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Outline

From a “Practitioner’s Perspective”
Rainfall/Temperature trends
Changes in flood & drought behavior
Challenges going forward
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Is there a common theme to recent ?
I

Slow moving weather systems - a blocked up atmosphere
Multiple events in close succession or 1 or 2 slow movers

Resulted in saturated antecedent conditions

Each fed by a “tropical connection”
Plumes of deep moisture

g conprsie: 101107407 0RELH TC
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The Changmg Chmate

» Common themes across New
England:

Increasing annual precipitation

Increasing frequency of heavy rains

Warming annual temperatures

Wildly varying seasonal snowfall

« Shift in precipitation frequency
(50, 100 yr — 24 hrrain)

* For smaller (<800 sq mi) basins -
trend toward increased flood
magnitude and/or frequency

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

The Ea'gle—Tribune had it correct:
“River Raging” - May 15", 2006




A Look at Temperature Trends

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

Massachusetts, Climate Division 2, Average Temperature, January-Docember Massachusetts, Climate Division 3, Average Temperature, January-December
ST 15300 ST 100
2 F Decade Avg d15F = Ao Tl 0.3 F Decade Mg 404F == A Tempentue
5
511 >
/| @
071 Ho \ ’/ I

497

487 A
I 49' i
fy fi
477 y
8 481
4
i
457
17 45
44.
457

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




A Look at Temperature Trends

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

Massachusets, Climate Division 2, Precpitaton, anuary-December Massachusets, Climate Division 3, Precipitaton, January-December
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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!

Observed Change in Very Heavy Precipitation

Change (%)

‘IO 19 20-29 30-39

Source: http://www.globalchange.gov/publications/reports/scientific-assessments/us-impacts



Changes in the Palmer Drought Index

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

Massachusetts, Climate Division 2, PDSI, January-December
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Since the late 60s, similar signature of much shorter, less intense dry
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periods and longer higher amplitude wet periods



Precipitation Departure (inches)

Accumulated Precipitation Departure from Normal

October 2014 - September 2016
Green/black diamonds represent subsequent/missing values

10-

NNRR

0.

\ :\N

2.
Nv2014 2015 M20l5 My20l5 W05 Sew2015  Nov20lS  jn2016  Mar20l6  May20l6  i20l6  Sep20ls

(Click to hicle/show lines)
== Boston Area, MA (ThreadEx):Precip Dprt == Worcester Area, MA (ThreadEx):Precip Dprt AMHERST, MA:Precip Dprt BARRE FALLS DAM, MA:Precip Dprt == MAYNARD, MA:Precip Dprt

Powered hy ACIS



Precipitation Departure (inches)
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Accumulated Precipitation Departure from Normal
October 1964 — September 1966

Green/black diamonds represent subsequent/missing values
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ht characteristics

USGS 01100800 SHAWSHEEN RIVER MEAR WILMINGTON, MA
(Drainage Area: 35.3square miles, Length of Record: 52 years)

% Short/intense drought episodes:

/

% 2014 and 2015

% Record daily flows
% Minimums similar to the 1960s
drought!
% But...very short duration with
frequent episodes of significant
recharge if not flood volumes

cubic feet per second

arge, in

USGS 01100600 SHAWSHEEN RIVER NEAR WILMINGTON, MA
{Drainage Area: 36.5 square miles, Length of Record: 52 years)

7-day average dis

2014

=USGS WaterWatt:h - Last .up.;'ate.:': 2016-10-

cubic feet pe

% Droughts of yesteryear:
& 1964-66

% Prolonged record lows
% Infrequent periods of recharge

% But far longer in duration with
little significant recharge

- in

= USGS WaterWatch



NOAA ATLAS 14

24 Hour — 100 year return period rainfall
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Much of the state has
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Thick yellow lines represent 24 hr 100 yr
values from TP-40, 1961
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Trends in Flood Frequency:
From the Practitioners perspective

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

Compounded by encroachment
in the floodplain

Record flooding during Mother’s Day Floods ;
5/16/06. Photo: Boston Globe

» Larger basins with flood control (AL ﬂﬁyp m""i" AR WO N
haven’t seen as noticeable a shift '@ #

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

Part changing climate

Greater capacity to handle more rain

» Urban “flash floods” increasing

Storm water systems cannot handle
the volume of intense rainfall

Flooding from the Concord River along Elsie Ave., in
Billerica, MA, April 24, 2014. Photo: Billerica DPW



Southern New England River Basin Normalized Number Data provided by
of Minor, Moderate, and Major Floods Prior to 1970

science for a changing world
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Southern New England River Basin Normalized Number Data provided by
of Minor, Moderate, and Major Floods from 1970-2013

science for a changing world
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Southern New England River Basin Normalized Data provided by
Number of Minor, Moderate, and Major Floods
Per Month Prior to 1970 (18 forecast locations)
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Southern New England River Basin Normalized Data provided by
Number of Minor, Moderate, and Major Floods
Per Month from 1970 - 2013 (18 forecast locations)
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Lower Merrimack River Basin Normalized Number Of ﬂmvfded by
Minor, Moderate, & Major Floods Per Year Prior to 1970 EUSGS
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Lower Merrimack River Basin Normalized Number Of Minor, meﬂed by
Moderate, & Major Floods Per Year from 1970-2013  EJWNIEN
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{@‘3 Lower Merrimack River Basin Normalized Number Of Minor,  Dataprovided by
Uf Moderate, & Major Floods Per Month (6 Locations) Prior to 1970 3 USGS
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Lower Merrimack River Basin Normalized Number Of Minor, mevided by
Moderate, & Major Floods Per Month (6 Locations) from 1970 - 2013 i USGS
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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 a1 to 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?

Fevized Flood Risk with buildout and climate chande impacts
Fevized Flood Risk with climate change impacts
Fewvised Flood Risk with buildout
Feviszed Flood Risk — FEMA 1 00-vear Floodplain
updated to reflect current (2005 precipitation values

FEmMA 100-yvear Floodplain

Graphic courtesy of Cameron Wake <« Momnal Water Level
University of New Hampshire
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