David R. Vallee Edward J, Capone
Hydrologist-in-Charge Service Coordination Hydrologist
NOAA/NWS NOAA/NWS
Northeast River Forecast Center Northeast River Forecast Center

Providence Street — West Warwick, Rl at 1030 am Wednesday 3/31/10

We are looking forward to moving into your town!
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NWS River Forecast Centers

# Mission: Protection
of Life and Property
— Flood Guidance
— Water Supply

13 River Forecast
Centers across USA
122 Weather
Forecast Offices
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Weather Forecast Office
New York/New England Service Areas

WFO Caribou, ME
Northeast Maine counties
WEO Gray, ME

Southwest Maine and all of New
Hampshire

WFO Burlington, VT
Northern 2/3™% of VT
WFO Albany, NY
E_r]l_l 1/3 of VT, Berkshire, MA, Litchfield

WFO Taunton, MA

Rest of MA, all of R1, and the northern
2/3%of CT

WEFO Upton, NY
All coastal CT Counties
WEFO Binghamton, NY
Finger Lakes region
WFO Buffalo, NY
Buffalo Creeks, Genesee and Black

Weather Forecast Office Responsibilities
Weather Ready Nation

Watch/Warning responsibilities
Public, Marine, Aviation, Fire Weather,
Coastal Flooding, River and Flash
Flooding, Fire Weather
Issue and coordinate all
watches/warnings with local interests

Conference calls with State EMA
Media through NWSChat
Define forecast service requirements
Establish new forecast requirements

& NATIONAL WEATHER SERVICE

CA GLMWIAIE  WED RRREIDON  HWATVR MK AAn Ak
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o Lt w1 St e B O Tl 0 S B Mg
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+ Bl b Lo ekt

NWS Weather Forecast Office - Boston / Taunton, MA  sosten ua
pibidteann -

Provide Decision Support Services to
the Decision Makers in the region
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River Forecast Center Responsibilities

Calibrate and implement a variety
of hydrologic and hydraulic models
to provide:
River flow and stage forecastsat 180
locations
Guidance on the rainfall needed to
produce Flash Flooding
Ensemble streamflow predictions
Ice Jam and Dam Break support
Water Supply forecasts
Partnerwith NOAA Line Offices to
address issues relating to Hazard
Resiliency, Water Resource
Services, Ecosystem Health and
Management, and Climate Change

Forecast Services
On A Watershed Scale

Requirements:
Observed precipitation & temperatures

Observed streamflows (USGS)
Forecast temperatures and precipitation
Drainage area <100 sq mi

Our models help us forecast:

The volume of water in the river & that's
converted to stage/elevation

awcatuck Watershed

Wood-P
S¥ Rrver and Stream Water Guality Status

Time of the peak elevation & duration
Soil moisture & Snow melt

Unit hydrograph theory

Reservoir Operations

Hydraulics (HES-RAS) for complex river

systems
Tidal reaches

Lake Champlain, Farmington River
Combines tidal/storm surge with fresh wate
runoff on 5 tidal rivers
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A Look At Current & Future
Water Prediction Services:

e

Movmg ﬁ’om Point Speczﬁc to Street Level Hydrologic Forecasting
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This transformation of our services is the result of the
development of the new National Water Model

\'e2") Building a Weather-Ready Nation

But it truly is a matter of scale
Tomorrow's Scale — 1 km or less!
Natonal Water odel ;. .f.“NCAR . Ko e R b -

Ve e | Experimental simulation from
[rC) B the National Water Model
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ey Bu:ldmg a Weather-Ready Nation
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~ NWM-Based Street Level Hydrologic Prediction

Pon e T P

e Thousands of homes damaged or -
destroyed, $111+ million in FEMA aid

o NWM allows users to drill down from
regional to local to street scale

e Information complements hydrologic fop—
guidance at existing forecast locations and |~ - g e
provides new insight at millions of hydro- Hydra-Blind location 8

bll ﬂd |OCBtiOﬂS . 500 psople trapped at Elkview mall

,X

NWM 15 hr Regional Streamflow
Anomaly Forecast, Valid 20Z 6/23

Experimental NWM Local
Inundation Map

Shading

indicates

- flooded areas - .
http://www.water.noaa.gov/ima

Our changing climate:

From a “Practitioner’s Perspective”
Rainfall/Temperature trends
Changes in flood & drought behavior
Challenges going forward
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A few caveats

- Neither Ed nor | are climate scientists!
We are practitioners
We have the benefit of living in this part of the country -
i.e.: we are locals!
It’s different now - beyond temps & precip
Changes in vegetation, insects, bird life & river response
Sea level rise
* The mission: Develop a better understanding of the
current regime vs. the old & what that means to how we
model our rivers
“Accumulation of Ingredients” — not one single “source”
Where we are headed: that’s the million $$ question!

My “religious experience”:

Takes on a whole new meaning when it hits your hometown...

Providence Street — West Warwick, Rl at 1030 am Wednesday 3/31/10
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I've been a little busy these past 10 years!
Job Security in the face of changing flood behavior!!

I
|
| Record flooding along the Fish and Saint John Providence Street - Warwick, Rl at 1030 am

 Rivers - northeast Maine, 4/30/2008 Wednesday 3/31/10
i T

- -, —
| Home washed off its foundation on the Schoharie Record Flash Flooding in Utica, NY. July 1*, 2017
! Creek, Prattsville, NY - Tropical Storm Irene Photo courtesy of Jill Reale (WKTV)

Is there a common theme to recent ?
» Several:

Slow moving weather systems - a blocked up atmosphere
Multiple events in close succession or 1 or 2 slow movers
Resulted in saturated antecedent conditions
“ . . » Mgt o 3
Each fed by a “tropical connection” | ATosgheric Watsr o
Plumes of deep moisture | ' a4
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A warming planet and shrinking Arctic Sea ice

September Minimum Sea Ice Cover 2016 Arctic Sea Ice Summer Minimum
1979-2016

Is there a plausible "Climate Hypothesis"?

» Modest changes in air & sea
temperatures = atmosphere can
hold more moisture 5.

New England is in close proximity to |
the ocean and the Gulf & Atlantic
moisture streams

Affected by dual storm tracks and
blocking high pressure over
Greenland

These ingredients offer us more
“opportunities” to latch onto these
plumes

« Reduction of sea ice changes
upper level wind flow

Blocked up pattern induces slower
moving storms or back-to-back-to
back events
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The Changing Climate
Common themes across New e Xl
England:

Increasing annual precipitation

Increasing frequency of heavy rains

‘Warming annual temperatures
Wildly varying seasonal snowfall

Shift in precipitation frequency R slons 8 Sulan

Wer inWaviand,

(50, 100 yT — 24 hr rain) s %
For smaller (<8oo sq mi) basins -
trend toward increased flood

magnitude and/or frequency

Most pronounced where significant
land use change and/or urbanization
has occurred

A Look at Temperature Trends

http://www.ncde.noaa.gov/cag

Massachusets, Climate Division 2, Average Temperature, January-Decenbir Massachusets, Chmate Division 3, Average Temperatur, January-December
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NWS Norton Coop Station Temperatures
Vegetation Issues affect Climate Station

2017

A Norton NWS Station Perspective
on Temperatures since 1976

Annual Temperatures at Norton Ma 1977 through 2015

¥=0.0593x-69.831

* Annua TaTpane
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A Look at Temperature Trends

Daily Temperature Data - NORTON, MA
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Impacts on Energy to Heat or Cool

Massachusetts, Heating Degree Days, January-December
1930-2016 Trend 1930-2016 HOD
TLATDE Decade Mean: 6,473DI |||

The number of degrees that a day's average
temperature is below 65°Fahrenheit (18° Celsius), the
temperature below which buildings need to be heated

1930 1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Impacts on Energy to Heat or Cool

Massachusetts, Cooling Degree Days, January-December
19302010 Trend —_ 19302010 .
-18.13Df Decade Mean: 425°Df |I| LD

The number of degrees that a day's average
temperature is above 65° Fahrenheit and people start to
use air conditioning to cool their buildings

1930 1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
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A Look at Precipitation Trends

http://www.ncde.noaa.gov/cag

Messachuscts, Climate Division 2. Procipitation, Jamuary-Dosember
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Norton Perspective on Snowfall

Seasonal Snowfall at Norton, Ma 1976-77 through 2014-15

.

FeO608 . 11700

Snowfall (inches)

+ SeaemlSzondall
L indar (Seascmal Snonfally

Change in frequency of Heavy Precipitation
+ Intense precipitation events (the heaviest 1%)

» Used to average 6-8 days a year of >1” of rain or more

« Today we are averaging nearly 12-15 days! (Norton 14 days)

Observed Change in Very Heavy Precipitation

Change (%)

[ ] S I .

10-19 20-29 30-39 40+

Source: http:/lwww.globalchange.govipublications/reports/scientific-assessments/us-impacts
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NOAA ATLAS 14

24 Hour — 100 year return period rainfall

Much of the state has
seen a1 to nearly 2 inch
increase in the
24hr/100 yr storm!
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NOAA Atlas-14 Replaces TP-40

U S. DEPARTMENT OF COMMERCE
Natlonal Oceanic and Atmosphoric
Administration

NATIONAL WEATHER SERVCE

1325 Eaab Vit ey
Precpmtiyridny UTRES

March 212016

T Whom 1t Moy Caneern

Reference: NOAA Precipitation Frequency Estiniates for the Northeastern States

Tt letiet i 1o confirm that the precipration Reguency estimates o the stales of Coiecticut.
sachuseits. New Hunpshire. New Yok, dand. published i
Atkis 14 Volume 10 Precipriinn-Frequency At of the U nsied Siates,
jevn Stutex supersede comesponding estimates from the follawing publications
Weather uogau's lechiical Paper No $0 K full reguencs Atlas of the natesd Ntates for
Durauens from 30 Mimnes w 24 Howes wnd Betian Pecimds foom § o 109 Vears (eshiichd.
1wl

Weathet Haa & Techiucal Papet No 49 Fna- o Ten-ass Precyniaine for Keturn Ferunts of
i LN Feanrs int the ©oninguons Pnited Skites (Mller, 1),

NOA Fechnrcal Memararstun NS UYDRO-AS. Faree fo 66 Vunnde Precutation Frequenn
Jar i dasterst and € eamral Uatied Srtes (Fiederick etal . 1977

NOAA Allus 14 Volume 1 precipitauion fiequency estmates with supplesmentan, information
e
For an further questions, please contact hdse. questons i nosa gov
Sinesiels,
Jap, Tenes.
‘wu?r:wa, Phi)

Dnector. 1 drometevtological Devign Studics Center
Natmnsd Water Center. NWS. NOAA

Changes in the Palmer Drought Index

http:/fwww.ncdc.noaa.gov/cag

Massachusetts, Climate Division 2. PDSI, Jarary-Decermber Massachusetts, Climate Divssion 3, PDSI, January December
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Since the late 60s, similar signature of much shorter, mostly less intense dry

periods and longer higher amplitude wet periods
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Drought/Rainfall characteristics

Accurmulated PeCipitation - ERUCKTON, MA

Accumutalea Freciptabion - RORTON. MA
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TUSGS Waterwatch

[

T < Short/intense drought episodes:
- Drt:i:f&r year; == 2014 and 2o
< Record daily flows

< Minimums similar to the 1060

4 Infrequent periods of recharge he!

% Prolonged record lows

% But far longer in duration with
little significant recharge

recharge if not flood volumes

WORLD
METEOROLOGICAL

vic = i.e. Water supply and demand

anormal, rf:.'currenit feature of dumte;
consideréd asa rare and randem
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Water Bud

N Yoid Departure from Normal Precipitotion (in)
i B s 8/14/2014 - 8/13/2017
: = ey

Il got short-changed in 2016
ht indices are “Normal” or above
ern and water usage “key” during.

Current conditions -- Norton

Departure from Normal Precipitation (in)
1/1/2017 — 8/13/2017
Yy op e R
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Do all Droughts end with a Flood?
Fact or Folklore

i

[
Dapaiturn ligim Nea

Nationally - increased flood events/losses

National Flood Loss'
Water Year 1903-2013
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Trends in Flood Frequency:

From the Practitioner's perspective

> Small watersheds feeling the
effects
Changes in frequency/magnitude
Part land use/urbanization

Compounded by encroachment
in the floodplain

Part changing climate
Larger basins with flood control
haven'’t seen as noticeable a shift

Most USACE reservoirs are built for
6-8 inch runoff events

Greater capacity to handle more rain
» Urban “flash floods” increasing

Storm water systems cannot handle
the volume of intense rainfall

Record floodi
5/16/06. Photo

Flooding from the

Billerica, MA. Apr

|

8/15/2017

during Mother's Day
Joston Globe

Concord River along Elsie Ave.. in
il 2°¢, 2014. Photo: Billerica DPW
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Location

Southern New England River Basin Normalized Number
of Minor, Moderate, and Major Floods Prior to 1970
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Southern New England River Basin Normalized Number Dotaproeided by
of Minor, Moderate, and Major Floods from 1970-2013 %USGS
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Southern New England River Basin Normalized
Number of Minor, Moderate, and Major Floods
Per Month from 1970 - 2013 (18 forecast locations)
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Summary:

The Northeast has become a “hot spot” for record
floods & heavy rainfall in the past 10 years
Noticeable trends include increased yearly rainfall and
increased annual temperatures
Portions of Massachusetts have experienced a1to 2 inch
shift upwards in the 100 yr - 24 hour rainfall
Smaller watersheds & those with significant
urbanization are most vulnerable to increased river &
stream flooding
Drought episodes have become shorter in duration
and of a “Flash/Rapid Onset” variety

Far reaching implications:
Protect, Adapt or Retreat???
Floodplain, land use, infrastructure, dam spillway
requirements, drainage requirements, non-point source
runoff, bridge clearances, “hardening” of critical facilities
in the floodplain, property values etc...

Flood Insurance — work to increase participation

How much risk are we willing to insure and accept?

Revised Flood Risk with buildout and climate change impacts

Revised Flood Risk with climate change impacts

* Revised Flood Risk with bulldout
* Revised Flood Risk — FEMA 100-year Floodplain  ~

updated to reflect current (2005) precipitation values

. FEMA 100-year Floodplin

777777777777777777777 Stream e e S S
Channel

«+—— Nomnal Water Level
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Climate Itends in Massachusetts and
Its Impact on River Flood Behavmr
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David R. Vallee Edward J. Capone
Hydrologist-in-Charge Service Coordination Hydrologist
NOAA/NWS NOAA/NWS
Northeast River Forecast Center Northeast River Forecast Center

Record flooding along the Shawsheen River during the 2006 Mother's Day Floods
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