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Seamless flooding (BFE)/wind and CERI maps for coastal
and inland waters of state of RI, that explicitly consider the effects of
climate change (sea level rise -coastal and increased precipitation -
inland).

Maps embedded in risk assessment and permitting system for
communities and state agencies (RI CRMC, DEM, DOT, etc.) and land use
planning that meet current national design standards.

Maps and tools publicly available, maintained, simple to use and
understand, and routinely upgraded.
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STORMTOOLS for Beginners ~ Advanced STORMTOOLS  RI CRMC Coastal Hazard Application =~ STORMTOOLS Design Elevation (SDE)  More~

< Inland STORMTOOLS D>

Coastal Environmental Risk Index (CERI)

€911 Exposure Assessment

STORMTOOLS

RI Shoreline Change Special Area Manangement Plan

https://stormtools-mainpage-crc-uri.hub.arcgis.com/

STORMTOOLS is a method to illustrate and display storm inundation, with and without sea level rise, for

different types of storms that could occur along Rhode Island's coast line.

https://stormtools-mainpage-crc-uri.hub.arcgis.com/#
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RI Coastal Resources Management Council

{0 preserve, protect, develop, and restore coastal resources for all Rhode Islanders

{
N

NSNS

RI CRMC News Topics~ Wind Energy ¥ Aquaculture Publications ¥ Regulations ¥ Applications ¥ Maps About CRMC Contact Us Permit Database

Coastal Hazard Application

Welcome to the RICRMC Coastal Hazard Application WORKSHEET and ONLINE VIEWER!

Please download and print the RICRMC Coastal Hazard Application WORKSHEET from the link below, and use the ONLINE VIEWER to access the
maps and other information required for completion of the WORKSHEET.

v = o X
M Inbox - spaulding@uriedu - Uni. X | & New Tab X @ Rricr astal Hazard VIEWEl X +

c e % » 0@ :

< (¢ & crc-uri.maps.arcgis.com/ap 2x.htmi?appid=cea05 bedea67183b0cc89

RI CRMC Coastal Hazard VIEWER - UPDATED 3/28/2022 Astorymap 1 W &

Do | need to complete the RICRMC
Coastal Hazard WORKSHEET?

To determine if your project must complete the RI CRMC Coastal
e 3 - 5 _ Hazard WORKSHEET, refer to Section 1.1.6 (1), Page 59 of the
Coastal Hazards Application Interactive Worksheet (PDF) Coastal Hazards Application C  Rnode island Coastal Resources Management Program, online at:
http://www.crme.ri.gov/regulations/RICRMP.pdf

Year 2030 2040 2050 2060 2070 2080 2090 2100 » Introduction
SLR 0.71 111 160 229 347 419 535 647

0O © O O O O O O

Source: Sea Level Rise (SLR) Projections (Feb. 2022). NOAA High Curve, Newport, Rl Tide Gauge. All values are expressed in feet relative to NAVDSS. https:// » Step 1: Project Design Life
sealevel.nasa gov/task-force-scenario-tool?psmsl_id=351

NOTE: The present National Tidal Datum Epoch (NTDE) is 1983 through 2001. The NOAA 2017 data use a baseline starting at 2000, and
the NOAA 2022 data use a baseline starting at 2020. Between 1991 and 2020 there was an annual average of 4.03 mm/year of sea level
rise at the Newport (8452660) tide station based on the trends dafa from the Permanent Service for Mean Sea Level
(httos:/fwww.psmsl.org/productsitrends/). Because the PSMSL frends are based on a minimum 30 years of data we will assume a
similar trend applies to the shorter 20 year period of 2000 to 2020. Thus, there was approximately 8.06 cm (3.39 inches) of sea level
rise during the period 2000 to 2020. Accordingly, the MHHW elevation of 3.85 feet at the Newport station (Epoch 1983-2001) would
be adjusted an additional 3.39 inches to 4.13 feet MHHW. For reference, NAVD8S at Newport is 2.04 feet.

» Step 2: Site Assessment A et

~ { £ > ! \ ¢
Step 3: STORMTOOLS Design Elevation f { t z‘ V3 é

(SDE) N A fvd ~
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STORMTOOLS Coastal Environmental Risk Index Rl Shoreline Change SAMP
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Develop an app that will provide access to coastal flood
risk and associated damages for a user selected structure in RI.

Structure Types

e

t
-

§iu2eaghianun

&

Cards‘EOF;de - Sk SO 3 : Structure Details W
Mg { £ . e 2 .

1A: Apartment
2A: Commercial - Engineered
3A: Commercial - Pre/Non Engineered
-- Results -- ' 4A: Urban High Rise
4B: Beach High Rise
/ﬁ‘ CERI: 5A: Single-Story Residence, No Basement
B — 5B: Two-Story Residence, No Basement
Most Likely Damage: 72.76 % (Surge) 6A: Single-Story Residence with Basement
6B: Two-Story Residence with Basement
StormTools BFE: 16.47 ft 7A: Building with Open Pile Foundation
AandV Zone: A-Zone 7B: Building with Enclosed Pile Foundation
9A: Not Defined

? Site Information:

Map Unlocked Coordinates: 41.3745°N, -71.5430°W @ 4.18 ft

(NAVD 88) RS

First Floor Elevation (relative to grade): 0 ft First Floor Elevation (relative to grade): O ft

Sea Level Rise Scenarios

Map Locked

-- Results --

A\ CERI:
Most Likely Damage: 72.7

StormTools BFE: 16.47 ft
A and V Zone: A-Zone

? Site Information:

Coordinates: 41.3745°N, -71.5430°W @ 4.18 ft
(NAVD 88)

First Floor Elevation (relative to grade): O ft

-- Results --

76 % (Surge
StormTc BFE: 16.47 ft
A and V Zone: A-Zone

FEMA BFE (2017): 12 ft
FEMA Flood Hazard Area: AE

? Site Information:

First Floor Elevation (relative to grade): 0 ft

e Environmental Scenario:

Recurrence Interval: 100 yr

Sea Level Rise: 2 ft
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Town of Warren, RI

00-year storm | +2 feet sea levelrise
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Town of Warren, Rl

W

100-year storm | +5 feet sea level rise
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ASCE 7-22 Flood Standards Upd
(May 2023)

Updated ASCE 7-22 standard now available | ASCE

New ASCE 7-22 supplement on flood loads now available as
free download | ASCE

New flood standard requires
ASCE 7-22 class II (residential
homes) to use 500 yr FEMA FIRM
flood maps (for class (I, III, & IV)
structures, mean return
intervals(MRI) are 100, 750, and
1000 T, respectively) and to
consider sea level rise(SLR) over
the design life of the structure.

WWTEF, AST(?) - Class III - 750
YI.


https://www.asce.org/publications-and-news/civil-engineering-source/article/2021/12/02/updated-asce-7-22-standard-now-available
https://www.asce.org/publications-and-news/civil-engineering-source/article/2023/06/01/new-asce-7-22-supplement-on-flood-loads-now-available-as-free-download
https://www.asce.org/publications-and-news/civil-engineering-source/article/2023/06/01/new-asce-7-22-supplement-on-flood-loads-now-available-as-free-download

New standard for flooding is 500 yr (0.2%, X event) for Class II (residential
structures), includin ad?ustment for sea level rise (SLR). For other
classes: Class I (warehouse), III (apartment bldg.), and IV (hospital) - 100,
750, and 1000 yr, respectively,. WWTF and AST qualify as Class III.

Current FEMA flooding maps show 1 and 0.2%, (X zones) but don'’t provide
BFEs for 0.2% or higher return periods case, just show surge levels. Need
to add SLR and determine wave conditions.

X zone values are available from FEMA Flood
Insurance Studies(FIS) but show significant
spatial inconsistencies in Narragansett Bay

Work in progress to generate SDE maps 500 and 750 yr
with SLR for state. (FEMA BRIC 2024 funded).

P OLLCBACBE ~ecaw 2N



FEMA Policy: Federat Flood Risk ===

S Management Standard (FFRMS)
FEMA Policy 206-24-005 (effective: Sep 9, 2024)

C. DETERMINATION OF THE FFRMS FLOODPLAIN

Outcome: Explain how FEMA determines the appropriate vertical flood elevation and
corresponding horizontal FFRMS floodplain under this policy.

FFRMS flood elevations and corresponding FFRMS floodplains are determined using one

of the three different approaches described below:

a. Climate-Informed Science Approach (CISA): The elevation and corresponding
horizontal floodplain that result from using the best-available, actionable hydrologic and STORMTOOLS
hydraulic data and methods that integrate current and future changes in flooding based
on climate science.

b. Freeboard Value Approach (FVA): The elevation and corresponding horizontal
floodplain that result from using the freeboard value, reached by adding 2 feet to the
base flood elevation (BFE) for non-critical actions (+2' FVA) and from adding 3 feet

to the BFE for critical actions (+3’ FVA).

c. 0.2-Percent-Annual-Chance Flood Approach (0.2PFA): The area subject to flooding by
the 0.2% AC flood.

https://www.fema.gov/floodplain-management/intergovernmental/federal-flood-risk-management-
standard ?utm_campaign=GR-2024-7-12-TWiW%20Email%2oShort&utm_medium=email&utm_source=Eloqua



2023 — 2026 Inland STORMTOOQLS, enhanced rainfall rates (1 yr progress
presentation, Dec 11, 2024).

2024-2027 Extension of STORMTOOLs to include compound flooding
and wind damage in Bristol and Newport Counties.

2024-2026 Update SDE maps to 500 yr flooding level with sea level rise in
compliance to updated ASCE 7-22 flood design standards.

FEMA BRIC funding(3 projects): 2022 -2023: $976,488
Inland STORMTOOLS requested by RI DEM & CRMC (2022).
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Seamless Flood Risk Mapping Tools for Coastal and Inland Waters of Rl in a
Changing Climate: Inland STORMTOOLS

T, .. _— PR S .
Project Team: Thanks to
Dr. Reza Hashemi (Pl) * Rae-AnneT. Culp
Dr. Malcolm Spaulding (Senior Advisor) : Mitigation Planning Supervisor & State Hazard Mitigation Officer at the i
Dr. Chris Baxter (Co-Pl) Rhode Island Emergency Management Agency.

Chris Damon (EDC)
Arash Rafiee (Ph.D. Student)

ELYLYW
Stakeholder Outreach and Engagement:
Eliza Berry (CRC)

Pam Rubinoff (CRC)

X Ot L — Im

e Gardner Bent
USGS-New England Water Science Center.

* Dr. Mehrshad Amini
Assistant Professor at the University of Rhode Island

* Rl Coastal Resources Management Council (RI CRMC)

" Contact:

e State of Rhode Island, Department of Environmental Management
(RIDEM)

reza_hashemi@uri.edu (Reza Hashemi)
eliza.berry@uri.edu (Eliza Berry)
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How does a change in rainfall-with-a-100/500-year-return

period affect the FEMA flood zone maps?

Future 1 Percent
Annual Chance

‘ Water Table




Inland Flood Modeling Framework
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Providence

* USGS-National Watershed Boundary
Dataset (WBD)

CUMBERLAND

Watershed Area Based on HU12
Woonasquatucket 132.5 km* -50
River smi
, 59.7 km*- 23
Moshassuck River . 1 Area of Study

smi

Rivers

31.2

Peak Flowrate Percentage Increase ‘
Kilometers

Precipitation Hydrologic Previous  Theoretical
Increase Model Work Analysis

Period 71°50'W 71°39'W 71°28'W 17'W

2010-2039 26.9% 37.0% 45.0 % 42.0 %
Jones, K.A., Niknami, L.S., Buto, S.G., and Decker, D., 2022, Federal standards

2040-2069 34.3% 50.0 % 50.0 % 47.0% and procedures for the national Watershed Boundary Dataset (WBD) (5 ed.):

2070-2099 45.2 % 65.0 % 55.0 % 75.0 % U.S. Geological Survey Techniques and Methods 11-A3, 54 p.,
https://doi.org/ 10.3133/ tm11A3.




Inland STORMTOOLS

100yr Event, Precipitation...

Heritage
Park

100yr Event, Precipitation...

} I
Watershed Boundary, HUC12

D

Use Land Cover, 2020
Category
Agricultural Land
Barren Land
Brushland
Commercial and Services

Forest Land

Industrial and Commercial
Complexes

Institutional

Mines, Quarries and Gravel

Inland STORMTOOLS

100yr Event 100yr Event, Precipitation...

Heritage
Park

MassGIS, Esri Canada, Esri, HERE, Garmin, USGS, NGA, EPA, US|

DA, NPS

/
Watershed Boundary, HUC12

B

SSURGO Soils, 2020
Hydologic Group
. High Infiltration, Low Runoff
Moderate Infiltration, Moderate Runoff
Slow Infiltration
Very Slow Infiltration, High Runoff

Not Rated

URI EDC, RIGIS, USDA-NRCS, USGS and EPA along with other federalr,' state and local agencies. Powere}



Intensity-Duration Curves

Duration 24 (hrs)
2010-2039 +27.3%
2040-2069 +33.3%

~. 2070-2099 +45.5 %

2
=
v
=
i)
=
=]

7.65 In ->10.3 in

12
Duration (hrs)

Projected Change in Annual Precipitation

Scenario for 100-yr
Historical Events (Atlas 14)
2010-2039
2040-2069
2070-2099

Change in Annual Precipitation (%)

<=20-15 =10 =6 0 & 10 =15

Projected Changes In Total Annual Precipitation
Sources:

DeGaetano, A. T., Castellano, C. M., & Center, N. R. C. (2015). Downscaled projections of NOAA State Climate Summaries

extreme rainfall in New York State. Northeast Regional Climate Center, New York.

North Carolina Institute for Climate Studies (NCICS). (2024). Rhode Island state
climate summary. Retrieved December 8, 202
https://statesummaries.ncics.org/chapter/ri/
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Number Name Latitude Longitude

1 North Burial Ground 41.8499 -71.4081
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3 ST Francis Cemetery 41.8646 -71.4092




Rhode Island Floodplain Viewer
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> Determine BFE for 500 yr SLR 0

Storm Surge Wave Crests

Wave Crest Height (feet)




Issues of Concern

No support for maintenance, operation, and outreach of STORMTOOLS
since 2021. URI bearing burden of keeping system operational, not
sustainable.

Typical expenses: 35- 40 k per yr.

RI CRMC and RI DEM committed to support operation/maintenance for
FEMA BRIC 2022 Inland STORMTOOLS project.

STORMTOOLS currently operational using ArcGIS API JavaScript. This
software will no longer be available in 2025/2026. Need to transition to
new system. System will no longer function by Q4 2025/Q1 2026.



For coastal areas (RI CRMC f'urisdiction) STORMTOOLS Design Elevation
Maps(SDE), 100 yr with sea level rise(SLR). (500 yr, with SLR maps in progress).
No mention of winds.

SDE/CERI embedded in RI CRMC Coastal Hazard app (risk assessment portion
of permitting system) but not in inland permitting system.

Most communities use FEMA FIRM maps to assess flooding risk for 100 and 500
yr return periods. FEMA FIRMS have NO provisions for climate change effects:
sea level rise and enhanced participation.

ASCE 7-22 (flood supplement #2, updated May 2023) requires 500 yr for
residential structures and adjustments for sea level rise, but not yet adopted by
RI Building Commission.

RI Building Code(RIBC) uses 2018 standards and does not reflect most recent
International Building Code (IBC) design standards nor ASCE 7-22 updates.



< Cc 25 southkingstownri.gov/419/Building-Permits

SO UTH KINGSTOWN Government Services Community Business How Do ... ﬂ u How Can We Help You?

Building Code Appeal
Form (PDF)

Home > Government > Departments > Building_Inspection & Zoning > Building

Permits ContaCt US

Building Permits
oy 7 & Building, Zoning &
FEMA Flood Bu11d1ng Permits Code Enforcement

Insurance Rate Maps
Calendar (FIRM) Click on the image below to access the online E-Permitting Portal

Email

Physical Address

State of Rhode Island

Inspections 180 High Street
E-Perm|t'[|ng Portal Wakefield, RI 02879
Special Use Permit /
Variance Application Phone: (401) 789-9331
(PDF) x1225
Permit Requirements

Superior Court o Permit Requirements and Permit Exemptions Iamie Gorman
Appeal of ??nlng o Requirements - Accessory Stuctures Building Official & Zoning
Board Decision o Requirements - Additions Enforcement

o Requirements - Alterations Phone: (401) 789-9331
Zoning Enforcement e

o Requirements - Commercial New, Addition or Renovation By Select Language v

Officer Decision

o Requirements-Demolition Permit
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HIGHER RESISTANCE
94 4% E State adopts the 2018 edition of the International Building Code (IBC)

State adopts the 2018 edition of the International Residential Code (IRC)

Note: State is not fully resistant because some jurisdictions with high fiood risk do not participate in
the NFIP and Portsmouth has introduced local amendments that weaken IRC hurricane resilience
with a lower design wind speod (100 mph) in Table R301.2{1) than the model code requirement for
Portsmouth based on ASCE 7-17 (115 mph).
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Commonwealth adopts the (outdated) 2015 IBC and weakens flood resistance by deleting all u g O e [ ] 2 O 1

o references to Coastal A Zone Standards as referenced in ASCE 24-14, Flood Resistant Design and
0.0% Construction
Commonweaith adopts the (outdated) 2015 IRC and weakens flood resistance by removing the
Coastal A Zone freeboard requirements, and weakens hurricane resistance by defining Windborne

(&) 2%  stantec.maps.arcgis.com/apps/Map! index htmi?appid=a053ac48343c4217ab4184bc8759¢350

RHODE ISLAND National Building Code Adoption Tracking Portal AstoryMap K1 W &

LOWER R TANCE select tabs below for jurisdictional building code adoption status organized by hazard
State adopts the 2018 I1EC but weakens wind resistance by replacing all model code wind figures

with Rhode Island Table 1608 1, which specifies design wind speeds for Jamestown that are less
conservative than the model code, and which removes Jamestown from the windborne debris Combined Hazards Flood Hurricane Seismic Tornado Damaging Wind Mutual Ald - IMAS Mutual Aid - EMAC
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State adopts the 2018 IRC but weakens ficod resistance by removing "most restnictive flood
hazard area” language from R322.2 1 State weakens hurricane resistance in R301.2.1 1 by ZaI‘d NOtES Rhode Island
weakens flood

¥
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allowing old ICC standard SSTD 10, Hurricane Resistant Construction Standard, to be used vt bl b
instead of current standard ICC 600, Standard for Residential Construction in High-Wind Regions, IRC, respectively,

ffe
and by not requiring cold-formed steel structures to conform to American Iron and Steel Institute ::1:;1./23‘;‘2"

$230. Standard for Cold-Formed Steel Framing - Prescriptive Method for One and Two Family and are

Dwellings in wind-design-required locations. And in R201.2 1 2, state further weakens hurricane Y e resistance in the 2018
resistance: (1) by applying protection of openings to Wind Zone 3 only, rather than the whole previous editions

2 2 N - » were based on the
windborne debris region, (2) by changing “openings” to “windows.” and (3) by excluding garage 2015 1BC and the
doors. 2015 IRC,
respectively, and
S . were effective

Y from 8/1/2019 to
2/1/2022.

IRC by striking the
"most restrictive
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Flood Hazard Rhode Island
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Learn more at fama. gov/BCAT February 2024 3 Code Link 1

State Bullding

Code Link 2
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https://www.fema.qgov/sites/default/files/documents/fema fy24-bcat-region-1-report.pdf



https://www.sos.ri.gov/divisions/Open-Government/State/rules-and-regulations/building-and-fire-codes
https://www.fema.gov/sites/default/files/documents/fema_fy24-bcat-region-1-report.pdf
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* Improve multi-modal freight and landside connections to ports to strengthen
the entire freight system and reduce congestion that is costly to industries,
local governments, and the state’s economy when moving goods.

* Increase in-state capacity for electricity generation to improve supply, reduce
costs, ease regional market effects, and recoup expenses by supporting
renewable power generation with financial incentives, regulations that
promote growth, and industrial/logistics resources.

state of good repair for bridges and advocate for additional long-term federal
and state funding programs for infrastructure to deliver consistent, reliable
funding that is adjusted for inflation.

* Continue to support the RhodeWorks plan and its emphasis on reaching a
ﬂ
y

!_ * Continue to develop infrastructure resiliency plans that address natural
[ disasters and man-made extreme events. Incorporate the impacts of climate
% variations (sea level rise, extreme storm events) into the design, operation,
| 3 ? E @
maintenance, and expansion of all types of infrastructure to improve
community resilience = reducing the time and extent that households,
businesses, and critical services in Rhode Island are affected during and after
natural and man-made disruptions.

* Mainstream tools for data-driven decision-making across all of Rhode Island’s
infrastructure sectors, including asset management software, life-cycle cost
analysis, and affordable rate structuring.

Pivot new construction, rehabilitation, and post-disaster rebuilds towards the
use of consensus-based codes, specifications, and standards.
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Infrastructure
Matters

Good infrastructure is among the key elements that contributes to a high quality of
life. From our roads, bridges, ports, and rail, which impact our ability to move people
and cargo; to our drinking water and wastewater, which impact the health of our
residents and businesses; to our energy sources, which power our daily lives - Rhode
Island’s infrastructure is essential to supporting the needs of those who call it home or
are welcomed to its shores. While many Rhode Islanders might not think about
infrastructure every day, Rhode Island’s civil engineers do! We work hard to build and
maintain our infrastructure systems for the public’s health, safety, and welfare.

As a state with a significant coast line, Rhode Island must adequately invest in its
critical infrastructure, such as wastewater facilities, drinking water systems, and port
structures, to ensure they can protect the natural environment and withstand sea
level rise and impacts from extreme weather events, In addition, Rhode Island has
been challenged by underinvestment in roads and bridges, leading to structural
deficiencies. However, leaders in the state are addressing these challenges head on,
by prioritizing investment in roads and bridges to improve safety and reliability.
Beyond mitigation, Rhode Island looks to the future by proactively improving its rail
systems and maintaining its leadership in the growing renewable energy industry.




RI DEM 100 yr FEMA FIRM plus SLR, 2 and 3 ft offset,

Noncritical/critical component. SnEWPCC WHAT'S NEW in the Revised Edition
. IR e ceson mienin
(NEIWPCC 2016 guidance standards) T P P

ASCE 7-22 Risk Category Il, 500 yr plus SLR
Risk Category Ill, 750 yr plus SLR

Example: NBC Facility Fields Point:

FEMA 100 yr - BFE,

SDE 100 yr - 18 ft BFE

ASCE: FEMA 500 yr - surge only
SDE: 500 yr - 21.2 ft BFE

SDE: 750 yr — surge only

STORMTOOLS Design Elevation (SDE) RI Shoreline Change SAMP
100yr, SLRO  100yr, SLR2 100yr,SLRS  100yr, SLR7  100yr, SLR10

Home v STORMTOOLS Design Elevation (SDE), SLR3

Stormtools Design Elevation (feet
NAVDS88)
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— Design Standards: Above Ground Storage Tanks

* RI DEM No flooding standards, containment of 110% of content
for largest tank in the field, no monitoring of berm
structures.

; ' ASCE HAZARD TOOL
® ASCE 7-22 Risk Category Il, 500 yr plus SLR

Risk Category Ill, 750 yr plus SLR

REPORT SUMMARY

Example: Port of Providence, Fields Point
FEMA FIRM 500 yr — 19 ft surge only
SDE: 500 yr - 21.2 ft BFE

SDE: 750 yr — 22.6 ft surge only
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Storm winds ranked as second highest environmental risk in RI.
RI CRMC Coastal Hazard App does not include any mention of wind risk.

ASCE Hazard tool available for US and shows estimate of wind design speed
for structures and infrastructure. Residential structures: Risk Category Il and
infrastructure Risk Category Ill. Doesn’t provide estimates of damage by
structure type.

Ocean Engineering capstone students completed method to assess wind
damage to structures and infrastructure using FEMA HAZUS based methods
under CERI framework.

Method has been applied to selected locations in Rl. Maps covering the
entire state will be available by mid 2025.



Determine Wind Speed Structure Type Surface Probabalistic

Structure RGBT . »|(ASCE Hazard (Roof Design Roughness Damage

Summarize

Commercial Results

Location Tool) Attachments) (RIDOA) Estimation

Location
Risk category
Wind speed
Structure
Density
Probability of
each damage
state
—r >4 = Best estimate
“# 300-year MRI 118 Vmph ] i ’ e - ﬂ of damage

700-year MRI 124 Vmph

Gable Roof
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Summary
1. Need support for operation and maintenance of STORMTOOLS.
2. Flood design standards/risk assessment for residential and

commercial structures: coastal vs inland: inconsistent, don’t
meet current national/international standards.

3. Lack of consideration for wind in CRMC Coastal Hazard App risk
assessment.
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