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Torrential Rains from Slow Moving Tropical Systems:;

Is This the New Normal?
| 2 Preliminary Rainfall Summary

: ‘h‘-' o0~ ® Widespread 3-8”, isolated
¢ 9-10”
o  Extreme rain rates of 2-3" per
hour along Philadelphia to
NYC corridor
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Observations
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Northeast River Forecast Center Responsibilities

) Observed and Forecast River Conditions_122

hittos wawvi. weather.gov/nerc & po> gt

Calibrate and implement a variety ofthydrologic and
hydraullc models to provide:

River flow and stage forecasts at 200 locations

Guidance on the raintall needed to produce Flash
Flooding

Ensemble streamilow predictions

Ice Jam and Dam Break support
\Water Supply forecasts e e S
Partner with NOAALIne Offices to address issues
relating to Hazard Resilieney, \Water Resource

SEIVICES, Ecosystem Health-and, Management,
and Climate Change

Al Decision Support Services to regional partners
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The latest Science:
A warmmg planet and shrinking Arctlc Sea ice

19792019

1984

Sea Ice Age

0-1 1-2 2-3 3-4 4+
Years

finimum Arctic Sea lce Extent (millions of square km)
o ) |
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This graph shows the average area covered by sea iice d@uring Loop of September Summer Minimum Ice Extent from 1984
September each year. Minimum sea ice extent has decreased12%  through 2016. Note the steady decrease in coverage. Reference:
per decade since 1979. Reference: Fourth National Climate Fourth National CI\lmate Assessment.
Assessmenthttps://nea2018!glotialctiange: gov/chapten/11#figg-1-2
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Is there a common theme to recent floods?

Composite loop of Atmospheric Water Vapor 0 10/12/2018
60 " "

LN & M Several.
0 E‘L.-E_'{ _,f.gf‘"‘ A Slow moving weather systems i a
30 ' ‘gﬁ;ﬁ# 7. el 4 blocked up atmosphere

: : ﬁ‘--“—*‘ M s 4 Multiple events in close succession

One big slow moving storm

A Results in saturated antecedent
conditions before

COLCTCO=T

Each fed by a fAtro
Plumes of deep moisture

A High moisture values are reaching our
latitude more frequently

A Storm tracks that impact the

60 ——— Northeast are interacting with these
180-170-160-150 -140-130-120-110-100 -90 -80 -70 -60 -50 -40 -30 -20 -10
plumes more frequently

Longitude
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The Changing Climate

A Common themes across New England:
Increasing annual precipitation
Increasing frequency of heavy rains
Warming annual temperatures

5558

Wildly varying seasonal snowfall ayeldanayenn

A Shift in precipitation frequency
(50, 100 yr 1 24 hr rain)
For smaller (<800 sqg mi) basins:

Trend toward increased flood magnitude
and/or frequency

A Most pronounced where significant land 7
use change and/or urbanization has :
e

occurred Pawlak Park in Seymour i f - 0 0 d'ié%ﬁ
Photo: Donald Eng./ Hearst Connecticu «
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A Look at Connecticut Annual Temperature Trends

Connecticut Average Temperature

1930-2020 Trend
(+0_3°F /Decade)

53.0°F L7
Top 12 warmest years
S2.0°F all since 1990! R
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A Look at Connecticut Annual Precipitation Trends

Connecticut Precipitation

1930-2020 Trend
(=046 in/Decade)

o Top 5 wettest yeans,m_ i
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Intense Precipitation Trends

Frequency of O 1 inch rainfall events Hartford, CT
1930 through 2020

Gorpi \evdperordos dazs AALLOA 517 AAUO T]i oFlash flood inducing rainfall

U August 13", 2014 Long Island, NY:

' ™
n / t . .
‘ j <* NI ¢ 1.08 inches / 8 minutes
2 “\ 1 11 inches / 3 hours
8w [P AEEhn: SRRRDUA — 13.57 inches / 24 hours
E e ' \SEEBNEE! * M o 24 b rainfall >1 inch
) L4 4 ¢ +—¢ 4 4+ ) ) ) .
- | . et —Lincar (24 bl > nl) U September 25", 2018 Westport, CT:
8 o LT A RERSUARNERAAEN 5-7 inches / 3 hours
= NS DD SV ¢ »
Z & L 1 4
R uARERNAN i ot U August 22", 2021 Manchester, CT:
5 ¢ e + 4-6 inches in 2-3 hours ~ Henri
_ _ U September 1%, 2021 New York City:
01930 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030 3'15 InCheS In 1 hour - Ida
Year

http://lwww.ncdc.noaa.gov/cag
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So Do Droughts Become A Thing of the Past?

Connecticut Palmer Drought Severmy Index (PD5I)
1930-2020 Trend

(=001 /Decade)

SELIN I R RTINS

No: but we see a tendency for droughts in
Connecticut to come on more quickly

o
h

hitp:/lwww.ncdec.noaa.gov/cag
SR NATIONAL WEATHER SERVICE http://www.weather.gov/nerfc

¥ Protecting Lives and Property for 150 Years Building a Weathéteady Natiorly


https://www.commerce.gov/
http://www.noaa.gov/

NOAAATLAS 14
24 Houri 100 year return period rainfall

P e G

~ Much of the region has |

seen a 1 to nearly 2 inch§
increase in the ==
24hr/100 yr storm! '
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The Riverine Response: Increased Flooding

Southern New England River Basin Flooding
Precent Increase Pre 1970 vs. Post 1970

HOPRL WODR1 WSTR1 Joyes 3 YTCC3 GTBM3 FLVC3 TENN6 GAYC3 STVC3
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USACE Flood Control
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Lower Connecticut River Basin Flooding
Precent Increase Pre 1970 vs. Post 1970
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USACE/State Flood Control
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I orlmg mom 5-7
/ﬁlg Photo: West

%~

[he Pawtuxet River - Warwick, Rl‘at In Dolgeville, NY on West Canada Creek, November:
1030 am Wednesday 3/31/10. Photo: RIANG . Source: D. McGee, Office of the Governor:
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Precipitation Projections
https://crt-climate-explorer.nemac.org/

by 5-10% by the end of the
century

Change
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by 15-30% by the end of the
century
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Fitting our recent Tropical Cyclones into the pattern

A Whatos changed:
A Rapidly accelerating storms seem a bit less frequent

A Slower moving systems at our latitude always pose a
significant flood risk

A Increased frequency of very high moisture content (plumes)

A The Net Result:
A Increased risk for significant/catastrophic events!

nonn g TR http://mww.weather.gov/nerfc
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Rapid Acceleration Northward i well they used

o accelerate

A New England Hurricane of 1938 >50 mph
Averag_e forward motion for storms T ——————y 29 mph
impacting New England: 33 mph
. CarolT A t 1954 35 mph
A The Great New England Hurricane SO AHgES i

of 1938 made the trip from Cape Ednai September 1954 46 mph
Hatteras, NC to Providence, Rl in 8

hours! Diane i August 1955 15 mph
g\ Forward speed at landfall was at Donna i September 1960 24 mph
least 51 mph and estimated as high —
as 60 mph Gloria7 September 1985 45 mph
A \%?tch out for those slower movers Bobi August 1991 32 mph
These tend to be prolific rainfall Floyd i September 1999 30 mph
producers!
Irene i August 2011 20 mph

% NATIONAL WEATHER SERVICE http://www.weather.gov/nerfc
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A different behavior over the past 10 years

Storm Forward
Motion

A Irene i August 2011 (10-16 inches 20 mph
Onl y t hre e S ¥ st ems V eastern NY and western NE)
a,&f celeratin go SYS t e I' Andreai June 2013 (3-5 inches) 35 mph
Average forward motion: 24 mph
) Arthur 1 July 2014 (5-8 inches i 24 mph
Seven produced heavy rains and southeast MA)
fl Odmg Florencei 2018 (4-8 inchesin CT) 15 mph
Six of these were considered slower
movers which passed over or Isaias i 2020 (2-4 inches in NY) 40 mph
south/east of the region resulting in ) . .
torrential rainfall and flash flooding Elsai 2021 (5-7inches in CT) 31 mph
Most of the rainfall occurred in less Fredi 2021 (4-8 inches in central NY) 14 mph
than 24 hours .
) Henri1 2021 (5-9 inches southeast NY 10 mph
Several in less than 12 hours! and CT)

Idai 2021 (5-9 inches southeast NY, CT, 25 mph
RI, and southeast MA)
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Heavy Rainfall Characteristics

A Heaviest rainfall is almost always along or

Vﬁof track
A subset of storms produced the
heaviest rains right along track (Carol
1954)

Some systems Achanged
turned and accelerated northeastward

Nearly %2 of all our storms produced small
stream/river flooding in the region!

Ayerage rainfall 6-8 inches

Blockbuster rains with some slower
mevers

Di ane 0 120ibckes)( 1 5
A Irene 2011 (10-16 inches)
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Remnants of Hurricane Florence i- September 25", 2018

100 yr events are more like 60 yr; 50 yr events more like 25-30 yr

Universal Time (UTC) & Prntris map
1z 1Z 1Z 1z 1Z 9z >
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Site Time (EDT) ” 50
Graph Created (5:31AM Sep 26, 2018) —&— Observed —=— Forecast (issued 4:33AM Sep 26) = et |
YTCC3(plotting HGIRG) "Gage 0" Datum: 94.46' | [Observations courtesy of US Geological Survey 25

Killingsworth, CT experienced 6.78 inches in ~ 12 hours 160 return
period or 1% Annual Exceedance Probability

Duration [Obs Approx ARI 1 2 5 10 25 50 100
1h 1.56[~5-yr 0.993 1.2 1.53 1.81 2.19 2.49 2.78
2h 2.95/~25-yr 1.31 1.58 2.01 2.37 2.86 3.24 3.63
sh 3.74/~50-yr 1.53 1.83 2.34 2.75 3.32 3.76 4.21
y 6h 4.95|>50-yr 1.95 2.34 2.98 3.51 4.24 4.8 =
e ot off the road & 12h 6.21[>50-yr 2.42 2.91 3.71 4.38 5.29 6 @
e S - s SEUEEE 24h 6.78[>25-yr 2.84 3.44 4.43 5.25 6.38 7.25 8.
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Remnants of Hurricane lda
Repeat performance in and around Yanticé acgua I N

YANTIC RIVER AT YANTIC
Northeast Flooding Universal 11me(L|TC)
2021-08-30 to 2021-08-05

Ending 8AM September 02, 20

Daily Precipitation / »gw,
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Site Time (EDT)

- -- Graph Created (1:46PM Sep 1,2021) —e— Observed —=— Forecast {issued 10 1y

Forecast Centé

Northeast River

YTCC3(plotting HGIRG) "Gage 0" Datumn: 95 55' | [Observations courtesy of US Geological Survey

e — . — z e :
Flooding at West Town Street, Norwich, CT, Sept 2, 2021. The swollen Yantic River at Yantic Falls Heritage Park
Image: NBCConnecticut foOolwinw &' sncgrenttid @aidss PhomrSe EBlmttTheaDlay r ai n's
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Practices that are working to mitigate losses due to
rains, flooding, and storm surge

. BALE 5"""3. f'f)' “7’}
7 ;3_:4\ P s
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Toward The Implementation of Near Redime Forecast
Flood Inundation Mapping Services
In the Northeast United States

David R. Vallee Jason C. Elliott
Hydrologist-in-Charge Service Coordination Hydrologist
NOAA/NWS Northeast River Forecast Center NOAA/NWS Northeast River Forecast Center

14 LR SR 7 Y Flood Inundation Simulations based on
A o 'y i (" s RFC and NWM Forecasts of 3/30/2010
g { i & oo

West Warwick
Wastewater Treatment.
[ ~Facility.

\ ;4 Waﬂick‘Mal 1 7
‘ )

¥

7
O Water flooding on/offramps

Example of our new experimental flood inundation forecast service, based on NERFC and Example of our new experimental flood inundation forecast service, based on NERFC and
National Water Model streamflow forecasts for August 27t, 2011 National Water Model streamflow forecasts for March 30th, 2010
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Agency Priority Goal Action Plan
Mitigate Flood Impacts by Demonstrating Improved

Decision Support Services to Emergency Managers

Achievement Statement  : By September 30, 2021, NOAA National Weather Service v
improve its flood related decision support services by expanding the demonstration of a
new flood inundation mapping capability to at least an additional 10% of the U.S.
continental population residing in floeaulnerable freshwater basins.

Additional coverageincludes populationservechwith/NationaléWaterdVlodebhydrography
downstream/fronva suaself of INW S officialdarecast locations thireugheutthe eontinental
U.S, mplus populations indMNV S \Nertheast Riven orecash Center dvationalsyater-Model
locations.

- Including two tabletop exercises:
\% 1. Rhodesisland rerunningthe/late\Mare? 2010 d<leods
\% 2. NewyYork rerunning Foopical iStarmdnene incthe)Sehoharie-Valley

p #% NATIONAL WEATHER SERVICE http://weather.gov/nerfc
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Key Investment to Becoming a Water-Ready Nation:
The National Water Model & Efforts to Deliver Forecast Inundation Services!

2015-10-01 00:00:00 National
Water Model

Hourly Streamflow

100 cfs

1,000 cfs

10,000 cfs

100,000 cfs

> 1,000,000 cfs

RFC Forecasts

e T Pawtuxet River Valley i West Warwick/Warwick
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| | | | | L L | | | | 2 = .
18 EE E2n. HERE. DL aormyindia © Ope z 3 ol - L
F &

17 || Latest observed value: 9.43
26-Jan-2019. Flood Sta
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West Warwick

15 Wastewater Treatment.

14 - = : - - 49 [ 7R
I Ak
__ 13 41 m 2
£ > 2 e D
En i = \ E > -
wn v @ 8
| . e * warwick Mall

S| _ | i: 2 =55 7 ‘ ‘

8

7 os
6 oS5
5 T T T T T T T T T T T 0.2
9pm  9am  9pm  9am  9pm  %am  9pm  %am  Spm  9am  S9pm  9am  9pm
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Site Time (EST)
---- Graph Created (S:15PM Jan 26, 2019) —e— Observed —=— Forecast (issued 11:284M Jan 26)

CRAR1(plotting HGIRG) "Gage 0" Datum: 8' | [Observations courtesy of US Geological Survey,
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Two Sources for Inundation Guidance: RFC Forecasts & the N

River Forecast Center based FIM (RFC FIM) National Water Model FIM (NWM FIM)

Higher confidence i as it is based off our official forecasts Lower confidencei based off one of two
rainfall forecast which may not represent our official forecast
*Population totals based on 2017 population (327M) in adjacent hydrologic areas, defined by Hydrologic Unit Code (Huh@tichdelTidal areas will not be included at this time.
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