
     
        

     

  

  
    

     

Climate Resilience Design Standards (CRDS) Tool: 
A resource for mainstreaming climate resilience in Massachusetts projects. 
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Overview 

• EEA Office of Climate Science 

• What is the CRDS tool? 

• Tool recommendations by climate hazard 

• Tool recommended precipitation design standards 

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

• Q&A 



   

      

       
         
      

 
      

      
  

 

Office of Climate Science 

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 

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


    

   
   

 

 

  
   

  
    

 

    
   

  

Climate Resilience Design Standards Tool: Overview 

• Makes preliminary climate resilience 
analysis more broadly accessible 

• Provide 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 

When to use this tool: 
• Improving a state grant application 

• Project siting 

• Project planning and design/procurement 



     

 
  

 

  
  

  

  

Climate Resilience Design Standards Tool: Overview 

Exposure Scores 
Project for project site 

information 

Risk Ratings 
for each asset 

Preliminary Design Standards 

Recommended design considerations 



  

  

CRDS Tool: Overview 

Draw project 
footprint 



   CRDS Tool: Project Inputs 



   CRDS Tool: Project Inputs 



   CRDS Tool: Project Outputs 



   

  

CRDS Tool: Project Outputs 

Additional Details Provided 



   

                
          

   
 

 

  
   

   

CRDS Tool: Project Outputs 

Tool projects can 
accommodate 
multiple assets 

Will receive 
climate risk rating 
for each asset 
entered 

While it is possible to get a “no exposure” project score for “Sea Level Rise/Storm Surge” or “Extreme Precipitation – 
Riverine Flooding” because geographically dependent, the tool will still give an asset risk score (low). 



   

     
     

    
    
    

  

    

   
  

    
  

CRDS Tool: Project Outputs 

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 



   

    
    

     
     

     
   

    

CRDS Tool: Project Outputs 

Will receive recommended standards and 
design criteria for each asset entered: 
• What 24-hour design storm return period? 
• Recommends considering alternative storm 

durations as relevant to project 

Explore additional design storm 
precipitation values on external dashboard 



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

MC-FRM OUTPUTS 

Not part of MCFRM standard outputs 

CRDS Tool: Project Outputs    

                 

    



   

                 

CRDS Tool: Project Outputs 

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



   

   
      

   

 
 

   
        

      
 

   
        

 

   

     

 

CRDS Tool: Version History 

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 
• Additional MC-FRM maps 
• Bug fixes 



    

 

 

  
   

 

      

 

 

CRDS Tool: Support & Documentation 

Key available resources: 

Climate resilience 
User 

design guidance and 
guide 

best practices 

Documentation and training for technical data inputs 

Trainin 
g video 

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

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


     

  

   

    

Additional projections data: Climate projections dashboard 

Get projections by location 

See projected metrics of interest 

Read about how metrics were made 



    

   
       
      
     
     
    
  

 
   

 
  

  
     
     

    
   

   

    
     

 

    

         

      

  

         

  

   

   

 

        
   

    
     

      

Climate projections dashboard: Planned Updates 

Climate-Hydrologic Risk Project Projected Temperature & Precipitation Statistics 

TEMPERATURE 

Minimum, average & maximum 
Number of days over 90F, 95F & 100F 
Number of days under 32F & 0F 
Number of cold & heat wave events 
Number of heat & cold stress events 
Heating & cooling degree days 
Growing degree days 
Heat Index 
Dew Point (0.4%, 1%, 2%) 
Minimum & maximum heat index 
Minimum & maximum dew point 
Maximum Dew Point 
Heating dry bulb (99% & 99.6%) 
Cooling dry bulb (0.4%, 1%, 2%) 
Mean coincident wet bulb (0.4%, 1%, 2%) 
Date of first & last frost 
Number of freeze/thaw events 

Durations: 
Average heat & cold wave duration 
Annual maximum heat & minimum cold wave duration 

PRECIPITATION 

Total 

Maximum 24-hour 

90th & 99th percentile 24-hour 

Number of days with more than 1”, 2”, & 4” 
Proportion of precipitation as rain vs. snow 

Annual Return Periods: 

2-, 5-, 10-, 20-, 50-, 100-, 200-, and 500-year 24-

hour & 48-hour 

1000-year 24- & 48-hour 

Average number of consecutive: 

Wet days 

Dry days 

STREAMFLOW 

Low-flow: 
7q10 
7q2 

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

KEY 
Existing Parameters from Phase 1 
New parameters expected via Phase 2 



     Climate projections dashboard: Precipitation Frequency Table 



    

      

21

ResilientMass Projected Design Storms: Basis 

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



    

 

ResilientMass Projected Design Storms: Basis 

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

22 



    

   

    
      

 

   

    

  

   
 

   
        

ResilientMass Projected Design Storms: Basis 

Massachusetts’ Future IDF curves 

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

Source: Koninklijk Nederlands 

Source: Water Environmental Meteorologisch Instituut. 

Change. 

Global climate model 

Scenario, decade, and 
projected warming 

• RCP 8.5, 2050 → 
2 degrees Celsius 

= 4.91*(1.07^2) 
= 5.62” 

23 



    

      
 

       

     

ResilientMass Projected Design Storms: Applications 

How can I 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 

24 



  Office of Climate Science 
Climatescience@mass.gov 

https://www.resilient.mass.gov 

Edwin.Sumargo@mass.gov 
Caitlin.Spence@mass.gov 

Margot.Mansfield@mass.gov 

mailto:Climatescience@mass.gov
https://www.Resilient.mass.gov
mailto:Edwin.Sumargo@mass.gov
mailto:Caitlin.Spence@mass.gov
mailto:Margot.Mansfield@mass.gov


    

        

        
  

     

MA Climate-Scaled Precipitation Design Values 

Next Steps & Open Questions 
• Update scaled IDF dataset to reflect CMIP6 projected 

temperatures 

• Investigate shifts in storm tracks, regional storm typologies, 
and storm frequencies 

• Track NOAA Atlas 15 planned methods and milestones 

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 

MA Climate-Scaled Precipitation Design Values 

Source: Blackstone River Watershed 

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

27 

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


   
    

     
    
     

  
 

   
 

     
   

    
      

  

   MA Climate-Scaled Precipitation Design Values 

What is Atlas 15? 
• 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 

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

• NOAA Atlas 15 Volume 2: Adjustment 
factors for Volume 1 values to reflect 
future climate projections 



   

   

NOAA Atlas 15 timeline 

MA Climate-Scaled Precipitation Design Values 



    

          
         

       
   

      
  

MA Climate-Scaled Precipitation Design Values 

? 

“…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 out road in Leominster, CBS 
Boston September 2023 30 



    

          

                 
 

MA Climate-Scaled Precipitation Design Values 

“…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 31September 2023 



    

   

    
      

 

   

    

 

   

MA Climate-Scaled Precipitation Design Values 

Massachusetts’ Future IDF curves 

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

warming. 

Source: GOES-16 (NOAA) 

Source: Koninklijk Nederlands 

Source: Water Environmental Meteorologisch Instituut. 

Change. Source: Quincy Vagell, 2014 

32 



    

   
   

     
     

   

      
  

    

  

   
 

   
        

MA Climate-Scaled Precipitation Design Values 

Massachusetts’ Future IDF curves 
How does precipitation scale with 
temperature or dew point? Does precipitation 
increase more than theory would suggest? 
Less? 

• Annually? 

• Seasonally? 

• Daily? 

• Under different weather regimes? 

NO 

We can use a 7% per degree Celsius 
precipitation scaling rate. 

Lenoir, Najibi, and Steinschneider (2023) 

Global climate model 

Scenario, decade, and 
projected warming 

• RCP 8.5, 2050 → 
2 degrees Celsius 

= 4.91*(1.07^2) 
= 5.62” 

33 



   

      
      

  

     

      

   

      

       

      

   

     Additional projections data: Climate projections dashboard 

Climate Change Projections Dashboard 

Median/50th percentile 

projection: Two more days over 

95F than we've typically seen in 

the past (so... two) 

90% of climate models say 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 95F each year 34 



  

      

    

   

 

Climate Change Projections Dashboard 
When to use the dashboard? 

• Exploring future climate hazards for adaptation 
planning 

• Designing stormwater infrastructure to last 

• Screening for ecosystem/habitat risks 

• And more! 

35 



  
 

    

   

Climate Change Projections Dashboard 

Select either watershed 
OR town 

36 

Map zooms to selected area 

Values update in panel 



    
      

 
    

   

    
 

    
      
     

    
 

Climate Change Projections Dashboard 

Median projection: 
Two more days over 

95F than we've 

typically seen in the 
past (so... two) 

90% of climate models say 
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: 
37Typically 0 days over 95F each year 



 

 
  

  
  

  

  
  

  

  
   

  
  
  

  
  

  

 

 
    

   

   
 

    
     

 

    
  

    
       

  

    
      

          
 

     

    

Climate Change Projections Dashboard 

Downloadable table containing all 
metrics for location 

What you can find 

• Lowest one-day temperature 

• Average temperature 
• Number of cold stress events 

• Number of cold waves 
• Maximum cold wave duration 
• Number of days below 0F 

• Number of days below 32F 
• Heating degree days 

• 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 

• 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 

• 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) 

38 



    

   
 

     

 
    

     
  

     
  

 

Climate Resilience Design Standards Tool: Overview 

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 

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

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


    

        
      
     

     
     

      
  

        
  

        
    

     
    

     
 

     
   

     

CRDS Tool: Extreme Precipitation Design Values 

Town of North Attleborough Facebook, 
September 2023 

Farms flooding along Connecticut River. 
CBS News Boston, July 2023 

Washed out road in 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 

“…about ten inches in the past 72 hours…” 
MassLive, September 2023 
“…nearly five inches of rain in four hours...” 

Service in Boston.” CBS News, Boston CBS News, Boston September 2023 

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

40 
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There is a 1 in 100 (1%) chance that a “100-year storm” will be equaled or exceeded in each year 

CRDS Tool: Extreme Precipitation Design Values 

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 

• There is a 1 in 10 (10%) chance that a “10 year storm” will be equaled or exceeded in each year 

• 

• In Worcester, MA, the 10-year storm is … 

• 4.85” in 24 hours 

• 2.14” in 2 hours 

• Used in 

• Stormwater bylaws 

• Stormwater infrastructure & BMP design 

• Flood modelling (urban, flash floods, smalls streams) 



    

 
 

 

 
 
 

    

          

MA Climate-Scaled Precipitation Design Values 

Source: National Climate Assessment, 2014 

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 
71% 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. 

42 



    

        

    

 
 

 

    
    

       

 
 

 

     
    

        

   

   

MA Climate-Scaled Precipitation Design Values 

Past and Future Storms at College of the Holy Cross 
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(NOAA Atlas 14) (NOAA Atlas 14) 
2010 2030 2050 2070 2090 

Estimate Year/Source 

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

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

NOAA Atlas 14 PLUS 

NOAA Atlas 14 PLUS 



    

             
  

 

    
    

   

 

  
 

       
  

  

 

  
 

MA Climate-Scaled Precipitation Design Values 

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

Estimated Annual Chance of 9.5" Precipitation Annual Chance of 4.5" Precipitation in 3-4 hours, 
in 48 hours, Leominster MA North Attleborough MA 

4.50% 10% 
Less than 1% 

(200-year) 

About 4% 1% 

0% and 10% 
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Between 4% 
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MA Climate-Scaled Precipitation Design Values 

IDF reference for future extreme precipitation? 

• NOAA Atlas 14 PLUS method 

• 10-year, 24-hour storm PLUS = 90% 
of the 10-year, 24-hour estimate 
upper bound 

• 10-year, 24-hour storm PLUS = 
5.87”*0.9 

• 10-year, 24-hour PLUS = 5.28” 

• Some guidelines recommend “NOAA Atlas 14 
PLUS PLUS” method 

• 10-year, 24-hour storm PLUS PLUS = 
10-year, 24-hour storm upper bound 

• = 5.87” 

45 



  

 
 

 

     

       
  

    

       
     

Climate Resilience Design Standards Tool 

Recommended Based on 
planning/design parameter 

Longer useful life → later target decade 

More critical + longer useful life →
higher return period 

More critical → higher percentile 

More critical + longer useful life →
higher level of effort to estimate values 

46 
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