Massachusetts Department of
Environmental Protection
Stormwater Advisory Committee

Meeting 3: September 22, 2020
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Time for Q&A

Agenda

 Welcome, Agenda, Objectives, Meeting Protocols DEP /RVA

 MassDEP: Updating Wetlands Regulations with DEP
Current Precipitation Data

 EEA: Resilient MA Action Team (RMAT) Climate EEA
Resilience for Public Assets

e City of Cambridge Case Study / Resilient Mystic City of
Collaborative Cambridge

 Wrap up DEP/RVA
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Increasing Precipitation:
Updating MassDEP Wetlands Regulations &
Stormwater Handbook
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Executive Order 569: Establishing an
Integrated Climate Change Strategy for

the Commonwealth
September 16, 2016

"...WHEREAS, extreme weather events associated with climate
change present a serious threat to public safety, and the lives
and property of our residents..."

"...within two years of this Order ... that includes a statewide
adaptation strategy incorporating: (i) observed and projected
climate trends based on the best available data, including but
not limited to, extreme weather events, drought, coastal and

inland flooding..."”

LY
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State Hazard Mitigation and Climate Adaptation Plan
(SHMCAP) September 17, 2018

Resilient Massachusetts Action Tearmn
(RMAT) Technical Support

CLIMATE RESILIENCE
STANDARDS, GUIDELINES,
AND CAPITAL PLANNING TOOL

ERQJECT COALS

Mission Statement

What's the end product?

The project deliverables will be focused on supporting
climate resilience in projects with physical assets owned
es but can ako apply to

Advance priority actions from the State Hazard Mitigation and
Climate Adaptation Plan (SHMCAF) and develop:
. tent standards for using climate projection data in and ma

Con

* Advance Priority Actions - EEA _
Resilient Massachusetts Action Team |+ S s wmoman - nel v,

include downloadable materials hosted
Resilient benefit evaluation web-tool for capital planning
( ) eee——— KEY THEMES —

n ResilientMA org.

Integration Action Oriented Science Based Adaptable
Incorporate exgsting pract Establish clear, pragmatic Pradu bjective, Develop deliverables
- and procedures to promote guidance and standards replicable results that wark for current and
[ ] Act I O n Ite m — S H IVI ‘ A P ‘ h a te r 7 . consstert dimate resbence that can be applied to grounded ientific future projects across
. stategy throughout the diverse set of project methodology and using state agencies and

Commonwealth types with phiysical assets best available data multiple cimate hazards

MassDEP Update precipitation data
used by Wetlands Program

GUIDELINES TOOL

Guidelines on Best Practices Web-based Capital
and Applying Standards Planning Tool

HEe L[

The guidelines will use case studies The web-based tool will be an
to explain how to incorporate interactive application that enables
the standards into projects. The users to quantify the resilience
guidelines will include checklists benefite of a project for capital

Pre-Deliberative — For Discussion Only

and forms to document the use
of climate resilient standards in
procedures such as procurement
and project review.

The guidelines will be uploaded to
ResilientMA.org with downloadable
materials, including checkists,
forms, and case studies.

planning purposes. The tool wil
indude metrics for climate resilience
along with social environmental,
and governance considerations.

The tool willbe an online application
hosted on ResilientMA org, with a
downloadable user's manual that
indudes example projects from
capital planning.




Why Change the Precipitation Amounts in
the Wetland Regulations?

To protect interests of the Wetlands Protection Act,
including:

*Storm Damage Prevention;

* Flood Control;

* Prevention of Pollution; and

* Protection of Ground Water Supply

LY
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Design Storms Required by Wetland
Regulations Are Out-Of-Date

* Wetland regulation
design storms rely on the
recipitation estimates
rom TP40

* TP40 Published in 1961

* TP40 compared to more
current precipitation
estimates

* TP40 does not reflect
current or future
precipitation estimates

TECHNICAL PAPER NO. 40

RAINFALL FREQUENCY ATLAS OF THE UNITED STATES

for Durations from 30 Minutes to 24 Hours and
Return Periods from 1 to 100 Years

US. Department of Agricultuce.

WASHINGTON, D.C.

L
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Wetland Design Storms Rely on Precipitation Estimates

RESOURCE

DESIGN STORM

EXTREME PRECIPITATION (TOP 1% STORMS)

Vernal Pool boundary

2.6-inch storm in 24-hours (310 CMR 10.57(2)(a)6.). Approximates TP40 Statewide 1-
year 24-hour storm.

BLSF Wildlife Habitat: 4.8-inch storm in 24-hours in absence of FEMA profile data (310
CMR 10.57(2)(a)4.). Approximates the TP40 Statewide 10-year 24-hour storm.
Outer Boundary: 7.0-inch storm in 24-hours in absence of FEMA profile data (310
CMR 10.57(2)(a)3.a.) Approximates the TP40 Statewide 100-year 24-hour storm
ILSF Volume: 1-year 24-hour design storm (Wetlands Policy 85-2).

Outer Boundary: 7.0-in. storm in 24-hours (310 CMR 10.57(2)(b)3.). Approximates
the TP40 Statewide 100-year 24-hour storm.

Peak Runoff Rate

2-, 10-, and 100-year 24-hour storms from TP40

Stream Crossings

Maintain channel carrying capacity, Meet Stream Crossing Standards

ANNUAL PRECIPITATION AND FIRST FLUSH STORM

Stormwater Recharge

0.1-inch to 0.6-inches, depending on Hydrologic Soil Group

Stormwater Water Quality
Volume

First %2-inch or 1-inch of runoff, depending if the stormwater is directed to or near a
critical area, soil with rapid infiltration rate, or land use with higher potential
pollutant load.

T
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Which Precipitation Estimates Did We Consider?
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2008 NRCC at Cornell:
Current Conditions

2015/2019 NOAA 14:
Current Conditions

Downscaled GCM:
}E Future Conditions
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MassDEP Considers NOAA14 Most Robust Atlas

Year # of # of Date Mass.
Published | Mass. Mass. Range Average
Stations | Stations | (Earliest | Record
>100- Dateto |Length
years Latest (Years)
Date)
TP40 1961 12* Unknown Unknown Unknown
- 1958
NRCC Circa 2009 116 10 1872- 59
(Cornell) 2008
NOAA14 2015/2019 265 51 1816- 59
2014

LY
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QUIZ 1

- OBSERVATION

LOCATION DATE

NESEEIE  s/19/1955 18.15
8/19/1955 11.47
10/15/2005 7.69
AP, MA 8/19/1955 7.52

24-hour MAX (inches),
Unconstrained

20.14
12.73
8.53

8.35

L
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QUIZ 2

24-hour MAX (inches

WESTFIELD,MA 20.14 8.74
SPRINGFIELD, MA 12.73 8.12
MILFORD, MA 8.53 8.21
BOSTON LOGAN INTL AP, MA 8.35 7.88

LY
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MassDEP Preferred Option: NOAA 14 PLUS

* Incorporates
risk observed
in the
current data
to reflect
range of
larger
storms.

14.0

[EEY
g
o

=
e
o

8.0

Precipitation/24-hours (inches)

0.0

------ NOAA 14 UPPER CONFIDENCE
. INTERVAL MEAN
- NOAA14 PLUS s
o. /
7/
i == == NOAA PLUS

<==TP40 BY STATEWIDE COUNTY MEAN

------ NOAA 14 STATEWIDE LOWER
10 100 CONFIDENCE INTERVAL MEAN  (1-
Average Recurrence Interval (Years) year PDS. Others AMS)

L

Pre-Deliberative — For Discussion Only 13



How Do You Get NOAA14 PLUS?

* Navigate to NOAA14 Web site (https://hdsc.nws.noaa.gov/hdsc/pfds/)

* Click Massachusetts map on the desired location
* Navigate to “point-of-interest,” Tabular results will pop-up

* Multiple 0.9 by the NOAA Upper Confidence
 Example: 10.7 x 0.9 = 9.63-inches, use 9.63-inches for 100-year 24-

hour storm instead of 7.88-inches

PDS-based precipitation frequency estimates with 90% confidence intervals (in inches)’

. Average recurrence interval (years)
Duraticn

1 I 2 I 5 I 10 I 25 50 100 200 500 1000

5-min 0.296 0.366 0.480 0.574 0.704 0.801 0.905 1.03 1.22 1.38
(0.243-0.261) (0.300-0.446) (0.392-0.587) (0.465-0.708) (0.549-0.919) {0.610-1.07) {0.665-1.27) {0.703-1.48) (0.792-1.82) {0.870-2.10)

10-min 0.420 0.518 0.679 0.813 0.998 1.14 1.28 1.46 1.72 1.95
(0.345-0.511) (0.425-0.632) (0.554-0.831) {0.659-1.00) {0.777-1.30) {0.863-1.52) {0.942-1.80) {0.994-2.09) (1.12-2.57) (1.23-2.97)

15-min 0.494 0.810 0.800 0.857 1.17 1.34 1.51 1.72 2,03 2,29
(0.405-0.601) (0.500-0.743) (0.653-0.979) (0.776-1.18) (0.915-1.53) (1.01-1.79) (1.11-2.12) (1.17-2.48) (1.32-3.02) (1.45-3.50)

30-min 0.659 0.815 1.07 1.28 1.57 1.79 2,02 2,30 2,72 3.08
(0.541-0.802) (0.668-0.993) (0.873-1.31) (1.04-1.58) (1.23-2.05) (1.36-2.40) (1.49-2.84) (1.57-3.30) (1.77-4.08) (1.95-4.70)

B0-min 0.824 1.02 1.34 1.81 1.97 2,24 2.53 2.88 3.42 3.87
(0.677-1.00) (0.836-1.24) (1.09-1.64) (1.30-1.98) (1.54-2.57) (1.71-3.00) (1.86-3.56) (1.97-4.13) (2.22-5.10) (2.45-5.91)

2-hr 1.07 1.34 1.78 214 2.64 3.01 3.42 3.92 4.70 5.38
(0.882-1.29) (1.10-1.62) (1.46-2.16) (1.75-2.62) (2.08-3.43) (2.31-4.02) (2.54-4.80) (2.68-5.57) (3.07-6.94) (3.41-8.11)

Ihr 1.25 1.56 2.08 2.51 3.1 3.54 4.02 482 5.565 6.36
(1.03-1.50) (1.30-1.89) (1.72-2.52) (2.06-3.06) (2.45-4.02) (2.73-4.71) (3.00-5.62) (3.17-6.52) (3.63-8.15) (4.05-9.54)

6-hr 1.63 2.03 2.69 3.24 3.99 4.54 515 5.90 7.08 8.10
(1.36-1.95) (1.65-2.44) (2.23-3.24) (2.67-3.92) (3.16-5.12) (3.51-5.99) (3.85-7.12) (4.07-8.25) (4.65-10.3) (5.17-12.0)

12-hr 210 2.59 3.40 4.06 4.98 5.85 6.39 7.30 8.89 9.80
(1.77-2.50) (2.18-3.09) (2.84-4.06) (3.37-4.88) (3.96-6.32) (4.39-7.37) miv e (5.05-10.1) (5.73-12.5) (6.34-14.5)

24-hr 2.53 3.14 414 4.97 6.12 6.96 7.88 9.04 10.9 12.4
(2.14-2.99) (2.65-3.71) (3.45-4.92) (4.15-5.94) (4.91-7.72) (5.45-9.02 (5.96-10.7) (6.28-12.4) (7.1A7-15.4) (7.98-18.0)

N
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https://hdsc.nws.noaa.gov/hdsc/pfds/

Metrics MassDEP Studied To Determine

Effects on Wetlands

METRICS AFFECTS

TP40, NRCC, NOAA, NOAA+,  *

GCM (CAVA) differences .
Annual Maximum Daily .
Precipitation Trend .

Annual Number of Storms > 2-
inches (Top 1% Daily Storms)

Annual Precipitation Trend .

Trend in Daily Storms that .
cause the “First Flush” runoff

x

Peak Runoff Rate

BLSF Boundaries

ILSF Boundaries

Vernal Pools Boundaries

Stormwater Recharge

Water Quality Volume

Pre-Deliberative — For Discussion Only
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Current NOAA 14 Intensity Is Greater In
Many Locations Than 1961 TP40

1-Year 24-Hour Storm

2-Year 24-Hour Storm

LEGEND

B <0% NOAA 14 < TP40
0 NOAA 14 = TP40
>0 to 5% NOAA 14 > TP40
>5% to 10% | NOAA 14 > TP40
>10% to 15% | NOAA 14 > TP40
>15% to 20% | NOAA 14 > TP40
>20% to 25% | NOAA 14 > TP40
>25% to 30% | NOAA 14 > TP40
>30 to 35% NOAA 14 > TP40

Pre-Deliberative — For Discussion Only
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NOAA14 100-year 24-Hour Storm Intensity is
Greater Than TP40 in Many Locations

LEGEND

NOAA 14 < TP40

0 NOAA 14 =TP40
>0to 5% NOAA 14 > TP40
>5% to 10% NOAA 14 > TP40
>10% to 15% | NOAA 14 > TP40
>15% to 20% | NOAA 14 > TP40
>20% to 25% | NOAA 14 > TP40
>25% to 30% | NOAA 14 > TP40
>30 to 35% NOAA 14 > TP40

Pre-Deliberative — For Discussion Only
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Top 1% Daily Storms: Increasing Trend
(Peak Runoff Rate, BLSF, ILSF, Vernal Pools)

Northeast Extremes in 1-Day Precipitation (Step 4*)
m Actual

Percent
% 60%
Mean:
u 10.36%
50% = 50%
9-Point
B Einomial
40% 40% Filter

| \
- i ]
G I . I r I I I I L =] r | N
1910 1920 1930 1940 1960 1970 1990 2000 2010 2019

NOAA, U.S. Climate Extremes Index, Northeast Extremes in 1-Day Precipitation,
https://www.ncdc.noaa.gov/extremes/cei/graph

J

Data from the GHCN Northeast
l }% Network: Approximately 1600 Stations
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Top 1% Daily Storms: Trend is Significant

Top 1% Storms Annual Maximum Daily Precipitation
(Daily Storms/year > 2-inches)
A o
A A [ v v
. . AL A4 A a4
14 upward trends 'Ai - * 11 upward trends J o A )
Of those, 9 statistically” - * Of those: 4 statistically ¥
. significant upward trends =

significant upward
trends
No downward trends

e 1 statistically significant
downward trend

& Positive Trend, Not Significant at cc = 0.1
A Positive Trend, Significant at a=0.1
LEG E N D v Negative Trend, Not Significant at = 0.1

Negative Trend, Significant at a = 0.1

L
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Top 1% Storms: Expansmn of Flood Prone Areas

Prior Regulated BLSF "# ‘j“ -

N . »
! M -' 5
'zwe’]
. J b
=

(1980-2010)

=3

Reg ‘ted—’BI:SF fter ,
6/4/ FﬁM{-\ udy
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NOAA PLUS Better Accounts for Larger
Observed Storms

14.0 ==@==2100 (Boston DPW 2018)

- 2070 Cambridge CCVA (2015)

NOAA14 PLUS

12.0 -

esesee NOAA 14 UPPER CONFIDENCE
INTERVAL MEAN

10.0
==t 2030 Cambridge CCVA (2015)

8.0

@ 2100 MassDOT CAVA RCP 8.5 50%
ENS

== == NOAA PLUS

6.0

A 2100 MassDOT CAVA RCP 6 50% ENS

Precipitation/24-hours (inches)

4.0
e 2019 (NOAA 14 STATEWIDE MEAN -
PDS)
b4
2.0 e=@==2009 (NRCC STATEWIDE MEAN -
PDS)
&= TP40 BY STATEWIDE COUNTY MEAN
0.0 L L
1 10 100

essses NOAA 14 STATEWIDE LOWER
Average Recurrence Interval (Years) CONFIDENCE INTERVAL MEAN (1.

year PDS. Others AMS)
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Stormwater Basin Size Will Increase In

Percent Volume Increase Above TP40

Most Locations

60% TP40 = Technical Paper 40
54%

l 42%

NOAA = NOAA Atlas 14

50% 46% 46%

38%
40% 37% 37%
30%
22%
20% 18%
15%

10% -

0% -

NRCC = Cornell Atlas

NOAA(+) = NOAA Upper
Confidence x 0.9

CAVA= MassDOT Climate
Adaptation Vulnerability
Assessment

ENS=Ensemble

RCP=Representative

M 9-Lot Subdivison DB Volume

% Change from TP40
TP40 NOAA NRCC NOAA CAVA 50% CAVA 90%
PLUS ENSRCP ENSRCP H Box Store DB Volume %
8.5 8.5 Change from TP40

CAVA (MassDOT) 50% Ensemble (Akin to Median) Year 2100
CAVA (MassDOT) 90% Ensemble (Akin to Upper Confidence) Year 2100

D
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MassDEP Is Recommending NOAA 14 PLUS

* Provides an off-the-shelf method that can be implemented
without complex downscaling

* Incorporates risk observed in the current data to reflect range of
larger observed storms.

* Provides greater resiliency for infrastructure than NOAA14

* Larger stormwater controls better able to accommodate runoff
from larger storms, less localized urban flooding

* Requires design to address upper range of current expected
storms

 Allows for construction of Intensity-Duration-Frequency Curves

. E_annds BLSF/ILSF boundaries that are regulated, reducing flood
ris

LY
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Precipitation Effects - Increased Recharge & Water Quality
Volume Needed: To Be Discussed At Next AC Meeting

Annual Precipitation Trend: First Flush Trend:
Affects Recharge Target Affects WQV.

A N

A "
A A A
K A A & ~ A A A
& A Legend A
. y W o ng Trend - significance not assessed
A& : 7 ecreasing Trend - sig | L

/.\ Increasing Trend - significance not assessad

Annual: 10 statistically
significant upward trends

LEGEND

Positive Trend, Not Significant at = 0.1

< First Flush: 7 upward trends

N
A Positive Trend, Significant at «=0.1

A J MNegative Trend, Not Significant at €= 0.1 . kﬁ
v MNegative Trend, Significant at e = 0.1 ; &_\
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Recommendations

RESOURCE | CURRENT DESIGN STORM RECOMMENDED
EXTREME PRECIPITATION (TOP 1% STORMS)
Vernal Pool 2.6-inch storm in 24-hours Eliminate use of Design Storms. Rely on
observable physical boundary
BLSF Wildlife Habitat: 4.8-inch storm in 24-hours. Eliminate use of Design Storms. Use USGS
StreamStats 10-year and 100-year streamflow
Outer Boundary: 7.0-inch storm in 24-hours
ILSF Volume: 1-year 24-hour design storm NOAA PLUS year 24-hour storm
Outer Boundary: 7.0-inch storm in 24-hours NOAA PLUS 100-year 24-hour storm
Stormwater 2-,10-, and 100-year 24-hour storms from TP40 | NOAA PLUS 2-, 10-, & 100-year 24-hour storms
Peak Rate
Stream Maintain channel carrying capacity Emphasize sizing using Stream Crossing
Crossings Standards and not design storms.
ANNUAL PRECIPITATION AND FIRST FLUSH STORM
Stormwater 0.1-inch to 0.6-inches 1-inch for all hydrologic soil groups with
Recharge exceptions
Stormwater First ¥5-inch or 1-inch of runoff Included in Recharge Volume, Eliminate WQV as
Water Quality sizing measure in most situations
Volume

T
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NEXT ON AGENDA

Resilient Massachusetts Action Team (RMAT)

Resilient Mystic Collaborative

QUESTIONS?

LY
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Resilient MA Action Team (RMAT)

Responsible for the State Hazard 2020 Focus

Mitigation and Climate Adaptation « Climate resilience design

Plan (SHMCAP) implementation, standards and guidance for state
monitoring, and maintenance, agencies

with representatives from each » Resilient capital planning screening
Secretariat and key state tool

agencies « SHMCAP Action Tracker

28



Climate Resilience Standards for State Agencies

STANDARDS GUIDELINES TOOL

Climate Resilience Guidelines on Best Practices Web-based Capital
Standards and Applying Standards Planning Tool

w2 Ee L1

Basis of design (what you How you design or plan to Project screening and
design to) meet standard assessment

— KEY THEMES —

Integration Action Oriented Science Based Adaptable

Incorporate existing practices Establish clear, pragmatic Produce objective, Develop deliverables
and procedures to promote guidance and standards replicable results that work for current and
consistent climate resilience that can be applied to grounded in scientific future projects across
strategy throughout the diverse set of project methodology and using State Agencies and

Commonwealth types with physical assets best available data multiple climate hazards 29



I
EROJECT TIMELING e i i e

PROJECT START

€ 2019 =— oo’ 9020 ——————————

OoCT NOV DEC JAN FEB MAR APR MAY JUNE  JULY AUG SEP OCT NOV DEC

X3 X2

@'ee oooos |® o=@ @

CLIMATE RESILIENCE STANDARDS

RESILIENCE EVALUATION METRIC FOR CAPITAL PLANNING

Stakeholder Engagement Legend

@ Working Groups @ Public Comment Period

@ Technical Advisory Group Workshop (TAG) Web-Based Tool Training 0



CLIMATE RESILIENCE DESIGN STANDARDS TOOL

Recommended Climate
Project Inputs :
ol R Climate Risk Resilience Design Standards

What initiates
this process? =STTITETT Screening Output Output

Planned projects Dro $ T. Exposure Rating Planning Horizon
with physical = = . Risk Rating A Peflod/

assets requir - Confidence Interval
state project review —_ Design Criteria
Tierad Methodology

USER GUIDE FORM A Standard Procurement
yol instructions Site Suitability Language
1 PRELIMINARY PLANNING y PROCUREMENT l 3. | PROJECT DESIGN

What’s the tool output?
Standard, reliable
exposure and risk

ratings, climate
standards outputs for
project design and
impiementation

DRAFT

CLIMATE RESILIENCE DESIGN GUIDELINES

Guidelines Best Practices
How to incorprate these

supplemental resources into

Site Suitability Case Study project design?
Regional Context Best Practice Forms, guidelines, and best

Flexibie Adaptation practices support an interative
Stategy process to increase and

document the resiliency of a

project and refine the design

approach

FORM B FORM C
Regional Flexible
Coordination Adaptation Strategy

31



WHAT DO WE MEAN BY STANDARDS?

Team Working Definition:

‘A climate resilience standard is a process or
method, that when conducted repeatedly, across
sectors, adapted over time, and/or modified with
data, produces a consistent outcome, which
uniformly guides in the scientifically-based selection
of planning horizons, climate parameters, and

flexible design criteria.”

DRAFT

'@' WBSTOH.".“"'
ot gy
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WHAT DO WE MEAN BY STANDARDS?

Planning horizons:

Present (2030), Mid-Century (2050), Mid-late Century (2070),
End of Century (2100)

Primary climate parameters:

Extreme precipitation, extreme heat, sea level rise/storm surge

Design criteria:

f Base flood elevation, cooling degree days, rainfall depth, and
more

~— Recurrence Intervals:
K() 10-year (10%) or 100-year (1%), etc.

WY NRAET ~




Criticality

Criticality

RMAT Climate Standards Overview

Tier Classification

The RMAT is working to establish Tier 3 data for
the Commonwealth, and several studies are
already in progress.

TIER 2 TIER 3

Criticality =

Low
Criticality

SEVERITY

SCOPE

* The geographic area * The length of time an * The consequences
and population that asset can be associated from the
would be affected by inoperable without loss and/or
the loss or consegquences. inoperability of an
inoperability of an asset.

asset.

10 to 50

years 50 years +

< 10 years

INTENDED USEFUL LIFE weston




Table 3.15. Data Sources & Methodologies Recommended from the Tool for the Extreme
Precipitation Design Criteria

Data Sources & Methodologies

Design
Criteria Tier 3 - High Level of

Tier 2 - Average Tier 1 - Low Level

Effort Level of Effort of Effort
NCA4 CSSR values
Total Downscaled GCMs and increase the Atlas-14 90% of

Precipitation | (from ResilientMA.org or NOAA Atlas 14 the upper 90% C.|

PRECIPITATION

giztrhgeogiéi- Log(ﬁjrifiztllznd values by the change (DEP proposed
Storms distribution analysis pe_rcentage as approach)
..................... f . indicated ____ 1| ___ ]




3.3.6.4 Draft Tiered Methodology for Extreme Precipitation Depth and Intensity — Tier 1
RMAT Tiered Methodology to Assess 24-hr Precipitation Storm Depth and

Peak Intensity - Tier 1 Projects (Low Level of Effort)

Given Standards Output from Tool: Planning Horizon {2030, 2060, 2070, 2090), Recurrence |nterval (5-yr, 10-yr, 25-yr, 500y, 100-yr, 500-yr)

Use SCS Type INNGAA Allas 141
distribution to estimate hourlysub-
noury peak INEnsInes

Apply a factor of 0.9 on the S0ih percentile
Cl depth for each given 24-hr design storm
deptn?

o o NOAA Allas 147
website
Input Project Area based on
Froject Location

e o e |
24-hr design storm depths E’Z}I'E'L::'ﬂ;t&hfn?ﬂffh
for gven planning honzons given planning horizons

Select NOAA Allas-14 0% percentile

confidence mterval (C1) depth for each given
24-hr design storm depth

Legends

Data Gathering | 1. NOAA Allas 14 Point Precipitation Frequency Esfimates: Hortheastam Stales. HOAA Atlas 14,

Calculation steps ==y Voleme 10, Wersion 3

D.Eﬂgn C.[ilena 2 A Cﬂmpﬂﬂ!ﬂl‘l at F'I'EI'.‘lJIETIﬂﬂ FI'EI:]IJEHE}' Aflazes n MassachiEats: Cansidgarations in
: EEgIJIETI'Ig Infand Wwatland Ragource Aregs Atected Il'p' Chmate Eﬂi.ﬂg! Internal Oraft, Octolbar

Existing practice L) DRAFT 23, 2017

Figure 3.8. Draft Tier 1 Methodology to Assess Extreme Precipitation Design Criteria Values as
Recommended by the Climate Resilience Design Standards Tool
36
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RMAT SOPs to Assess 24-hr Precipitation Storm Depth and Peak Intensity

Tier 2 Projects (Medium Level of Effort)

Given Standards Output from Tool: Planning Horizon (2030, 2050, 2070, 2090); Recurrence Interval (5-yr, 10-yr, 25-yr, 50-yr, 100-yr, 500-yr)

Apply percent increase? to NOAA median

values based on given planning horizon
for each given 24-hr design storm depth

Go to NOAA Atlas 141

website. Planning Horizons Increase
Input Project Area based on
Project Location Mid-Century (2030, 2050)

13% Use SCS Type IIIINOAA Atlas 141
299, distribution to estimate hourly/sub-
hourly peak intensities

Late-Century (2070, 2100)

Select NOAA Atlas-14" median value for
each given 24-hr design storm depth

24-hr design storm depths Design storm hyetograph
for given planning horizon and peak intensity for
and design storm given design storm
depths

o Develop Statewide percent increase estimates for different Annual Exceedance
Probability (AEP) design storms for each planning horizon for the Eastern and Western
parts of the Commonwealth using industry-accepted standard methodology

 Receive consensus from the different State entities, academic and scientific experts on
the percent increase estimates developed from this methodology

e Incorporate this tiered methodology as “Tier 2° methodology for the Draft Climate

Resilience Design Standards Tool (the Tool)




3.3.6.2 Draft Tiered Methodology for Extreme Precipitation Depth and Intensity — Tier 3

RMAT Tiered Methodology to

Assess 24-hr Precipitation Storm Depth and Peak Intensity
Tier 3 Proiects (Hiah Level of Effort)

Given Standards Output from Tool: Planning Horizon (2030, 2050, 2070, 2090); Recurrence Interval (5-y

Download daily precipitation projections for
RCF 8.5 scenario from
LOCA" dataset (Draft-SOP-Detadownload-
LOCA pphe) using 14 Group12 Global
Climate Maodels (GCMs) for the grid(s)
comesponding to the project location

Repeat the same steps for two more gnds
around the project location (a total of 3 grids
from each location). Avoid grids that contains

more than 1/3™ of water body

Choose 30-yr averaging pernod around given
planning horizon

Calculate annual mazamum rainfall for each
year for each gnd in the 30-yr averaging
period per GCM

Legends

Data Gathering | —|

Calculation steps ===
| ——

Design Criteria

Existing practice 7! DRAFT

Fit Generalized Extreme Value (GEY) distribution 1o
the annual maxima to calculate modeled baseline
and modeled future projections for given planning

horizon and given recumence interval for each GCM

per grid

Convert the 1-day design storm depths to 24-hour
design storm depths using factor 1.13° per GCM per
grid

Calculate the ratios between modeled baseline and
modeled future per GCM per grid

Calculate mean, 5%CL and 95% CL of the ratios
between modeled baseline and modeled future for
all GCMs and apply that to NOAA Atlas 14 median

values* to estimate the projected 24-hour
precipitation depths for given recurrence interval for
each grid

Calculate mean of the projected 24-hour
precipitation depths for all grids

24-hr design storm depths for
given planning honzon and
given recummence interval

Use SCS Type [IIINOAA Atlas144 distnbution
to estimate hourly/sub-hourly peak intensities

Cesign storm hyetograph and
peak inlensity for given 24-hr
design storm depths

Pieree, DWW O.R Cayan, and B L Thrasher, Statisticzl
Downszcaling Uesing Leczlzed Conetructad Analoges (LOCA).
Joumnal of Hydrometearalogy, 2014, 15(8) p. 2558-7585
Applying Climate Change Information to Hydrologic and Coastal
Dezign of Tranzportaton Infrastruciure (MCHRP Project 15-61-
Final Report) by Kilgors et al_, 2019

Darived factor of 1.12 to adjust ckeervation-day aceumul ations to
true 24-hour amounte based on Exreme Precipitation in Mew
York and Emgland Technical Documentation & Uszer Manual by
DeGaetang & Zamow, 2010

NCOAA Atlaz 14 Peint Precipiation Frequancy Estimatae:
Northeasizrn States; HOAA Atlas 14, Volume 10, Version 3

Figure 3.6. Draft Tier 3 Methodology to Assess Extreme Precipitation Design Criteria Values

Recommended by the Climate Resilience Design Standards Tool

as
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* RMAT Climate Resilience Design Standards & Guidelines currently in
revision following public review period

 Will transition framework to web-based tool in Fall/Winter 2020

* Estimated launch early 2021 on ResilientMA.org for State projects
and as resource for MVP and other grants



Mia.mansfield@mass.gov
https://www.mass.gov/municipal-vulnerability-
preparedness-program

Executive Office of Energy
and Environmental Affairs
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NEXT ON AGENDA

Resilient Mystic Collaborative

Pre-Deliberative — For Discussion Only
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RESILIENT ' . About Our Work Climate Data

i Vel Y l
1y E %
21 communltles. IM IS A
One watershed "
;

‘We partner on c l|mate challenge
mumcnpalutyx:an selve alone

Learn More

Photo credit: Chris Mcintosh

Katherine F. Watkins, PE
Assistant Commissioner / City Engineer
City of Cambridge, DPW




We are mutually
supportive.

We share knowledge, resources, and a love of
place. The 21 communities that make up the
Mystic River Watershed together are the size of
Brooklyn, NY. We come together to not come
apart.

We have the structure
needed to succeed and
learn.

Together we have crafted the vision, capacity,
and regional decision-making needed to stay
together for the long run.

Learn More




RMC supporting RMAT’s effort to increase resiliency

Mia G. Mansfield

Director of Climate Adaptation and Resilience

MA Executive Office of Energy and Environmental Affairs
100 Cambridge Street, Suite 900, Boston MA 02114
617-626-1162 (w) 857-338-4392 (c)

Via email: Mia.mansfield@mass.gov

September 9, 2020
Dear Ms. Mansfield,

Thank you for the opportunity to comment on the Resilient MA Action Team’s Climate Resilience Design
Standards & Guidelines project. We are commenting as senior agency staff from among the 20
municipalities that comprise the Resilient Mystic Collaborative (RMC). The RMC is a voluntary
partnership among cities and towns within Greater Boston’s Mystic River Watershed. We work on
regional climate preparedness projects and policies that no one community can undertake alone. Mass
EOEEA’s climate resilience efforts—including the MVP grants program, and now RMAT—are essential to
our success.

General comments

We very much support RMAT's efforts to increase resiliency throughout the state and provide clear
guidance to be used for state infrastructure and grant funded projects. This is a critical undertaking and
we applaud both your efforts and your progress. Having clear guidance for project designers is critical to
getting climate change incorporated into projects early and consistently.

We also strongly encourage you to ensure that the final tool provides clear, straightforward guidance
and information without becoming too much of a black box. 1t’s important to clarify (and keep
updated) the best available climate projections, and separately apply criticality and/or risk factors to
recognize the relative socioeconomic cost of a structure being damaged. Ultimately, it should be clear
to project developers and managers what external environmental conditions (flooding, wind, heat) will
cause their project to fail or require retrofits, and approximately when they should begin to expect such
conditions.

Note: as climate change accelerates, our ability to project future conditions throughout the lifespan of
projects will worsen. Our standards and guidelines will need to move from its current framework of
“predict and prevent” to something more adaptive. As you work to establish these initial guidelines and
any subsequent regulations, please take advantage of the wealth of academic and practitioner expertise
in this region to develop a next-generation framework based on adaptive management (not that we
know what that looks like right now, either!).

Sincerely,

"f\/@ ) 2

(o

Kathy Watkins, PE
City Engineer, Cambridge

Joph Liyéey, PE
Towr Engineer, Lexington

Alicia Hunt
Director Energy & Environment, Medford

gL (

Oliver Sellers-Garcia
Director Sustainability and Env., Somerville

orey, PE
ty Engmeer Woburn

/o L M?

ip, PE
City Engineer, Malden

(74 -
//%bw/ A AL

Gregdhy/M. St. Louis, PE ./
ED Pué)llc Works & Engineering, Everett

Emily Sullivad,
Environmental Planner, Arlington

Ao 14

Alexander Rozycki, PE
Senior Civil Engineer, Reading

<

Aléx4nder Train
Director Housing and Comm. Dev., Chelsea
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RMC supporting DEP’s effort to increase resiliency

Kathy Baskin

Assistant Commissioner, Bureau of Water Resources
Massachusetts DEP

1 Winter St, Boston, MA 02108

Re: Stormwater Advisory Committee
April 2, 2020
Dear Assistant Commissioner Baskin,

Thank you for the opportunity to contribute to discussions on updating rainfall data in the Stormwater
Handbook to represent current and future projections. In order to contribute to this process, engineers
from ten municipalities (Arlington, Cambridge, Chelsea, Everett, Lexington, Malden, Medford, Melrose,
Winchester, and Woburn) participating in the Resilient Mystic Collaborative have developed
recommendations to improve state data and policies. Recommendations are summarized below.

1. MassDEP needs to develop statewide downscaled rainfall projections based on globhal climate
models. We strongly support Mass DEP's efforts to develop statewide downscaled future projections
of extreme precipitation based on global climate models. This would be the best science to use for
stormwater management and modelling efforts.

2. Until statewide downscaled rainfall projections can be completed, using the upper bound of NOAA 14
90% confidence interval could be used as a proxy for 2070 rainfall projections. Using 90% of the
upper bound of NOAA 14 90% confidence interval could be used as a proxy for 2030 rainfall
projections. Mass DEP staff have floated using 90% of the upper bound of NOAA Atlas 14 (NOAA14)
90% confidence interval values as a “safety factor” to take into account climate change-enhanced
rainfall intensity.

Working with climate scientist Dr. Katharine Hayhoe, Cambridge has completed a downscale model.!

Figure 1 and Table 1 compare downscaled precipitation projections (in inches) with TP-40, NOAA14 and
other measures of rainfall intensity.

Beth Rudolph, Town Engineer, Winchester

Sincerely,

Ko (et

’

7

Kathy Watkins, PE
City Engineer, Cambridge

/ il
//

Jopth Liysey, PE
TownEngineer, Lexington

7. B

Tim McGivern, PE

Cni?edford
%’\/r ﬂ/-

orey PE
Engnneer Woburn

M?

Beth Rudolph, PE
Town Engineer, Winchester

U [ (j// VY

“Way,(e‘Chouinard, PE
Town Engineer, Arlington

ip, PE y

City Engineer, Malden

/" / ///"_ v' ’

/ //qu/ 4 /i/f « ( A
Gregghy'M. St. Louis, PE
ED Publlc Works & Engineering, Everett

Woad ol

William J. Renault, Jr., PE
Town Engineer, Wakefield

T

Elena Proakis Ellis, PE
City Engineer/Ass’t DPW Director, Melrose

uis V. Manimolette, PE
DPW Deputy Comm./City Engineer, Chelsea

Winchester supports the proposed change, and has been officially requiring applicants to use the Cornell rainfall data since the

FEMA maps became effective in June 2010.




Flooding is occurring now and is increasing

Y

INSURANCE

Py _\

PREC MCT

Somerville

Winchester



uture Projections: Increasing Rates of
Precipitation & Frequency of Larger Storms

Climate scientist Dr. Katharine Hayhoe completed a downscale model for Cambridge.
2030 and 2070 Projections. Advocate for statewide downscale model.

100-Year
Today’s
E 100, 100 yr. storm
5 10 == comparable Greg St. Louis, Executive Director Public Works,
e} to 2070s
7] 100-Year 25 yr. storm M
as 25-Year
E 25-Year The Commonwealth needs to protect its constituents
S from these effects by providing more accurate criterion
(1] 25-Year 10-Year Today’s 25 yr. s . .
= 10Year storm will be for permitting agencies to uphold and for designers to
SRR oo T 10 v adhere to; so that tax payers do not bear the burden
@ storm of resultant flooding.
=
o
=
BASELINE 2015-2044 2055 - 2084
2030 2070

Source: Kleinfelder based on ATMOS projections (November 2015) 47



o Gob d NOAA Atlas 14+ to NOAA14++.
RECOm me nd F U I I N OAA 90%' Ie Bz(:sezyc?r?current datzsbut+pr2vides inc:e;sed

level of protection and factor of safety.

Cambridge Rainfall Data / -~ \

12.00

/ NOAA14
\ mid-range of 90%
10.00 I \ Confidence Interval

NOAA14+
90% of Upper Bound of
90%ile Confidence Interval

8.00

6.00
NOAA14++

Upper Bound of 90%ile
Confidence Interval

: ‘|

! |

| [

| |
\ |
\ I

\
TP-40 NOAA14 NOAA14+ NOAA14++ /

100 year \ I
\ . / 48
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Cambridge Specific Data — 2 Year Storm

Cambridge Rainfall Data

4.50

4.00

3.50

3.00

2.50

2.00

1.50

1.00

0.50

0.00

NOAA14 CAMB 2030 NOAA14+ NOAA14++  CAMB 2070

W2 year



Cambridge Specific Data — 10 Year Storm

Cambridge Rainfall Data

TP-40 NOAA14 CAMB 2030 NOAA1l4+ NOAA14++ CAMB 2070
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Cambridge Specific Data — 25 Year Storm

Cambridge Rainfall Data

NOAA14 CAMB 2030 NOAA14+ NOAA14++  CAMB 2070
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Cambridge Specific Data — 100 Year Storm

14.00

12.00

10.00

8.00

6.00

4.00

2.00

0.00

TP-40

NOAA14

Cambridge Rainfall Data

Nili

CAMB 2030

100 year

NOAA14+

NOAA14++

CAMB 2070
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Recommend Full NOAA 90%ile

12.00

10.00

8.00

6.00

4.00

2.00

0.00

TP-40

Cambridge Rainfall Data

NOAA14

100 year

NOAA14+

NOAA14++
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Recommend Full NOAA 90%ile

12.00

10.00

6.00

4.00

0.00

TP-40

Cambridge Rainfall Data

NOAA14

NOAA14+

NOAA14++
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Recommend Full NOAA 90%ile

12.00

10.00

6.00

4.00

0.00

TP-40

Cambridge Rainfall Data

NOAA14

NOAA14+

NOAA14++
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o Gob d NOAA Atlas 14+ to NOAA14++.
RECOm me nd F u I I N OAA 90%' Ie B;)sezyc?:current dat:Sbut+prcc))vides incr-l-e;sed

level of protection and factor of safety.

Cambridge Rainfall Data / -~ \

12.00

10.00 I

I \ John Livsey, Town Engineer, Lexington

\ It is past due and prudent for the state as well
as the municipalities to lead the way and
require that designs not only are proper for our
current realities but will also accommodate the
projected future rainfalls.

8.00

6.00

To have consistency throughout Massachusetts
as well designs meeting realistic projected
futures instead of storms of the distant past we
will be working toward making the
infrastructure much more sustainable and

' resilient.

4.00

2.00

|
|
|
I
I
I

l
j
I
|
i
\

\
TP-40 NOAA14 NOAA14+ NOAA14++ /

100 year \ I
\ . / 56



What are we doing with this information?

Engaging with regional efforts.

Modifying designs for city
infrastructure.

Update development standards
and regulations. Individual
communities cannot reduce
flood risk alone, so these state
efforts are critical.

Source: Kyle Klein, City of Cambridge
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Flood Protection Guidance — Beyond FEMA

Cambridge FloodViewer
provides accessible flood
extent & elevation data
(Precip & SLR/SS)

Cambridge Design Flood
Elevation Guidance

Build/protect to 2070
10% annual risk

Recover from 2070 1%
annual risk

Public Works ‘

T — T - ~—

D Selected Parcel
|

Buildings Parcel Boundary [l Extent of Flooding - 2070 - 100-Year Precip

Use this tool to help understand the risk of flooding to your property and how 1o protect against it The Flood Viewer has been developed as an informationsl tool for the Cambridge commenty to it
1o peepare for | 5 strategies. The City is in the developing a practical guide for climate change preparedness 4
and reslience. Itis recognized that projected flood information the Flood Viewes ge scenarios that a best available science but involve:

ranges of uncertainty. The provided
local cimate change. Please contact

to ensure that our ¢

@ Combridge FloodViewes Pt

fforts continue to reflect

tions specific to

Address: 197 Vassal Ln
Map-Lot: 260-80

A\ FloodViewer

YA City of Cambridge, MA

®evaions nfeccs’) - Flood Elevation Data

Minimum Ground Elevation: 16.9
Maximum Ground Elevation: 286
2070 100-Year SLR/SS Flooding: 225
2070 100-Year Precipitation Flooding: 241
2070 10-Year SLR/SS Flooding: 221
2070 10-Year Precipitation Flooding: 226
2030 100-Year Precipitation Flooding: 23.9
2030 10-Year Precipitation Flooding: 22.2
Present Day 100-Year Precipitation Flooding:  23.5
Present Day 10-Year Precipitation Flooding: 219
FEMA 100-year Flood Elevation: N/A
FEMA 500-year Flood Elevation: 224

The Flood Viewer has been
developed as an informational
tool for the Cambridge community
to assess climate change threats
from flooding and to prepare for it

by implementing specific strategies.

Use this tool to help understand
the risk of flooding to your property
and how to protect against it.

Learn more at:
CambridgeMA.gov/FloodViewer

Tetun ekt

Flood Elevation Legend (feet-CCB):
2070 100 YR SLR/SS = 22.5'
FEMA 500 YR = 22.4'
2070 10 YR SLR/SS = 22.0'
2070 5 YR SLR/SS = 21,6
2070 100 YR PRECIP = 20.0'
I 2030 100 YR PRECIP = 19.2'
FEMA 100 YR = DRY (18.7)
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Flood Protection Guidance

Cambridge Design Flood Elevation Guidance

* Build/protect to 2070 10% annual risk

 Recover from 2070 1% annual risk
2-6’ INUNDATION

SCENARIO i

9 Lwiney /Commencia . | 1
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Fawcett Street, Alewife District
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Stormwater Management — What and How?
Conservation Commission

Cambridge — NOAA Atlas 14, minimally

Lexington — Cornell

Winchester — Cornell

Stormwater Control Permit:

Projects before Planning Board and City Engineer Discretion. 2030 precip — going
towards 2070 precip. Strong support from community.

Building Permit Pre-Review — all major renovations and basement additions
(requirements match scale of project).

Next Steps
Update zoning and stormwater regulations. w0



Managing Stormwater
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Managing Stormwater in Dense Environments
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Managing
StOI"mwater iﬂ Dense * Cambridge Crossing Commons
Environments
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Moulton Street Parking Lot, VHB Consultants.
One Broadway Landscaping area, VHB Consultants.

Managing Stormwater
in Dense Environments

Longfellow Road Open Space, City of Cambridge.
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Managing Stormwater
in Dense Environments

* Mass + Main Development / Under Parking Lot & Walkway
e Source: VHB Consultants
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Managing Stormwater * City of Cambridge 400,000 gallon stormwater tank
INn Dense Environments * Source: Kleinfelder + Stantec Consultants
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Environmental Investment Makes SS Sense

MoobDyY’s

INVESTORS SERVICE

ESG considerations
Environmental

The city is committed to addressing environmental risk associated with flooding and heat exposure. To date, the most comprehensive
mitigation projects include improving natural barriers around the Alewife neighborhood as well as heat mitigation efforts through its
urban canopy-public shade tree investment program. Longer term the city expects to release its Climate Change Preparedness and
Resilience Plan in 2020 that includes net zero action plan for government, residential and commercial development.

We believe Cambridge's greatest credit risks are threats to its vibrant and growing economy. In particular, rising sea
|

levels from climate change could directlx affect taxable properties. The city has a history of proactively addressing

future challenges, and, to this end, management maintains a number of long-term plans that generate shorter term

S&P Global ==

The city is currently developing a "Climate Change Preparedness & Resilience (CCPR) Plan," described by

Q at I n S management as its blueprint for reducing greenhouse gas emissions and addressing flood risk and storm water
management, Management expects to complete this plan in the spring of 2020. In addition, Cambridge conducted a

"Climate Change Vulnerability Assessment” to identify its specific vulnerabilities and inform the CCPR. Finally, the city

has also undertaken efforts to reduce residential trash disposal, plant and maintain new trees throughout the city, and

expand curbside organics collection, o7



RMC strongly supports state efforts to update standards
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