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Existing and Predicted Climate
Change in Massachusetts



Temperature



Projected Temperature Increases

Observed Projected Ch:‘ojee:f: of
Baseline Change 2050’s 8
Century
MA Average 47.6 +2.8t0+6.2  +3.8t0+10.8
Temp (°F)
Days with
Temperatures 8 +7 to +26 +10 to +62
Above 90°F
Days with
Temperatures <1 <lto+3 <1lto+13
Above 100°F
Days with
Temperatures 121 -18 to -44 -23 to -66
Below 32°F



Projected: Annual Average Temperature in

Massachusetts
Max -~
Median
Min o~

(Source: Northeast Climate Adaptation Science Center, 2018)



Projected Extreme Heat in
Massachusetts

Temperatures
Predicted to Increase

Winter: 15to 40% I

Summer: 6 to 18% I

(Source: Northeast Climate Adaptation Science Center, 2018)

(Source: Union of Concerned Scientists, 2007)




Precipitation:
More Droughts, More Floods



Historical Annual Precipitation In

Boston
January 1818 to December 2010

(Source: MA Climate Change Adaptation Report, 2011)
The blue line represents a five-year moving average and the red line a least squares regression.



Change in Precipitation in Massachusetts
and US

24-hour, 100-year event in MA
* 1961: Technical Paper 40 = 6.5 inches
« 2015: Atlas 14, Volume 10 = 8.4 inches

24-hour, 20-year event in Fall in US (change
In inches)

Source: The Fourth National Climate Assessment, 2018



The Fourth National Climate Assessment, 2018

Source:

Increases in Extreme Precipitation Events



Projected: Annual Total Precipitation in

Massachusetts
Max -~
Median o In 2018 60-65 inches
Min -~



Projected: Annual Days with
Precipitation > 27 in Massachusetts

Max -~
Median -
Min -~

(Source: Northeast Climate Adaptation Science Center, 2018)



More Extreme Droughts — 2016 as an
Example

* Longest duration of
drought (48 weeks)
since 2000

orcester Reservoir During 2016 Drought (Source: The Boston Globe, 2016)



Sea Level Rise



Existing and Projected Sea Level Rise
in Boston Harbor

Measured: 1 ft sea level rise
over past century

(Source: Northeast Climate Adaptation Science Center, 2018)



Boston Sea Level Rise Projections

Threatens barrier buildings, infrastructure, beach and dune
systems, and people

2030 (ft) | 2050 (ft) | 2070 (ft) | 2100 (ft)

Intermediate

Intermediate-High 0.8 1.7 2.9 5.0
High 1.2 2.4 4.2 7.6
Extreme 1.4 3.1 54 10.2

* Increased coastal flooding
 Permanently inundated low-lying coastal areas

* |ncreased shoreline erosion

(Source: Northeast Climate Adaption Science Center)



The Impetus



Snowmageddon 2015: Record

Breaker
(108.6 inches for 2014-2015 winter)



Winter 2015: It Wasn’t All Show



Winter 2015: It Wasn’t All Show



More Consequences:
Potential Monetary Losses

« Boston 2050: 0.65 m (~2 ft) SLR = $463 billion in losses
« Northeast 2100: $6B to $11B in annual property losses

« Bond Ratings: Moody'’s, “Credit risks resulting from climate
change are embedded in our existing approach to
analyzing the key credit factors in our methodologies”

Sources:

WWEF/ Allianz: Major Tipping Points in the
Earth’s Climate System and Consequences for
the Insurance Sector, 2009;

Ceres: Insurer Climate Risk Disclosure Survey
2012 Findings and Recommendations, March
2013

Moody’s: Evaluating the impact of climate
change on US state and local issuers, 2017



RESI LI ENCE | N BOSTON



RESI LI ENT HARBOR VI SI ON



CONCEPTS FOR FLOOD PROTECTI ON

Source:Kleinfelder-Stoss-One-WHG



FLOOD VULNERABI LI TI ES — NOW &

36" SLR — 2070s or | ater



DI STRI CT SCALE STRATEGQ ES

City of Boston has
completed 3 out of
the 5 waterfront
Climate Resilience

neighborhood plans




MAPPI NG FLOOD PATHWAYS



DEVELOPI NG DESI GN OPTI ONS



EXI STI NG CONDI Tl ONS



NEAR TERM ACTI ON



LONG TERM ACTI ON



NEED FOR GUI DANCE




Establish resilience
design guidelines for
discrete priority
projects and for
segmental adaptation
projects to achieve
flood protection by
2070, with the option

to add an additional 2
ft. of protection in the
future

Translate the Climate
Ready Boston
concepts into feasible
engineering and
operational solutions
that focus on
protecting public
right-of-way from
flooding due to tidal
and storm surge
events

GUI DELI NES GOALS

Climate Resilient Design Standards and Guidelines Goals:

Provide a menu of
sample flood
protection options
with engineering
design considerations,
preliminary cost
estimates, as well as

operations and
maintenance guidance




SAVPLE FLOOD BARRI ERS

VEGETATED BERMS HARBORWALK FLODD BARRIER
RAISED ROADWAYS TEMPORARY FLOOD BARRIERS

Note: All samples assumed
a barrier height of 4 ft. for
2070 flood protection




CLI MATE RESI LI ENT FLOOD BARRI ER DESI GN

CONCEPT FOR FLOOD BARRIER DESIGN

Barrier
Selection




DESI GN CONSI DERATI ONS



CLI MATE DESI GN ADJUSTMENTS

Flooding during the March 2, 2018 Nor'easter at Langone Park &
Puopolo Playground




SAVPLE VEGETATED BERM BARRI ER



SAVPLE VEGETATED BERM BARRI ER

HARBOR B VARIES i 12' MIN. VARIES 12' MIN, R e
SALT TOLERANT EROSION CONTROL PLANTS, WALKWAY
(TYPICAL) URBAN ENVIRONMENT PLANT PALLET
SHOULD BE TOLERANT TO POLLUTANTS ADA ACCESSIBLE CRESTPATH — ; EARICRIELANDAIGRSOk
(EMISSIONS, OILS, ETC.). NATIVE PLANT MATERIALS FUTURE BEAM ELEVATION — HILLSIDE EROSION CONTROL PLANTS, TYP.
SHOULD BE CONSIDERED WHERE POSSIBLE. (2070 CONDITIONS) . PLANT SELECTION SHOULD BE APPROPRIATE

TO SURROUNDING HABITAT / ECOSYSTEM.

2070 DFE mr— - - — - - — - — o — . E . L —— —— —
,
!
2030 DFE Mo ¢ ¢ o 72507 “ 3
Y \\\x\\\ ERENEA Y \\\\\\\\\\Q v 7 7 EXISTING STREET
X \\\ \\ \\\\\\\\\\\ \\\\\\\\\\t\\\\\\\\\\\\\\\\\\ & ( ELEVATION
___,___ 3 SNSRI R i, AR L AN
e
Jf N
INSPECTION J.\; PERVIOUS TOE DRAIN FOR
TRENCH SEEPAGE CONTROL (OR OTHER
RIPRAP (SCOUR EXISTING GROUND SURFACE SEEPAGE CONTROL MEASURE
PROTECTION AS DESIGNED BY ENGINEER)
) TURF REINFORCEMENT MAT N —
CRUSHED STONE FOR EROSION PROTECTION
BEDDING LAYER FINE FILTER MATERIAL (CONNECT TO STORM DRAIN)
FILTER FABRIC COARSE FILTER MATERIAL FILTER FABRIC: NON-WOVEN MATERIAL

WITH 020 VALUE 600 OR LARGER

SLOPE CREST  SLOPE

CREST PATH

ACCESS PATH
FROM INLAND
ADJACENT TO
CREST

e e oy ool e e e e

HARBOR

EXISTING GRADE

e

EEEE




SAMPLE HARBORWALK ( SEAWALL)



SAMPLE HARBORWALK ( SEAVWALL)

REINFORCED HANDRAIL WITH OPTION
/ FOR DEPLOYABLE FLOOD BARRIER
|

| HILLSIDE EROSION CONTROL PLANTS, (TYP.)
ADA ACCESSIBLE CREST PATH

PLANT SELECTION SHOULD BE APPROPRIATE
TO SURROUNDING ENVIRONMENT.
GEOGRID (IF REQUIRED) BACKFILL AND TOPSOIL
2070 DFE »———
© N'iATERIPIuL VARIES EXISTING GRADE
/ l s,/ /
2030DFE = — — — — — — — — — — — — L

PRESENT DAY =

el (W VARIES, DEPENDING ON
2 NAINPAT Yirll u/_ SURROUNDING CONDITION

AND ELEVATIONS

TOP OF EXISTING SEAWALL,
MAY NEED MODIFICATIONS

3

[ ——— TURF REINFORCEMENT MAT

\T"' FOR EROSION PROTECTION

\\— PERVIOUS TOE DRAIN FOR SEEPAGE CONTROL

VARIES

FILTER FABRIC

i

(OR OTHER SEEPAGE CONTROL MEASURE AS
DESIGNED BY ENGINEER)

.¢:\— PERFORATED DRAIN FIPE

COMPACTED FILL

(CONNEGT TO STORM DRAIN)
o ?%( L Y FILTER FABRIC: NON-WOVEN MATERIAL
e ) ) A 4 WITH 090 VALUE 600 OR LARGER

FOUNDATIONS TO BE DESIGNED J
BASED ON GEOTECHNICAL ANALYSES

EXISTING SEAWALL TO REMAIN VARIES




SAMPLE RAI SED ROADVWAY BARRI ER

Option |

Consider options to reduce to one-way traffic and add
bike lanes, meet Complete Streets Standards



Option |

HARBOR ‘

FULL WIDTH VARIES

SAMPLE RAI SED ROADVWAY BARRI ER

14’ MIN. DISTANCE BETWEEN TOE OF
‘SLOPE (WHEN PRESENT)
AND ABUTTING BUILDINGS

GRADE AT 3.1 INSTEAD

FOUNDATIONS TO BE DESIGNED
BASED ON GEOTECHNICAL ANALYSES

|
14 MIN. DISTANCE BETWEEN EDGE OF
CONSTRUGTION © ——— WALK / WALL (WHEN PRESENT)
APPROX. PGL
RO /_ AND ABUTTING BUILDINGS
SLOPE WIDTH SIDEWALK ZONE PARKING TRAVEL LANE TRAVEL LANE PARKING SLOPE WIDTH
PLANTER
CRASH BARRIER OR
CRASH BARRIER OR GRAN. CURB GUARDRAIL OPTION
GUARDRAIL OPTION ” ) (TYE) | — remanme
&' RETAINING y ", FULL DEPTH CONSTRUCTION WALL
WALL
‘ EOP-(TYP) NOTE: RETAINING WALLS NOT
OCEAN SIDE B NECESSARY IF CAN SLOPE
o 1.5% s — L GRADE AT 3:1 INSTEAD
. S L 20 Pl 2%
N —
& s
o
iy ke [ @ —— — in)
N L e - ——
3 CRUSHED STONE —_ T
= . EXISTING - —
1 7 — GRADE
T
PRESENT DAY ——
R W GRAVEL A
RIPRAP FOR EROSION e e BCRROW
PROTECTION —_— T
NOTE: RETAINING WALLS NOT FILTER FABRIC — FUTURE WATER
NECESSARY IF CAN SLOPE S

e
PERF. PIPE R A iy
CONNECTED \L J
EXISTING WATER

TO STORM DRAIN (TYP)

STORM WATER
NOTE: RETAIN EXISTING DMH

SEWER
RAISE TO NEW SURFACE ELEVATION

SAMPLE SECTION




SAVMPLE RAI SED ROADVWAY BARRI ER

» JSidewalk gutters (debris, stormwater runoff) » Vehicle emission pipes at head [evel of
pedestrians (poor air quality )

» ADA compliance

» Emergency accessibility

» Snow removal problems

» Poor lighting and personal safety

» Accidents more deadly

» Business and community health




SAMPLE RAI SED ROADVWAY BARRI ER

Option Z

Consider options to reduce to one-way traffic and add
bike lanes, meet Complete Streets Standards



SAMPLE RAI SED ROADVWAY BARRI ER

Option Z

FULL WIDTH VARIES 5 | >\

A;%Rvovx‘ CONSTRUCTION &
L0 /_ PGL ) ?é:z R.O.W.
SIDEWALK ZONE PARKING TRAVEL LANE TRAVEL LANE PARKING DEWALK ZONE
POSSIBLE NEW BUILDING y
(WATERPROOF)
W I N NEW BUILDING
PLANTER \ &' CEM. CONC.(TYP)

RETAINING WALL TO CARRY |

LATERAL EARTH PRESSURE § » ONSTRUCTION b [
AND RESIST WATER § GRAN. CURB [ :

(TYP) )

OCEAN SIDE \ i / — EOP. (TYR) ‘ ] o
A —— LS '
a ‘i i W\
PERF. PIPE N > | -
CONNECTED B S _r
TO STORM DRAIN (TYP) CRUSHED STONE e T e, T
FILTER EXISTING _—
- FasRc / GRADE R
PRESENT DAY . 1\ 1 |
TR e W GRAVEL T e
e e T BORROW LT
. —— e
RN s TSl FUTURE WATER
s
FOUNDATIONS TO BE DESIGNED S Aot EXISTING WATER |
BASED ON GEOTECHNICAL ANALYSES
SEWER

— =]
—_
STORM WATER
NOTE: RETAIN EXISTING DMH
—_— RAISE TO MEW SURFACE ELEVATION

SAMPLE SECTION




DEPLOYABLE FLOOD BARRI ER

Design Considerations for the Site Design Considerations for the Product
» Barrier extent/connection to site » Physical Characteristics
» Available open space (deployment or » Structural Properties
storage) » (perational Requirements
> Accessibility » |ndustry Warranty, Certification, Testing

» Terrain conditions
» [ffsite impacts

OPERATIONAL CAPACITY




PRI VATE PROPERTY PROTECTI ON &
THE PUBLI C RI GHT OF WAY



DEPLOYABLE FLOOD BARRI ER



Q&M AND COST CONSI DERATI ONS

NOT JUST BARRIER DPERATIONS AND MAINTENANCE CONSIDERATIONS!

Case Study: Stormwater management

for raised roadways in Sunset Harbor, Miami
Beach, FL

» energy costs for pump stations and system
redundancy

» reassigned or new staff (or contractors) to
maintain the new pump stations, generators,

treatment systems, and utilities associated with
stormwater management

» new 0&6M equipment needed for stormwater
management

» operations management support
» staff training

Elevated roads and pump station



Q&M AND COST CONSI DERATI ONS

NOT JUST WATER! SNOW & ICE!



LANGONE & PUOPOLO PARK



LANGONE & PUOPOLO PARK

Flood protection cross-section — elevated boardwalk

REFER TO SITE PLANS
FOR GLARDRAIL DETAILS

4.0 g0 g

FEMCING OMN TOF OF WALL, ———=
REFER TO SITE PLANS

$ T.0. WALL @ OUTFIELD 4.0
EL. 15-G°

A" WEB

2 PTWOOoD DECK—\\

STIFFENERE (TYP)

FINISHED GRADE,
SEE SITE PLANS

COMPACTED COMMON FILL

m— |

CEXE.2

E‘EHB.E/

28" PL WY (2) 3047 ASTM
A3ES DIA, BOLTS

CRUSHED STOME @ PILE
CAF LOCATIONS [TYP.)

EX. SEAWALL \

ol e ; COMPACTED
g | TH STRUGTURAL FILL-
S _
s
S i A
: " s e T
s e | *’
: | ,1 -
- |
& ! ':{GE D[:u
: | i 5 %
o
g ! EXISTIMG FILL GEOTEXTILE bt 0
| FABRIC e e
2 Z N | S — GROLIND IMPROVEMENTS —fes
iy oS e — b .
3 | e B [HA. DRILLED =i [ e
1 MICRC- PILES ] 1]
i} boH }E}

WIEXH

“J L CONGRETE RETAINING WALL

CASTIMPLAGE .

COMCRETE PILE CAP.=ay 5 -

CAUSHED STOME
WRAFFED IN
GEQTEXTILE FABRIC

4" FERFORATED FIF

@ SECTION @ OUTFIELD

53



CLI MATE RESI LI ENT FLOOD BARRI ER

Please visit the Boston Public Works
Department Website for more
information, including:

» general engineering and design
considerations

» sample design drawings and
specifications

» opinion of probable costs for sample
barriers (construction and annual)

» operations and maintenance
guidance.

https://www.boston.gov/departments/public-works/climate-resilient-design-standards-and-guidelines







