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STORMTOOL’s Goal: To provide access to a suite of coastal 
planning and design tools for coastal and riverine flooding 
(numerical models, maps, data sets, etc.), available as a GIS 
based, web service, that allows widespread accessibly and 
applicability at high resolution for user selected coastal and 
inland areas of interest.



Overarching Objectives
 Seamless STORMTOOLS 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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https://stormtools-mainpage-crc-uri.hub.arcgis.com/



STORMTOOLS for Beginners

Sea Level Rise



RI CRMC COASTAL HAZARD 
APPLICATION:
Risk assessment tool, 
embedded in permitting 
system

http://www.crmc.ri.gov/coastalhazardapp.html



STORMTOOLS Design Elevation(SDE) Maps

BFE Maps, with Sea Level Rise (SLR)



STORMTOOLS Coastal Environmental Risk Index(CERI)Maps



STORMTOOLS CERI Flood Risk and Damage App
Goal: Develop an app that will provide access to coastal flood 
risk and associated damages for a user selected structure in RI.





STORMTOOLS Design Load Maps (SDL)





Link: My Coast to 
STORMTOOLS



ASCE 7-22 Flood Standards Updated 
(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 yr, respectively) and to 
consider sea level rise(SLR) over 
the design life of the structure.  
WWTF, AST(?) - Class III - 750 
yr.

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


Impact of updates (May 2023) to ASCE 7-22 on hazard 
analysis

 New standard for flooding is 500 yr (0.2%, X event) for Class II (residential 
structures), including adjustment 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).



FEMA Policy: Federal Flood Risk
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

 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%20Short&utm_medium=email&utm_source=Eloqua

STORMTOOLS



STORMTOOLS Development (2022 - present)
 2023 – 2026 Inland STORMTOOLS, 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).



Seamless Flood Risk Mapping Tools for Coastal and Inland Waters of RI in a 

Changing Climate: Inland STORMTOOLS

Thanks to
• Rae-Anne T. Culp

Mitigation Planning Supervisor & State Hazard Mitigation Officer at the 
Rhode Island Emergency Management Agency. 

• Gardner Bent
USGS-New England Water Science Center.

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

• RI Coastal Resources Management Council (RI CRMC)

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

Project Team:
Dr. Reza Hashemi (PI)
Dr. Malcolm Spaulding (Senior Advisor) 
Dr. Chris Baxter (Co-PI)
Chris Damon (EDC)
Arash Rafiee (Ph.D. Student)

Stakeholder Outreach and Engagement:
Eliza Berry (CRC) 
Pam Rubinoff (CRC) 

Contact:
reza_hashemi@uri.edu (Reza Hashemi)  
eliza.berry@uri.edu (Eliza Berry) 

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



How does a change in rainfall with a 100/500-year return 
period affect the FEMA flood zone maps?

FEMA 1% Annual Chance

Future 1 Percent 
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Flood Map Updating Process

Hydrologic Process

Change in Precipitation

Change in River Flow Rate

HEC-HMS

Hydraulic Process

Change in River Flowrate 

Change in Flood Elevation

HEC-RAS

GIS-STORMTOOLs

Change in Flood Elevation

New Flood Zone

   Inland Flood Modeling Framework





Watershed Terrain Data Land Use/Land Cover Soil Type Curve Number

• USGS-National Watershed Boundary 

Dataset (WBD)

Jones, K.A., Niknami, L.S., Buto, S.G., and Decker, D., 2022, Federal standards 
and procedures for the national Watershed Boundary Dataset (WBD) (5 ed.): 
U.S. Geological Survey Techniques and Methods 11-A3, 54 p., 
https://doi.org/ 10.3133/ tm11A3.

Watershed Area Based on HU12

Woonasquatucket 

River

132.5 𝑘𝑚2 -50 

smi

Moshassuck River
59.7 𝑘𝑚2- 23 

smi

Peak Flowrate Percentage Increase

Period 
Precipitation 

Increase

Hydrologic 

Model

Previous 

Work

Theoretical 

Analysis

2010-2039 26.9 % 37.0 % 45.0 % 42.0 %

2040-2069 34.3 % 50.0 % 50.0 % 47.0 %

2070-2099 45.2 % 65.0 % 55.0 % 75.0 %

Data Source



Inland STORMTOOLS ( Land use/cover and soils group) 

Soil Hydrologic Groups

Land use and cover



Duration 24 (hrs)

2010-2039 +27.3 %

2040-2069 +33.3 %

2070-2099 +45.5 %

DeGaetano, A. T., Castellano, C. M., & Center, N. R. C. (2015). Downscaled projections of 
extreme rainfall in New York State. Northeast Regional Climate Center, New York.

Projected Changes In Total Annual Precipitation
Sources:
NOAA State Climate Summaries
North Carolina Institute for Climate Studies (NCICS). (2024). Rhode Island state 
climate summary. Retrieved December 8, 202
https://statesummaries.ncics.org/chapter/ri/

7.65 in -> 10.3 in

Rainfall Average and Intensity Increasing

https://statesummaries.ncics.org/chapter/ri/


Resulting Maps for Moshassuck River

Number Name Latitude Longitude
1 North Burial Ground 41.8499 -71.4081

2 Job lot Parking lot 41.8569 -71.4036
3 ST Francis Cemetery 41.8646 -71.4092

Example: Moshassuck River Results



Watershed Terrain Data Land Use/Land Cover Soil Type Curve Number
Inland STORMTOOLS +35% 
precipitation

FEMA 100 yr 
(blue)and 500 yr 
(X-Zone) flood 
zones



Implementation of ASCE 7-22 500-Year Flood Standard 
Revisions in Rhode Island

(FEMA BRIC 2024, Capstone Students 2023-2025)



1. Support for STORMTOOLS Maintenance Operation
 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.

Issues of Concern



2. Flood design standards residential  and commercial structures: 
coastal vs inland: inconsistent, don’t meet national/international 
standards.
 For coastal areas (RI CRMC jurisdiction) 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.





2024 FEMA Building Code Adoption 
Tracking:  FEMA Region 1

Data Currency 6/30/2024

FEMA Region 1

Adoption Notes The latest editions of the 
Rhode Island State Building 
Code and State One and 
Two Family Dwelling Code 
are based on the 2018 IBC 
and the 2018 IRC, 
respectively, and are 
effective as of 2/1/2022, and 
are mandatory statewide. 
The previous editions were 
based on the 2015 IBC and 
the 2015 IRC, respectively, 
and were effective from 
8/1/2019 to 2/1/2022.

Flood Hazard Notes Rhode Island weakens flood 
resistance in the 2018 IRC by 
striking the "most restrictive 
flood hazard area" sentence 
from R322.1

State Building Code Link 1 More info

RI Score:  0 % 
Lower Resistance
Building Code: 2018

https://www.fema.gov/sites/default/files/documents/fema_fy24-bcat-region-1-report.pdf 

Flood Hazard Notes Rhode Island 
weakens flood 
resistance in the 2018 
IRC by striking the 
"most restrictive 
flood hazard area" 
sentence from R322.1

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


chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.infrastructurereportcard.org/wp-
content/uploads/2016/10/RI-Infrastructure-Report-Card-Brochure-2020.pdf



Design Standards for Infrastructure: WWTF
 RI DEM 100 yr FEMA FIRM plus SLR, 2 and 3 ft offset,   

  Noncritical/critical component.

  (NEIWPCC 2016 guidance standards)

 ASCE 7-22 Risk Category II,  500 yr plus SLR

            Risk Category III, 750 yr plus SLR

Example: NBC Facility Fields Point:  

 FEMA 100 yr - 12 ft BFE, 

 SDE 100 yr - 18 ft BFE

 ASCE: FEMA 500 yr - 19 ft surge only 

 SDE: 500 yr -  21.2 ft BFE

 SDE: 750 yr – 22.6 ft surge only



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 7-22 Risk Category II,  500 yr plus SLR

 Risk Category III,  750 yr plus SLR

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



AST Fields Point



3. Lack of consideration for wind in CRMC Coastal Hazard 
App risk assessment.
 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 II and 
infrastructure Risk Category III. 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 RI.  Maps covering the 
entire state will be available by mid 2025.



Extension of CERI to Wind Damage: Flow Chart

(https://rirestoration.com/storm-damage/)

➢ Location

➢ Risk category

➢ Wind speed

➢ Structure 

Density

➢ Probability of 

each damage 

state

➢ Best estimate 

of damage

DEPARTMENT OF OCEAN ENGINEERING 

DEPARTMENT OF CIVIL ENGINEERING 2023-2024 capstone class



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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