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Method to Assess

Projected Sea Level Rise / Storm Surge Design Criteria

Given Standards Output from Tool: Planning Horizon (2030, 2050, 2070); Return Period [Annual Exceedance Probability] (20-yr [5%], 50-yr [2%], 100-

yr [1%], 200-yr [0.5%], 500-yr [0.2%], 1000-yr [0.1%])

The Climate Resilience Design
Standards Tool provides
design criteria value outputs
for Projected Tidal Datums,
Projected Water Surface
Elevations, Projected Wave
Action Water Elevations, and

Projected Wave Heights in the
Project Outputs tab. (These
outputs are derived from the
Massachusetts Coast Flood

Risk Model (MC-FRM))

Legends
Tool Output c
Calculation steps ]

Follow existing practices’
to assess target and
intermediate (if needed)
velocity data for
recommended planning
horizon for recommended
return period

Follow existing practices’
to assess target and
intermediate (if needed)
residence times for
recommended planning
horizon for recommended
return period

Projected Design
Flood Velocity

Projected Duration
of Flooding

Follow existing practices’
for standard scour
analysis and/or erosion
assessment for project.
Types of assessments
depend on project type.

Projected Scour and
Erosion

Consult a professional coastal engineer or scientist/modeler to estimate
projected Duration of Flooding, Design Flood Velocity, and Scour &
Erosion based on the recommended Standards and outputs provided

through this Tool.

Design Criteria <>
Existing practice —=—75
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CLIMATE RESILIENCE DESIGN STANDARDS

PROJECTED TOTAL PRECIPITATION DEPTH
DESIGN CRITERIA

TIERED METHODOLOGY

Tier 3 Dams and Flood Control Structure Projects — Pages 2-15

Tier 1 Projects — Pages 16-17
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Tiered Methodology to Assess Projected Total Precipitation Depth for 24-hr Design Storm

Tier 3 - Dams and Flood Control Structures*

Given Standards Output from Tool: Planning Horizon (2030, 2050, 2070); Return Period (5-yr, 10-yr, 25-yr, 50-yr, 100-yr, 200-yr, 500-yr)

Download daily precipitation projections for
RCP 8.5 scenario from
LOCA' dataset (Draft-SOP-Datadownload-
LOCA .pptx) using 14 Group12 Global
Climate Models (GCMs) for the grid(s)
corresponding to the project location

Repeat the same steps for two more grids
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 period around given
planning horizon

Calculate annual maximum rainfall for each
year for each grid in the 30-yr averaging
period per GCM

Legends

Data Gathering —
Calculation steps ()
Design Criteria -
Existing practice ~ [---» December 2024

-——
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Fit Generalized Extreme Value (GEV) distribution to the

annual maxima to calculate modeled baseline and
modeled future projections for given planning horizon
and given return period for each GCM per grid

Convert the 1-day design storm depths to 24-hour
design storm depths using factor 1.113 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 return period for each
grid

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

Projected Total Precipitation
Depth for 24-hr Design Storm
for given planning horizons and
given return period*

* Tier 3 Dams and Flood Control Structures will
also receive output from the Tool and an
Attention note to compare the calculated depth
using the methodology shown in this figure
with the Tool output.

Pierce, D.W., D.R. Cayan, and B.L. Thrasher, Statistical Downscaling
Using Localized Constructed Analogs (LOCA). Journal of
Hydrometeorology, 2014. 15(6): p. 2558-2585

Applying Climate Change Information to Hydrologic and Coastal
Design of Transportation Infrastructure (NCHRP Project 15-61- Final
Report) by Kilgore et al., 2019

NOAA Atlas 14 Precipitation Frequency Estimates: Northeastern
States; NOAA Atlas 14, Volume 10, Version 3



https://westonandsampson.sharepoint.com/sites/clients/MEOEEA/RMAT/Shared%20Documents/Project%20Working%20Files/Draft%20Package%20For%20PMT%20Review/12.%20Precipitation%20Standards%20Relationships%20%26%20Outputs%20for%20Review/Draft-SOP-Datadownload-LOCA.pptx
https://westonandsampson.sharepoint.com/sites/clients/MEOEEA/RMAT/Shared%20Documents/Project%20Working%20Files/Draft%20Package%20For%20PMT%20Review/12.%20Precipitation%20Standards%20Relationships%20%26%20Outputs%20for%20Review/Draft-SOP-Datadownload-LOCA.pptx
https://westonandsampson.sharepoint.com/sites/clients/MEOEEA/RMAT/Shared%20Documents/Project%20Working%20Files/Task%202%20-%20Develop%20Climate%20Resilience%20Standards/SOPs/Old/Draft-SOP-Datadownload-LOCA-v1.pptx?web=1

Tiered Methodology to Assess Projected Total Precipitation Depth for 24-hr Design Storm

Tier 3 - Dams and Flood Control Structures (Step 0: Download LOCA Dataset)

[ * Go to https://gdo-dcp.uclinl.org/ to download data from LOCA J

* Go to page "Projection: Subset Request”

STEP 2 STEP 3

Go to sub-tab "Page 2. Products, Go to sub-tab "Page 3. Analysis,
Variables, Projections" Format, and Notification"

STEP 1

Go to sub-tab "Page 1. Temporal &
Spatial Extent"

STEP 4
Data request and data download

s N s N e A )
R Step 0.2.4: "Select Projection Sets", Step 0.3.7: "Analysis", keep Step 0.4.1: Press button

S QMR ML Byl check “LOCA-CMIP5-Climate-daily” dial set to "No Analysis’ "Submit Request” on top left

Period", select daily period from L y ) L y )

Jan-1950 through Dec-2099 e ~ Step 0.4.2: A popup box will
N J C ) Step 0.3.8: "Output Format", appear with details of the
s a Step 0.2.5: Under "Products" select choose “ASCIl text, comma- submission. Press "Submit".

Step 0.1.2: "Domain”, select both "1/16 degree” boxes. For _ delimited (csv)” J Press "Ok".

" « ’ "Variables", check “Precipitation Rate

NLDAS (mmdd) . - ~ Step 0.4.3: Click on the link
N J Step 0.3.9: "Notification when that arrives in the email a few
/ . \ \ J Processing is Complete", enter hours later to get to an ftp

Step 0.1.3: Select "Location your email address twice. directory of files produced for

method and either enter the / Step 0.2.6: Under "Emissions \_ J your job request

latitude, longitude pair OR Scenarios, Climate Models and s

specify interactively within the Runs", check boxes associated with Finally, check your user type, Step 0.4.5. Click folder

map based on Project Location. Group 1 GCMs per NHCRP15-61 application type, and @ o

a F : . Loca5” and download the .csv

If the selected grid includes report’, as shown in the Step 2.6 applicable resource area(s) as fi : ot

rd : . ile for the climate projection

more than 1/3@ water body, example slide. For each model, select appropriate. .

- : \_ W, data and .txt files for data
also download data from the \emlssmn scenario RCP8.5 f()) et e et
Kadjacent grid. J precipitation.
REFERENCES
1. Applying Climate Change Information to Hydrologic and Coastal Design of Transportation
VERSION 1.4 METHODS Infrastructure (NCHRP Project 15-61- Final Report) by Kilgore et al., 2019
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Download LOCA Dataset (Example: Project Area and Time Selection)

Step 1.1: Time Period ?

Period (Jan ¥ | 1950 ¥ |through [Dec ¥ || 2099 ¥

Step 1.2: Domain ?

* NLDAS Basin Specific  View Al v
Step 1.3: Spatial extent selection method ?

Tributary Area
38.038862 -122 265747
Rectangular Area

Latitude |39 ¥ | 9375 ¥ to|39 ¥ | g37o ¥ N
Longitude |-956 ¥ | 0625 ¥ |to|05 v |.o0625 v |E

*' Location -
42 3269 -71.0625

Map Location

VERSION 1.4 METHODS
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Moakley Park, South Boston, MA

Lat: 42,2617 Lon: -71.0292
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Download LOCA Dataset (Example: Projection Set and Variables Selection)

Submit Request

Moakley Park, South Boston, MA

Enter specifications on three page form below. Then press "Submit Request'.

Form Status (completed == green)

Size (%, 100 max): 6

Page 1: Temporal & Spatial Extent

BCSD-CMIP3-
Climate-monthly

Page 2: Products, Variables, Projections Page 3: Analysis, Format, & Notification

Step 2.4: Select Projection Set (Green text indicates projection set form completed)

BCSD-CMIP3-Climate-monthly
BCCAv2-CMIP3-Climate-daily
BCSD-CMIP3-Hydrology-manthly

BCCAv2-CMIP3-
Climate-daily

BCSD-CMIP3-
Hydrology-monthly

BCSD-CMIP5-
Climate-monthly

BCCAv2-CMIP5-
Climate-daily

BCSD-CMIP5-Climate-monthly

BCCAvZ-CMIP5-Climate-daily

BCSD-CMIP5-Hydrology-monthly
* LOCA-CMIP5-Climate-daily

BCSD-CMIP5-
Hydrology-monthly

LOCA-CMIP5-
Climate-daily

Step 2.5: Products & Variables — daily projections

Products

¥ 1/16 degree LOCA projections

¥ 1/16 degree Observed data (1950-2005)
1 degree LOCA projections

VERSION 1.4 METHODS
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Variables
! Precipitation Rate (mm/day)

Min Surface Air Temperature (deg C)
Max Surface Air Temperature (deg C)



Download LOCA Dataset (Example: Group1* GCM Selections for Emission Scenario RCP8.5)

|oe-=slect 2 runs

Hane

Select all runs

All

Climate Models:

Emissions Path: RCPE8 .6

access1-0

sccess -3

|b|:>::-::5n'| 1-1

lece-cam1-1-m

Moakley Park, South Boston, MA

Check the Following Boxes under RCP8.5:

canssma2

cosmd

cesmi-bgc

cesmi1-cams

CIMCC-CIm

CIMCC-Cms

cnm-cmS

csiro-mk3-5-0

ec-sarth

|fgoals-g2

gfdl-cm3

gidl-esmZ2g

gfdl-=smam

giss-22-h

giss-e2-1r

|hadgem2-ao

[r=dgemz-cc

IhadgemE-es

[rmema

Iip@l—cmﬁa-lr

[ipst-cmsa-mr

Imin:n::—es-m

[miroc-esm-chem

Imin:n:;E

[mpi-esm-ir

Impi—es-m-mr

[ri-cocm3

Innresm 1-m

VERSION 1.4 METHODS
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AN NN N NN

bcc-csm-1

bcc-csm-1-m

ccsmé
cnrm-cmb5

csiro-mk3-6-0

gfdl-cm3
giss-e2-h

<

N N NI NI NN

giss-e2-r
hadgem2-ao
hadgem2-cc
inmcm4
ipsl-cm5a-Ir
miroc5
mri-cgcm3

* Applying Climate Change Information to Hydrologic and
Coastal Design of Transportation Infrastructure (NCHRP
Project 15-61- Final Report) by Kilgore et al., 20199




Download LOCA Dataset (Example: Type of Analysis, Output Format, and Others)

Moakley Park, South Boston, MA

Enter zpecifications on three page form below. Then press "Submit Request'.
Form Status (completed == green)

Page 1: Temporal & Spatial Extent  Page 2- Products, Variables, Projections ~ Page 3: Analysis, Format, & Notification

Size (%, 100 max): {5l

Submit Request |

Step 3.7 Analysiz ?
* No Analysis (Extracting Time Series only)
Statistics
Period Mean
Period Standard Deviation
Spatial Mean

Spatial Standard Deviation

Step 3.8: OQutput Format ?
MNetCDF
= ASCI text, comma-delimited {csv)

Step 3.9: Notification when Processing is Complete ?
| JaneDoe@mass.gov | Email Address
| JaneDoe@mass.gov | Email Address Confirm
| BostonPrecipGrid1 |Tag."Lab-&I for request (Optional, characters may be letters, numbers, or'_")
Step 3.10: Usage Information

Please specify usage information below. This information will help LLML and Reclamation track how this archive is
serving various sectors and entities in the user community. For enfity and application lists, please make one selection.
For sector, please make one or multiple selections.

Entity Application Sector(s)

Gowvt. - Federal Research ‘Water Quantity

Gowvt. - State Environmental Documentation ‘Water Guality

Gaowt. - Regional/Local Endangered Species consultation * Flood Management

Research Institution ® ulnerakility Assessment Energy

Academic Insfitution Adaptation Planning Air Quality

® Private Sector Other Ecosystem - Land

Mon-Govt. Organization Ecosysiem - Aguatic

VERSION 1.4 METHODS omner ool Sysiems
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Tiered Methodology to Assess Projected Total Precipitation Depth for 24-hr Design Storm
Tier 3 - Dams and Flood Control Structures

(Step 1 Example: Select 2 More Grids Around Project Location to Download LOCA Datasets) Moakley
Park, South Boston, MA
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Tiered Methodology to Assess Projected Total Precipitation Depth for 24-hr Design Storm
Tier 3 - Dams and Flood Control Structures

(Step 2 — 3 Example: Calculating Annual Maximum for each GCM for each Grid for RCP 8.5 in the 30 Year Span Surrounding

Each Planning Horizon*) Moakley Park, South Boston, MA

2060 . . . . . 1711 1736 183.2 154.5 . . .

2061 173.0 163.2 1571 1325 1521 1255 E.5 156.9 160.E 1715 1253 169.7 1443 13.59
2062 m.Aa 152.9 145.4 1516 125.8 124.8 1273 1336 150.4 122.3 TE.4 M3E 140.2 n7.3
2063 03.7 135.1 123.2 130.0 3.0 T1E.1 124.7 4.6 122 7.6 2.3 124.2 135.5 107.4
2064 104.9 134.4 1203 925 927 109.5 123.4 1.6 3.1 1E.2 n2.2 87.9 125.4 104.3
20E5 324 1321 1033 3922 1.3 107.8 0.4 105.9 17.4 103.8 .8 30.3 JIFA 103.8
2066 320 124.4 1038 875 a0.3 104.0 100.E 432 107.9 423 007 30.1 3.2 313
2067 B5.6 3.6 99.6 871 90.2 9E.E 8a.5 9a.7 102.0 e ] 91.2 83.9 107.9 31.0
2068 80.0 2.8 q0.8 BE.8 873 959 882 g98.3 100.3 8/.h 258 Bh.5 103.3 899
2063 221 .1 fE8 201 223 3431 825 2/.6 33.3 265 59 20.3 100.0 ge.5
2070 2.8 105.2 7 8.6 820 919 =1 BE.1 98.8 B4.6 738 80.4 937 gv.0
2071 733 = f2.1 /8.0 a1.3 ar.E B0.8 fB.A 382 3.3 24 8.4 289 g4.5
2072 f25 J1.1 639 773 a5 859 8.6 63.1 a0.0 773 1.0 /5.3 223 =]
2073 722 90.5 E8.1 776 76.3 803 706 B3.3 879 A 710 f27 86.8 4.9
2074 B3 BE.3 EE.0 1.0 B2 a0 /4.9 Eb.d 241 5.1 f0.E 1.2 a1.3 a2
2075 EY.E 224 BE.3 E5.E /5.3 /0.1 f2E E4.5 21.8 4.7 02 7.8 4.6 a0
2076 6.9 9.1 BE.Z BE.1 a2 .2 0.5 B4.1 /6.3 PR E8.1 £3.9 a7 721
2077 EE.B a4 B5.4 E7.3 0.7 4.0 EE.5 Ea8 /4.9 F34 B3l = 0.7 13
2078 B5.E 4.0 BB B5.0 f0.3 a2 B4.7 B2 4.4 F24 E1.1 E5.8 B35 BE.4
2079 B5.1 Ba.0 E1.2 B4.3 B9.1 732 E4.6 B1.2 4.4 723 59.9 B8.2 Ba.2 BE.4
2080 E4.¥ E7.7 E11 E0.E EE.9 ‘0.3 E1E s Ra] 3.8 E7.9 583 E4.9 EE.9 B5.3
2081 EZE E/.0 530 53,1 EE.0 629 B1.4 = 1.8 B35 a0 E213 = 6.0
2082 B1.3 B5.8 571 BE.6 BA.0 BE.0 B6.0 ha.7 E25 5a.0 51.3 E2E B1.4 531
2083 E0.5 B5.1 528 B4.5 B2 B2 Bh.Y BE.A E24 A9 430 E0.0 B 523
2084 547 B4.4 hak 43.3 617 6.2 522 564 B0.3 5.3 4v.0 53,1 537 513
2085 B4.7 E11 51.2 43.4 5a.0 5E.5 51.2 2.2 B6.0 5.5 459 5.1 57.8 502
2086 0.1 514 45.E 47.0 574 55.0 0.1 433 B5.3 BE.3 455 539 hd.h 489
2087 43.8 4318 424 46.8 ] ] 45.0 477 551 546 453 50.4 54.4 6.5
2083 40.9 456 40.8 43.8 f0.8 50.5 46.4 45,8 51.5 R36 43.7 44.9 54.1 406
2083 28.1 40.4 a5 1.2 478 424 44.9 alh B0.5 466 420 44.0 A0.2 401

*This chart shows annual maximums for the 2070s planning horizon only.
VERSION 1.4 METHODS
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Tiered Methodology to Assess Projected Total Precipitation Depth for 24-hr Design Storm
Tier 3 - Dams and Flood Control Structures

(Step 4 Example: Fitting GEV Distribution on annual maxima of each grid for each GCM*)
Moakley Park, South Boston, MA

Year Rank Max of bo b ‘ b2 Max of bec bi ‘ b2 Max of ccsmd. 6 bi ‘ b2 Max of crm b ‘ b2 Max of ceiro bi b2
2050 1 208.71 536 596 17061 5E3 554 22158 7.3 7.3 189.26 531 E.31 317.22 1057 057
2061 2 T @0 | 557 5.7 T3 525 506 [TAE 506 483 [T 587 5EE T2 T 490 472
2052 3 T el | 47 323 259 474 441 5 4] 451 41 167 470 437 725 79 290 352
2063 4 T35 328 293 TH07 404 350 .24 386 345 PR 388 347 .04 356 378
2064 5 433 302 258 3439 356 33 T20.34 346 296 5247 256 228 5267 256 228
2065 5 52,40 255 209 20 354 25 0920 30 248 TG 254 203 5.5 252 207
2065 7 S 243 191 PR 329 250 0003 280 22 752 23 162 0.7 23 190
2067 g 5.5 2% 162 .61 300 25 063 252 189 5707 220 165 .21 220 17
2068 g O I L 147 278 272 194 90,73 27 157 .70 209 150 e 21 150
2069 1 T ®mR# | 1m 124 ik 255 173 7580 177 120 w1 196 133 T30 153 17
2070 7l @& | 17 1% 055 230 148 737 163 105 7859 172 11 5704 179 15
2071 12 7 | 1 092 58 71 204 124 7207 149 0.9 e 161 0.93 5140 169 103
2072 1 T e | 14 08 3709 174 102 F3.08 137 078 770 152 087 7357 155 089
2073 1 T TR’ | 1m 0A 5053 166 08 BT 125 0E7 7759 143 076 7528 140 0.75
2074 B [ERE 119 080 6. 149 0.74 570 17 059 7105 122 0,61 6.2 131 056
2075 {5 5765 109 051 8242 133 052 £6.32 107 050 FG.650 11 0,51 75.69 122 057
2076 7 EG.67 100 043 73 1% 051 5AA] 0.93 0.4z EG.07 102 0.44 75,20 112 0.45
2077 i 56.70 0.2 036 751 104 0.41 5 0.40 035 RkE 0.93 036 .74 0.96 0.30
2078 ! E5.60 083 0,30 73,09 0.94 0.3 254 0.79 0.28 £5.00 0.6z 0.29 .27 0.8 0.3z
2079 20 5500 075 024 £7.00 078 0.25 A 0.70 0.23 5427 0.74 0.24 R 0,79 0.26
2060 21 T ®dEr | OEF 01 E7.60 0,70 0.20 il 063 0.1 ik 053 0.1 TG.0G 0.5 0.20
2081 22 - = 0.4 £E.30 02 0% 0.0 054 0.4 A1 0.54 0.14 EET =y 0%
2082 2 T EBH | 043 0.1 E5.7 053 ot 707 046 01 ] 046 0.10 EE.03 052 0.1
2083 24 T BB | 04 0.07 E5.0 0.45 0.08 F375 0.7 0.07 FL54 0.3 0.07 213 043 0.0%
2084 25 —®A | 03 0.04 £4.30 037 0.05 Fi6d 0.3 0.04 167 024 0.04 ETEE 03 0.05
2085 % I 0,03 A5 028 0.0z 5120 0.24 0.03 1907 0.2 002 5708 027 0.03
2086 27 5.0 0T om 5.3 018 0.0 15,65 0% 0 1701 0% 0. 5742 0.20 0.0
2087 28 3.7 0 0.00 19,65 on 0.00 13,45 0.1 0.00 6,79 0n 0.00 B3.47 012 0.00
2068 2 0.0 0.5 0.00 4555 0,05 0.00 .73 0.5 0.0 1302 0.05 0.0 50,76 0.06 0.00
2069 30 iR 0.0 0.00 0.4 0.00 0.00 T3 0.0 0.0 ik 0.00 0.0 4777 0.00 0.00
# of years 30
L-Mornents 48 % 57 42 51 W 49 W 53 40
GEV w Lrnom larnbidal 70,02 92,60 B1.19 a0.32 86,53
larrbda? 757 2043 2054 165 01
larrbdal 581 355 758 EE2 93
skew 0.33 0% 037 0.35 044
VERSION 1.4 METHODS *This chart shows fitting a GEV Distribution on annual maxima of the 2070s planning horizon only.
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Tiered Methodology to Assess Projected Total Precipitation Depth for 24-hr Design Storm
Tier 3 - Dams and Flood Control Structures

(Step 5 - 6 Example: Calculate ratios between baseline and future for each GCM for each grid*)
Moakley Park, South Boston, MA

2070s (2060-2089) RCP8.5 Grid1

Max of bec- | Max of bee- Max of |Max of cnrm{Max of csire{ Max of gfdl- | Max of giss- | Max of giss- mﬂ::_ hah:.uj;:ia Max of Max of ipsl- Max of Max of mri-
T-yr Event cem1-1.1 |esmi1-1-m.1 | ccsm4.B emb.1 mk3-6-0.1 em3.n e2-h.6 e2-r.6 a6.1 ced inmem4.1 | cmSa-r.1 mirecs.1 cgema.
Ratios to modeled baseling

2-yr, 24-hr 1.14 1.4TF 1.15 1.10 1.16 1.10 1.13 1.08 1.31 1.30 1.12 1.18 1.149 1.24
a-yr, 24-hr 1.15 1.51 1.30 1.16 1.20 1.05 1.24 1.10 1.32 1.27 1.18 1.28 1.22 1.25
10-yr, 24-hr 1.16 1.50 1.41 1.21 1.24 1.02 1.31 1.11 1.32 1.28 1.14 1.44 1.25 1.21
23-yr, 24-hr 1.7 1.45 1.55 1.30 1.44 0.494 1.34 1.13 1.52 1.32 1.18 1.81 1.340 1.15
H0-yr, 24-hr 1.149 1.410 1.66 1.38 1.71 0.96 1.45 1.15 1.31 1.37 1.16 1.80 1.33 1.049
100-yr, 24-hr 1.20 1.34 1.78 1.48 1.8949 .94 1.51 1.7 1.30 1.43 1.13 203 1.36 1.03
200-yr, 24-hr 1.22 1.28 1.80 1.58 2.36 .42 1.56 1.14 1.24 1.540 1.04 2.1 1.40 0.4ar
S00-yr, 24-hr 1.25 1.14 2.08 1.74 4.0 0.84 1.63 1.22 1.27 1.81 1.04 2.73 1.45 0.84

Future design depth / baseline design depth = ratio
2070s example for 10-yr, 24-hr:
5.267 in. /4.557 in. = 1.16

*This chart shows ratios for the 2070 planning horizon only.

VERSION 1.4 METHODS
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Tiered Methodology to Assess Projected Total Precipitation Depth for 24-hr Design Storm
Tier 3 - Dams and Flood Control Structures

(Step 7 Example: Calculating mean of the ratios for all GCMs and adding ratios to NOAA Atlas 14 Values*)
Moakley Park, South Boston, MA

2070s (2060-2089) RCP8.5 Grid1

Rotun | NOAR M4 oo o vl Procip. oo | No,Sf | Meanof | StdDev.of | 8% CLof | o8% OLof | Projected o U5l el agy

(in.) Cl (in.) (in.) Cl (in.)
2-yr 3.3 2.8 3.8 14 1.19 0.11 1.15 1.24 3.9 3.7 4.0
5-yr 4.3 3.6 51 14 1.23 0.1 1.18 1.28 53 51 55
10-yr 51 4.3 6.1 14 1.26 0.13 1.21 1.32 6.5 6.2 6.7
25-yr 6.3 51 8.0 14 1.31 0.18 1.23 1.39 8.2 7.8 8.7
50-yr 7.2 5.6 9.3 14 1.35 0.24 1.25 1.46 9.7 8.9 104
100-yr 8.1 6.1 11.0 14 1.41 0.33 1.26 1.55 11.4 10.2 12.6
200-yr 9.3 6.4 12.8 14 1.47 0.45 1.27 1.67 13.6 11.8 154
500-yr 1.1 7.3 15.9 14 1.57 0.65 1.29 1.86 17.5 14.3 20.6

*This chart shows NOAA Atlas 14 values and projected total precipitation depths for 24-hr design storms for the 2070 planning horizon using an ensemble of 14 GCMs from
LOCA dataset following NCHRP 15-61 methodology.

VERSION 1.4 METHODS
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Tiered Methodology to Assess Projected Total Precipitation Depth for 24-hr Design Storm
Tier 3 - Dams and Flood Control Structures

(Step 8 Example: Calculating mean of the projected 24-hour precipitation depths for all grids*)
Moakley Park, South Boston, MA

2070s (2060-2089) RCP8.5 Average of the Grids

Return Period Projected Precip. (in.)| Projected Precip. 5% CI (in.) | Projected Precip. 95% CI (in.)

2-yr 3.8 3.6 4.0

5-yr 5.2 4.9 5.4

10-yr 6.4 6.1 6.7

25-yr 8.1 7.6 8.6

50-yr 9.5 8.8 10.3
100-yr 11.2 10.1 12.4
200-yr 13.5 11.6 15.3
500-yr 17.4 14.1 20.6

*This chart shows mean of the projected total precipitation depth for 24-hr design storms for the 2070 planning horizon using an ensemble of 14 GCMs
from LOCA dataset following NCHRP 15-61 methodology.

VERSION 1.4 METHODS
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Tiered Methodology to Assess Projected Total Precipitation Depth for 24-hr Design Storm
Tier 3 - Dams and Flood Control Structures

(Step 9 Example: Comparing the projected precipitation quantiles with NOAA Atlas 14 historical estimates*)
Moakley Park, South Boston, MA

‘ 2070s

24
- —o— NOAA 14 Precip. (in.)
=
€ .20 NOAA 14 Precip. Lower Bound
5 of 90% ClI {in.)
& »—NCOAA 14 Precip. Upper Bound
S - of 90% Cl (in) F
8 15  ——+-Projected Precip. (in.) Jaa
o L
3:,' Projected Lower Bound of 90% .~
& Cl (in.) ’__..f
5 12 Projected Upper Bound of 90% ez
K=
s
[}
o
s ®
&
s
(S)
g 4
a
e
o
[l

0

2-yr B-yr 10-yr 25-yr 50-yr 100-yr 200-yr 500-yr
Return Period

*This figure shows comparison between projected precipitation quantiles

with NOAA Atlas 14 historical estimates for the 2070s planning horizon only.
VERSION 1.4 METHODS
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Tiered Methodology to Assess Projected Total Precipitation Depth for 24-hr Design Storm
Tier 3 - Dams and Flood Control Structures

(Step 11 Example: 24-hr design storm hyetographs for peak intensity for given planning horizon and design storm*)
Moakley Park, South Boston, MA

Tier 3
Return Period e R Projected Total Precip Depth

Baseline - 24hr (in) 2070 Values - 24hr (in)

2-yr 3.3 3.8

5-yr 4.3 5.2

10-yr 5.1 6.4

25-yr 6.3 8.1

50-yr 7.2 9.5
100-yr 8.1 11.2
200-yr 9.3 13.5
500-yr 11.1 17.4

*This chart shows mean of the projected total precipitation depth for 24-hr design storms for the 2070
planning horizon using an ensemble of 14 GCMs from LOCA dataset following NCHRP 15-61 methodology.

VERSION 1.4 METHODS
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Tiered Methodology to Assess Projected Total Precipitation Depth for 24-hr Design Storm

Tier 1 Projects*®

Given Standards Output from Tool: Planning Horizon (2030, 2050, 2070); Return Period (5-yr, 10-yr, 25-yr, 50-yr, 100-yr, 200-yr, 500-yr)

Go to NOAA Atlas 14 Apply a factor of 0.9 on the 90th
_webS|te. percentile Cl depth for each given 24-hr
Input PrOJ_ect Area pased on design storm depth
Project Location

Projected Total Precipitation

Select NOAA Atlas-14"1 90t percentile Depth for 24-hr Design
confidence interval (Cl) depth for each Storm for given planning

given 24-hr design storm depth horizons and given return
period*

* Tier 1 Projects will also receive output from
Legends the Tool and an Attention note to compare the
Data Gathering (— calculated depth using the methodology shown
Calgulatlop st.eps S— in this figure with the Tool output.

Design Criteria - )

_————

Existing practice SRR,

1.  NOAA Atlas 14 Precipitation Frequency Estimates: Northeastern
States; NOAA Atlas 14, Volume 10, Version 3

VERSION 1.4 METHODS
December 2024 19




Tiered Methodology to Assess Projected Total Precipitation Depth for 24-hr Design Storm

Tier 1 Projects (24-hr design storm depths for recommended return periods)
Moakley Park, South Boston, MA

NOAA Atlas 14 Tier 1
Present Baseline - 90% of 90th
24hr (90th percentile) percentile of NOAA
(in) baseline (in)

NOAA Atlas 14
Return Period Present Baseline -
24hr (in)

100-yr 8.1 11.0 9.9
200-yr 9.3 12.8 11.5
S00-yr 11.1 15.9 14.3

VERSION 1.4 METHODS
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CLIMATE RESILIENCE DESIGN STANDARDS

PROJECTED PEAK INTENSITY DESIGN CRITERIA METHODS

All Tiers

Version 1.4
DECEMBER 2024
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Tiered Method to Assess Projected Peak Intensity for All Tiers

Given Standards Output from Tool: Projected Total Precipitation Depth for 24-Hr Design Storm for recommended Planning Horizon (2030, 2050,
2070); Return Period (5-yr, 10-yr, 25-yr, 50-yr, 100-yr, 200-yr, 500-yr)

Projected Total Precipitation
Depth for 24-hr Design

Storm for the recommended
planning horizon and
recommended return period

Use NOAA Atlas142/NRCS
Type C and D3/SCS Type IlI4
Distribution to estimate
hourly/sub-hourly peak
intensities

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

Legends

Calculation steps [
Design Criteria >

—-_———

Existing practice (PR,

VERSION 1.4 METHODS
December 2024

1.  NOAA Atlas 14 Precipitation Frequency Estimates: Northeastern
States; NOAA Atlas 14, Volume 10, Version 3

2. Engineering Field Handbook Chapter 2: Estimating Runoff and Peak
Discharges: Massachusetts EFH-2 Supplement Number: MA-EFH2.
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb10971
25.pdf

3.  HEC-HMS Technical Reference Manual — SCS Storm;
https://www.hec.usace.army.mil/confluence/hmsdocs/hmstrm/precipitat
ion/scs-storm

22


https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1097125.pdf
https://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb1097125.pdf
https://www.hec.usace.army.mil/confluence/hmsdocs/hmstrm/precipitation/scs-storm
https://www.hec.usace.army.mil/confluence/hmsdocs/hmstrm/precipitation/scs-storm

Tiered Methodology to Assess Projected Peak Intensity

Example: 24-hr design storm hyetographs for projected peak intensity for given planning horizon and design storm*,
Moakley Park, South Boston, MA using SCS Type Il Distribution

10yr - 24 hr 2070s 6.4in

Cumulative depth Hourly peak intensity

Duration (hr) Ratio (in.) (in./hr)

0
NOAA Atlas 14 Projected Total 1
. Present Precip Depth 2
Return Period g seline - 24hr 2070 Values - 24hr 3
(in) (in) 4
5 0.06 0.36 0.09
2y 3.3 3.8 6 0.07 0.45 0.10
5-yr 4.3 5.2 7 0.09 0.57 0.12
10-yr 5.1 6.4 8 0.11 0.72 0.15
9 0.15 0.92 0.20
25-yr 6.3 8.1 10 0.19 1.19 0.27
50-yr 7.2 9.5 11 0.25 1.58 0.38
100-yr 8.1 11.2 12 0.50 3.15 1.58
13 0.75 4.73 1.58
200-yr 9.3 13.5 14 0.81 5.11 0.38
500-yr 1.1 17.4 15 0.85 5.38 0.27
16 0.89 5.58 0.20
*These charts show 24-hr design storm hyetographs for peak 17 0.91 5.73 0.15
intensity for the 2070s planning horizon only 12 ggi ggi 815
20 0.96 6.03 0.09
21 0.97 6.11 0.08
22 0.98 6.18 0.07
23 0.99 6.24 0.06
24 1 6.30 0.06

VERSION 1.4 METHODS
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CLIMATE RESILIENCE DESIGN STANDARDS

PROJECTED RIVERINE DESIGN CRITERIA
TIERED METHODS

Tier 3 & 2 Projects — Page 2
Tier 1 Projects — Page 3

Version 1.4
DECEMBER 2024
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Tiered Method to Assess Projected Riverine Peak Discharge Criteria

For Tier 3/Tier 2 Projects

Given Standards Output from Tool: Projected 24-hour Design Storm for Recommended Planning Horizon (2030, 2050, 2070); Recurrence

Interval (5-yr, 10-yr, 25-yr, 50-yr, 100-yr, 200-yr, 500-yr)

Design storm hyetograph and Develop H/H model using standard
peak intensity for given modeling software (e.g., HydroCAD,
planning horizons SWMM, HEC-HMS/RAS)

Calibrate and validate H/H model using best

Determine extents of the
available data from observed storms

hydrologic/hydraulic (H/H) model domain
for the drainage basin/sub-basin that
includes the project area

Run future design storm hyetograph for
given planning horizon using the calibrated
and validated H/H model

Legends
Inputs
Calculation steps
Outputs

~===

Existing practice .

il

VERSION 1.4 METHODS
December 2024

From H/H model determine

future projected:

* Riverine peak discharge

* Riverine peak flood
elevation

Compare projected peak discharge result to
stream gage observations using the
Drainage Area Ratio method or other

accepted transposing method.

25



Tiered Method to Assess Projected Riverine Peak Discharge Criteria

For Tier 1 Projects

Given Standards Output from Tool: Projected 24-hour Design Storm for Recommended Planning Horizon (2030, 2050, 2070); Recurrence

Interval (5-yr, 10-yr, 25-yr, 50-yr, 100-yr, 200-yr, 500-yr)

Click on the “Link” next to “StreamStats

Go to StreamStats _ _
Gage page”. A new window will open

https://streamstats.usgs.gov/ss/

Note down the values for Riverine Peak

Zoom into Massachusetts and zoom to
level 9; click on the closest gauge
upstream of the project location. A pop-
up window will open

Discharge for given recurrence interval

Projected Riverine
Peak Discharge

Legends
Inputs
Calculation steps
Outputs

Lo |

Existing practice oo

il

VERSION 1.4 METHODS
December 2024

From stage discharge curve (rating curve),
note down the corresponding peak flood
elevation

Projected Riverine Peak
Flood Elevation

REFERENCE

Streamstats Gauge data: Zarriello, P.J., 2017,
Magnitude of flood flows at selected annual
exceedance probabilities for streams in
Massachusetts: U.S. Geological Survey Scientific
Investigations Report 2016, 5156, 99 p.

26
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CLIMATE RESILIENCE DESIGN STANDARDS

PROJECTED HEAT INDEX DESIGN CRITERIA
TIERED METHODS

Tier 3 Projects — Pages 2-9
Tier 2 & 1 Projects — Page 10

Version 1.4
DECEMBER 2024
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Tiered Method to Assess Projected Heat Index

Tier 3 Projects (Highest Level of Effort)

Given from Standards Output: Average Temperature for recommended Planning Horizon (2030, 2050, 2070); Percentile (50th, 90th)

Step 5: Calculate the 50" and 90t
percentiles of heat index per GCM per
year for the 30-yr averaging period around
given planning horizon

Step 3b: Projected
50th, and 90t
average temperature
for the
recommended
planning horizon and

Step 3a: Calculate
average relative
humidity of each
year per GCM, for
the given planning

Step 0: Download data from MACA' dataset horizon recommended return
for the following parameters for RCP8.5 period
using Group 12 GCMs
* rhsmax (Maximum Rel. Humidity)

Step 6: Calculate the average of all GCMs for
each of the 50" and 90t percentiles for
projected heat index for the 30-yr averaging
period around the given planning horizon

Step 4: Estimate heat index for given planning
horizon using the equation from NOAA?3, also
visualized in the following table from NOAA*

= i A NWS Heat Index Temperature (°F)
Step 1 Choose 30-yr averaglng perIOd 80 82 90 92 94 96 98 100 102 104 106 108 110 Step 6 Projected heat IndeX
around the given planning horizon O A 5 : :
g P g = for given planning horizon
2
3
5
=S
2
Legends :
Data Gathering ] REFERENCES | B
Calculation steps :] 1. Abatzoglou J.T. and Brown T.J. A comparison of statistical
’ oo p with F or Activity downscaling methods suited for wildfire applications, International
DeSIgn Cl'ltel'la O [0 Extreme Caution B Danger I Extreme Danger Journal of Cllmatology (2012), 32, 772-780

2. Applying Climate Change Information to Hydrologic and Coastal
Design of Transportation Infrastructure (NCHRP Project 15-61-
Final Report) by Kilgore et al., 2019
3. National Oceanic and Atmospheric Administration (NOAA).
2014. The Heat Index Equation.
https://www.wpc.ncep.noaa.gov/html/heatindex_equation.shtml
VERSION 1.4 METHODS 4. National Oceanic and Atmospheric Administration (NOAA).n.d. 28
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Tiered Method to Assess Projected Heat Index - Tier 3 Projects

(Step 0: Complete MACA data download)

* Go to https://climate.northwestknowledge.net/MACA/data_portal.php to download data from
Multivariate Adaptive Constructed Analogs (MACA) data portal

STEP 2

Products, Time
frequency, Variables

STEP 2 (..cont.)

Model, Emission
Scenarios, Time periods

STEP 1
Domain selection

STEP 3

Data download

selection selection
N e N
Step 0.1.1: Select “Rectangular Step 0.2.1: “"MACA Product” : Step 0.2.4: "CMIP5 Models™ : T U s BLRer
Subset” from “Domain” dropdown “MACAV2-METDATA” Check boxes for all the Group 1 Download file” on top right
i & J models from NCHRP report’
/ ( Step 0.2.2: “Time Frequency” : ) f \ Step 0.3.2: Open the text file
Step 0.1.2: A rectangle will \ “daily” to extract the downloaded data
appear on the interactive map. \ J Step 0.2.5: “CMIP5
Move the rectangle and place it Scenarios/Time Periods” :
around the project area. Increase / \ Check boxes for the following Step 0.3.3: Climate projection
or decrease the size of the parameters for .
rectangle based on the area you Step 0.2.3: “Variables” : Check o “RCP8.5” : “future RCP8.5 :::Z:a(r:eog\c/);vr? ItO:ed iﬁezsi::j eyth:
want to cover around the location. boxes for the climate parameters (2006-2099)” preferred file format for climate
Make sure that water body does relevant to the project for k J projection analysis
not cover more than 1/3 of your examples,
\grid. / o ‘rhsmax (Maximum Relative
- N Humidity)”
. g REFERENCES
Step 0'1':.," SeleCE, s ?f IRl o \ / 1. Applying Climate Change Information to Hydrologic and
downloading data f.rom Download Coastal Design of Transportation Infrastructure (NCHRP
L Format” dropdown list ) Project 15-61- Final Report) by Kilgore et al., 2019

VERSION 1.4 METHODS
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Download MACA Dataset

(Example: Project Area, and Download Format Selection)

Domain: Download Format:

| Bectangular Subset + | | netCDF data downloads ~ |
NE Cg|-ne;;|42_3311 |N: |_?-| 0472 |E |fiI95 of URLs for downloading data b |
SW comer|42.3210  |N,[-71.0556 [

. Map - o

Google

Map data 2020 Google Terms of Use  Report 8 map ermor

VERSION 1.4 METHODS 30
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Download MACA Dataset

(Example: Product, Time Frequency, and Variables Selection)

MACA PRODUCT VARIABLES
@
O MACAVE-LIVNEH (@) | Select Al || DeSelect Al |

) MACAVI-METDATA

® MACAvV2-METDATA [ huss (Specific Humidity)

[ pr (Precipitation)
rhsmax (Maximum Relative Humidity)

TIME FREQUENCY

(] rhsmin (Minimum Relative Humidity)

® daily [ rsds (Downwelling Solar Radiation)
© monthly [ tasmin{Minimum Air Temperature)
) Annual [] tasmax{Maximum Air Temperature)

) DJF(Dec-Feb .
(Dec-Feb) [ vpd (Vapor Pressure Deflcit)

) MAM (March-May)
) JJA [June-Aug)
) SON (Sept-Nov)

[ uas (Eastward Wind Component)
[ vas (Northward Wind Component)

VERSION 1.4 METHODS 31
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Download MACA Dataset

(Example: Group1!? GCM Selections)

CMIP5 MODELS

| Select All || DeSelect Al ‘
bee-csmi-1 (China)

bee-csmi-1-m (China)

[ BNU-ESM (China)

[ canESM2 (Canada)

CC5M4 (USA)

CNRM-CMS5 (France)
CSIRO-Mk3-8-0 (Australia)
GFDL-ESM2G [USA)

[ GFDL-ESM2M (USA)
HadGEM2-CC365 (United Kingdom)
[ HadGEM2-ES365 (United Kingdom)
inmem4 (Russia)

IPSL-CM5A-LR (France)

[ 1PSL-CMS5A-MR (France)
IPSL-CMS5B-LR (France)

MIROCS (Japan)

[ MIROC-ESM (Japan)

[ MIROC-ESM-CHEM (Japan)
MRI-CGCM3 (Japan)

REFERENCES

[ NorESM1-M (Norway) 1. Applying Climate Change Information to Hydrologic and
Coastal Design of Transportation Infrastructure (NCHRP
Project 15-61- Final Report) by Kilgore et al., 2019

VERSION 1.4 METHODS 32
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Download MACA Dataset

(Example: Emission Scenario (RCP8.5) and Time Selection)

RCE &85
[ rep8s (2008-2010)

(rep8s (2011-2015)

[ rep8s (2016-2020)

[ rep85 (2021-2025)

[ rep8s (2026-20230)

U rcp85 (2031-2035)

[ repas (2036-2040)

U rcp85 (2041-2045)

[ repas (2046-2050)

[ rep8s (2051-2055)

[ repas (2056-2060)

[ rep8s (2081-2085)

[ rep85s (2066-2070)

[ rep8s (2071-2075)

[ repas (2076-2080)

[ rep8s (2081-2085)

[ repa5s (2086-2000)

[ rep8s (2091-2095)

[ rcp8s (2096-2009)

future RCPS.5 (2006-2000 )
O future RCP8.5 (|2006 |-|2009 |)
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Tiered Method to
Assess Projected Heat Index - Tier 3 Projects

(Step 3 Example: Calculate the median max. temp. and median avg. rel. Humidity®)
Moakley Park, South Boston, MA

2070s Tasmax
Row Labels | M% of bec [Max of bee-| Max of [Max of crm| comoma el g, | Maxof |Max of 1PSLIMax of PSL| Max of |Max of MRL" "5 M
esmil-l | csml-1-m | CCSMA o5 inmem4| CM5ALR | CMSB-LR | MIROCS| CGCM3
7 (1] CC365 Temp
2060 104.5 393 999 g7.1 102.1 105.7 977 98.2 100.4 101.0 97 6 99,87
2061 96.4 1024 | 1020 99.1 102.0 105.0 393 101.0 1016 101.3 105.2 101.64
2062 922 1015 103.0 104 8 101.0 109.2 967 993 100.4 97.0 97.0 10043
2063 1014 103.2 | 1008 105.8 1018 1053 977 100.7 991 954 102.0 101.41
2064 101.2 102.5 101.1 102.9 104.0 106.5 97.9 102.3 96.7 102.7 96.7 - - - - - - - - - - RH
2065 8.0 1023 | 1012 368 1078 077 36 1020 988 1011 6.3 Average of | fYETENE | Avera(e | Averadle | Averafle o | Average | Averade | Averae | Average ) Average avg
YEAR of bce- |of CNRM-|of CSIRO-| HadGEM2- of of IPSL- | of IPSL- of of MRI- |MEDIAN OF
2066 100.6 1014 287 345 104.9 103.5 99.7 102.6 103.3 35.5 37.6 DecoanT] Moyl e evy=yeg el Al e ) B T e el A1 L GO
2067 99 4 101.6 101.9 96.9 107.8 102.9 96.7 97 6 101.8 100.0 98 2 - o - i .
2068 100.0 1018 99.2 1017 105.1 109.6 97.2 105.0 9.1 100.7 983 2060 78.5 79.2 794 78.7 767 789 794 74.6 791 79.2 79.0
2069 103.3 102.0 100.0 104.7 102.1 101.2 102.0 101.9 100.0 101.4 96.7 2081 79.5 78.6 79.2 81.2 75.9 80.3 76.7 777 76.9 77.8 78.2
2070 1019 1018 | 1042 1036 101.1 107.7 548 104.2 100.5 985 105.2 2062 795 79.4 79.2 80.1 76.5 B0.6 76.6 77.2 78.9 79.4 79.3
2071 1028 103.3 100.5 105.3 987 108.1 95.2 99.2 100.6 104.1 100.9 2063 79.6 80.1 76.8 79.6 75.1 75.2 77.2 77.2 77.8 796 78.0
2072 941 1080 | 103.1 972 103.7 104.7 338 100.6 103.2 1034 98.1 2084 76.5 777 78.6 791 76.0 705 76.0 77.8 776 70.2 77.7
2073 105.8 1008 | 1045 103.4 103.1 111.8 925 102.6 101.0 102.6 98.1 5065 704 76.0 707 776 741 70.4 76.2 777 750 780 77.8
2074 102.5 989 104 4 9895 107.7 107 .6 996 100.1 104 0 100.0 104 6 2066 796 796 203 799 746 7049 T6.6 773 789 785 793
2075 102.5 101.0 1047 102.4 106.1 109.6 933 1029 977 1015 0982 2057 795 783 793 783 765 302 756 786 780 786 754
2076 102.0 101.2 | 1027 103.2 101.9 106.4 3.1 99.1 102.6 100.8 9E5 5065 791 504 783 757 758 209 750 756 793 790 787
L L e 20 £ O 20 2 £ A
: - : - : : : : : : : 2070 79.0 78.4 77.9 78.0 76.5 79.1 746 77.6 78.3 80.2 78.1
2079 101.2 102.5 102.2 989 98 3 105.7 986 103.2 102.3 105.2 977
2080 104.1 1009 | 1036 102.3 104.8 109.1 974 104.5 102.6 103.0 986 gg;; ;g'f ;g'g ;g'g ?g'g ;g'? ;g; ;;; ;gg ;;1 ;g'; ;;'g
2081 104.3 104.5 1049 103.2 104 8 1137 986 104.2 100.1 98 7 96.3 : : : : - - : : : : :
2082 103.8 1029 | 1021 1034 1044 1128 959 103.1 1020 1005 1009 2073 774 78.2 776 78.9 76.6 79.5 747 75.9 773 764 773
2083 100.3 97.9 1029 98.8 101.2 112.0 35.5 1026 102.5 100.0 100.0 2074 80.0 80.9 80.3 /6.9 744 80.1 76.7 78.5 769 79.5 782
2084 1015 1034 | 1032 373 102.1 104 6 395 106.0 1025 582 578 2075 78.8 80.2 79.3 78.8 747 787 71 75.8 774 78.3 78.5
2085 102.6 1016 | 1048 985 1009 1129 339 109.2 101.3 1024 96.9 2076 79.5 794 772 79.7 75.0 79.5 76.3 71 772 8.7 78.0
2086 105.1 1048 | 1072 97.1 1048 1125 98.7 105.8 102.3 997 1022 2077 7.5 79.7 78.0 79.1 75.5 80.3 75.9 75.4 79.8 78.9 78.5
2087 96.9 1039 | 1002 96.8 103.3 109.7 102.6 107.3 101.3 105.1 97.4 2078 79.2 811 773 791 57 80.2 755 76.0 LR 80.0 785
2088 102.4 102.8 105.3 101.3 103.6 1116 99.4 106.4 102.0 100.7 100.6 2079 78.9 778 79.4 81.2 76.4 80.1 777 76.1 77.1 78.0 779
2089 108.0 1050 | 1075 101.8 110.3 105.1 919 105.6 1075 1055 1017 2080 774 80.8 77.6 817 735 77.6 75.9 77.1 76.5 78.1 77.5
2081 779 78.8 78.3 78.6 74.2 79.6 73.9 74.8 76.5 79.4 78.1
*These charts show calculations for the 2070 planning 2082 79.3 78.6 76.9 80.3 75.5 800 | 786 75.3 76.7 | 807 78.6
. 2083 787 795 79.0 7948 743 792 744 76.0 791 79.0 79.0
horizon only 2084 774 80.5 78.3 79.6 76.3 79.9 76.3 748 79.2 79.1 75.7
2085 79.8 791 7.2 81.9 75.8 79.1 73.9 78.0 76.2 801 785
2086 78.9 77.8 80.2 79.3 74.0 78.6 73.9 787 76.5 79.1 78.7
2087 807 801 7a.4 805 752 815 762 T78.6 785 785 786
VERSION 1.4 METHODS 2088 80.3 80.3 77.9 78.4 75.8 704 74.9 76.0 787 pATSA 78.4
December 2024 2089 774 79.5 7T 78.9 75.1 79.2 75.1 78.8 LA 78.1 779




Tiered Method to
Assess Projected Heat Index - Tier 3 Projects

(Step 4: Calculate heat index per year based on the NOAA Heat Index Eqn.)*
Example: Moakley Park, Boston

2070s Data
Vear RHavg Median off Median Max of {AFE'EEPL'F";;:A
Al GCMs Max-Temp
HI = -42.379 + 2.04901523*T + 10.14333127*RH - Eqn.)
.22475541*T*RH - .00683783*T*T - .05481717*RH*RH + 2060 79 100 158
.00122874*T*T*RH + .00085282*T*RH*RH - 2081 78 102 164
.00000199*T*T*RH*RH — = Lk =
2084 78 102 166
h 2085 78 101 1680
where, 2088 72 101 160
HI = Heat Index ig:;’ ;3 :E‘: :::E
T = Temperature (tasmax) 2089 78 102 164
2070 78 102 185
RI = Relative Humidity (average rhsmax)
10th percentile 78 100 158
50th percentile 78 102 L1688 |
80th percentile 78 104 177

*This chart shows calculations for the 2070 planning
horizon only
VERSION 1.4 METHODS

December 2024
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Tiered Method to Assess Projected Heat Index

Tier 2 and Tier 1 Projects

Given from Standards Output: Average Temperature for recommended Planning Horizon (2030, 2050, 2070); Percentile (50th, 90th)

Step 1: Use baseline value of the historical
average heat index

Step 2: Apply percent increase® to historical
average values based on given planning
horizon

Planning Horizons Increase

Mid-Century (2030s, 2050s) 13%

Late-Century (2070s, 2090s) 36%

Legends
ga;(a (IBathering — Step 3: Projected heat index for
alculation steps [} given planning horizon
Design Criteria REFERENCES
d <O 5. Percent Increase data based on Climate Change
Vulnerability Assessment (November 2015) report for
City of Cambridge, MA (Table 2, pp. 23)
VERSION 1.4 METHODS 36

December 2024



Scientific WG (2)

		This worksheet presents recommended data sources and methodologies by climate hazard and Tier. These are draft recommendations intended to elicit feedback and discussion from stakeholders. Working Group participants should recommend alternative methodologies as applicable, or share examples of related methodologies/case studies being tested in other projects



		Heat		Data Sources & Methodologies						Design Criteria recommended for				Design Criteria recommended for

		Criteria/Parameter		Tier 1 - High Level of Effort		Tier 2 - Average Level of Effort		Tier 3 - Low Level of Effort		Project Type		Project Location		Project Type		Project Location 

		Annual/summer/winter average temperature		ResilientMA.org						All projects  		All locations		All projects  		All locations

		Summer Heat Index		Downscaled GCMs (from resilientMA.org or LOCA dataset)		Percent increase to historic maximums  based on City of Cambridge Climate Change Projections Report		Historic maximums from nearest weather station data		All projects  		All locations		All buildings and infrastructure projects, open space projects		All locations

		Days per year with max temperature > 90oF		ResilientMA.org						All projects  		All locations		All projects excluding coastal ecosystems, open space projects		All locations

		Days per year with max temperature > 90oF								All projects  		All locations		All buildings and infrastructure projects		All locations

		Days per year with minimum temperature < 32oF								All projects  		All locations		All buildings and infrastructure projects		All locations

		Number of heat waves per year		Downscaled GCMs (from resilientMA.org or LOCA dataset) and analysis		Percent increase to number of historic heat waves from nearest weather station data		Number of historic heat waves from nearest weather station data		Building/Facility and Infrastructure Projects		All locations		All buildings and infrastructure projects, open space projects		All locations

		Average heat wave duration (days)								Building/Facility and Infrastructure Projects		All locations		All buildings and infrastructure projects, open space projects		All locations

		Cooling degree days (base = 65F)		ResilientMA.org						Building/Facility Projects		All locations		All buildings projects		All locations

		Heating degree days (base = 65F)								Building/Facility Projects		All locations		All buildings projects		All locations

		Heating dry bulb (99.6% and 99%) temperature 		ASHRAE with zone analyses				ASHRAE		Building/Facility Projects		All locations		All buildings projects		All locations

		Cooling dry bulb and mean coincident wet bulb  (1%) temperature 								Building/Facility Projects		All locations		All buildings projects		All locations

		Growing degree days 		ResilientMA.org						Natural resources projects		All locations		All natural resources projects excluding coastal ecosystems		All locations

		Maximum surface temperature						MAGIC



		Energy load or peak load (MW)
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Sheet2

		Planning Horizons		Increase 

		Mid-Century (2030s, 2050s)		13%

		Late-Century (2070s, 2090s)		36%





Scientific WG

		This worksheet presents recommended data sources and methodologies by climate hazard and Tier. These are draft recommendations intended to elicit feedback and discussion from stakeholders. Working Group participants should recommend alternative methodologies as applicable, or share examples of related methodologies/case studies being tested in other projects



		Heat		Data Sources & Methodologies						Design Criteria recommended for

		Criteria/Parameter		Tier 1 - High Level of Effort		Tier 2 - Average Level of Effort		Tier 3 - Low Level of Effort		Project Type		Project Location

		Annual/summer/winter average temperature		ResilientMA.org						All projects  		All locations

		Summer Heat Index		Downscaled GCMs (from resilientMA.org or LOCA dataset)		Percent increase to historic maximums  based on City of Cambridge Climate Change Projections Report		Historic maximums from nearest weather station data		All projects  		All locations

		Days per year with max temperature > 90oF		ResilientMA.org						All projects  		All locations

		Days per year with max temperature > 90oF								All projects  		All locations

		Days per year with minimum temperature < 32oF								All projects  		All locations

		Number of heat waves per year		Downscaled GCMs (from resilientMA.org or LOCA dataset) and analysis		Percent increase to number of historic heat waves from nearest weather station data		Number of historic heat waves from nearest weather station data		Building/Facility and Infrastructure Projects		All locations

		Average heat wave duration (days)								Building/Facility and Infrastructure Projects		All locations

		Cooling degree days (base = 65F)		ResilientMA.org						Building/Facility Projects		All locations

		Heating degree days (base = 65F)								Building/Facility Projects		All locations

		Heating dry bulb (99.6% and 99%) temperature 		ASHRAE with zone analyses				ASHRAE		Building/Facility Projects		All locations

		Cooling dry bulb and mean coincident wet bulb (0.4%, 1% and 2%) temperature 								Building/Facility Projects		All locations

		Growing degree days 		ResilientMA.org						Natural resources projects		All locations

		Maximum surface temperature						MAGIC



		Energy load or peak load (MW)
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Case Study WG



		Different asset types require different parameters for design critiera. The project team is proposing using asset type and location to identify suggested design criteria for the application of the climate resilient standards. There may be other qualifiers that inform if a design criteria is applicable for a project. This list is draft and intended to solicit stakeholder feedback.  



		Heat		Asset Type - Design Criteria Applicability										Design Criteria recommended for

		Criteria/Parameter		Building & Facilities		Infrastructure		Natural Resources		Project Location		Other Qualifiers		Project Type		Project Location 

		Annual/summer/winter average temperature		All projects		All projects		All projects		All locations				All projects  		All locations

		Summer Heat Index		All projects		All projects		All projects		All locations				All buildings and infrastructure projects		All locations

		Days per year with max temperature > 90oF		All projects		All projects		All projects		All locations				All projects excluding coastal ecosystems		All locations

		Days per year with max temperature > 90oF		All projects		All projects		All projects		All locations				All buildings and infrastructure projects		All locations

		Days per year with minimum temperature < 32oF		All projects		All projects		All projects		All locations				All buildings and infrastructure projects		All locations

		Number of heat waves per year		All projects		All projects				All locations				All buildings and infrastructure projects		All locations

		Average heat wave duration (days)		All projects		All projects				All locations				All buildings and infrastructure projects		All locations

		Cooling degree days (base = 65F)		All projects						All locations				All buildings projects		All locations

		Heating degree days (base = 65F)		All projects						All locations				All buildings projects		All locations

		Heating dry bulb (99.6% and 99%) temperature 		All projects						All locations				All buildings projects		All locations

		Cooling dry bulb and mean coincident wet bulb (0.4%, 1% and 2%) temperature 		All projects						All locations				All buildings projects		All locations

		Growing degree days 						All projects		All locations				All natural resources projects excluding coastal ecosystems		All locations
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