDD (where YYYY is the year, MM is the month and DD is the day of month).

We currently only pravide a online archive back January 9, 2013. For data prior to that, please contact SR-TUA Precip@noaa.goy . At this
LE time, the offline archived data goes backto 2010. If you have any questions or problems, please contact SR-TUAPrecip@noaa. gov

- . (6) Press the
E;“Sgﬂe“ TWne . Select Date (4) Select Download (5) Select Product "Download”

Button

(1) Choose Format

9@ Shapefile
B ~ Year Year 2015 * |Last7 Days =l |Normal
Month MNovember « Last 14 Days Departure from MNaormal Download
Full resolution image for gLl i v _rﬁ_ I
@ Day Day 19 - |Last30Days Percent of Mormal
Full Area - Last 60 Days v .

File Hame Files Included
nws_precip_1day_observed_shape_20151119.5hp

] nws_precip_1day_observed_shape_20151119.shx
nws_precip_1day_observed_shape_20151119 nws_precip_1day_observed_shape_ 20151119 dbf
nws_precip_1day_observed_shape_20151119.prj

Datily/Monthly/Yearly

15.62 MB




NWS Rainfall Download (PQint Shapefile)
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NOAA National Severe Storms Laboratory

M R M S Multiple Radar/Multiple Sensor

A new system developed by NSSL and recently odivated by NOAA's Nafienal Weather Service (NWS), quickly hornesses the
tremendous emount of weather dofa from mulfiple sources, infelligently integraies the informafion, and provides o detailed
picure of the current weather. MRMS will improve the ability of forecasters o issue public warnings ond odvisories for severe

weather such os fornodoes, hoil and flosh floads, and will help improve: forecosts for safefy of air fraffic

lMpmdumninmdmﬁmﬁhr&hﬁMth&bﬂmulhgﬁm?hSiﬂmaﬂmm

Improving forecasts

The Mulriple Radar Multiple Sensor (MRMS)
system combines data streams from multiple
radars, satellites, surface observations, upper air
observations, lightning reports, rain gauges and
numerical weather prediction models to produce
a suite of decision-support products every two
minutes. Because it provides better depictions of
high-impact weather events such as heavy rain,
snow, hail, tornadoes, and other threats, forecast-
ers can quickly diagnose severe weather and issue
more accurate and carlier forecasts and warnings.

Research to operations success story

Researchers at NOAASs National Severe Storms
Laboratory designed the MRMS system to im-
prove decision making within NOAA and other
agencies - marking another NOAA research to
operations success. Implementation of the sys-
tem into NWS operations was funded in part by
the Disaster Relief Appropriations Act of 2013.

www.nss|.nooa.qov/ projects/mrms

¥/ AJdJA
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used in weather forecost models, and for severs weather, aviotion, and bydrometesrology forecasts.

MRMS is being deployed operationally to the
NWS, with completion by the end of 2016, A
duplicate MRMS will be at NSSL to ensure new
MRMS capabilities will be rapidly transitioned
into NWS operations.

< \ .At : -' -l | - im
By combining dato from odjocent roders, the Mulii-fador MukiSessor
system gives forecosters o mare detafed picure of @ thunderstorm’s in-
tensity. The top imoge & datu from @ single rador compored with dete
fram the Meltiple Rador system in the bottom imoge. ond bydrometesrol
ogy ferecosts.

March 2015

National Severe Storm Laboratory - Multiple Radar/ Multiple Sensor (MRMS)

* Provides integrated
technology
precipitation estimates

* Evolving technology
« Data retrieval

challenges

N/ NSSL he Nationad Severe Storms Laboratory
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& NO Neather and Climate Toolki . .
tN = NOAA Toolkit Viewer
Fi

le Data View Tools Help

\?; Identification Results

Column = ID

Column Latitude

Column Longitude

Column = Val 1 *** MBMS Gaugelnly QFE 72H 00.00_20170430-080000.grib2 04/30/20

**% [Note: These values (marked with "***') are based on the resampled grid used
visualization. The wvalue for a given lat/lon may change depending on the zoom ex
regulting resampled grid dimensions and cell size.] #**%*

ID, Latitude, Longitude, #*#** Val 1 [mm]
0, 37.4513, -90.6%35, 177.8000030517578
1, 37.5771, -90.4815, 191.1999969482422

\ Properties’ l Snapshot! ‘ Layers’ \ DataJ \ Services

R

Identify From Existing Locations:

1 LV HPEs | | VAL PR | | TG | ) | | LR B RN I 1 TS ) I III ‘

|Custcrm Markers "’| Matches |

| Clear | | Cop],r| | Save |

68,40 210,50

2,10 84.20 126,30 16840 210,50

| Memory Usage: 35% | 112.7049°W 54.4262°N (0.3) index=[1729,57] |

L A



NOAA Atlas 14 Data Rainfall Probability

Concepts

* Nationwide coverage (10 volumes)
— Volume 2 covers Carolinas

e “Static” datasets

* Provides seamless Depth-Duration-Frequency:
— 5-min to 60-day duration
— 1-yr to 1000-yr frequency

 Digital access/retrieval through
Hydrometeorological Design Study Center
(HDSC) website

MESP



HDSC Precipitation DDF Web Access

| PDS-based precipitation frequency estimates with 90% confidence intervals (in inches)’
Awverage recurrence interval (years)
Cruration
_ INDIANA | 1 | 2 | 5 [ 10 [ 25 || 5o [ 100 [ 200 |[ s00 [ 1000
9N A 'fla%apolts 5 emin 0.424 0.501 0.531 0.637 0.700 0.741 0.778 0.210 0.845 0.869
< > (0.388-0.468) || (0.457-0.552) || (0.525-0.840) || (0.575-0.700) || (D.632-0.768) || (0.668-0.813) || (D.B58-0.854) || (D.723-0.885) || (0.747-0.52T) || (0.782-0.355)
AY_dngton: i 1 0ami 0.677 0.801 0.930 1.02 1.11 1.18 1.24 1.28 1.34 1.37
0\ eiT-0745) | (07300883 || oser-r0m || emeran | oz || pesazm | gonovas || posaan || gosian || 20180
Wl ) 0.846 1.01 1.18 1.29 1.41 1.50 1.56 1.62 1.68 172
Louisville 15-min {0.772-0.531) || (38100 || (1.07-1.30 {1.17-1.42) {1.28-1.55) {1.35-1.64) {1.40-1.72) {1.45-1.78) {1.45-1.85) {1.51-1.59)
S : . LR o7-1. AT 2815 351 A1 451 431 E1-1
20mi 1.18 1.39 167 1.87 2.09 235 229 252 268 278
M osarze || ogzmrsy || pszres || goozos | ges2am || oszan || osezen || pazsemn || orzse | zesaos
KENTL 0min 1.45 175 214 2.43 279 3.08 3.30 3.54 3.84 4.06
(3z-188 || (ssEm || sszas || aeen || @sz30sm || eTE-aas || 2ssasn || (3098-388 || (333421 || (255-445)
| ! o hr 1.71 207 257 294 2.41 2.76 444 4.44 487 5.20
N-=hville (185150 || (188230 || (33285 || esazs || @oraTs || 3aT-41m || (es4s3 || (352-450) || (428538 || (4.50-57H
e ahr 1.82 | 2.24 | 275 | 3.16 370 412 4.53 | 495 | 5.51 5.95
v ma e i e i amn | g P PP, h e am 4 mnm iz amm e
TENNESSEE - = - ~87'8 %
/ ration
- Chattanoc &- 210
Huntsvile = 1~ |—
o 12 30 T T T T T T T T
24
Birmingham —_— 25
o
iscaloosa 2-d
o -
L
ALABAMA = Duration
3d ~ 20
Montgomery o ]
2 Colum % e Bmin — 2-day
4d o
c 15 — 10-min — 3-day
7-d -% 15-min — 4-day
il 4‘;:'. — 30-min — T-day
Gougle panama 1 "™ P 10 — G0-min — 10-day
Nt Dmmanb
. _— ——
204 O 2 20-day
— 3 - 30-aay
A0 — G — 45-gday
- - — 2400 - G0-day
454 0 T = 1 1 L 1 1L | 24-hr
1 2 5 10 25 50 100 200 500 1000
B0~
| amem meer e cmemp  Armemn s e (bbb Ll mm mminy | e mmem | gmeem —een
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1 Precipitation frequency (FF) estimates in this table are based on frequency anshysis of partisl duration series (FDS).




USGS / Local Data Rainfall Probability

Concepts

* Number of local/regional USGS studies that
have independent or pseudo-independent
DDF (or IDF) information

» Generally focused in more urban areas and
generalized at municipal level

» Expected that generally similar to Atlas 14
estimates as often based on(or references)
predecessors

MESP



S Examples of USGS /

ﬁy§g§W§ Local Rainfall
Probability
Information

Prepared in cooperation with the City of Charlotte and Mecklenburg County

Frequency of Annual Maximum Precipitation in
the City of Charlotte and Mecklenburg County,
North Carolina, through 2004

]

INTENSITY-DURATION-FREQUENCY TABLE FOR GREENSBORO, NC

Precipitation Intensity Estimates [inches/hour)

Foanfall Annual Excesdance Probability (1 in vears)

Duration lvr 2T r 1-vr 15T El-vr 100-¥r
5 min 4.57 544 6.34 6.87 7.55 7.96 B.31
10 man 365 435 5.08 549 6.02 6.33 6.6
13 min 3.05 3.65 428 4.63 5.09 535 5.56
30 man 2.09 252 3 335 3.7 403 426
60 min 13 158 1.95 218 251 273 293

2hr 0.77 0.93 1.16 131 1.53 1.68 1.83
ihbr 0.55 0.66 083 094 1.09 1.21 1.31
6 hr 033 0.4 0.5 0.57 .67 0.75 .83
12 hr 0.2 024 0.30 034 0.41 0.46 .51
24 hr n.12 0.14 0.18 020 0.24 0.27 03




Storm Event Magnitude Approach

Data Sources
« NWS Rainfall Data
* NOAA Atlas 14 Probability Data

General Approach

» Compile pre-staged rainfall reporting and
orobability data

* Integrate data into single dataset
* Develop calculation algorithms

DESP



WorkfIOW Storm Event Magnitude Approach

Extract storm precipitation data for desired
time/duration from NWS site

Associated with Pre-Stage/Loaded Data

Calculate probability based on depth and
duration

Create probability rasters

Summarize at watershed (HUC12) or
desired AOI level

Map results

MESP



NWS Reporting Point Grid
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« Static ID to link to
storm
observed/forecast
readings




NOAA Atlas 14 Probability Data

pO0 1yr 24hr
pO02yr24hr 3,509
pOdSyr2ghr 4,333
pO10yr2ghr 5074
pO25yr24hr 6,002
pO50yr24hr 6.737
pl00yr24hr 7.487
pS00yr24hr 9,307

OESP
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NC 24-hr 100-yr Rainfall Depth Raster

HESP
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Name : GetLatestQPE_Scri ﬁJtTOCﬂ . Py
Type: Python Script Tool for ArcGIs
Purpose: Download and upzip Tlatest qualitative preciE'itat'ion estimate point shapefiles from

Rainfall Processing Tools

¥
#
#
#
# NOAA Southeast Region Headquarters (SRH) website.
#
# author: Neal Banerjee, PE, CFM
ArcToolbox O x # Date: september %01:5 '
- - # ArcGIS Version: 10.0 and Higher
@ ArcHydroPartialTerrainlpdate # ﬁ Python version: 2.7.5
@ Cartography Tools i Usage: GetLatestQPE <workDirectorys
&3 Conversion Tools =
% Data Interoperability Tools # Import necessary Python modules
@ Data M LT import arcpv
@ Editing 5 03_Calculate Rainfall Probability =N =R ==
£ Geocog | IneutTable “ | 03_calculate Rainfall Probability i
| HRAP_GridPnts
% GeoHM ) Linearly interpolate X values in a user-defined field based
InputX Field on four other probability-based fields with X values in the
@ Geostal Rainval M same table. For example can be used to calculate the
@ Linear H InputProb Fid 1 return period of a given flow based on probability based
- pOQyr2hr v flows of the 10-, 50-, 100-, and 500-yr events.
@ Multidi| | probability 1
@ Metwor !
Input Prob Fid 2
@ PETCE' F pO02yr24hr -
= @ Rainfall | Probabiity 2
2
;:ﬂ
! 00_ Input Prob Fid 3
5:»: |:|1 pO05yr24hr -
5:": 02 Probability 3 -
— : |E
j‘; 03_ Input Prob Fid 4
pOidyr24hr -
i 04' Probability 4
04a 10
Input Prob Fid 5
5:": I:IS— pO25yr24hr -
o GEM | probabity 5
e 0P ®
Input Prob Fid &
% Schem pOS0yr24hr -
@ Server ]| Probabiity 6 _
g Spatlal InputProb Fid 7
@ Spatial p100yr24hr -
. Probability 7
@ Trackin 1m0
InputProb Fid 8
i | pS00yr24hr -
Probability 8
500
Tnrut Proh Fid 9 S =
Ok ] [ Cancel ] [Environmenis...] [ << Hide Help ] [ Tool Help

¥ ESP Associanes P A



Case Study Applications

« SC/NC Hurricane Joaquin — October 2015
* SC/NC Hurricane Matthew — October 2016
* Mecklenburg County — August 2011

HESP



Hurricane Joaquin Case Study Applications

» October 3 -5, 2015
* Hurricane and stalled low pressure system
e 3" - 20"+ of rainfall

e 20 fatalities

* Billions in losses and damage
» South-Central SC hit hardest

DESP



3-Day Probability Storm
Event Magnitude

HESP
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Probability Summarized
at HUC 12

e 2,750 HUC12s in

e i A W N A .
Ta v:gﬂh:ﬁgfiéw‘ Ca roI|na.s
Y ‘s * 40 sq mi average area +

A A ey
i‘%@%%%??g'ﬁ'& N

50 - 100 yr Field Value

I 100 - 200 yr

I 200 - 500 yr HUC12 030501100102

> 500 yr Mame Upper Congaree Creek
Areafcres 23613

II"-"IEN"-I QutRP 195.6270256 |

HESP

ELP Associanes.



Hurricane Matthew Case Study Applications

* October 7 -8, 2016

« 3" - 20"+ of rainfall

« 26 fatalities in Carolinas

* New records at 8 gages

* Billions in losses and damage
» Extended flooding for weeks

DESP
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L ooon N 1 -2yr [ |25-50yr [ 500 - 1000 yr

B 2-5yr [ ]s0-100yr [N >1000yr s
5-10yr[___| 100-200 yr
N . PROVISIONAL - Map is based on
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Map Peak Previous Approximate Duration

Location River Name and Location County Matthew Record (ft) Return above flood

F I OO( Elevation (ft) Event stage

Lumber River Basin
1 Lumber River at Maxton Robeson 186.5 1845 100-year N/A
Surry tokes Rockingham Caswell P =~
z Currently
" | /« 2 Lumber River at Lumbeton, Robeson 124.3 1205 200-year | above NWS
Above 1-95
- l | Ibocedind S _ ! ! flood stage
n s M
Forsyth — 3 )I:x‘mser River at Lumberton, 5 Rabanad 119.3 115.8 75-year 1 ? dav:sJ
Alamance | Ve | fongoing,
Davie 4 Lumber River at Boardman Columbus 85.5 818 >500-year N/A
N ’
Davidson Cape Fear River Basin
Chatham 1
R 5 Little River at Manchester Cumberland 155.0 1518 >500-year 4.5 days
owan
Loé 6 Cape Fear at Lillington Hamatt 1232 137.0 <10-year 1 day
Cabarrus ' ’ ’
Stanly ! 7 Cape Fear River at Fayetteville Cumberland 786 886 100-year 5 days
Peckiénburg O 8 Ej["; Fear River at Lock ¥1 near Bladen 248 26.0 100-year 6 days
Cum NE Cape Fear River near ,,. " s
Union Anson i oke 9 Chingusein Duplin 36.3 398 500-year 7 days
Scottand )1 Neuse River Basin )
< /alley
10 | IR Smsh R ankiee:y ey Wake 2255 230 5 35-year 1 day
Crabtree Creek at Old Wake A y e :
1 Forest Rd Wake 2058 N/A 100-year 1 day
12 Neuse River near Clayton Johnston 148.0 149 6 45-year 2 days
13 Neuse River at Smithfield Johnston 127.4 1257 200-year 4.5 days
14 Neuse River near Goldsboro Wayne 716 70.8 90-year 10.25 days
15 Neuse River at Kinston Lenoir 381 375 75-year ,11 days
(ongoing)
16 Hominy Swamp at Forest Hill Rd Witson 1228 N/A >500-year 1 day
17 Contentnea Creek at Hookerton Greene 3789 420 >500-year 975 days




AuglISt 201 1 StOrm Case Study Applications

* August 5, 2011

» Stalled low pressure system western-central
Charlotte

* Major “flash flood"

e 7"+/-rain in short period

» 2 fatalities, 160 buildings flooded
« $2M in damage
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Multi-Duration Storm Event Magnitude

VD uration Rainfall Statistics
Maximum 3.65"
County Average: 1.34"
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Intense 6-hr storm concentrated
over 3-4 hours

Dense gage network

Example of multi-duration
probability

Storm Event Rainfall Probability
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- Rainfall accumulation totals based on Mecklenburg County
fUSGS Rain Gage Metwork (72 gages)

- Rainfall probabilities calculated from gage rainfall depths
and NOAA Atlas 14 published storm event probabilities




Performance/Scalability Case Study

Applications

 Algorithms work very fast at large are levels
(e.g. statewide)
— Probability calculations: seconds
— Mapping and AOI Summary: seconds to minutes

» Scalable nationwide
» Can use similar logic for rainfall forecast
— 3-day advance in 6-hr increment

» Can automate retrieval and processing every
hour

MESP



Summary and Conclusions

Traditional rainfall reporting can lead to
misinterpretation of storm event magnitude

Combining readily available rainfall data,
can estimate storm event magnitudes for
multiple durations over large areas

Same logic can be applied to historic
storms or forecasted rainfall

Data and algorithms are scalable and can
be batched for automated processing

YESP



Looking Ahead

 Relate rainfall probability estimates with
flood impacts

— Flood Warning / Gages (where exists)

— Existing models (e.g. RiskMAP) in ungaged
areas

MESP



NC FIMAN in EOC During Hurricane Matthew

NC National Guard
Our #Alway \%cd(l team is workmg closelv with our State Emergencv Response partners coordinating support efforts for Hurricane #Matthe
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