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« EEA Office of Climate Science

 Whatis the CRDS tool?

* Tool recommendations by climate hazard

 Tool recommended precipitation design standards

« Data deep dive> Climate-Informed Design Precipitation for Massachusetts

- Q&A



ResilientMass Plan Action: Launch an Office of Climate

Science to..

« Serve as an authoritative resource, provide subject matter
expertise on statewide climate data and models, and support
consistent application of climate change information across
agencies.

* Convene the academic climate science community and identify
opportunities to partner with universities on climate science
needs and next steps.

climatescience@mass.gov P LN
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ResilientMass


mailto:climatescience@mass.gov
mailto:climatescience@mass.gov

7z~
1]y ResilientMass

TOOLS & DATA v LEARN v

* Makes preliminary climate resilience ™o~
analysis more broadly accessible tasand ot ot

Climate Resilience Design dards &
Guidance

Guides for Equitable & Actionable
R AR;

* Provide recommendations based
on consistent use of state’s climate

data e
* Provide a unified planning and design When to use this tool:
support tool that state agencies can use * Improving a state grant application

to administer grant programs .
* Project siting

* Project planning and design/procurement T'\

ResilientMass



Project Located Missing Information

Preliminary Climate Exposure Score ov

@ exposed to impacts of natural
\gs: Not Exposed, Low Exposure,

. Exposure Scores
o5 SenLovel i/ stom Srge @ coremepracphution-UbanFlooding sl R i
Project : & 5 L ¢ for project site

. . o ml" Extreme Heat @
information .

@ coeme Precpitation - Riverine Flooding

Risk Ratin gs Setct st (3 n?m) .
© Project Outputs  Additional for each asset

Core Project Information
s Sen Level Rie/Storm Surge @ LS

@ Extreme Precipitation - Riverine Flooding @ ﬂ'" Extreme Heat @

O Project Ecosystem Services Benefit Target Planning Horizon: 2070

Intermediate Planning Horizon: 2050

Preliminary Design Standards

Return Period: 50-yr (2%) (2]
e
Asset Name Recommended Planning Horizon Recommended Return Period (ft - NAVDES)

Pump Station 2050 2% (50-Year) 121 120 120

Project Climate Exposure

O Project Assets

2070 139 138 138

Recommended design considerations



Tool Reporting Workflow
AN

LOCATE >> PROJECT >> PROJECT >> VIEW SUBMIT
PROJECT . INPUTS . OUTPUT - REPRT - PROJECT -
Project Located Inputs Complete
Draw Project Area - = L
You must draw a polygon on the map
representing the project area,
1. Find the project location using the map zoom/pan and/or

DEEe———————

the address search bar in the upper right area of the map. 5 i

2. Draw the polygon using the drawing tools under the search 5
bar.

3.Click the & icon whenvauw

= satisfied with the polygon.
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Tool Reporting Workflow

> TOCATE > PROJECT > PROJECT > VIEEW SUBMIT
PROJECT | INPUTS | OUTPUT | REP(RT gu PROJECT |
Project Located Inputs Complete

Map View [l I(JAOICIN @ Project Outputs  Additional Documents and Resources

Step 1 Core Project Information (Click each question to answer and save. All questions in red are required)

Step 2 0 Project Ecosystem Services Benefit (Please identify whether the project provides the following ecosystem services benefits to the project site or surrounding area)

Step 3 Project Climate Exposure (Click each question to answer and save. All questions in red are required)

Step4 @ Project Assets

ResilientMass



Tool Reporting Workflow

» TOCATE 5 PROJECT » PROJECT 5 VEW SUBMIT
PROJECT | INPUTS | OUTPUT | REPRT g PROJECT |
Project Located Inputs Complete

Step 3 Project Climate Exposure
Step 2 © Project Ecosystem Services Benefit

_ @ Does the project site have a history of coastal flooding? ~ Yes
© Provides flood protection through green infrastructure or nature-based ~ No

solutions @ Does the project site have a history of flooding during extreme precipitation ~ No
© Provides storm damage mitigaton ~ No events (unrelated to water/sewer damages)?
© Provides groundwater recharge  No @ Does the project result in a net increase in impervious area of the site?  No

@ Protects public water suppl No
P PPy © Does the project site have a history of riverine flooding? ~ No

@ Filters stormwater  No
Are existing trees being removed as part of the proposed project?  No
© Improves water quality  No
@ Promotes decarbonization  Yes
© Enables carbon sequestration  Yes Step4 O Project Assets

© Provides oxygen production  No

W Building/Facility Add Selected Asset:  UserGuide Building
Asset Type:
Asset Sub-Type:  Residential building - Publi

© Improves air quality  No

© Prevents pollution  Yes
© Construction Type:  Maintenance (critical repair

@ Remediates existing sources of pollution  No Construction Year:
© Useful Life:
) . Infrastructure
@ Protects fisheries, wildlife, and plant habitat ~ No = i)
© Protects land containing shellfish ~ No NA Building must be accessible/operable at al times, even during natural hazard event
© Provides pollination  No
Impacts would be fimited to local area and/or municipality
A Drovides recreation N 2 Yo Wovotces it
NA @ ety the population directh Less than 1,000 people

affected by the permanent lo

i silientMass



Tool Reporting Workflow

Project Status: &% Scored - Not Submitted

A

START LOCATE PROJECT PROJECT VIEW SUBMIT
HERE » PROJECT » INPUTS g » ouTPUT ‘ » REPORT PROJECT g
Project Located Inputs Complete

v

‘ Environmental Justice ‘ Ecosystem Benefits i ]
Invieo 8 _..wnonmental Justice (EJ) neighborhood (census block = e o L putis to provide an overall indication of the Ecosystem =
group) is defined as meeting one or more criteria linked to the size of a census Service Benefits (ESB) provided by a project, through protection of natural
black group's minerity populations, median household income, and language resources and implementation of nature-based solutions. Natural systems and
isolation. EJ neighborhoods typically include climate vulnerable populations, ecosystem services provide great economic value and social benefit, often

who may have lower adaptive capacity or higher exposure and sensitivity to untapped in non-resilient projects. Nature-based solutions may cost less than

ﬁw‘f Eess s ez i e ] Yes E& Ecosystem Benefits Scores Moderate
Environmental Justice neighborhoods? e

Preliminary Climate Exposure Score o

The purpose of TNe capusuie —euie wulput is to provide a preliminary assessment of whether the overall project site and subsequent assets are exposed to impacts of natural
hazard events and/or future impacts of climate change. For each climate parameter, the Tocl will calculate one of the following exposure ratings: Not Exposed, Low Exposure,
Moderate Exposure, or High Exposure. Click on the question mark to identify why your project location is receiving the exposure rating.

% Sea Level Rise/Storm Surge Q’ Extreme Precipitation - Urban Flooding P
& Extreme Precipitation - Riverine Flooding e &m Extreme Heat

alposed

NesilientMass



Project Status: g% Scored - Not Submitted

LOCATE

START
>> PROJECT | ]

HERE | |

Project Located

SN,

>> PROJECT ‘ >> VIEW

OuUTPUT REPORT ]

PROJECT
INPUTS | ]

susMmIT
PROJECT | ]

Inputs Complete

Additional Details Provided

Preliminary Climate Exposure Score

The purpose of the cxpusuie swore ouTput is to provide a preliminary assess
hazard events and/or future impacts of climate change. For each climate par
Moderate Exposure, or High Exposure. Click on the question mark to identi

‘%ﬁ

177
sssn

Sea Level Rise/Storm Surge

Extreme Precipitation - Riverine Flooding

Primary factors influencing High Exposure Sea Level Rise/Storm Surge score

Exposed to the 1% annual coastal flood event as early as 2030

Historic coastal flooding at project site

Located within the 0.1% annual coastal flood event within the project's useful life

of whether the overall project site and subsequent assets are exposed to impacts of natural

ter, the Tool will calculate one of the following exposure ratings: Not Exposed, Low Exposure,
y your project location is receiving the exposure rating.

Moderate

Extreme Precipitation - Urban Flooding

Extreme Heat

X

=2silientMass



Project Status: ¢,% Scored - Not Submitted

SRy
PROJECT PROJECT ‘
==an ™ ' ”

START » LOCATE » VIEW SUBMIT
HERE B PROJECT | ] REPORT | ] PROJECT B
Project Located Inputs Complete
Preliminary Asset Climate Risk Ratings and Recommended Design Standards Qutput
Select Asset (3 total)
Tool projects can
Corridor Revitalization Green Infi ture Impr Flood Barrier
, accommodate
Infrastructure - Transportation Infrastructure - Green Infrastructure Infrastructure - Dams and Fload Control Structures
Estimated lifespan: 40 Estimated lifespan: 20 Estimated lifaspan: 50 m u/tl'ple asse ts
v

Preliminary Climate Risk Ratings for Corridor Revitalization

Will receive

% Sea Level Rise/Storm Surge @ g Extreme Precipi - Urban Floodi o Climate risk rating
= for each asset
[Clow g Extreme Heat @ entered
X 3
While itis possible to geta “no exposure” project score for “Sea Level Rise/Storm Surge” or “Extreme Precipitation — ‘r

Riverine Flooding” because geographically dependent, the tool will still give an asset risk score (low).

<

ResilientMass



Recommended Design Standards for test

Climate Resilience Design Standards are recommended for each asset and climate parameter, Tiered methodologies. or methodologies to calculate design criteria
values, are intended for projects that will be designed for today's climate and plan for the future, The three tiers represent varous recommended levels of effart for

determining design criteria values. dependent upon the consequences of failure of an asset as a function of scope, time, and severity.

% Soa Level Rise/Storm Surge * Extremao Pracipitation ﬂm Extrama Haat

Target Planning Herizen: 2030

Percantile: 50th Percentile

Diesign Criteria Applicable for test

(% Projected Annual/Summer/Winter Average Temperatures A

Definition w

Average Temperatures represent the daily average temperature over a period of time: Annual represents lanuary through December, Summer represents
June through August, and Winter represents Decembaer through February. Annual Temperatures are anticipated to increase with climate change. but the
rate of change varies depending upon the season.”

How ta Estimate Projected Annual/S fWinter Avarage Tamp o5 Valugs v

Aszet Name | Recommended Planning Horizon Recommended Percentile Tiered Methodology Step-by-5tep Methodology

test 2030 50th Tier 1 Downioadable Methodalaqy POE

*Mote: Progected Annual/SummernWinter Average Temperatures are not curmently available throwgh this Tool Users should follow the step-by-step
indtructions sutlined in the downlosdable methadalagy POF to estemate the projected Annual/Summes Winter Average Temperatures based on the
recommended planning horizon, percentile, and tiered methodalogy. The three tiers represent various anticipated levels of effort for calculating design
aritefia values, dependent upon the consequences of failure of an asset as a function of scope. time., and severity and wseful life of the asset.

How Annual/Summer/Winter Average Temp may inform P w
How Annual/Summer/Winter Average Temperatures may inform Early Design b
Hew Annual/Summer/ Winter Average Temperatures may inferm Preject Evaluation W

Will receive recommended standards and

design criteria for each asset entered:

* Average temperature (annual/seasonal)

* Days per year over 90F

* Days per year over 95F

* Days per year under 32F

* Cooling, Heating, and Growing Degree-
Days

* Heat index (instructions to calculate)

2024 Updates in
queue for
deployment

Guidance for how to
consider outputs

ResilientMass



T%? Sea Level Rise/Storm Surge % Extreme Precipitation mm Extreme Heat

Target Planning Horizon: 2050 [7]
Return Pariod: 100-yr(1%) @
Design Criteria Applicable for Test2050 . .
P S . Will receive recommended standards and
Defiition . design criteria for each asset entered:
Total Precipitation Depth for 24-hour Design Stormd i3 the total amount of rain in inches that falls over a period of 24-hours, It can be any 24-hour ° Wh at 24-ho ur d eSign Storm ret urn p eri Od ?

period, not just a traditional calendar day. This is given for a specific design storm (retwrn periced) such as the 100-year or 10-year storm (1% or 10%).
Peak Intensity is the maximurn rate of rainfall in inches per hour of a 24-hour design storm®,

* Recommends considering alternative storm

Projected Total Precipitation Depth and Peak Intengity values can be used to assess potential flooding impacts and inform design of green and grey dU rat lIons as relevant tO pFOJ ect
infrastructure solutions to mitigate flooding and manage stormwater.
Projected Total Precipitation Depth Values and Peak Intensity Methodelogy w
The Tool uses chimate projéctions developed by Cornell University a3 part of the EEA's Massachusetts Cimate and Hydrologic Risk Project. Assets receive
3 projected value for the 22 hagN =T elipaanon Depth assocated with 3 TeCOninoid fss.penod (design storm) and planning horizon.
F Recommended Planning | Recommended Return Period | Projected 24-hr Total EXplore additional dBSIgn storm
Horizon (Design Storm) Precipitation Depth linches) Frak Intensity ) .
precipitation values on external dashboard
Test2b- 2050 100-Year (135} S Downloadable Methodology PDF
ATTENTION: This is a e, Z00nms® Flocd Control Structures preject. Due to tha cabiagITEE seful ife of this project, it is recommended that

NCHRP15-61 methodology be used to calculate IO Pt Siaton GepiT 10f 24-howr design storms, and those results be compared to the provided
tetal storm depth cutput Tier 3 methodolagy PDE

How Tatal Precipitation Depth may inform Planning ~ o,
How Tatal Precipitation Depth may inform Early Design -

Haw Total Precipitation Depth may inform Preject Evaluation v
Limitations for Projected Total Precipitation Depth & Peak Intensity, Standards, and Guidance ~ w

ResilientMass




m. Sea Level Rise/Storm Surge "..\ Extreme Precipitation @Hl Extreme Heat

Design Standards =~ Projected Water Surface Elevation Maps

Design Criteria Applicable for Bridge St Bridge
& Projected Tidal Datums

© Projected Water Surface Elevation

(/ Projected Wave Heights

(% Projected Duration of Flooding
& Projected Design Flood Velocity

@ Projected Scour & Erosion

Most of the coastal design criteria projected values are sourced from the Massachusetts Coast Flood Risk Model (MC-FRM )

Target Planning Horizon: 2070
Intermediate Planning Horizon: 2050

Return Period: 1000-yr (0.1%3)

MC-FRM OUTPUTS

© Projected Wave Action Water Elevation

Not part of MCFRM standard outputs

<

A4

A4

v

ResilientMass



m_ Sea Level Rise/Storm Surge Q Extreme Precipitation
= h

Design Standards | Projected Water Surface Elevation Maps

@“! Extreme Heat

Target Planni
Intermediate
Return Period|

Design Criteria Applicable for Bridge St Bridge
& Projected Tidal Datums

Q

Projected Water Surface Elevation

Q

Projected Wave Action Water Elevation

Q

Projected Wave Heights

Q

Projected Duration of Flooding

Q

Projected Design Flood Velocity

Q

Projected Scour & Erosion

Most of the coastal design criteria projected values are sourced from the Massachusetts Coast Flood Risk Model (MC'FRNﬂeSili entMass

and 2070 planning horizons corresponding to the lowest return
he Tool (see Recommended Design Standards Section below
the maps will show the Projected Water Surface Elevations

ts). For projects that only have Natural Resource

um period. The maps include the project area as drawn by the user with 3 0.1 mile minimum buffer, but do not
reflect the location of specific assets on the site. Users can 200m into a parcel for more information.
Climate Resilience Design Standards Tool:

9 Sea Level Rise/Storm Surge Design Criteria

Projected Water Surface Elevation Map: 0.5% (200-yr)

Max | Min | Area Weighted Average

Planning Horizon | Return Period
(ft-NAVDSES)




Beta Tool (April 2021)
* MVP and Massworks requested Tool reports in grant applications

Version 1.0 (February 2022)
* Climate exposure updates
* Ecosystem service benefits updates
* Additional in-tool guidance
Version 1.1 (April 2022)
* MC-FRM Level 2 outputs (dynamic tables for applicable coastal design criteria)
* MA Climate Hydrologic Risk Project outputs (dynamic tables for applicable extreme precipitation
design criteria)
Version 1.2 (July 2022)
* MC-FRM Projected Water Surface Elevation Maps (interactive in-tool interface and printed maps
in project report)

Version 1.3 (2023)

-\ /- * Update to Environmental Justice neighborhood dataset to reflect 2020 Census
Version 1.4 (2025) - In progress
* Updates to temperature design standards ’s\
e Additional MC-FRM maps &

* Bug fixes o
ResilientMass



Key available resources:

Log in or register below to use the Tool (Version 1.2).

Guidance and Best Practices
The Climate Resilience Design Guidance provides general design guidance to consider while implementing

resilience principles that are not specific to project type or climate hazards. and are illustrated through exam

State Users Log-in > the Guidance considerations and document decision making throughout the planning process.

. Guidance and Best Practices PDF
ForLatal CaC Sty Tt please email rmat@mass.gov
Additional forms include:

Tool User Guide Tool Training Video Table 1.1. Climate Resilience Design Guidance Best Practices

« Site Suitability Considerations Best Practice
« Regional Coordination Site Sultabilit 1. Reduce exposure to climate hazards
Climats Resstiencs Design Standrds Tool « Flexible Adaptation Pathways (Ssa) uitabilty | 2. Mitigate adverse climate impacts and provide benefits
Version 1.2 July 2022 3. Protect, conserve, and restore critical natural resources on-site and off-site
Regional 1. Assess regional context of vulnerability
Table of Contents o ion | 2 Evaluate impacts beyond site-specific design
H HH 3. Optimize capital investment opportunities
US er T o C:MT:SES:':E'gE DE's'fN STANDARDS TOOL.... Cllma te resi llence R 4. Prioritize services and assets that serve vulnerable populations
fow o Use this Document
10 IOAUEHON 10 118 TOO! .o o H H 1. Embed future capacity and design for uncertainty
; 1 o design guidance and Fleble 2 Design fo incramental ghange
gui d e 2 TOOLFUNCTIONALITY AND FEATLRES, . Adaptation 3. Encourage climate mitigation and other co-benefits
21, General Functionaiity................ 7 best pra Ctlces Pathways (AP) | 4. Prioritize nature-based solutions ' )
22 Page Start Here 8 5. Prepare for current and future operational and maintenance needs
23 Page Locate Project 1
24, Page Project Inputs 7
25 Page Project Oulputs. £<3
26, Page View Repont
27  Page Submit Pr 54

A~ = :
L A Climate Resilience Design Standards Tool

NG St o Documentation and training for technical data inputs

DigfeckSeah » Massachusetts Coast Flood Risk Model (MC-FRM) FAQ (April 8, z022)
Trainin Projact Name * Massachusetts Coast Flood Riks Model (MC-FRM) Online Trainings (April-May 2023)
n * EEA's Climate and Hydrologic Risk Project - Weather Generator Technical Document (April. 2022)

g video » EEA's Climate and Hydrologic Risk Project - IDF Curves Technical Document (December, 2021)
Advanced Query v

Tool (V1.2) Training Video - February, 2023


https://resilient.mass.gov/rmat_home/designstandards/

Additional projections data: Climate projections dashboard

Get projections by location

' Climate Chan Projections Dashboard

Read about how metrics were made

HOW TO USE THIS DASHI

Use the filter data optiol
projections of climate met
areas of interest under a fuf
scenario. Select either a
Next, select the Target de
Toggle between tabs to vi
at the bottom of the dast

Use the locator map tt
extreme precipitation fr}
across Massachusetts. g
(stacked squares) in th
click on “IDF Sites”. Zo
desired area or use sex
click on blue box and
the pop-up box (box v

RD
elow to view HES

use

ew projections of

ency estimates

on the layer icon

right corner and Catai
with mouse to
icon to zoom and
click “Select” in
plus sign). Click on

Scranton

the “Precipitation Frefillency Table" tab at
the bottom of the dajillboard to view

precipitation depth illes (inches) for various it
future design stor] oNew York

Edison

FILTER DATA

B

ridgeport 5

| HOW TO USE THIS DASHBOARD

Stochastic Weather Generator outputs:

| To view temperature and precipitation projections, use the filter data options in the left panel for specified areas of interest

under a future warming scenario (Representative Concentration Pathway [RCP] 8.5, 8

| emissions scenario). Temperature and precipitation projections for Massachusetts are provided at the watershed scale (averaged

high gas

| across HUC 8 watershed boundaries) and were developed with downscaled Global Climate Models and a Stochastic Weather
| Generator (see the Background to learn more).

Select either a Watershed or Town from the filter menus on the left panel. For towns that span more than one watershed, users

will see those watersheds listed in the drop-down menu after a town is selected, but users must choose one of the watersheds to
see projections appear in the display tiles below the locator map. Alternatively, use the locator map and click to select a watershed

Q

| (purple polygons), zoom and click to select a town (orange polygons), o use the search icon ( " ) to search for desired areas of

interest. If using locator map to identify watershed, user must select the desired watershed polygon on the map for the climate

metrics to update. Users can also click the select tool ( E') in the upper left corner of the map and click on the area of

| Next, select the Target decade (2030, 2050, 2070, 2090) and Season (annual, winter, spring, summer, fall) from the filter menus on
— | the left panel to view the 30-year average centered on the selected time period. Users can toggle between tabs at the bottom of

‘ DETAILED INSTRUCTIONS

BACKGROUND ‘ Ci

MATE METRICS

REFERENCES

Climate Projections by Watershed: jMax tem parature

(degrees F)

3.6

(1.8 t0 5.4)
84.8

Climate Projections by Town:

Target Decade:

Senson: Days above 90 degrees F

ol (days)

1

(4t019)

Days above 95 degrees F
(days)

3

(1to 5)
0

Days above 100 degrees F
(days)

(0 to 0)

Number of heatstress events

(events)

0

(0to 1)
0

Number of heatwave events

(events)

(0 to 0)

Average duration of heatwaves

(days)

0

(0to 0)
0

Max duration of heatwaves

(days)

(0 to 0)

See projected metrics of interest

Cooling degree days
(degree days)

363

(169 to 577)
529

Growing degree days
(degree days)

628

(308 to 955)
2944

T 4

Mass



Climate projections dashboard: Planned Updates

Climate-Hydrologic Risk Project Projected Temperature & Precipitation Statistics

TEMPERATURE PRECIPITATION STREAMFLOW
Minimum, average & maximum Total Low-flow:
Number of days over 90F, 95F & 100F Maximum 24-hour 7410

Number of days under 32F & OF 90t & 99 percentile 24-hour 702

Number of cold & heat wave events
Number of heat & cold stress events
Heating & cooling degree days
Growing degree days

Number of days with more than 1”7, 2”7, & 4”

Proportion of precipitation as rain vs. snow High-flow:

Peak discharge for 2-, 5-, 10-, 25-, 50-, 100-,
and 500-year return periods

Heat Index Annual Return Periods:
Dew Point (0.4%, 1%, 2%) 2-, 5-, 10-, 20-, 50-, 100-, 200-, and 500-year 24-
Minimum & maximum heat index hour & 48-hour
mmi_mum SISma);imum dew point 1000-year 24- & 48-hour
aximum Dew Point
Heating dry bulb (99% & 99.6%) KEY
Cooling dry bulb (0.4%, 1%, 2%) Average number of consecutive: .
Mean coincident wet bulb (0.4%, 1%, 2%) Wet days Existing Parameters from Ph,ase 1
Date of first & |ast frost Dry days New parameters expected via Phase 2

Number of freeze/thaw events

Durations:

Average heat & cold wave duration 7
Annual maximum heat & minimum cold wave duration v



Climate projections dashboard: Precipitation Frequency Table

HOW TO USE THIS DASHBOARD IDF Site 1884 “ HOW TO USE THIS DASHBOARD
Use the filter data options below to view *
S - S = K ic Weather Generator outputs:
projections of climate metrics for specified & @, zoomto G Fan
- O (a] r
areas of interest under a future warming {’.? To view p and precipitation projections, use the filter data options in the left panel for specified areas of interest
scenario. Select either a Watershed or Town. E—— P under a future warming scenario (Representative Concentration Pathway [RCP] 8.5, 8 comparatively high greenhouse gas
Next, select the Target decade and Season. s B emissions scenario). Temperature and precipitation projections for Massachusetts are provided at the watershed scale (averaged
Toggle between tabs to view climate metrics HU_8_NAME Deerfield across HUC 8 watershed boundaries) and were developed with downscaled Global Climate Models and a Stochastic Weather
at the bottom of the dashboard. HUC 8 01080203 ‘Generator (see the Background to learn more).
Use the locator map to view projections of -
precipitation fir it SITE Site 1884 Select either a Watershed or Town from the filter menus on the left panel. For towns that span more than one watershed, users
across Massachusetts. Click on the layar icon will see those watersheds listed in the drop-down menu after a town is selected, but users must choose one of the watersheds to
(stacked squares) in the top right comer and see projections appear in the display tiles below the locator map. Alternatively, use the locator map and click to select a watershed
click on “IDF Sites”. Zoom with mouse to v (purple polygens), zoom and click to select a town (orange polygons), or use the search icon ( = ) to search for desired areas of
- . atiin
deILrEd Zr‘ea :r U= zletahmh 'T‘E i‘;;r?; ?nd Lot Hill interest. If using locator map to identify watershed, user must select the desired watershed polygon on the map for the climate
click on blue box and then clicl lect” in
the pop-up box (box with plus sign). Click on L4 /‘%‘ metrics to update. Users can also click the select tool ( & ) in the upper left corner of the map and click on the area of
the “Precipitation Frequency Table” tab at f ’—:// interest.
the bottom of the dashboard to view | 7 2
precipitation depth values (inches) for various b_‘n\\‘ R’bm Next, select the Target decade (2030, 2050, 2070, 2090) and Season (annual, winter, spring, summer, fall) from the filter menus on
future design storms. ARy 20f2 “ DETAILED INSTRUCTIONS Il SACKGROUND | | CLIMATE METRICS | | REFERENCES
MassGIS, Esri Canada, ba seErCarmin, INCREMENT FTOSE -
FILTER DATA
Site Year Duration RI_ yr_50th U_2yr 50 h RI_Syr_50th RI_10yr_50th RI_25yr_50th 'I_50yr_50 1 RI_100yr_50th RI_200yr_50th RI_500yr_50th RI_1000yr_50th
Climate Projections by Watershed:
Blacks Site 1884 - 0.4 u.d 05 0.6 0.7 U8 0.9 1 1.1 1.2
ackstone = (0.4-0.4) (0.4-05) (0.5-0.6) (0.6-0.7) (0.7-0.8) (0.8-0.9) 09-1) (1-1.1) 1.1-1.2) (1.2-13)
Climate Projections by Town: 5 05 0.6 0.7 0.9 1 11 1.3 14 1.6 1.7
None SIRTRE ED T (0.5-0.6) (0.6-0.6) (0.7-0.8) {0.8-0.9) 1-1.1) (1.1-1.2) (1.2-1.4) (1.4-1.5) (1.5-1.7) (1.7-1.9)
. 0.6 0.7 09 1 1.2 14 1.5 1.7 1.9 2
Target Decade: Sz R 25y T (0.6-0.6) (0.7-0.8) 0.8-0.9) (1-1.1) (1.2-1.3) (1.3-1.4) (1.4-1.6) (1.6-1.8) (1.8-2) (2-2.2)
2030
2 11 i) 16 1.8 22 24 27 = 3.4 307
o EIDTEE 020 &l (1-1.2) (1.2-1.4) (1.5-1.79) (1.8-1.9) (2.1-2.3) (2.3-2.6) (2.6-2.9) (2.9-3.2) (3.2-3.8) (3.5-3.9)
GETIE ) 14 1.6 2 23 28 31 35 38 4.4 48
i T 220 B (13-15) (16-17) (19-21) (22-25) 27-3) (3-33) 33-37) @37-41) 4.2-47) (47-532)
§ 1.6 19 23 27 32 3.6 4 45 5.1 57
i GEn 2020 D3 (1.5-1.7) (1.8-2) (2.2-2.5) (2.6-2.9) (3.1-3.4) (3.5-3.8) (3.9-4.3) (4.3-48) (5-5.5) (5.5-6.1)
1
AVERAGE AND COLD DAYS | | HOT DAYS ‘ ‘ PRECIPITATIOMN | | STOCHASTIC WEATHER GENERATOR TABLE ‘ ‘ PRECIPITATION FREQUENCY TABLE

esiuernuviass



Intensity-Duration-Frequency (IDF) Statistics Reference: NOAA Atlas 14

Map v
Terrain

200m

College St

AMS-based precipitation frequency estimates with 90% confidence intervals (in in'::hes)1

Duration

Annual exceedance Probabi e AE S —

‘ 172 I 15 1710 1125 1/50 /100 17200 1/500 /1000
5min 0.371 0.487 0.576 0.692 0.780 0.869 0.964 1.10 1.20
- (0.297-0.457) || (0.389-0604) | (0.456-0.717) ||| (0.527-0.906) | (0.580-1.04) (0.624-1.21) (0.656-1.39) (0.714-1.65) (0.761-1.85)
10.min 0.525 0.690 0.815 0.980 1.10 1.23 1.37 1.55 1.70
- (0.421:0.648) || (0.551-0.856) ||| (0.646-1.02) (0.747-1.28) (0.821-1.48) (0.883-1.72) (0.928-1.97) (1.01-2.34) (1.08-2.62)
15.min 0.618 0.812 0.959 1.15 1.30 1.45 1.61 1.83 2.00
- (0.4950.761) || (0.648-1.01) (0.761-1.20) (0.879-1.51) (0.966-1.74) (1.04-2.02) (1.09-2.32) (1.19:2.75) (1.27-3.08)
20.min 0.841 1.1 1.31 1.57 1.77 1.98 219 2.49 2.73
- (0.673-1.04) (0.883-1.37) (1.04-1.63) (1.20-2.06) (1.32-2.37) (1.42.2.76) (1.49-3.16) (1.62:3.75) (1.73-4.21)
0umin 1.06 1.40 1.66 1.99 2.24 2.50 2.78 3.16 3.46
- (0.8521.31) (1.12-1.74) (1.31-2.06) (1.52-2.60) (167-3.01) (1.80-3.49) (1.89-4.01) (2.06-4.75) (2.19.5.33)
o 1.36 1.80 214 2.58 2.91 3.26 3.65 422 4.70
g (1.09-1.66) (1.44.222) (1.70-2.65) (1.98-3.36) (2.18-3.90) (2.36-4.56) (2.49.5.24) (2.756.31) (2.98.7.18)
Ahr 1.55 2.08 2.48 3.00 3.38 3.79 4.27 4.98 5.58
g (1.26-1.90) (1.68-2.55) (1.98-3.06) (2.31:3.90) (2.55-4.52) (2.77-531) (2.92.6.11) (3.25.7.42) (3.55-8.50)
o 1.95 2.64 347 3.86 437 4.91 5.56 6.54 7.38
. (1.59-2.37) (2.14-322) (2.55-3.89) (3.00-5.00) (3.32-5.82) (3.62-6.86) (3.81.7.90) (4.28-9.68) (4.70-11.2)
ot 2.41 3.32 5.56 6 28 712 8.40 9.49
- I (4.90-10.1) (5.5212.3) (6.07-14.3)
S 2.87 . . 6.79 7.67 8.72 10.3 1.7
: (2.37-3.45) (3.28-4.81) (4.69-7.64) (5.21-8.93) (5.70-10.6) (6.02-12.2) (6.82-15.1) (7.52-17.5)
— e = A e 2 10.2 12.1 13.8
~day (2.74-3.93) (3.82-552) (4.61-6.75) (5.47-8.82) (6.00-10.3) (6.68-12.3) (7.05-14.2) (8.03-17.6) (8.90-20.5)
2 da 3.58 5.00 6.08 7.50 8.52 9.64 11.0 13.1 15.0
-day (2.99-4.25) (4.16-5.96) (5.01-7.29) (5.94-9.51) (6.61-11.1) (7.25-13.2) (7.65-15.3) (8.71-19.0) (9.66-22.1)
a2 3.84 5.33 6.46 7.95 9.02 10.2 11.6 13.9 15.8
-day (3.21-4.54) (4.44.633) (5.34-7.72) (6.32-10.1) (7.02-11.7) (7.68-13.9) (8.10-16.1) (9.20-20.0) (10.2-23.2)
7 da 4,54 6.16 7.39 9.02 10.2 1.5 13.0 15.3 17.3
-aay (3.82-5.34) (5.16-7.28) (6.14-8.79) (7.19-11.3) (7.95-13.2) (8.64-15.5) (9.08-17.9) (10.2-22.0) (11.2-25.4)




If NOAA Atlas 14 precipitation values are
based on historic storms, how rare would
the same events be today or in the future?



Massachusetts’ Future IDF curves

Theoretical: 7% increase in atmospheric
moisture-holding capacity per degree Celsius of

warming.

|

Saturation vapour pressure
204 over liquid water

Vapour prassure, hia

Clausius-Clapeyron relation

Saturation vapour

/

‘4

N\

.

Vertical Grid
{Height or Pressure)

CONTINENT

Global climate model

= pressure over ice
-30 20 -10 0 10
Temperature, 0 °C

Source: Water Environmental
Change.

20

3¢

Source: Koninklijk Nederlands
Meteorologisch Instituut.

PDS-based with 90% intervals (in inches)*
Average recurence mervel (years)
- T 7 T B[ = 5 % W[ 000
smn | o 034 0.400 0494 0572 0679 0.761 0845 093 106 116
wz120420) || 0318048 || wsr0514 || @907 || wsi4omm) | ose3lon | msdlle || meslss | wewisn | mrsire |
Lo || 0488 0.567 0.700 0.610 0.962 108 120 132 150 165
b ©388.0500) || @007 | @ss3osm | @esaoy || prsizm | ororiss | pssisn | eswisy | peteazs | noiasy |
o | 0571 0.667 0824 0.953 113 127 141 156 17 194
“mn | paseotos) | oszmoms | oesiion | presie || esstie | essirg | poiies | goezes | aisaes | pisaen
S | 074 0.905 11z 130 i Lz 212 241 263
©s15095n || o7ie11n | omeim | asie s | oyaen | oo | aseden | aerase
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wmerzy || osrtan | gaziie || amees usizm | oaam || aedsn || uvsesss | eusw
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wse1sy | qurire | gsasawm || eezen | aswsw | eusm | eade | eesiz || enes | emio
o 141 168 211 247 207 333 373 420 an 551
auiry | gmzen | gsase || pess | emam | esew | enpsm | esso | purw | asaw
o 178 211 260 e 383 [E7) 285 550 648 732
pazzi9 | anesn | ewam | estsso | essssn | ozsm | ssem | orerse | wasse | weruo
. 217 263 238 an asr 551 620 703 830 5.3
arezey | @uan | ersin || onse | emeem | wieim | wsresn | wesssn || sesizan | oren
. 257 au 408 [ 591 670 2 859 102 1
eusm | @stsm | ewam | owse | eeisn | swsem | sews | swese | eose | ossn
204 261 amn a0 3 T a7r 000 na 128

Scenario, decade, and
projected warming

« RCP8.5,2050 —
2 degrees Celsius

= 4.91*(1.0772)
= 5.62”
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How can | use the scaled IDF dataset?

« Add as guidance/optional stretch reference in local
stormwater ordinance

* Use to show future benefits in FEMA benefit-cost analysis
« Climate-informed stormwater infrastructure & BMP design

‘) ResilientMass Maps and Data Center Search Data

Climate Change Projections Dashboard

Stachastic Wea outputs

ResilientMass Maps and Data Center e e e

projections of

r a future w g

temperature and precipitation projections, u

either a Watershed or Town.

options in the left panel for specified areas of in

Target decade and Season warming scenario T

view climate metrics

©
£ ojections of

ResilientMass was created by the Massachusetts Executive Office of Energy and Environmental Affairs to support the Commonwealth with climate e
@ change science and tools, This maps and data center features interactive applications to explore the latest statewide climate data and projections ts. Click on the layer

aled Glo

on Generator (<ee the Background to

curated to support climate resilience in Massachusetts. b ':"‘ Sadindd « JETAILED INSTR ! »
Site Year Durati... RI_1y.., RI_2y... RISy.. RIL10.. RI25.. RISO.. RL_10.. RI_20.. RIS0.. RI_100...
0 06 08 09 1 1.1
& k e ).3 é C ), (
Climate & Hazards Climate Change Search Data Additional Viewer d o ) 09 12 !
Viewer Projections :"d a"db°°r‘:’”‘°"’° LK Gallery FUTERDATA . p 09 g .
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resilience in MA E: :j:: e l"l:S;S‘alew‘de LEARN MORE > R ! e FREQUENCY TABL ,
LEARN MORE > cl e pJ ions. imate Projections by Town 7




Executive Office of Energy
and Environmental Affairs

Office of Climate Science
Climatescience@mass.gov
https://www.resilient.mass.gov

Edwin.Sumargo@mass.gov

Caitlin.Spence@mass.gov
Margot.Mansfield@mass.gov
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ext Steps & Open Questions

Update scaled IDF dataset to reflect CMIPé projected
temperatures

Investigate shifts in storm tracks, regional storm typologies,

and storm frequencies
Track NOAA Atlas 15 planned methods and milestones

NOAA Atlas 15

New National Precipitation Frequency Standard

Stationary Historical IDFs (NOAA Atlas 14)
Non-stationary Historical IDFs (NOAA Atlas 15)

Volume 2
Incorporates climate
projection adjustment

Volume 1
Based on historical
gages and observed

trends factors.

-
gl

1-day
100-year

1-day
2-year

Feb. - Aug 2022 -
Published
methodology and
briefed stakeholders.

Sept. 2022 -
Distributed Public
Notification Statement
(PNS) and collect
public feedback.

Jan. 2023 - Hosted
technical workshop
with federal partners.

Apr. 2023 - Award
contracts and grants
and initiate product
development.

« Development - Evolve
framework. Create
Quality
Controlled National
Precipitation Database.
Evaluate Climate Model
Projections.

« Pilot - Deliver Atlas 15
Vol. 1 and Vol. 2 pilot
over Montana.

Collect and adjudicate
feedback on preliminary
estimates and Web

dissemination strategies.

+ CONUS - Initiate 60-day
peer review for Atlas
15 Vol. 1 and Vol. 2
for CONUS (lower 48
states).

Collect feedback and
adjudicate comments
on product.

« CONUS - Complete « 0CONUS - Complete

Atlas 15 Vol. 1 Atlas 15 Vol. 1
and Vol. 2 and and Vol. 2 and
deliver estimates, deliver estimates,
documentation documentation

and supplementary
products to
stakeholders.

« 0CONUS - Initiate peer
review for o°CONUS
(e.g. Hawaii, Alaska,
Puerto Rico, U.S. Virgin
Islands, Guam).

and supplementary
products to
stakeholders.

Collect feedback and
adjudicate comments
on product.

26



Overview

Evolving extreme precipitation in New England

Data resource introduction: MA Climate-Scaled
IDF Curves

Example: Leominster 9/11/23 flooding
NOAA Atlas 15: What we know now
Next Steps

MASSACHUSETTS

CONNECTICUT

Source: Blackstone River Watershed
Association
http://www.thebrwa.org/map.htm

27


http://www.thebrwa.org/map.htm

What is Atlas 157

e Bipartisan Infrastructure Law (BIL)
provides funding for NWS’ Office of
Weather Prediction (OWP) to

— Update Atlas 14 methods explicitly
accounting for climate change

— Update precipitation
depth/duration/frequency values across
the US

e NOAA Atlas 15 Volume 1: Historic
trends in observed values

e NOAA Atlas 15 Volume 2: Adjustment
factors for Volume 1 values to reflect

future climate projections

107

NOAA Atlas 15

New National Precipitation Frequency Standard

Stationary Historical IDFs (NOAA Atlas 14)
Non-stationary Historical IDFs (NOAA Atlas 15)

Volume 1

Based on historical
gages and observed

trends

Volume 2
Incorporates climate
projection adjustment
factors

>

1940 1960 1980

2000 2020 2040 2060 208

0 2100

Historical and future intensity-duration-frequency
estimates (IDFs)

1-day
100-year

1-day
2-year



Feb. - Aug 2022 -
Published
methodology and
briefed stakeholders.

Sept. 2022 -
Distributed Public
Notification Statement
(PNS) and collect
public feedback.

Jan. 2023 - Hosted
technical workshop
with federal partners.

Apr. 2023 - Award
contracts and grants
and initiate product
development.

* Development - Evolve

framework. Create
Quality

Controlled National
Precipitation Database.
Evaluate Climate Model
Projections.

Pilot - Deliver Atlas 15
Vol. 1 and Vol. 2 pilot
over Montana.

Collect and adjudicate
feedback on preliminary
estimates and Web

dissemination strategies.

« CONUS - Initiate 60-day
peer review for Atlas
15 Vol. 1 and Vol. 2
for CONUS (lower 48
states).

Collect feedback and
adjudicate comments
on product.

* CONUS - Complete
Atlas 15 Vol. 1
and Vol. 2 and
deliver estimates,
documentation
and supplementary
products to
stakeholders.

« oCONUS - Initiate peer
review for oCONUS
(e.g. Hawaii, Alaska,
Puerto Rico, U.S. Virgin
Islands, Guam).

Collect feedback and
adjudicate comments
on product.

* oCONUS - Complete
Atlas 15 Vol. 1
and Vol. 2 and
deliver estimates,
documentation
and supplementary
products to
stakeholders.



AMS-based precipitation frequency estimates with 90% confidence intervals (in inches)1

Durat | Annual exceedance probability (1/years) |
uraton
w2 | 1w | o ] s | w0 | oo | 100 |[] 500 || 11000 |
6.hr 1.85 2.55 3.07 3.77 427 4.82 5.50 6.55 7.47
J(1.48-2.28) (2.03-3.14) (2.43-3.80) (2.89-4.86) (3.22-5.62) (3.54-6.58) (3.75-7.49) (4.30-9.17) (4.78-10.6)
VAT I 236 3.22 3.88 4.74 5.37 6.05 6.86 8.11 9.18
(1.91-2.87) (2.60-3.94) (3.10-4.76) (3.67-6.05) (4.07-6.99) (4.46-8.16) (4.72-9.28) (5.35-11.3) (5.90-13.0)
24.hr 2.85 3.89 4.67 5.7 6.47 7.28 8.24 9.68 10.9
(2.33-3.44) (3.17-4.71) (3.78-5.68) (4.46-7 21) (4.94-8.33) (5.40-9.71) (5.70-11.1) (6.41-13.4) (7.04-15.3)
2 da 3.26 4.47 5.39 6.60 7.48 8.43 9.55 1.2 12.7
-day (2.70-3.90) (3.69-5.36) (4.41-6.49) (5.20-8.26) (5.78-9.56) (6.31-11.2) (6.66-12.7) (7.49-15.4) (8.22-17.6)

“..dropped nearly ten inches of rain in six hours... the
rainfall was “a 200-year event”, says Matthew Belk, a
meteorologist with the National Weather Service in
Boston.” CBS News, Boston

Washed oilt }oad in Leominster, CBS
Boston September 2023 30




AMS-based precipitation frequency estimates with 90% confidence intervals (in inches)1 -
\ Annual egecadanceprobailly lycars,
Duration
12 115 110 1/25 1/50 1/100 1/200 1/500
5min 0.351 0.489 0.594 0.732 " " " 1.24
} (0.279-0.439) || (0.388-0.614) || (0.467-0.749) || (0.555-0.964) || (0.620-1.12) (0.678-1.32) (0.720-1.51) (0.806-1.82) =
10mi 0.497 0.693 0.841 1.04 1.18 1.33 1.51 1.76
-min (0.395-0.622) (0.549-0.869) (0.662-1.06) (0.787-1.36) (0.878-1.59) (0.961-1.86) (1.02-2.14) (1.14-2.58)
15.min 0.585 0.816 0.990 1.22 1.39 1.57 1.77 2.07
(0.465-0.732) (0646-1.02) (0.780-1.25) (0.925-161) (1.03-1.87) (1.13-2.19) (1.20-252) (1.34-3.04) (1.47-3.46)
20.min 0.809 1.13 1.38 1.70 1.94 2.19 2.48 2.90 3.26
(0.644-1.01) (0.898-1.42) (1.09-1.74) (1.29-2.24) (1.44-2.81) (1.58-3.07) (1.68-3.52) (1.89-4.26) (2.06-4.87)
60mi 1.03 1.45 1.77 2.19 2.49 2.82 3.19 3.74 4.20
-min (0.823-1.30) (1.15-1.82) (1.39-223) (1.66-2.88) (1.85-3.36) (2.03-3.94) (2.16-4 53) (2.43-5.49) (2.66-6.28)
ohr 1.33 1.90 233 2.89 3.31 3.75 427 5.06 5.73
(1.07-1.85) (1.52-2.36) (1.85-2.91) (2.22-3.79) (2.48-4.43) (2.74-5.23) , (3.30-7.36) (3.65-8.49)
1.55 2.21 2.70 3.36 3.84 4.36 4.98 5.91 6.71
(1.25-1.81) (1.77-2.73) (2.16-3.37) (2.59-4.38) |_(290.513) (3.20-6.06) (3.40-6.98) (3.87-8.56) (4.28-9.89)
2.00 2.82 3.43 4.25 4.84 5.48 24 7.40 8.39
(1.63-2.45) (2.28-3.46) (2.76-4 24) (3.30-5.49) (3.68-6.40) (4.05-7 55) (4.29-8 68) (4.87-10.6) (5.38-12.3)
2.56 3.53 4.26 5.22 TIZ 6.68 7.56 8.89 10.0
(2.10-3.11) (2.88-4.29) (3.45-521) (4.08-6.67) (4.53-7.75) (4.95-9.09) (5.23-10.4) (5.88-12.6) (6.46-14.5)
3.09 4.24 5.11 6.27 7.1 8.01 9.07 10.7 12.0
(2.56-3.72) (3.50-5.12) (4.18-6.20) (4.94-7.94) (5.48-9.22) (5.98-10.8) (6.31-12.4) (7.10-15.0) (7.78-17.3)
3.50 4.89 5.94 7.33 8.34 9.44 10.8 12.8 14.5
(2.92-417) (4.06-5.84) (4.90-7 14) (5.82-9.23) (6.49-10.8) (7.12-127) (7.52-14 5) (854-17.8) (9.44-20 6)
3.79 5.28 6.41 7.90 8.98 10.1 11.6 13.7 15.6
(3.18-4.50) (4.41-6.28) (5.31-7.66) (6.30-9.88) (7.01-11.5) (7.69-13.6) (8.12-15.6) (8.21-19.1) (10.2-22.1)
4.06 5.60 6.76 8.30 9.42 105 121 14.3 16.2
(3.42-4.79) (4.70-6.63) (5.63-8.05) (6.65-10.3) (7.38-12.0) (8.07-14.1) (8.51-16.2) (9.62-19.8) (10.6-22.8)

“..about ten inches in the past 72 hours...” MassLive, September 2023

Town of North Attleborough Facebook, “..nearly five inches of rain in four hours...” CBS News, Boston September 2023
September 2023



Massachusetts’ Future IDF curves

Theoretical: 7% increase in atmospheric

moisture-holding capacity per degree Celsius of Reality: ??7?

warming.
i
... Clausius-Clapeyron relation /
/
/
§ /
g 7 /
Source: GOES-16 (NOAA)
0 3c
Nty 0.¢ Source: Koninklijk Nederlands
Source: Water Environmental Meteorologisch Instituut.
Change. Source: Quincy Vagell, 2014



Massachusetts’ Future IDF curves

How does precipitation scale with

temperature or dew point? Does precipitation

increase more than theory would suggest?
Less?

PDS-based with 90% intervals (in inches)®
o et o
i [ 2 0 £ 0 20 50 000
IIIII 0.343 0.400 0572 0.679 0.761 0.845 0.936 106 116
S0 || p2720428) || 0:318-0.488) p45.0710 || o ) | wss3102 | peosris | meserss | @ewisy | mrssime |
o H o 0.486 0.567 0.810 0.962 108 120 1312 150 185
We can use a 7% per degree Celsius oo | o 3880 || 0 2880 EAaEAaEArEaEAEnarEn
- 0571 0.667 0.953 127 L41 156 i 14
. - - - - (0.454.0.706) 10.528.0 825) (0.749-1.19) (0.938-1 70) (1.01-1.56) (1.06-225) {1152 65) 123-29
recipitation scaling rate oo ol | 0% ) 0 | ot | ot | ol | ot
— e o e e e e [ am =
P P o | oBtm uitw | uioe | opwn | anee | esew
L . N .. b . d S . h d 20 23 2 | 124 || 148 ™ 2z 286 319 357 413 461
enoir, Najibi, and Steinschneider ( ) mim | ot e 53 | aite | et | ain | edn
o 176 211 317 432 285 550 648 732
. T T T N T
o o | s S I T B
- L 204 I 281 L s80 1 7 ’IT 1000 L 1ne L 128

Annually?

Seasonally?

Daily?

Under different weather regimes?

NO

Horizontal Grid
(Latitude-Longitude)

Global climate model

Scenario, decade, and
projected warming

RCP 8.5, 2050 —
2 degrees Celsius

= 4.91*(1.0772)
= 5.62”
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Additional projections data: Climate projections dashboard

Climate Change Projections Dashboard

Climate Change Projections Dashboard

HOW TO USE THIS DASHBOARD

Use the filter data options below to
projections of climate metrics for spec ﬁd
are.

Median/50t percentile
projection: Two more days over
95F than we've typically seen in

the past (so... two)

ppthdph\ [h)f
future design ston

FILTER DATA

Climate Projections by Watershed: QS temperatice I Days above 95 degre Dayﬁ 4 bﬂ"u"e ?5 deg rees
A (degre (days) (d }
ays
C‘T:‘e ",r?j:(llons by Town: 3 6 2
Target Decade: (2.7t0 5.4) (2to 5)
, 82.8 0
Season: Days above 90 degrees F Days above 100 degr
- o 2 90% of climate models say more
than 2 more days per year. 10%
1 1 O '[2 to 5} — ys pery
(0 to 0)
5

- of models say 5 or more
0 additional days per year.
What we've seen in the past:

Typically 0 days over 95F each year 34



Climate Change Projections Dashboard

When to use the dashboard?

e Exploring future climate hazards for adaptation
planning

e Designing stormwater infrastructure to last
e Screening for ecosystem/habitat risks

e And more!

Climate Change Projections Dashboard

HOW TO USE THIS DASHBOARD

Use the filter data options below to view
projections of climate metrics for specified
areas of interest under a future warming
scenario. Select either a Watershed or Town.
Next, select the Target decade and Season.
Toggle between tabs to view climate metrics
at the bottom of the dashboard.

Use the locator map to view projections of
extreme precipitation frequency estimates
across Massachusetts. Click on the layer icon
(stacked squares) in the top right comer and
click on “IDF Sites”. Zoom with mouse to
desired area or use search icon to zoom and
click on blue box and then click “Select” in
the pop-up box (box with plus sign). Click on
the “Precipitation Frequency Table” tab at
the bottom of the dashboard to view
precipitation depth values (inches) for various
future design storms.

FILTER DATA

Climate Projections by Watershed

stone

Climate Projections by Town:

Target Decade:

Season:

Annua

Graan

bountan

Natonal
Foggt

HOW TO USE THIS DASHBOARD
Stochastic Weather Generator outputs:

To view temperature and precipitation projections, use the filter data
options in the left panel for specified areas of interest under a future
warming scenario (Representative Concentration Pathway [RCP] 8.5, 3

comparatively high greenhouse gas emissions scenario). Temperature and
pracipitation projections for Massachusetts are provided at the watershed

scale (averaged across HUC 8 watershed boundaries) and were developed
with downscaled Global Climate Models and a Stochastic Weather
Generator (see the Background to learn more)

Select either a Watershed or Town from the filter menus on the left panel
For towns that span more than one watershed, users will see those
watersheds listed in the drop-down menu after a town is selected, but
users must choose one of the watersheds to see projections appear in the
display tiles below the locator map. Alternatively, use the locator map and

T T..:‘A...»,L.....LH.L.J.R. - , ’_
Esri, HERE, Garfin, FAO, NOAA A
Climate Metric Min temperature Average duration Number of coldwave Days below 0
(units) (dearees F) of coldwaves events degrees F
median value 3 6 = 1 0 _3
(10th to 90th percentile) ¢
baseline value 18t05.4 to-1 (0 to 0) (-1to-3)
h 3.6 12 0 5

Average temperature

(degrees F)

3.6

(1.8t0 5.4)
49

—I “

Max duration
of coldwaves

-2

(-1t0-2)
13

Number of coldstress

Heating degree days

Days below 32

events (degree days) degrees F
(-11 to -30) (-489 to -1398) (-14 to -43)
72 6369 138

.
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Climate Change Projections Dashboard

Map zooms to selected area

Climate Change Projections Dashboard

HOW TO USE THIS DASHBOARD
Use the filter data options below to view
projections of climate metrics for specified
areas of interest under a future warming
scenario. Select either a Watershed or Town. [ ‘
Next, select the Target decade and Season.
Toggle between tabs to view climate metrics =R
at the bottom of the dashboard.
Use the locator map to view projections of
extreme precipitation frequency estimates
across Massachusetts. Click on the layer icon
(stacked squares) in the top right corner and
click on “IDF Sites”. Zoom with mouse to

Ao,
%ber,,

oN

Flarence

desired area or use search icon to zoom and
click on blue box and then click “Select” in
the pop-up box (box with plus sign). Click on
the “Precipitation Frequency Table” tab at i CMG:
the bottom of the dashboard to view i Jas
precipitation depth values (inches) for various
future design storms.

Westfield

Easthal

FILTER DATA

Climate Projections by Watershed: Max temperature ‘ Days above 95 degrees F

Number of heat
. fiddl ¢ uf (degrees F) | (days) (even
Select either watershed
OR town

Climate Projections by Town: : ; 6 : !
WE! PTON °

TargetDecatic: (2.7 to 5.4) (2to 5) (O tc

82.8 0 0

oo Days above 90 degrees F Days above 100 degrees F Number of heat
| (days) (days)

(even

(7 to 20) (0 to 0)

(Ote
5 0
36 ‘

Values update in panel



Climate Change Projections Dashboard

‘ Climate Change Projections Dashboard

HOW TO USE THIS DASHBOARD o
Use the filter data options below to view i
projections of climate metrics for specified
areas of interest under a future warming
scenario. Select either a Watershed or Town.
Next, select the Target decade and Season.
Toggle between tabs to view climate metrics
at the bottom of the dashboard.
Use the locator map to view projections of
extreme precipitation frequency estimates
across Massachusetts. Click on the layer icon
(stacked squares) in the top right comner and
click on “IDF Sites”, Zoom with mouse to
desired area or use search icon to zoom and \Westfield
click on biue box and then dlick “Select” in
the pop-up box (box with plus sign). Click on
the “Precipitation Frequency Table” tab at
the bottom of the dashboard to view
precipitation depth values (inches) for various
future design storms.

Flarence

Easthal

FILTER DATA t NoG R

Climate Projactions by Watershed Max temperature Days above 95 degrees F Number of heat
dicdle (degrees F) (days)

(even
Climate Projections by Town: . . .
ESTAVPTON 3 ,6 2 r Median projection:
Taige!Decade (2 78(2085.4) @ Days above Q5 deg rees F Two more dayS over

Days above 90 degrees F Days above 95F than Welve
- ) (days) typically seen in the
1 past (so... two)
(7 to 20) (

(2to 5) \ 90% of climate models say
0

more than 2 more days per
year. 10% of models say 5
or more additional days

per year.
What we've seen in_the past:

Typically 0 days over 9g5F each year



AVERAGE AND COLD DAYS

v

What you can find

HOT DAYS

Lowest one-day temperature
Average temperature
Number of cold stress events
Number of cold waves
Maximum cold wave duration
Number of days below OF
Number of days below 32F
Heating degree days

Downloadable:table containing all

metrics for location

PRECIFITATION

Climate Change Projections Dashboard

Precipitation depth by storm return period
(chance of depth being equaled or exceeded in

a given year)
5-, 10-, 15-, 60-minute storms

2-, 3-, 6-, 12-, 24-, and 48-hour storms
1-, 2-, 5-, 10-, 25-, 50-, 100-, 200-, 500-, and

1000-year storms

» 100-year storm: 1% chance of equal or
bigger storm occurring in a given year

STOCHASTIC WEATHER GENERATOR TABLE

b

* Number of heat stress events
* Number of heat waves

» Average heat wave duration
* Maximum heat wave duration
* Number of days above 90F

* Number of days above 95F

* Number of days above 100F
* Growing degree days

+ Cooling degree days

38

Total precipitation

Highest one-day precipitation
Number of days with >1", 2",

4" precipitation

Average consecutive number of
dry days

Average consecutive number of
wet days

90th, 99th percentile storm (out
of all days in a year with
measurable precipitation)

4

PRECIFITATION FREQUENCY TABLE




Goals:

Make preliminary climate resilience analysis more
broadly accessible

Inform "climate smart" capital planning
and procurement

Provide resilience recommendations based
on consistent use of state’s climate data

Provide a unified planning and design support tool
that state agencies can use to administer grant
programs

Provide consistent information to municipalities
hosted on resilient.mass.gov

7z~
7 ResilientMass

TOOLS & DATA v LEARN v

_. e Cledlgnouse

Maps and Data Center

Climate Resilience Design dards &
Guidance

Guides for Equitable & Actionable
Resilience (GEAR)

Climate Resilience Design Standards Tool ResilientMass Maps|
Apply statewide data to assess the climate resiliencg Explore the latest st
roject site. projections.

LEARN MORE > LEARN MORE >

LOG-IN / REGISTER >

)

State Users Log-in >

- TR = Fo af requesting fir ess. please email rmat gmass gov
as‘

ResilientMass



https://resilient.mass.gov/rmat_home/designstandards/
https://resilient.mass.gov

N N

Washd oth }'oad ih Leominster, CBS
Boston September 2023

“..dropped nearly ten inches of rain in six
hours... the rainfall was “a 200-year
event”,  says Matthew Belk, a
meteorologist with the National Weather
Service in Boston.” CBS News, Boston

FLOODING - SEP T

Severe flash flooding prompts emergency in Leominster, impacts other parts of Mass.

LEOMINSTER - SEP 12

Town of North Attleborough Facebook,
September 2023

Farms flooding along Connecticut River.
“..about ten inches in the past 72 hours...” CBS News Boston, July 2023

MassLive, September 2023

“..nearly five inches of rain in four hours...”

CBS News, Boston September 2023

As extreme precipitation flooding impacts
Massachusetts, climate-informed design
values allow risk-based flood management.

Flooding in Leominster: Dams being shored up, Healey declares Mass. state of

emergency

40



Precipitation intensity-duration-frequency (IDF) relationships
*  What is IDF?

* Intensity: How much rain (depth) per time?

*  Duration: How long does the storm last?

* Frequency: What is the chance that the same or greater rainfall depth will fall in the same amount of time
in a given year?

* “Return Period” describes the approximate frequency a specific IDF storm could be expected.
« Examples
« Thereisa1in10 (10%) chance that a “10 year storm” will be equaled or exceeded in each year

« Thereisa1in100 (1%) chance that a “100-year storm” will be equaled or exceeded in each year

25 4

* In Worcester, MA, the 10-year storm is ...
e 4.85"in 24 hours
e 214"in 2 hours

Duration
- 2-day

15-min — 4-day

. Used in

30-min — 7-day

Precipitation depth (in)

= 60-min — 10-day
24w — 20-day

+  Stormwater bylaws

— 34w — 30-day

— & — 45-day

*  Stormwater infrastructure & BMP design

2 5 10 25 50 100 200 500 1000

* Flood modelling (urban, flash floods, smalls streams) #vroe recurence intenal (years) 41



Observed Change in Very Heavy Precipitation

Change (%)
IRl § B
<0 0-9 10-19 2029  30-39 40+

Source: National Climate Assessment, 2014

Table 4-76: Projected Frequency of Future Annual Extreme Precipitation Events in Massachusetts

2030 2050 2070 2100
Number of Days 7-9 8-10 8-10 8-11
>1" precipitation
Number of Days 1 1-2 1-2 1-2

>2" precipitation

Source: resilient MA, 2018

Source: MA State Hazard Mitigation and Climate Adaptation Plan (SHMCAP),
2018.

What is the future of extreme precipitation in New England?
*  Storms have become more extreme...

* Between 1958 and 2012, the amount of precipitation
which falls in the heaviest 1% of rain events increased
T% across New England

* And projections suggest the changes will continue to grow.

* Downscaled precipitation projections published in 2016
suggest the number of days with more than 1" in MA
will increase from less than 7 to up to 11, on average,
each year.
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Precipitation Depth (Inches)

14.00

12.00

10.00

8.00

6.00

4.00

2.00

0.00

Past and Future Storms at College of the Holy Cross

Estimated depth of 10-year, 24-hour Storm
College of the Holy Cross

//‘:
—=0
_________ e
o=
NOAA Atlas 14 PLUS
2010 2030 2050 2070 2090

(NOAA Atlas 14) Estimate Year/Source

Lower and Upper Bound (Atlas 14 values use different method) e=@==Estimate

Precipitation Depth (Inches)

Estimated Depth of 100-year, 24-hour Storm
College of the Holy Cross

14.00

12.00

10.00

8.00

6.00
4.00
2.00
0.00

2010 2030 2050 2070 2090

(NOAA Atlas 14) Estimated Year/Source

Lower and Upper Bound (Atlas 14 values use different method) === Estirnge



Annual Chance

What is the future chance of storms like the September 11, 2023 Leominster
and North Attleborough storms?

Estimated Annual Chance of 9.5" Precipitation
in 48 hours, Leominster MA

4.50%
4.00%
3.50%
3.00%
2.50%
2.00%
1.50%
1.00%
0.50%
0.00%

Less than 1%
(200-year)

2010
(NOAA Atlas 14)

2030

2050

Estimate Year

2070

About 4%

2090

Annual Chance

Annual Chance of 4.5" Precipitation in 3-4 hours,

North Attleborough MA

About 1%

2010
(NOAA Atlas 14)

2030

2050

Estimate Year

2070

Between 4%
and 10%

2090
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IDF reference for future extreme precipitation?

AMS-based precipitation frequency estimates with 90% confidence intervals (in inches)’ . NOAA Atlas 14 PLUS method
Duration Annual exceedance probabijg
12 15 | 1/25 1/50 1/200 1/500 1/1000 0,
L] - - H
I 0371 0.487 | 0.576 0.602 0.780 . 0.964 110 1.20 10 year, 24-hour storm PLUS = 90%
- (0.297-0.457) || (0.389-0.604) §| (0.456-0.717) ||} (0.527-0.906) || (0.580-1.04) (0.624-1.21) (0.656-1.39) (0.714-1.65) (0.761-1.85) H
o 0525 0.690 | 0.815 0.980 1.10 123 137 155 1.70 of the 10 year, 24-hour estimate
B (0.421-0.648) (0.551-0.856) (0.646-1.02) (0.747-1.28) (0.821-1.48) (0.883-1.72) (0.928-1.97) (1.01-2.34) (1.08-2.62)
15 0.618 0.812 0.959 1.15 1.30 1.45 1.61 1.83 2.00 upper bou nd
-min (0.495-0.761) (0.648-1.01) (0.761-1.20) (0.879-1.51) (0.966-1.74) (1.04-2.02) (1.09-2.32) (1.19-2.75) (1.27-3.08)
50 0.841 1.1 1.31 1.57 1.77 1.98 2.19 2.49 273 . 10—year 24—h0ur storm PLUS =
-min (0673-1.04) || (0.883-137) (1.04-163) (120-2.06) (132:2.37) (1.42-276) (1.493.16) (162-3.75) (173-421) * ’
" 1.06 1.40 1.66 1.99 2.24 250 278 3.16 3.46 5.87"*0.9
-min (0.852-131) (1.12-1.74) (1.31-2.06) (1.52-2.60) (167-3.01) (1.80-3.49) (1.89-4.01) (2.06-4.75) (2.19-5.33)
1.36 1.80 214 258 2.91 3.26 3.65 422 470 ”
= (1.09-1.66) (1.44-2.22) | (1.70-2.65) (1.98-3.36) (2.18-3.90) (2.36-4.56) (2.49-5.24) (275:6.31) (2.98-7.18) * 10 -year, 24-hour PLUS =5.28
ahr 1.55 2.08 | 2.48 3.00 3.38 3.79 4.27 4.98 5.58
g (1.26-1.90) (1.68-2.55) (1.98-3.06) (2.31-3.90) (2.55-4.52) (2.77-5.31) (2.92-6.11) (3.25-742) (3.55-8.50) ° H H “"
- e = - o - o . e Some guidelines recommend “NOAA Atlas 14
(1.59.2.37) (2.14:322) (2.55-3.89) (3.00-5.00) (3.32-5.82) (3.62-6.86) (3.81-7.90) (4.28-9.68) (4.70-11.2) »
o 2.41 3.32 y . . . 712 8.40 9.49 PLUS PLUS" method
-hr 08.0 3 10 (4.90-10.1) (5.52-12.3) (6.07-14.3)
672 103 17 * 10-year, 24-hour storm PLUS PLUS =
(6.02-12.2) (6.82-15.1) (7.52-17.5)
o 102 121 138 10-year, 24-hour storm upper bound
(2.74-3.93) (3.82-5.52) (4.61-6.75) (5.47-8.82) (6.09-10.3) (6.68-12.3) (7.05-14.2) (8.03-17.6) (8.90-20.5)
2oy 3.58 5.00 6.08 7.50 8.52 9.64 1.0 131 15.0 . = 5.87"
(2.99.4.25) (4.16-5.96) (5.01-7.29) (5.94-9.51) (6.61-11.1) (7.25-13.2) (7.65-15.3) (8.71-19.0) (9.66-22.1) =
ey 3.84 5.33 6.46 7.95 9.02 102 1.6 139 15.8
(3.21-4.54) (4.44.6.33) (5.34-7.72) (6.32-10.1) (7.02-11.7) (7.68-13.9) (8.10-16.1) (9.20-20.0) (10.2-23.2)
i 454 6.16 739 9.02 102 15 13.0 153 173
v (3.82-5.24) (5.16-7.28) (6.14-8.79) (7.19-11.3) (7.95-13.2) (8.64-15.5) (9.08-17.9) (10.2-22.0) (11.2-25.4)
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Recommended
planning/design parameter

Based on

Table 4.1. Standard Output Recgmendations Provided by the Tool

Standards Output Relationship Driving

Example

Recommendations Recommendation
Planning Horizon' 2070 Useful Life Longer useful life = later target decade
Criticality®, Asset Type, " .
Return Period?® 100-year (1% AEP) and Useful/Exposure mo;eerc::;lcj?r :’ngr useful life >
Service Life* g P
Percentiless 50 percentile Criticality® and More critical = higher percentile

Construction Type

e Projected Total Precipitation Depth for
24-hr Design Storm

* Projected Wave Action Water Elevation

¢ Projected Cooling Degree Days, etc.

Tiered Methodology’ to } _ o _ More critical + longer useful life >
estimate projected Tier 3 — High Level of Effort Criticality® and Useful Life higher level of effort to estimate values

design criteria values

Design Criteria® Asset Type and Location

46



	Intro
	Slide 1
	Slide 2

	Office of Climate Science
	Slide 3

	CRDS tool overview
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8

	CRDS Tool: Project Outputs
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17

	Scaled IDF Section
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24

	Conclusion/end slide
	Slide 25

	Reserve material: IDF
	Slide 26
	Slide 27
	Slide 28: What is Atlas 15?
	Slide 29: NOAA Atlas 15 timeline
	Slide 30
	Slide 31
	Slide 32
	Slide 33

	Reserve Material: Projections Dashboard
	Slide 34: Climate Change Projections Dashboard
	Slide 35: Climate Change Projections Dashboard
	Slide 36: Climate Change Projections Dashboard
	Slide 37: Climate Change Projections Dashboard
	Slide 38: Climate Change Projections Dashboard
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46


