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3. CLIMATE RESILIENCE DESIGN STANDARDS OUTPUTS 

AND RELATIONSHIPS 

This section describes the Climate Resilience Design Standards outputs provided by the Climate 

Resilience Design Standards Tool (the Tool), and the relationships that inform those outputs. 

3.1 CLIMATE RESILIENCE DESIGN STANDARDS OVERVIEW 

3.1.1 GOALS/OBJECTIVES 

The main objective of the Climate Resilience Design Standards (“Standards”) is to provide a 

consistent basis-of-design across various projects in the Commonwealth for climate parameters: 

sea level rise and storm surge, extreme precipitation, and extreme heat. The term “standards” 

has been used in many different ways in climate resilience literature, so the RMAT developed a 

draft definition as follows: “A Climate Resilience Design Standard is a scientifically based 

process or method that produces a consistent outcome, which uniformly guides users in 

the selection of planning horizons, return period, and flexible design criteria, by climate 

parameter.” 

Many projects throughout the Commonwealth are currently using climate projections and data for 

design. The Standards will provide a uniform statewide methodology for consistent use of 

available climate projections. The Standards also bridge the gap between the climate data that 

have been developed and using that data for design by translating it into design criteria. The tiered 

methodology provided by the Standards, based on the recommended level of effort, informs users 

on how to calculate design criteria values for asset and project design. 

Figure 3.1. Project Overview Emphasizing the Climate Resilience Design Standards Output from the 

Climate Resilience Design Standards Tool 
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3.1.2 APPROACH 

The Climate Resilience Design Standards are one of the outputs of the online GIS-based Climate 

Resilience Design Standards Tool (“Tool”), the other main output of the Tool being the preliminary 

Climate Risk Screening Output (described in Section 2). Upon completing the necessary Project 

Inputs, users will first receive a preliminary Climate Risk Screening Output for their project and 

assets, by climate parameter (as discussed in Section 2). Users will then receive Climate 

Resilience Design Standards Outputs from the Tool. The Standards will be organized by climate 

parameter, and will include a recommended planning horizon, return period or confidence interval, 

design criteria, and tiered methodology for calculating design criteria values. These outputs will 

be automated in the web-based Tool and will include the following sections, as listed in Table 3.1. 

Table 3.1. Standard Output Recommendations Provided by the Tool 

Standard Output 
Recommendations 

Example 
Relationship Driving 

Recommendation 

Planning Horizon1 2070 Useful Life 

Return Period2,6 100-year (1% AEP)  
Criticality3, Asset Type, and 
Useful/Exposure Service Life4 

Confidence Interval5,6 50th percentile 
Criticality, Asset Type, and 
Construction Type 

Design Criteria6 
Rainfall depth, design flood elevation, 
cooling degree days, etc. 

Asset Type and Location 

Tiered Methodology6 Tier 3 – High Level of Effort Criticality and Useful Life 

1. Intermediate planning horizon provided for coastal climate parameters only. 
2. For coastal and precipitation climate parameters only. 
3. For a description of Criticality, please refer to the Glossary of Terms and Section 2.1.4. 
4. Precipitation is based on useful life of asset, Coastal is based on exposure service life of asset, which is 
defined as number of years from when an asset is first exposed to coastal flooding to the end of its 
service/useful life (estimated using probability of flooding maps from the Massachusetts Coastal Flood Risk 
Model (MC-FRM)) 
5. For heat climate parameters only. 
6. Return period/confidence interval, design criteria and tiered methodology are provided for each of three 
climate parameters: sea level rise and storm surge, precipitation, and heat. 
 

The Standards utilize existing available climate data and provide a consistent, repeatable 

methodology for developing design criteria values from the data. The methodologies are 

structured in tiers to reflect the level of effort associated with using the climate data to generate 

design criteria values.  

Tier 3 is the greatest level of effort and the most site-specific method to calculate design criteria 

values out of the tiered methodologies. There are already Tier 3 data available statewide for 

coastal climate parameters through the Massachusetts Coast Flood Risk Model (MC-FRM). Some 

communities have also developed or are in the process of developing local site-specific extreme 

precipitation and extreme heat data and models for planning and design, such as Cambridge, 

Somerville, and Boston. Once Tier 3 data are available, the level of effort for generating design 

criteria values is reduced significantly. Where data are not available, the Tier 3 methodology 

generally utilizes downscaled global climate models (GCMs) to generate design criteria values.  
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Tier 2 is a moderate level of effort and utilizes existing established relationships between current 

and future climate scenarios and current design criteria to generate future climate design criteria 

values. These relationships are referenced often in climate studies, such as the present-day 100-

year rainfall event is similar to the 2070 25-year rainfall event. Where those relationships are not 

yet established for design criteria, such as the case for Heat Waves, Tier 3 or Tier 1 methods are 

recommended.  

Tier 1 is the lowest level of effort and is only recommended for low and medium criticality assets 

with a useful life of less than 10 years. These projects should incorporate Tier 2 methods where 

feasible, but if not, should design for today and plan for resilience reinvestment in the future.  

The tiered methodologies are provided with step-by-step instructions in downloadable PDFs for 

each climate parameter in the Tool. Users will need to follow the instructions to generate values 

for the recommended design criteria, using the recommended return period or confidence interval, 

and planning horizon. The relationships showing how tiers are determined and provided by the 

Tool as output, based on asset criticality and useful life, are shown in Figure 3.2, below. Please 

refer to Section 2 for additional information on asset criticality.  

 

Figure 3.2. Relationships Informing Recommended Tier Output from the Climate Resilience Design 

Standards Tool 

3.1.3 INTENDED USER/REVIEW 

Upon completion of the Project Inputs and review of the Climate Risk Screening Output (by the 

State Agency Project Managers, State Agency Program Managers, and Asset Owners, during 

preliminary project planning), it is expected that Technical Staff will proceed with calculating 

design criteria values for project design based on the Standards output recommendations. 

Standard procurement language will be provided to solicit Technical Staff to assist with calculating 

design criteria values for project design. If Tier 3 methodology calculations are performed, a 

technical peer review is recommended to review the calculation package. The Standards and 
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calculated design criteria values should then be considered in context of project design along with 

the Climate Resilience Design Guidelines (refer to Section 4).  

3.1.4 WHEN TO USE THE CLIMATE RESILIENCE DESIGN STANDARDS 

The Climate Resilience Design Standards are intended for use in design projects with physical 

assets owned and maintained by state agencies. The Standards will be accessible online and 

available for other projects in the Commonwealth.  

The Tool should be completed as part of preliminary planning efforts before design commences. 

The Standards will be provided as an output from the Tool after users submit Project Inputs and 

receive their preliminary Climate Risk Screening Output. The Standards Output received by users 

should then be used to calculate design criteria values while proceeding into the project design 

phase.  

3.1.5 LIMITATIONS 

The Climate Resilience Design Standards are advisory and intended to be specific for climate 

resilience design of assets and consistent across agencies and municipalities. The Standards do 

not and are not intended to replace existing practices, regulatory requirements, codes, or existing 

standards required by other agencies. For example, if an asset is recommended to be designed 

to a 25-year return period through the Tool, but the asset is only designed to a 10-year return 

period based on other regulatory policy, the discrepancy should be reflected in the Forms 

presented as part of the Climate Design Guidelines (refer to Section 4).  

The Standards provide tiered methodologies to calculate numerical values for design criteria, and 

those numerical values are not an output of the Tool. These methodologies are based on existing 

industry-accepted and scientific community-published sources, referenced in each downloadable 

PDF (See Section 3 Attachments). 

The goal of the Standards is to provide a consistent basis-of design across various projects in the 

Commonwealth. There may, however, be additional asset types, design criteria, and/or climate 

parameters that are not included in the Standards. For example, the Commonwealth of 

Massachusetts is currently developing detailed precipitation and hydrologic design criteria values 

statewide, which would serve as Tier 3 data for precipitation design criteria, similar to how MC-

FRM serves as Tier 3 data for sea level rise and storm surge design criteria. This first version of 

the Standards is therefore developed to be flexible and accommodate new climate parameters, 

data, design criteria, etc. in the future, as needed.  

The Standards are not a replacement for a detailed risk and vulnerability assessment. Additional 

studies to evaluate climate risks and identify feasible adaptation strategies to mitigate those risks 

should be considered as part of design.  
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3.2 SEA LEVEL RISE & STORM SURGE STANDARDS OUTPUTS & RELATIONSHIPS 

3.2.1 OUTPUTS OVERVIEW 

Upon submission of Project Inputs and review of preliminary Climate Risk Screening Output, 

users will receive Standards for each climate parameter from the Tool. If users are not exposed 

to sea level rise/ storm surge, they will not receive Standards for this climate parameter. The 

Standards provided for sea level rise/ storm surge climate parameter include the following: 

recommended target and intermediate planning horizon, return period, design criteria, and tiered 

methodology to calculate design criteria values. These outputs are discussed in further detail in 

Sections 3.2.2 through 3.2.5, below.  

3.2.2 DATA SOURCE 

The Standards reference the Massachusetts Coast Flood Risk Model (MC-FRM) that is currently 

being developed by MassDOT. The MC-FRM is a probabilistic hydrodynamic model that uses the 

values for sea level rise on ResilientMA.org (RCP 8.5 scenario). The MC-FRM is capable of 

providing a range of design criteria outputs, including the design criteria listed in Section 3.2.6. 

Currently users will need to request design criteria information through the Tool, but future 

versions of the Tool will have some MC-FRM design criteria available directly as an output.  

3.2.3 PLANNING HORIZONS 

A planning horizon is defined as a future time period to which a project is recommended to be 

designed for, which allows the project to incorporate anticipated climate change projections. The 

Tool will provide two planning horizons for the project: Target and Intermediate. The Target 

Planning Horizon refers to the recommended planning horizon for incorporating climate resilience 

in the design of the asset. The Intermediate Planning Horizon is provided as an interim planning 

horizon if the Target Planning Horizon is not achievable in design. Recommended planning 

horizons provided by the Tool do not vary based on climate parameter but may vary by asset. 

However, the Intermediate Planning Horizon is only applicable for sea level rise and storm surge 

parameter, not for extreme precipitation and heat.  

The recommended planning horizons are informed by the useful life of each asset, as indicated 

in Project Inputs. The relationships used to provide the recommended Target Planning Horizon 

and the recommended Intermediate Planning Horizon are based on asset useful life, as indicated 

in Table 3.2. For assets with useful life greater than or equal to 31 years (2050 and beyond), an 

Intermediate Planning Horizon of 2050 will be provided for flexible adaptation design 

considerations. 
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Table 3.2. Recommended Target Planning Horizons Provided by the Tool, based on Asset Useful Life 

ASSET USEFUL LIFE 
RECOMMENDED TARGET 

PLANNING HORIZON1 OUTPUT 
RECOMMENDED INTERMEDIATE  

PLANNING HORIZON OUTPUT 

0 to 10 years 20302 Not Applicable 

11 years to 20 years 20503 Not Applicable 

21 years to 30 years 20503 Not Applicable 

31 years to 40 years 20704 2050 

41 years to 50 years 20704 2050 

51 years to 60 years 20704 2050 

61 years to 75 years 20905 2050 

Greater than 75 years 20905 2050 

1. The bounding years for the planning horizons are consistent with the SHMCAP and ResilientMA.org.  

2. The bounding years for the 2030 planning horizon are 2020 through 2049.  

3. The bounding years for the 2050 planning horizon are 2040 through 2069.  

4. The bounding years for the 2070 planning horizon are 2060 through 2089. 

5. The bounding years for the 2090 planning horizon are 2080 through 2099. 

 

3.2.4 RETURN PERIOD 

A return period is defined as the annual probability of occurrence of an event (also known as a 

recurrence interval). The Tool will provide a recommended return period for each asset in a 

project. The recommended return period will also be provided in terms of percent annual 

exceedance probability (% AEP or “annual probability”). This distinction is based on industry 

practice and is described in further detail in the Glossary of Terminology, Section 1.6. Different 

State Agencies and municipalities may have their own standards for return periods. The 

recommended return periods provided by the Tool are advisory and do not replace regulatory 

requirements.  These recommended return periods for each climate parameter are based on 

industry standards and professional judgment, asset criticality, and useful life. For sea level rise/ 

storm surge, the recommended return periods for each Asset Category are shown in Table 3.3, 

below.  
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Table 3.3. Recommended Return Periods Provided by the Tool for the Sea Level Rise & Storm Surge Climate Parameter 

S
E

A
 L

E
V

E
L

 R
IS

E
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 S
T

O
R

M
 S

U
R

G
E

 Criticality1 
Exposure 

Service Life1 

Buildings/ 
Facilities 

Infrastructure Natural Resources 

Transportation 
Flood 

Control 
Utilities 

Solid/Haz. 
Waste 

Coastal 
Ecosystems 

Other 

Return 
Period 

(% AEP) 

Return Period 
(% AEP) 

Return 
Period 

(% AEP) 

Return 
Period 

(% AEP) 

Return 
Period 

(% AEP) 

Return 
Period 

(% AEP) 

Return 
Period 

(% AEP) 

High 50-100 years 
500-yr 
(0.2%) 

1000-yr (0.1%) 500-yr (0.2%) 500-yr (0.2%) 
1000-yr 
(0.1%) 

Tidal 
Benchmarks2 

200-yr 
(0.5%) 

Medium 50-100 years 
200-yr 
(0.5%) 

200-yr (0.5%) 200-yr (0.5%) 200-yr (0.5%) 200-yr (0.5%) 
Tidal 

Benchmarks2 
100-yr (1%) 

Low 50-100 years 100-yr (1%) 100-yr (1%) 100-yr (1%) 100-yr (1%) 100-yr (1%) 
Tidal 

Benchmarks2 
100-yr (1%) 

High 10-50 years 
200-yr 
(0.5%) 

500-yr (0.2%) 200-yr (0.5%) 200-yr (0.5%) 500-yr (0.2%) 
Tidal 

Benchmarks2 
100-yr (1%) 

Medium 10-50 years 100-yr (1%) 200-yr (0.5%) 100-yr (1%) 100-yr (1%) 200-yr (0.5%) 
Tidal 

Benchmarks2 
50-yr (2%) 

Low 10-50 years 50-yr (2%) 100-yr (1%) 50-yr (2%) 50-yr (2%) 100-yr (1%) 
Tidal 

Benchmarks2 
50-yr (2%) 

High 
10 years or 

less 
100-yr (1%) 100-yr (1%) 100-yr (1%) 100-yr (1%) 100-yr (1%) 

Tidal 
Benchmarks2 

100-yr (1%) 

Medium 
10 years or 

less 
50-yr (2%) 50-yr (2%) 50-yr (2%) 50-yr (2%) 50-yr (2%) 

Tidal 
Benchmarks2 

50-yr (2%) 

Low 
10 years or 

less 
20-yr (5%) 20-yr (5%) 20-yr (5%) 20-yr (5%) 20-yr (5%) 

Tidal 
Benchmarks2 

20-yr (5%) 

1. Criticality and Exposure Service Life are not outputs, but the relationship informs the recommended return period from the Tool.  

2. Tidal datums are standard elevations defined by a certain phase of the tide and are used as reference to measure local water levels. Such datums are 

referenced to known fixed points called tidal benchmarks. Tidal benchmarks corresponding to present and future tidal elevations are outputs of MC-FRM. 

Tidal benchmarks are recommended for design of coastal ecosystems in lieu of return periods, since coastal ecosystems rely on daily tide cycles.  
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3.2.5 CUMULATIVE PROBABILITY  

As described in Section 3.2.4, recommended 

return periods for assets by climate parameter 

are based on industry standards and 

professional judgment, asset criticality, and 

useful life. However, the recommended return 

period output from the Tool is also informed by 

an asset’s cumulative probability of being 

exposed to a climate event. The median 

cumulative probability from sea level rise and 

storm surge for an asset can be calculated 

based on the asset’s recommended planning horizon and site-specific projected flood elevation 

from sea level rise and storm surge. The projected sea level rise and storm surge elevations for 

a site corresponding to different annual probabilities by planning horizon can be obtained from 

the Massachusetts Coast Flood Risk Model (MC-FRM), and are referred to as the “Probability of 

Exceedance (PEx)” output1.  

An example of how the recommended return periods relate to cumulative probabilities for a site 

for sea level rise/ storm surge over the intended useful life of a Flood Control Asset Type is shown 

in Table 3.4. An example site-specific PEx output table that shows projected flood elevations from 

sea level rise and storm surge corresponding to different annual exceedance probabilities by 

planning horizon is shown in Table 3.5. 

Table 3.4. Draft Example of Cumulative Probability Informing the Recommended Return Periods 

for Sea Level Rise and Storm Surge Climate Parameter Output from the Tool 

S
E

A
 L

E
V

E
L

 R
IS

E
/S

T
O

R
M

 S
U

R
G

E
 

Criticality 
Exposure 
Service 

Life 

INFRASTRUCTURE 

Flood Control 

Return Period 
(% AEP) 

Example Site – Boston, MA 

Target 
Planning 
Horizon1 

Base Flood 
Elevation (ft-

BCB)1 

Median 
Cumulative 
Probability1 

High 
50-100 
years 

500-yr (0.2%) 2070 21.7 2% 

Medium 
50-100 
years 

100-yr (1%) 2070 21.0 5% 

Low 
50-100 
years 

50-yr (2%) 2070 20.6 11% 

High 10-50 years 100-yr (1%) 2050 19.3 2% 

Medium 10-50 years 50-yr (2%) 2050 18.9 5% 

Low 10-50 years 25-yr (4%) 2050 18.4 11% 

High 
10 years or 

less 
50-yr (2%) 2030 17.1 2% 

Medium 
10 years or 

less 
25-yr (4%) 2030 16.7 5% 

Low 
10 years or 

less 
10-yr (10%) 2030 16.2 10% 

 
1 PEx output is not a standard MC-FRM output and would need to be obtained from the MC-FRM.  

Cumulative probability is defined as the measure 

of the total probability that a certain event will 

happen during a given period of time. Cumulative 

probability is calculated based on the equation: 

𝑝𝑛=1 – (1−𝑝)n 

where ‘pn
’ equals the cumulative probability over ‘n’ 

number of years and ‘p’ equals annual probability, 

which is not constant due to climate change. 
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1.The target planning horizons, base flood elevations, and median cumulative probability are examples 

site-specific to Joe Moakley Park in Boston, MA Only. The projected flood elevations are from the PEx 

shown in Table 3.5. The median cumulative probability was estimated using the planning horizons and 

projected flood elevations. The only column shown to users in the Tool is the output column with the 

recommended Return Period (% AEP).  

Table 3.5. Draft Example of Site-Specific Probability of Exceedance (PEx) Output1 

Annual 
Exceedance 
Probability 

Present 2030 2050 2070 

Base Flood 
Elevation (ft-BCB) 

Base Flood 
Elevation (ft-BCB) 

Base Flood 
Elevation (ft-BCB) 

Base Flood 
Elevation (ft-BCB) 

0.1 17.4 18.5 20.4 22.1 

0.2 17.0 18.1 20.0 21.7 

0.5 16.5 17.5 19.3 21.0 

1 16.0 17.1 18.9 20.6 

2 15.6 16.7 18.4 20.1 

5 15.1 16.2 17.8 19.0 

10 14.6 15.8 17.3 18.5 

20 14.2 15.3 16.7 18.3 

25 14.0 15.2 16.5 18.2 

1. The base flood elevations are site-specific to Joe Moakley park in Boston, MA only. This type of output is 

not provided through the RMAT Standards, but it can be requested from the MC-FRM to estimate cumulative 

probabilities, such as is shown in Table 3.4. Users would receive the base flood elevation for the recommended 

return period (or Annual Exceedance Probability) and planning horizon from the MC-FRM.  

3.2.6 DESIGN CRITERIA 

Design criteria are design parameters generated by the Climate Resilience Design Standards as 

an output, which vary by climate parameter. Design criteria values are numerical values 

calculated by the user, based on recommended Tiered Methodology output from the Climate 

Resilience Design Standards Tool. The design criteria available as output from the Tool for sea 

level rise/ storm surge is shown in Table 3.6, below.  

Table 3.6. Design Criteria Outputs from the Tool for the Sea Level Rise & Storm Surge Climate 

Parameter 

Sea Level Rise/Storm 
Surge 

DESIGN CRITERIA 

Tidal Benchmarks 

Base Flood Elevation (BFE) 

Design Flood Elevation (DFE) 

Wave Heights 
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Duration of Flooding 

Design Flood Velocity  

Wave Forces 

Scour or Erosion 

 

The assets designed for the sea level rise/ storm surge climate parameter will not all need to 

consider every design criterion presented in Table 3.6. These design criteria are only 

recommended for projects of a specific asset type and location. These variations are presented 

in Table 3.7, below. 

Table 3.7. Relationships for how Design Criteria Outputs are recommended for Sea Level Rise/ 

Storm Surge Climate Parameter 

S
e

a
 L

e
v

e
l 

R
is

e
/S

to
rm
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u
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e

 

Design Criteria 

Design Criteria Recommended For1 

Asset Type Project Location  

Tidal Benchmarks All assets 

Located along the coast 
and/or within MC-FRM tidal 
benchmark shoreline for 
recommended planning 
horizon 

Base Flood 
Elevation (BFE) 

All assets 

Located within MC-FRM 
recommended return period 
for recommended planning 
horizon 

Design Flood 
Elevation (DFE) 

All assets 

Located within MC-FRM 
recommended return period 
for recommended planning 
horizon 

Wave Heights 
Infrastructure assets, building 
assets, coastal ecosystem 
assets 

Located along the waterfront 
or within MC-FRM active wave 
zone 

Duration of 
Flooding 

Infrastructure assets, building 
assets, other natural resources 
ecosystems (other than 
coastal) 

Located within MC-FRM 
recommended return period 
for recommended planning 
horizon 

Design Flood 
Velocity 

Infrastructure assets, building 
assets, coastal ecosystem 
assets 

Located within MC-FRM 
recommended return period 
for recommended planning 
horizon 
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Wave Forces 
Infrastructure assets, building 
assets, coastal ecosystem 
assets 

Located along the waterfront 
or within MC-FRM active wave 
zone 

Scour or Erosion 
Infrastructure assets and 
coastal ecosystem assets 

Located within MC-FRM 
recommended return period 
for recommended planning 
horizon  

1. Design criteria are recommended if both the asset type and project location are true.  

3.2.7 TIERED METHODOLOGY 

Tiered methodology is defined the recommended methodology to establish asset-specific design 

criteria values, by climate parameter. Tiered distinctions indicate the level of effort in calculation 

method approach. For the sea level rise/storm surge climate parameter, the data sources and 

methodologies recommended by the Standards for each design criteria are shown in Table 3.6, 

below. Since the MC-FRM provided Tier 3 data, there is no difference for methodologies based 

on criticality and useful life (refer to Figure 3.2). The design criteria values will be requested from 

the MC-FRM through the Tool as shown in Figure 3.3. See Table 3.9 and Figure 3.4 for an 

example of the output provided from MC-FRM.  

Table 3.8. Data Sources & Methodologies Recommended from the Tool for the Sea Level Rise 

& Storm Surge Climate Parameter Design Criteria 

S
e

a
 L

e
v

e
l 

R
is

e
/S

to
rm

 S
u
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e

 

Design Criteria 

Data Sources & Methodologies 

Tier 3 - High 
Level of Effort 

Tier 2 - Average 
Level of Effort 

Tier 1 - Low Level 
of Effort 

Tidal Benchmarks 

Requested from MC-FRM 

Base Flood 
Elevation (BFE) 

Design Flood 
Elevation (DFE) 

Wave Heights 

Duration of Flooding 

Design Flood 
Velocity  

Wave Forces1 

Calculated based on Design Criteria 
from MC-FRM 

Not required 

Scour or Erosion1 

1. The design criteria for Wave Forces and Scour/Erosion are not outputs from the MC-FRM and need to 

be calculated using existing standard practices and MC-FRM outputs (as shown in Figure 3.3.).  
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Figure 3.3. Draft Tiered Methodology to Assess Sea Level Risk & Storm Surge Design Criteria Values as Recommended by the Climate Resilience 

Design Standards output from the Climate Design Standards Tool  
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Table 3.9. Draft Example of Calculated Design Criteria Values for Sea Level Rise/ Storm Surge 

from MC-FRM based on recommended Standard Output provided by the Tool. 

1. Design Flood Elevation include freeboard and wave height.  

 

Figure 3.4. Draft Example map provided from the MC-FRM request. Future versions of the Tool intend to 

have the maps built into the GIS feature.  

 

  

STANDARD OUTPUT OUTPUT & MC-FRM EXAMPLE 

Target Planning Horizon 2070 

Intermediate Planning Horizon 2050 

Return Period (% AEP) 500-yr (0.2%) 

Base Flood Elevation 
14.4 ft. NAVD88 – Intermediate 

16.3 ft. NAVD88 – Target 

Design Flood Elevation1 
16.2 ft. NAVD88 – Intermediate 

18.1 ft. NAVD88 – Target 
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3.3 EXTREME PRECIPITATION STANDARDS OUTPUTS AND RELATIONSHIPS 

3.3.1 OUTPUTS OVERVIEW 

Upon submission of Project Inputs and review of preliminary Climate Risk Screening outputs, 

users will receive Standards for each climate parameter from the Tool. The Standards provided 

for the extreme precipitation climate parameter include the following: recommended planning 

horizon, return period, design criteria, and tiered methodology to calculate design criteria values. 

These outputs are discussed in further detail in Sections 3.3.2 through 3.3.5, below.  

3.3.2 PLANNING HORIZONS 

A planning horizon is defined as a future time period to which a project is recommended to be 

designed for, which allows the project to incorporate anticipated climate change projections. The 

Tool will provide a recommended planning horizon for incorporating climate resilience in the 

design of the asset. Recommended planning horizons provided by the Tool do not vary based on 

climate parameter but may vary by asset.  

The recommended planning horizons are informed by the useful life of each asset, as indicated 

in Project Inputs. The relationships used to provide the recommended Planning Horizon are based 

on asset useful life, as indicated in Table 3.10.  

Table 3.10. Recommended Planning Horizons Provided by the Tool, based on Asset Useful Life 

ASSET USEFUL LIFE RECOMMENDED PLANNING HORIZON1 OUTPUT 

0 to 10 years 20302 

11 years to 20 years 20503 

21 years to 30 years 20503 

31 years to 40 years 20704 

41 years to 50 years 20704 

51 years to 60 years 20704 

61 years to 75 years 20905 

Greater than 75 years 20905 

1. The bounding years for the planning horizons are consistent with the SHMCAP and ResilientMA.org.  

2. The bounding years for the 2030 planning horizon are 2020 through 2049.  

3. The bounding years for the 2050 planning horizon are 2040 through 2069.  

4. The bounding years for the 2070 planning horizon are 2060 through 2089. 

5. The bounding years for the 2090 planning horizon are 2080 through 2099. 
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3.3.3 RETURN PERIOD 

A return period is defined as the annual probability of occurrence of an event (also known as a recurrence interval). The Tool will 

provide a recommended return period for each asset in a project. The recommended return period will also be provided in terms of 

percent annual exceedance probability (AEP or “annual probability”). This distinction is based on industry practice and is described in 

further detail in the Glossary of Terminology, Section 1. Different State Agencies and municipalities may have their own standards for 

return periods. The recommended return periods provided by the Tool are advisory and do not replace regulatory requirements.  These 

recommended return periods for each climate parameter are based on industry standards and professional judgment, asset criticality, 

and useful life. For extreme precipitation, exposure service life is equal to the asset’s useful life. The recommended return periods for 

each Asset Category are shown in Table 3.11, below.  

Table 3.11. Recommended Return Periods Provided by the Tool for the Extreme Precipitation Climate Parameter 

E
X

T
R

E
M

E
 P

R
E

C
IP

IT
A

T
IO

N
 

Criticality 
Useful 

Life 

BUILDINGS/ 
FACILITIES  

FOR INFRASTRUCTURE 
FOR NATURAL 
RESOURCES 

Transportation Flood Control Utilities 
Solid/Haz. 

Waste 
Coastal 

Ecosystem 
Other 

Return 
Period 

(Annual 
Probability) 

Return Period 
(Annual 

Probability) 

Return 
Period 

(Annual 
Probability) 

Return 
Period 

(Annual 
Probability) 

Return 
Period 

(Annual 
Probability) 

Return 
Period 

(Annual 
Probability) 

Return 
Period 

(Annual 
Probability) 

High 
50-100 
years 

100-yr (1%) 100-yr (1%) 500-yr (0.2%) 100-yr (1%) 100-yr (1%) N/A 
200-yr 
(0.5%) 

Medium 
50-100 
years 

50-yr (2%) 50-yr (2%) 100-yr (1%) 50-yr (2%) 50-yr (2%) N/A 100-yr (1%) 

Low 
50-100 
years 

25-yr (4%) 25-yr (4%) 50-yr (2%) 25-yr (4%) 25-yr (4%) N/A 100-yr (1%) 

High 
10-50 
years 

50-yr (2%) 50-yr (2%) 100-yr (1%) 50-yr (2%) 50-yr (2%) N/A 100-yr (1%) 

Medium 
10-50 
years 

25-yr (4%) 25-yr (4%) 50-yr (2%) 25-yr (4%) 25-yr (4%) N/A 50-yr (2%) 

Low 
10-50 
years 

10-yr (10%) 10-yr (10%) 25-yr (4%) 10-yr (10%) 10-yr (10%) N/A 50-yr (2%) 

High 
10 years 
or less 

25-yr (4%) 25-yr (4%) 50-yr (2%) 25-yr (4%) 25-yr (4%) N/A 100-yr (1%) 

Medium 
10 years 
or less 

10-yr (10%) 10-yr (10%) 25-yr (4%) 10-yr (10%) 10-yr (10%) N/A 50-yr (2%) 

Low 
10 years 
or less 

5-yr (20%) 5-yr (20%) 10-yr (10%) 5-yr (20%) 5-yr (20%) N/A 20-yr (5%) 
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3.3.4 CUMULATIVE PROBABILITY  

The recommended return periods for assets by 

climate parameter are based on industry 

standards and professional judgment, asset 

criticality, and useful life. However, the 

recommended return period output from the 

Tool is also informed by an asset’s cumulative 

probability of being exposed to a climate event. 

The median cumulative probability from 

extreme precipitation for an asset can be 

calculated based on the asset’s recommended 

planning horizon and site-specific projected design storm depths. The projected design storm 

depths corresponding to different annual probabilities by planning horizon can be estimated using 

the Tiered Methodology (discussed in Section 3.3.6).  

An example of how the recommended return periods relate to cumulative probabilities for a site 

for extreme precipitation over the intended useful life of a Flood Control Asset Type is shown in 

Table 3.12. The median cumulative probability (based on the project planning horizon, projected 

rainfall depth, and approximation to current return period) informs the return period output 

provided by the Tool. An example of those calculation relationships is shown in Table 3.12, below. 

Table 3.12. Draft Example of Cumulative Probability Calculation Informing the Recommended 

Return Periods for the Extreme Precipitation Climate Parameter Output from the Tool 

E
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R

E
M

E
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R
E

C
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T
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N
 Criticality Useful Life 

INFRASTRUCTURE 

Flood Control 

Return 
Period 

(Annual 
Probability) 

Example Site – South Boston, MA 

Planning 
Horizon1 

Projected 
Rainfall 
Depth 
(in.) 1 

Approximation 
to Current 

Return Period1 

Median 
Cumulative 
Probability1  

High  50-100 years 500-yr (0.2%) 2070 16.8 0.05% 2% 

Medium  50-100 years 100-yr (1%) 2070 11.2 0.2% 10% 

Low 50-100 years 50-yr (2%) 2070 9.7 0.5% 22% 

High  10-50 years 100-yr (1%) 2050 10.1 0.2% 6% 

Medium  10-50 years 50-yr (2%) 2050 8.8 0.5% 14% 

Low 10-50 years 25-yr (4%) 2050 7.5 2% 45% 

High  10 years or less 50-yr (2%) 2030 7.6 1.5% 14% 

Medium  10 years or less 25-yr (4%) 2030 6.7 3% 26% 

Low 10 years or less 10-yr (10%) 2030 5.5 5% 40% 

1. The planning horizons, projected rainfall depths, and approximation to current return period all inform the 

median cumulative probability calculation presented, and are examples site-specific to Joe Moakley Park 

in Boston, MA Only. These four draft example columns inform the recommended return period calculated 

output provided by the Tool, but are NOT shown to users. 

Cumulative probability is defined as the measure 

of the total probability that a certain event will 

happen during a given period of time. Cumulative 

probability is calculated based on the equation: 

𝑝𝑛=1 – (1−𝑝)n 

where ‘pn
’ equals the cumulative probability over ‘n’ 

number of years and ‘p’ equals annual probability, 

which is not constant due to climate change. 
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3.3.5 DESIGN CRITERIA 

Design criteria are design parameters generated by the Climate Resilience Design Standards as 

an output, which vary by climate parameter. Design criteria values are numerical values 

calculated by the user, based on recommended Tiered Methodology output from the Climate 

Resilience Design Standards Tool. The design criteria available as output from the Tool for 

extreme precipitation is shown in Table 3.13, below.  

Table 3.13. Design Criteria Outputs from the Tool for the Extreme Precipitation Climate 

Parameter 

Extreme Precipitation  

Design Criteria 

Total Precipitation Depth for 24-hour Design Storms 

Peak intensity for 24-hour design storms 

Riverine peak discharge 

Riverine peak flood elevation 

Duration of flooding for design storm 

Flood Pathways 

The assets designed for the extreme precipitation climate parameter will not always receive every 

output design criterion presented in Table 3.14. These design criteria are only recommended for 

projects of a specific asset type and location. These variations are presented in Table 3.15, below. 

Table 3.14. Project Type and Location When Design Criteria Output is Recommended from the 

Tool for the Extreme Precipitation Climate Parameter 

E
X

T
R

E
M

E
 P

R
E

C
IP

IT
A

T
IO

N
 Design Criteria 

Design Criteria Recommended For  

Asset Type Project Location  

Total Precipitation 
Depth for 24-hour 
Design Storms 

All infrastructure, building and 
natural resource assets 
except coastal ecosystems 

All locations 

Peak intensity for 
24-hour design 
storms 

All infrastructure, building and 
natural resource assets 
except coastal ecosystems 

All locations 

Riverine peak 
discharge 

All infrastructure, building and 
natural resource assets 
except coastal ecosystems 

Located within riverine 
environment, 0.1 mile from a 
waterbody, and/or FEMA 500 
year 
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Riverine peak 
flood elevation 

All infrastructure, building and 
natural resource assets 
except coastal ecosystems 

Located within riverine 
environment, 0.1 mile from a 
waterbody, and/or FEMA 500 
year 

Duration of 
flooding for 
design storm 

All infrastructure and building 
assets 

All locations 

Flood Pathways 
All infrastructure and building 
assets 

Located within riverine 
environment, 0.1 mile from a 
waterbody, and/or FEMA 500 
year 

 

3.3.6 TIERED METHODOLOGY 

Tiered methodology is defined the recommended methodology to establish asset-specific design 

criteria values, by climate parameter. Tiered distinctions indicate the level of effort in calculation 

method approach. For the extreme precipitation climate parameter, the data sources and 

methodologies recommended by the Standards for each design criteria are shown in Table 3.15, 

below. Further detailed methodology for calculating design criteria values are shown in Figures 

below. Example calculations using tiered methodology for determining design criteria values are 

included as Attachments at the end of Section 3. 

Table 3.15. Data Sources & Methodologies Recommended from the Tool for the Extreme 

Precipitation Design Criteria 

E
X

T
R

E
M

E
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R
E

C
IP

IT
A

T
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Design 
Criteria 

Data Sources & Methodologies 

Tier 3 - High Level of 
Effort 

Tier 2 - Average 
Level of Effort 

Tier 1 - Low Level 
of Effort 

Total 
Precipitation 
Depth for 24-
hour Design 

Storms 

Downscaled GCMs 
(from ResilientMA.org or 

LOCA dataset) and 
extreme value 

distribution analysis 

NCA4 CSSR values 
and increase the 
NOAA Atlas 14 

values by the change 
percentage as 

indicated 

Atlas-14 90% of 
the upper 90% C.I 

(DEP proposed 
approach) 

Peak intensity 
for 24-hour 

design 
storms1 

Type III distribution to 
future design storms 

estimated from 
downscaled GCMs and 

extreme value 
distribution analysis 

Type III distribution 
to future design 

storms estimated 
using NCA4 CSSR 

method 

Type III distribution 
to future design 

storms estimated 
using Atlas-14 

90% of the upper 
90% C.I 

Riverine peak 
discharge1 

Hydrologic/hydraulic modeling at 
watershed/sub-watershed scale using future 

design storms 

StreamStats using 
Zariello's Equation 
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Riverine peak 
flood 

elevation1 

Hydrologic/hydraulic modeling at 
watershed/sub-watershed scale using future 

design storms 

Use Stage 
Discharge Curve 

from 
corresponding 

gage location used 
in StreamStats 

Duration of 
flooding for 

design storm1 

Hydrologic/hydraulic 
modeling at 

watershed/sub-
watershed scale using 
future design storms 

Not needed. 

Flood 
Pathways1 

Not needed. 

1. These criteria are calculated based on precipitation depths affected by climate change. The methods to 

calculate these criteria are consistent with existing industry practices, but they should use the future 

precipitation depths. 

 

3.3.6.1 Data Source Download for Extreme Precipitation -- LOCA Dataset 

Figure 3.5. Draft Methodology to Download Precipitation Climate Data and Projected as Recommended 

by the Climate Resilience Design Standards Tool  

Refer to Attachment 3.3A for an example of data download from the LOCA dataset. 
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3.3.6.2 Draft Tiered Methodology for Extreme Precipitation Depth and Intensity – Tier 3 

 

 

Figure 3.6. Draft Tier 3 Methodology to Assess Extreme Precipitation Design Criteria Values as 

Recommended by the Climate Resilience Design Standards Tool 

Refer to Attachment 3.3B for an example of draft methodology to assess extreme precipitation 

intensity and depth for Tier 3. 

3.3.6.3 Draft Proposed Scope for Tiered Methodology for Extreme Precipitation – Tier 2 

Overall Goals/Objectives of Proposed Scope 

Based on feedback received from various State entities, such as the Executive Office of Energy 

and Environmental Affair (EOEEA), Massachusetts Department of Environmental Protection (MA-

DEP) and Massachusetts Department of Conservation and Recreation (MA-DCR) on the Draft 

Climate Resilience Design Standards (the Standards) related to extreme precipitation, the project 

team has identified the need to develop locally regionalized data to estimate future precipitation 

depths for Annual Exceedance Probability (AEP) design storms of 24-hr duration. Initially, in the 

Standards the “Tier 2 Method” (recommended tiered methodology) for generating design criteria 

values (e.g. rainfall depths, peak intensity) for the 24-hour AEP design storms was based on using 

readily available future projections data. Therefore, the “Tier 2 Method” was based on using the 

13% and 22% increase to the present NOAA Atlas 14 values to estimate the future 24-hour design 

storm depths for the 2030/2050 and 2070 planning horizons, respectively. These percent 

increases were based on using guidance from the report developed by the U.S. Global Change 

Research Program (USGCRP) in 2017 called the Climate Science Special Report (CSSR) as part 

of the Fourth National Climate Assessment (NAC4). However, these percent increases provided 

in the 2017 CSSR were specific to the 5% AEP (20-year) storm, were based on using the 
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geographic area for all of Northeast, and did not include separate percent increase estimates for 

the four planning horizons of 2030, 2050, 2070 and 2090 that are consistent with the 

Commonwealth’s State Hazard Mitigation and Climate Adaptation Plan (SHMCAP)2.  

Therefore, the primary objectives of this proposed scope of work are the following: 

• Develop Statewide percent increase estimates for different Annual Exceedance 

Probability (AEP) design storms for each planning horizon for the Eastern and Western 

parts of the Commonwealth using industry-accepted standard methodology  

• Receive consensus from the different State entities, academic and scientific experts on 

the percent increase estimates developed from this methodology 

• Incorporate this tiered methodology as “Tier 2” methodology for the Draft Climate 

Resilience Design Standards Tool (the Tool) 

Proposed Methodology 

Since one of the objectives of this effort is to use industry-accepted standard methodology to 

develop the regionalized percent increase estimates, the methodology is based on using the 

report  developed as part of the National Cooperative Highway Research Program (NCHRP) 

Project 15-61 with the final report published in 2019 titled “Applying Climate Change Information 

to Hydrologic and Coastal Design of Transportation Infrastructure”  (referred to as “NCHRP 15-

61 Report”)3. The proposed methodology described in this scope has been presented, reviewed, 

and approved by EOEEA, DEP, DCR and leading academic and scientific experts from different 

universities in the Northeast, including Dr. Jennifer Jacobs (University of New Hampshire), Dr. 

Ellen Douglas (University of Massachusetts, Boston), Dr. Scott Steinschneider (Tufts University) 

and Dr. Jonathan Lamontagne (Tufts University). Also, Dr. Jacobs and Dr. Douglas are co-authors 

of the NCHRP 15-61 Report and have been able to vet that this proposed methodology follows 

NCHRP 15-61 guidelines.  

The proposed methodology consists of the following steps: 

• Step 1: Select locations corresponding to six (6) long-term weather station locations in 

Massachusetts. These stations will be selected such that there are three (3) locations in 

each of the two (2) NOAA Climate Regions (Coastal and Interior) as delineated in NOAA 

Atlas 14 Volume 10, shown in the figure below. These two climate regions for MA 

correspond approximately to the Eastern and Western parts of the State, so representative 

long-term weather stations will be selected from each Region for this analysis (e.g. 

weather stations in Eastern MA, such as Boston, Newburyport, East Wareham or 

Kingston-Plymouth and weather stations in Western MA, such as Pittsfield, Westfield and 

Worcester) 

 
2 Massachusetts Integrated State Hazard Mitigation and Climate Adaptation Plan, 2018 
https://www.mass.gov/service-details/massachusetts-integrated-state-hazard-mitigation-and-climate-
adaptation-plan 
3 http://onlinepubs.trb.org/onlinepubs/nchrp/docs/NCHRP1561FinalReport.pdf 

https://www.mass.gov/service-details/massachusetts-integrated-state-hazard-mitigation-and-climate-adaptation-plan
https://www.mass.gov/service-details/massachusetts-integrated-state-hazard-mitigation-and-climate-adaptation-plan
http://onlinepubs.trb.org/onlinepubs/nchrp/docs/NCHRP1561FinalReport.pdf
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• Step 2: Download daily precipitation projections for each location for each of the 14 Group 

1 global climate models (GCMs) in the Localized Constructed Analogs (LOCA)4 (Pierce et 

dataset. The LOCA dataset has also been used as part of the SHMCAP and the 

projections shown on ResilientMA.org. For this task, Group 1 GCMs are proposed to be 

used since these models are referred in the NCHRP 15-61 Report as the “most reliable” 

models that  represent the most recent versions of reliable, very well-documented, long-

established GCMs from modeling groups that have been working in this area for decades. 

Download the projections for three (3) grids for each location per NCHRP15-61 guidance. 

• Step 3: Calculate modeled baseline and modeled future design storm projections for each 

AEP storm for each location for each grid for each of the four planning horizons (2030s, 

2050s, 2070s, 2090s) by fitting a Generalized Extreme Value Distribution (GEV) to annual 

maximum daily projections for each GCM. 

• Step 4: Calculate ratios between modeled baseline and modeled future design storm 

projections for each location for each grid for each planning horizon for each GCM. 

• Step 5: Calculate mean and 90 percent confidence interval for the ratios across the 14 

GCMs between modeled baseline and modeled future design storm projections for each 

location for each grid for each planning horizon.  

• Step 6: Estimate the projected design storm depths and 90 percent confidence interval 

design storm depths for each AEP storm for each location for each grid. Take the mean 

of the three grids for each location to estimate the projected design storm depths and 90 

percent confidence interval design storm depths for each AEP storm. 

 
4 Pierce, D.W., D.R. Cayan, and B.L. Thrasher. 2014. “Statistical Downscaling Using Localized Constructed Analogs 
(LOCA).” Journal of Hydrometeorology, Vol. 15, pp. 2558–2585 

Figure 3.7. Climate regions delineated for NOAA Atlas 14 Volume 10. Source: 
https://www.nws.noaa.gov/oh/hdsc/PF_documents/Atlas14_Volume10.pdf 

https://www.nws.noaa.gov/oh/hdsc/PF_documents/Atlas14_Volume10.pdf
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• Step 7: Compare the projected precipitation quantiles with NOAA Atlas 14 historical 

estimates for each future period for each location for all AEP storms, which would serve 

as a comparison between historical uncertainty and projected uncertainty from climate 

change.  

• Step 8: Estimate the projected design storm depths and 90 percent confidence interval 

design storm depths for each AEP storm for each location for each planning horizon. 

• Step 9: Calculate the regionalized percent increase between the projected 24-hour 

projected precipitation depths and NOAA historical estimates (using both mean and 90 

percent confidence interval values), respectively for the three interior locations and the 

three coastal locations (corresponding to the NOAA climate regions) for more frequent 

AEP storms (2-yr, 5-yr, 10-yr) by near to mid-century (2030/2050) and late century 

(2070/2090) 

• Step 10: Calculate the regionalized percent increase between the projected 24-hour 

projected precipitation depths and NOAA historical estimates (using both mean and 90 

percent confidence interval values), respectively for the three interior locations  and the 

three coastal locations (corresponding to the NOAA climate regions) for the less frequent 

AEP storms (25-yr, 50-yr, 100-yr) by near to mid-century (2030/2050) and late century 

(2070/2090). 

Proposed Output 

The final output from Steps 8 and 9 above will be reported as a table that will list the regionalized 

percent increase estimates for each region for 2030/2050 and 2070/2090 for the more frequent 

and the less frequent storms as illustrated in Table 3.16 below.  The values reported in this table 

will be referenced in the Tier 2 Method of the Standards and the Tool to estimate the 24-hour 

design storm depths. These percent increases can then be applied for any location in 

Massachusetts and the future design storm depths for any AEP storm can be estimated by 

applying the relevant percent increase to the corresponding NOAA Atlas 14 24-hour design storm 

values for that location.  

Table 3.16. Proposed Tier 2 percent increase to NOAA Atlas 14 values based on given planning 

horizon for each given 24-hr AEP design storm depth 

 

Limitations and Future Updates 

The proposed approach is one of the first attempts in the Commonwealth to come up with 

regionalized percent increase estimates of rainfall design storm depths across the entire State. 

However, in addition to testing the approach to the six locations used in this analysis, this 

approach needs to be tested and verified at other locations in the State, which is expected to 

occur in the future. As new and updated climate projections data are available for the 
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Commonwealth, this approach may need to be updated. Also, as part of the Massachusetts 

Climate and Hydrologic Risk Project that is currently underway, the EOEEA along with leading 

experts from USGS, Tufts University and Cornell University will be developing climate projections 

for all of Massachusetts, which will include future design storm projections. The regionalized 

percent increase estimates developed as part of the Standards and the Tool may need to be 

updated when the Statewide Climate and Hydrologic Risk Project is complete. 

3.3.6.4 Draft Tiered Methodology for Extreme Precipitation Depth and Intensity – Tier 1 

 

Figure 3.8. Draft Tier 1 Methodology to Assess Extreme Precipitation Design Criteria Values as 

Recommended by the Climate Resilience Design Standards Tool 

Refer to Attachment 3.3B for an example of draft methodology to assess extreme precipitation 

intensity and depth for Tier 1.  
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3.3.6.5 Draft Tiered Methodology for Riverine Peak Discharge – Tiers 3 and 2 

 

Figure 3.9. Draft Tier 3/2 Methodology to Assess Extreme Precipitation Riverine Peak Discharge Design 

Criteria Values as Recommended by the Climate Resilience Design Standards Tool 

 

3.3.6.6 Draft Tiered Methodology for Riverine Peak Discharge – Tier 1 

 

Figure 3.10. Draft Tier 1 Methodology to Assess Extreme Precipitation Riverine Peak Discharge Design 

Criteria Values as Recommended by the Climate Resilience Design Standards Tool 
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3.4 EXTREME HEAT STANDARDS OUTPUTS AND RELATIONSHIPS 

3.4.1 OUTPUTS OVERVIEW 

Upon submission of Project Inputs and review of preliminary Climate Risk Screening outputs, 

users will receive Standards for each climate parameter from the Tool. The Standards provided 

for the extreme heat climate parameter include the following: recommended planning horizon, 

return period, design criteria, and tiered methodology to calculate design criteria values. These 

outputs are discussed in further detail in Sections 3.3.2 through 3.3.5, below.  

3.4.2 PLANNING HORIZONS 

A planning horizon is defined as a future time period to which a project is recommended to be 

designed for, which allows the project to incorporate anticipated climate change projections. The 

Tool will provide a recommended planning horizon for incorporating climate resilience in the 

design of the asset. Recommended planning horizons provided by the Tool do not vary based on 

climate parameter but may vary by asset.  

The recommended planning horizons are informed by the useful life of each asset, as indicated 

in Project Inputs. The relationships used to provide the recommended Planning Horizon are based 

on asset useful life, and are indicated in Table 3.17, below. 

Table 3.17. Recommended Planning Horizons Provided by the Tool, based on Asset Useful Life 

ASSET USEFUL LIFE RECOMMENDED PLANNING HORIZON1 OUTPUT 

0 to 10 years 20302 

11 years to 20 years 20503 

21 years to 30 years 20503 

31 years to 40 years 20704 

41 years to 50 years 20704 

51 years to 60 years 20704 

61 years to 75 years 20905 

Greater than 75 years 20905 

1. The bounding years for the planning horizons are consistent with the SHMCAP and ResilientMA.org.  

2. The bounding years for the 2030 planning horizon are 2020 through 2049.  

3. The bounding years for the 2050 planning horizon are 2040 through 2069.  

4. The bounding years for the 2070 planning horizon are 2060 through 2089. 

5. The bounding years for the 2090 planning horizon are 2080 through 2099. 
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3.4.3 CONFIDENCE INTERVAL 

A confidence interval is defined for this project as a range of values within which a design criterion 

falls, considering uncertainty in climate change projections. The confidence intervals usually 

correspond to the 10th, 50th and 90th percentile values based on climate change projections.  

For the extreme heat climate parameter, the Tool will provide a recommended confidence interval 

for each asset, as opposed to a recommended return period. While asset useful life does inform 

the recommended return period output for the sea level rise/ storm surge and extreme 

precipitation climate parameters, it does not inform the recommended confidence interval output 

for the extreme heat climate parameter. This difference is because extreme heat design criteria 

do not depend on the asset’s cumulative probability.  

The confidence intervals recommended by the Tool are also dependent on asset construction 

type, as opposed to asset type for the sea level rise/ storm surge and extreme precipitation climate 

parameters. This difference is due to the difficulty in accommodating for extreme heat resilience 

in existing construction design. The output is therefore based on asset construction type in order 

to improve the standard of design criteria for new and existing construction projects, specific to 

the type of construction materials used each asset category.  

The recommended confidence intervals for each asset category and construction type are shown 

in Table 3.18 and 3.19, below.  

Table 3.18. Recommended Confidence Intervals by Construction Type (Infrastructure and 

Buildings/Facilities) Provided by the Tool for the Extreme Heat Climate Parameter 

E
X

T
R

E
M

E
 H

E
A

T
 

Criticality  

CONFIDENCE INTERVALS FOR BUILDINGS/FACILITIES & 
INFRASTRUCTURE 

New 
Construction 

Major Repair/ 
Retrofit 

Renovation 
Maintenance 

(critical repair or 
environmental) 

High 90th Percentile 90th Percentile 50th Percentile 50th Percentile 

Medium 90th Percentile 50th Percentile 50th Percentile 50th Percentile 

Low 50th Percentile 50th Percentile 10th Percentile 10th Percentile 

 

Table 3.19. Recommended Confidence Intervals by Construction Type (Natural Resources) 

Provided by the Tool for the Extreme Heat Climate Parameter 

E
X

T
R

E
M

E
 H

E
A

T
 

Criticality 

CONFIDENCE INTERVALS FOR NATURAL RESOURCES 

New 
Construction 

Maintenance 
(environmental) 

Restoration or 
Enhancement 

Dam Removal 

High 50th Percentile 50th Percentile 50th Percentile 50th Percentile 

Medium 50th Percentile 50th Percentile 50th Percentile 50th Percentile 

Low 10th Percentile 10th Percentile 10th Percentile 10th Percentile 
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3.4.4 DESIGN CRITERIA 

Design criteria are design parameters generated by the Climate Resilience Design Standards as 

an output, which vary by climate parameter. Design criteria values are numerical values 

calculated by the user, based on recommended Tiered Methodology output from the Climate 

Resilience Design Standards Tool. The design criteria available as output from the Tool for 

extreme heat is shown in Table 3.20, below.  

Table 3.20. Design Criteria Outputs from the Tool for the Extreme Heat Climate Parameter 

Extreme Heat  

Design Criteria 

Annual/summer/winter average temperature 

Heat Index 

Days per year with max temperature > 95°F 

Days per year with max temperature > 90°F 

Days per year with minimum temperature < 32°F 

Number of heat waves per year 

Average heat wave duration (days) 

Cooling degree days (base = 65°F) 

Heating degree days (base = 65°F) 

Growing degree days  
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The assets designed for the extreme heat climate parameter will not always receive every output 

design criterion presented in Table 3.21. These design criteria are only recommended for projects 

of a specific asset type and location. These variations are presented in Table 3.22, below.  

Table 3.21. Project Type and Location When Design Criteria Output is Recommended from the 

Tool for the Extreme Heat Climate Parameter 

E
X

T
R

E
M

E
 H

E
A

T
 

Design Criteria 

Design Criteria Recommended For 

Asset Type Project Location 

Annual/summer/winter 
average temperature 

All assets 

All locations 

Heat Index 
All buildings and infrastructure 
assets, open space assets 

Days per year with 
max temperature > 
95°F 

All assets excluding coastal 
ecosystems and open space assets 

Days per year with 
max temperature > 
90°F 

All buildings and infrastructure 
assets 

Days per year with 
minimum temperature 
< 32°F 

All buildings and infrastructure 
assets 

Number of heat waves 
per year 

All buildings and infrastructure 
assets, open space assets 

Average heat wave 
duration (days) 

All buildings and infrastructure 
assets, open space assets 

Cooling degree days 
(base = 65°F) 

All buildings assets 

Heating degree days 
(base = 65°F) 

All buildings assets 

Growing degree days 
All natural resources assets 
excluding coastal ecosystems 
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3.4.5 TIERED METHODOLOGY 

Tiered methodology is defined the recommended methodology to establish asset-specific design 

criteria values, by climate parameter. Tiered distinctions indicate the level of effort in calculation 

method approach. For the extreme heat climate parameter, the data sources and methodologies 

recommended by the Standards for each design criteria are shown in Table 3.22, below. Further 

detailed methodology for calculating design criteria values are shown in Figures below. Example 

calculations using tiered methodology for determining design criteria values will be presented as 

Attachments in future draft versions of this Section 3 document. 

Table 3.22. Data Sources & Methodologies Recommended from the Tool for the Extreme Heat 

Design Criteria 

E
X

T
R

E
M

E
 H

E
A

T
 

Design Criteria 

Data Sources & Methodologies 

Tier 3 - High Level 
of Effort 

Tier 2 - Average 
Level of Effort 

Tier 1 - Low Level 
of Effort 

Annual/summer/winter 
average temperature 

Downscaled 
GCMs (from 

MACA dataset) 

ResilientMA.org 

Heat Index 
Percent increase to historic maximums 
based on City of Cambridge Climate 

Change Projections Report 

Days per year with 
max temperature  
> 95°F 

ResilientMA.org 
Days per year with 
max temperature  
> 90°F 

Days per year with 
minimum temperature 
< 32°F 

Number of heat waves 
per year1 Number of historic heat waves from 

nearest weather station data2 
Average heat wave 
duration (days) 1 

Cooling degree days 
(base = 65°F) 

ResilientMA.org 
Heating degree days 
(base = 65°F) 

Growing degree days 

1. These items are design criteria that are calculated based on historic data. The methods to develop these 

criteria do not change.    

2. Based on lack of existing published relationships for current and future number and duration of heat 

waves, historical information is recommended for the Tier 2 method. Users may select the Tier 3 method 

to calculate future heat wave design criteria as needed.  
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3.4.5.1 Data Source Download for Extreme Heat -- MACA Dataset 

 

Figure 3.11. Draft Methodology to Download Heat Climate Data and Projected as Recommended by the Climate Resilience Design Standards Tool  

Refer to Attachment 3.4A for an example of data download from the MACA dataset. 
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3.4.5.2 Draft Tiered Methodology for Extreme Heat – Average Temperature 

 

Figure 3.12. Draft Tier 3 Methodology to Assess Average Temperature Design Criteria Values as Recommended by the Extreme Heat Climate 

Parameter Climate Resilience Design Standards Output 

Refer to Attachment 3.4B for an example of draft methodology to assess extreme heat average temperature design criteria values  for 

Tier 3 methodology. 

 

DRAFT 
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Figure 3.13. Draft Tier 1 and 2 Methodology to Assess Average Temperature Criteria Values as Recommended by the Extreme Heat Climate 

Parameter Climate Resilience Design Standards Output 

Refer to Attachment 3.4B for an example of draft methodology to assess extreme heat average temperature design criteria values  for 

Tier 2/1 methodology. 
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3.4.5.3 Draft Tiered Methodology for Extreme Heat – Degree Days 

 

 

Figure 3.14. Draft Tier 3 Methodology to Assess Degree Days Design Criteria Values as Recommended by the Extreme Heat Climate Parameter 

Climate Resilience Design Standards Output 

Refer to Attachment 3.4C for an example of draft methodology to evaluate extreme heat degree days design criteria values for Tier 3 

methodology. 

DRAFT 
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Figure 3.15. Draft Tier 2/1 Methodology to Assess Degree Days Design Criteria Values as Recommended by the Extreme Heat Climate Parameter 

Climate Resilience Design Standards Output 

Refer to Attachment 3.4C for an example of draft methodology to evaluate extreme heat degree days design criteria values for Tier 2/1 

methodology. 

  

DRAFT 
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3.4.5.4 Draft Tiered Methodology for Extreme Heat – Heat Waves 

 

Figure 3.16. Draft Tier 3 Methodology to Evaluate Heat Waves Design Criteria Values as Recommended by the Extreme Heat Climate Parameter 

Climate Resilience Design Standards Output 

Refer to Attachment 3.4D for an example of draft methodology to evaluate extreme heat waves design criteria values for Tier 3 

methodology. 
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Figure 3.17. Draft Tier 1 and 2 Methodology to Assess the Number and Duration of Heat Waves Design Criteria Values as Recommended by the 

Extreme Heat Climate Parameter Climate Resilience Design Standards Output 

Refer to Attachment 3.4D for an example of draft methodology to evaluate extreme heat waves design criteria values for Tier 2/1 

methodology. 

 

 

 

DRAFT 
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3.4.5.5 Draft Proposed Scope for Tiered Methodology for Extreme Heat – Heat Index  

 

 

Figure 3.18. Draft Tier 3 Methodology to Evaluate Heat Index Design Criteria Values as Recommended by the Extreme Heat Climate Parameter 

Climate Resilience Design Standards Output 

Refer to Attachment 3.4E for an example of draft methodology to evaluate extreme heat index design criteria values for Tier 3 

methodology. 

DRAFT 
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Figure 3.19. Draft Tier 1 and 2 Methodology to Evaluate Heat Index Design Criteria Values as Recommended by the Extreme Heat Climate 

Parameter Climate Resilience Design Standards Output 

Refer to Attachment 3.4E for an example of draft methodology to evaluate extreme heat index design criteria values for Tier 2/1 

methodology. 
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Section 3 Attachments 
Attachment 3.3A – Example Data Source Download for Extreme Precipitation -- LOCA Dataset  

Attachment 3.3B - Draft Tiered Methodology Example for Extreme Precipitation Depth and 

Intensity, All Tiers 

Attachment 3.4A - Data Source Download Example for Extreme Heat -- MACA Dataset 

Attachment 3.4B - Draft Tiered Methodology Example for Extreme Heat – Avg. Temp., All Tiers 

Attachment 3.4C - Draft Tiered Methodology Example for Extreme Heat – Degree Days, All Tiers 

Attachment 3.4D - Draft Tiered Methodology Example for Extreme Heat – Heat Waves, All Tiers 

Attachment 3.4E - Draft Tiered Methodology Example for Extreme Heat – Heat Index, All Tiers 
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Attachment 3.3A – Example Data Source Download for Extreme Precipitation -- LOCA 

Dataset 

  



RMAT Methodology to Download Data from LOCA Website

DRAFT

STEP 1

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

Extent"

STEP 2

Go to sub-tab "Page 2. 
Products, Variables, 

Projections"

STEP 3

Go to sub-tab "Page 3. 
Analysis, Format, and 

Notification"

STEP 4

Data request and data 
download

• Go to https://gdo-dcp.ucllnl.org/ to download data from LOCA

• Go to page "Projection: Subset Request” 

"Step 1.1: Time Step and

Period", select daily period from

Jan-1950 through Dec-2099

"Step 2.6: Emissions Scenarios,

Climate Models and Runs", check

boxes associated with Group 1

GCMs per NHCRP15-61 report1.

For each model, select emission

scenario RCP8.5 for precipitation

"Step 3.9: Notification when

Processing is Complete", enter

your email address twice.

Step 1.2: Domain ", select 

"NLDAS“

"Step 1.3: Select "Location"

method and either enter the

latitude, longitude pair or

specify interactively within the

map based on Project

Location. If the selected grid

includes more than 1/3rd water

body, also download data from

the adjacent grid.

"Step 2.4: Select “Projection Sets", 

check “LOCA-CMIP5-Climate-daily”

"Step 2.5: for "Products" select "1/16 

degree”. Check boxes for all three 

"Variables", 

o “Precipitation Rate”

"Step 3.7: Analysis", keep dial

set to "No Analysis”

"Step 3.8: Output Format",

choose “ASCII text, comma-

delimited (csv)”

Finally, set the radio dials to

indicate your user type,

application type, and

applicable resource area(s)

4.3. Click on the link that

arrives in the email few hours

later to get to an ftp directory

of files produced for your job

request

4.1 Press button "Submit

Request“ on top left

4.2 A popup box will appear

with details of the submission.

Press "Submit". Press "Ok".

4.5. Click folder “Loca5” and

download the .csv file for the

climate projection data and .txt

files for data related

information

1

1. Applying Climate Change Information to Hydrologic and Coastal Design of Transportation 

Infrastructure (NCHRP Project 15‐61- Final Report) by Kilgore et al., 2019



LOCA Dataset: Project Area and Time Selection

2DRAFT



LOCA Dataset: Projection Set and Variables Selection

3DRAFT



LOCA Dataset: Group1* GCM Selections for Emission Scenario RCP8.5

4DRAFT

* Applying Climate Change Information to Hydrologic and 

Coastal Design of Transportation Infrastructure (NCHRP 

Project 15‐61- Final Report) by Kilgore et al., 2019



LOCA Dataset: Type of Analysis, Output Format, and Others

5DRAFT
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Attachment 3.3B - Draft Tiered Methodology Example for Extreme Precipitation Depth and 

Intensity, All Tiers 

  



RMAT Tiered Methodology to Assess 24-hr Precipitation Storm Depth and Peak Intensity

Tier 3 Projects (High Level of Effort)

DRAFT

Given Standards Output from Tool: Planning Horizon (2030, 2050, 2070, 2090); Recurrence Interval (5-yr, 10-yr, 25-yr, 50-yr, 100-yr, 500-yr)

Legends

Data Gathering

Calculation steps

Design Criteria

Existing practice

1. 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

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. Derived factor of 1.13 to adjust observation-day accumulations to 

true 24-hour amounts based on Extreme Precipitation in New 

York and England  Technical Documentation & User Manual by 

DeGaetano & Zarrow, 2010

4. NOAA Atlas 14 Point Precipitation Frequency Estimates: 

Northeastern States; NOAA Atlas 14, Volume 10, Version 3

1

24-hr design storm depths for 

given planning horizon and 

given recurrence interval

Calculate annual maximum rainfall for each 

year for each grid in the 30-yr averaging 

period per GCM

Convert the 1-day design storm depths to 24-hour 

design storm depths using factor 1.133 per GCM per 

grid

Calculate the ratios between modeled baseline and 

modeled future per GCM per grid
Design storm hyetograph and 

peak intensity for given 24-hr 

design storm depths

Use SCS Type III/NOAA Atlas144 distribution 

to estimate hourly/sub-hourly peak intensities

Choose 30-yr averaging period around given 

planning horizon

Download daily precipitation projections for 

RCP 8.5 scenario from

LOCA1 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 1/3rd of water body

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 

values4 to estimate the projected 24-hour 

precipitation depths for given recurrence interval for 

each grid

Fit Generalized Extreme Value (GEV) distribution to 

the annual maxima to calculate modeled baseline 

and modeled future projections for given planning 

horizon and given recurrence interval for each GCM 

per grid

Calculate mean of the projected 24-hour 

precipitation depths for all grids

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


LOCA Dataset: Project Area and Time Selection
RMAT Tiered Methodology to Assess 24-hr Precipitation Storm Depth

Tier 3 Example: Moakley Park, South Boston, MA (Step1: Selecting project area, the inset LOCA grid was considered for 

analysis)

DRAFT 2

snip of the third 
grid. 



RMAT Tiered Methodology to Assess 24-hr Precipitation Storm Depth
Tier 3 Example: Moakley Park, South Boston, MA (Step2: Calculating Annual Maximum for each GCM each Grid for RCP 

8.5)

DRAFT 3



RMAT Tiered Methodology to Assess 24-hr Precipitation Storm Depth
Tier 3 Example: Moakley Park, South Boston, MA (Step3: Fitting GEV Distribution on annual maxima of each grid for each 

GCM)

DRAFT 4



RMAT Tiered Methodology to Assess 24-hr Precipitation Storm Depth
Tier 3 Example: Moakley Park, South Boston, MA (Step4: Calculate ratios between baseline and future for each GCM 

for each grid)

DRAFT 5



RMAT Tiered Methodology to Assess 24-hr Precipitation Storm Depth
Tier 3 Example: Moakley Park, South Boston, MA (Step5: calculating mean of the ratios for all GCMs and adding 

ratios to NOAA Atlas 14 Values)

DRAFT 6

2070s (2060-2089) RCP8.5 Grid1

Recurrence 

intervals

NOAA 14 

Precip. (in.)

NOAA 14 

Precip. 5% CI 

(in.)

NOAA 14 

Precip. 95% 

CI (in.)

No. of Models
Mean of 

ratios

Std Dev. of 

ratios

5% CL of 

ratios

95% CL of 

ratios

Projected 

Precip. (in.)

Projected 

Precip. 5% CI 

(in.)

Projected 

Precip. 95% 

CI (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 5.1 14 1.23 0.11 1.18 1.28 5.3 5.1 5.5

10-yr 5.1 4.3 6.1 14 1.26 0.13 1.21 1.32 6.5 6.2 6.7

25-yr 6.3 5.1 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 10.4

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 15.4

500-yr 11.1 7.3 15.9 14 1.57 0.65 1.29 1.86 17.5 14.3 20.6



RMAT Tiered Methodology to Assess 24-hr Precipitation Storm Depth
Tier 3 Example: Moakley Park, South Boston, MA (Step5: calculating mean of the projected 24-hour precipitation 

depths for all grids)

DRAFT 7

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

Recurrence intervals 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



RMAT Tiered Methodology to Assess 24-hr Precipitation Storm Depth
Tier 3 Example: Moakley Park, South Boston, MA (Step6: comparing the projected precipitation quantiles with NOAA 

Atlas 14 historical estimates)

DRAFT 8

0

4

8

12

16

20

24

2-yr 5-yr 10-yr 25-yr 50-yr 100-yr 200-yr 500-yr

2
4
-h

r 
R

a
in

fa
ll
 D

e
p

th
 (

in
.)

Recurrence interval 

2070s RCP8.5 

NOAA 14 Precip. (in.)

NOAA 14 Precip. 5% CI (in.)

NOAA 14 Precip. 95% CI (in.)

Projected Precip. (in.)

Projected Precip. 5% CI (in.)

Projected Precip. 95% CI (in.)



RMAT Tiered Methodology to Assess 24-hr Precipitation Storm Depth and Peak Intensity
Tier 3 Example: Moakley Park, South Boston, MA (Step7: 24-hr design storm hyetographs for peak intensity for given 

planning horizon and design storm)

DRAFT 9

Recurrence 

Interval (Years)

NOAA Atlas 14 

Present 

Baseline -24hr 

(in)

Tier3

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

10yr -24 hr 2070s 6.4 in

Duration (hr) Ratio
Cumulative depth 

(in.)

Hourly peak intensity 

(in./hr)

0 0 0 0

1 0.01 0.06 0.06

2 0.02 0.13 0.06

3 0.03 0.19 0.07

4 0.04 0.27 0.08

5 0.06 0.36 0.09

6 0.07 0.45 0.10

7 0.09 0.57 0.12

8 0.11 0.72 0.15

9 0.15 0.92 0.20

10 0.19 1.19 0.27

11 0.25 1.58 0.38

12 0.50 3.15 1.58

13 0.75 4.73 1.58

14 0.81 5.11 0.38

15 0.85 5.38 0.27

16 0.89 5.58 0.20

17 0.91 5.73 0.15

18 0.93 5.85 0.12

19 0.94 5.94 0.10

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



RMAT Tiered Methodology to Assess 24-hr Precipitation Storm Depth and 
Peak Intensity - Tier 2 Projects (Medium Level of Effort)

Data Source: NCA4 CSSR Projected 
precipitation change for RCP 8.5

Apply percent increase2 to NOAA median 
values based on given planning horizon 
for each given 24-hr design storm depth

Design storm hyetograph 
and peak intensity for 
given design storm 

depths 

Use SCS Type III/NOAA Atlas 141 

distribution to estimate hourly/sub-
hourly peak intensities

Go to NOAA Atlas 141

website.
Input Project Area based on 

Project Location

Select NOAA  Atlas-141 median value for 
each given 24-hr design storm depth

24-hr design storm depths 
for given planning horizon 

and design storm

Planning Horizons Increase

Mid-Century (2030, 2050) 13%

Late-Century (2070, 2100) 22%

1. NOAA Atlas 14 Point Precipitation Frequency Estimates: Northeastern States; NOAA Atlas 14, 
Volume 10, Version 3
2. USGCRP, 2017: Climate Science Special Report: Fourth National Climate Assessment (Fig: 
7.7; RCP 8.5 Scenario; Page 220)

Legends
Data Gathering
Calculation steps
Design Criteria

Existing practice

DRAFT 9

Given Standards Output from Tool: Planning Horizon (2030, 2050, 2070, 2090); Recurrence Interval (5-yr, 10-yr, 25-yr, 50-yr, 100-yr, 500-yr)

eatonj
Text Box
Note: Refer to Section 3.3.6.3 for proposed scope to update percent increase for Tier 2.



RMAT Tiered Methodology to 
Assess 24-hr Precipitation Storm Depth and Peak Intensity 

Tier 2 Example: Moakley Park, South Boston, MA 
(24-hr design storm depths for given planning horizon and design storm)

DRAFT 10

Recurrence 
Interval (Years)

NOAA Atlas 14 
Present Baseline -

24hr (in)

Tier2 - 2030 Values
13% increase on 

NOAA baseline (in)

Tier2 - 2070 Values
22% increase on 

NOAA baseline (in)

2-yr 3.3 3.7 4.0

5-yr 4.3 4.8 5.2

10-yr 5.1 5.8 6.2

25-yr 6.3 7.1 7.7

50-yr 7.2 8.1 8.7

100-yr 8.1 9.1 9.9

200-yr 9.3 10.5 11.3

500-yr 11.1 12.5 13.5



RMAT Tiered Methodology to Assess 24-hr Precipitation Storm Depth and 
Peak Intensity - Tier 1 Projects (Low Level of Effort)

Apply a factor of 0.9 on the 90th percentile 
CI depth for each given 24-hr design storm 

depth2

Design storm hyetograph 
and peak intensity for 

given planning horizons

Use SCS Type III/NOAA Atlas 141

distribution to estimate hourly/sub-
hourly peak intensities

Go to NOAA Atlas 141

website.
Input Project Area based on 

Project Location

Select NOAA Atlas-141 90th percentile 
confidence interval (CI) depth for each given 

24-hr design storm depth

24-hr design storm depths 
for given planning horizons

1. NOAA Atlas 14 Point Precipitation Frequency Estimates: Northeastern States; NOAA Atlas 14, 
Volume 10, Version 3
2. A Comparison of Precipitation Frequency Atlases in Massachusetts: Considerations in 
Regulating Inland Wetland Resource Areas Affected by Climate Change, Internal Draft, October 
22, 2017.

Legends
Data Gathering
Calculation steps
Design Criteria

Existing practice DRAFT

11

Given Standards Output from Tool: Planning Horizon (2030, 2050, 2070, 2090); Recurrence Interval (5-yr, 10-yr, 25-yr, 50-yr, 100-yr, 500-yr)



RMAT Tiered Methodology to Assess 
24-hr Precipitation Storm Depth and Peak Intensity 

Tier 1 Example: Moakley Park, South Boston, MA (24-hr design storm depths for given recurrence intervals)

DRAFT 12

Recurrence 
Interval (Years)

NOAA Atlas 14 
Present Baseline -

24hr (in)

NOAA Atlas 14 
Present Baseline -

24hr (90th percentile) 
(in)

Tier3
90% of 90th 

percentile of NOAA 
baseline (in)

2-yr 3.3 3.8 3.4

5-yr 4.3 5.1 4.6

10-yr 5.1 6.1 5.5

25-yr 6.3 8.0 7.2

50-yr 7.2 9.3 8.4

100-yr 8.1 11.0 9.9

200-yr 9.3 12.8 11.5

500-yr 11.1 15.9 14.3



RMAT Tiered Methodology to 

Assess 24-hr Precipitation Storm Depth and Peak Intensity 

Comparison Across Tiers for Moakley Park, South Boston, MA 

DRAFT 13

Recurrence Interval 

(Years)

NOAA Atlas 14 

Present Baseline (in)

Tier 3

2070 Values (in)

Tier 2 

2070 Values (in)

Tier 1 

values (in)

2-yr 3.3 3.8 4.0 3.4

5-yr 4.3 5.2 5.2 4.6

10-yr 5.1 6.4 6.2 5.5

25-yr 6.3 8.1 7.7 7.2

50-yr 7.2 9.5 8.7 8.4

100-yr 8.1 11.2 9.9 9.9

200-yr 9.3 13.5 11.3 11.5

500-yr 11.1 17.4 13.5 14.3
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Attachment 3.4A - Data Source Download Example for Extreme Heat -- MACA Dataset 

  



RMAT Methodology to Download Data from MACA Website

DRAFT

STEP 1

Domain selection

STEP 2

Products, Time 
frequency, Variables 

selection

STEP 2 (..cont.)

Model, Emission 
Scenarios, Time periods 

selection

STEP 3

Data download

• Go to https://climate.northwestknowledge.net/MACA/data_portal.php to download data from 

Multivariate Adaptive Constructed Analogs (MACA) data portal

1.1: Select “Rectangular Subset” 

from “Domain” dropdown list

1.2: A rectangle will appear on the 

interactive map. Move the 

rectangle and place it around the 

project area. Increase or 

decrease the size of the rectangle 

based on the area you want to 

cover around the location. Make 

sure your grid does not cover 

more than 1/3rd of water body.

1.3: Select “files of URLs for 

downloading data” from “Download 

Format” dropdown list

2.4: “MACA Product” : “MACAv2-

METDATA”

2.5: “Variables” : Check boxes 

for the climate parameters 

relevant to the project for 

examples,

o “rhsmax (Maximum Relative 

Humidity)”

o “tasmax(Maximum Air 

Temperature)”

o “tasmin(Minimum Air 

Temperature)”

2.6: “CMIP5 Models” : Check 

boxes for all the Group 1 

models from NCHRP report1

2.7: “CMIP5 Scenarios/Time 

Periods” : Check boxes for the 

following parameters for

o “RCP8.5” : “future RCP8.5 

(2006-2099)”

3.3: Climate projection files are

downloaded as Netcdf files.

Convert the files in your

preferred file format for climate

projection analysis

3.1: Press button “Download

file“ on top right

3.2: Open the text file to

extract the downloaded data2.4: “Time Frequency” : “daily”

1

1. Applying Climate Change Information to Hydrologic and 

Coastal Design of Transportation Infrastructure (NCHRP 

Project 15‐61- Final Report) by Kilgore et al., 2019



MACA Dataset: Project Area, and Download Format Selection

2DRAFT



MACA Dataset: Product, Time Frequency, and Variables Selection

3DRAFT



MACA Dataset: Group1* GCM Selections

4DRAFT

*Applying Climate Change Information to Hydrologic and 

Coastal Design of Transportation Infrastructure (NCHRP 

Project 15‐61- Final Report) by Kilgore et al., 2019



MACA Dataset: Emission Scenario (RCP8.5) and Time Selection

5DRAFT
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Attachment 3.4B - Draft Tiered Methodology Example for Extreme Heat – Avg. 

Temperature, All Tiers 

  



RMAT Tiered Methodology to Assess Temperature Criteria

Tier 3 Projects (High Level of Effort)

Calculate the following temperature parameters per 

GCM:

• Average temperatures (using tasmax)3

• Count no. of Days > 90°F (using tasmax)3

• Count no. of Days > 95°F (using tasmax)3

• Count no. of Days < 32°F (using tasmin)3

Projected values of 

temperature parameters for 

given planning horizon

Calculate the median, 10th, and 90th confidence 

intervals for each temperature parameter per 

GCM 

Choose 30-yr averaging period around the

given planning horizon

Download data from MACA1 dataset for the

following parameters for RCP8.5 for Group1

GCMs2

• tasmax (Maximum Air Temperature)

• tasmin (Minimum Air Temperature)

Calculate the median of all the confidence 

intervals of all GCMs for each temperature 

parameter

Given Standards Output from Tool:  Planning Horizon (2030, 2050, 2070, 2090);  Confidence Interval (10th, 50th, 90th)

1. Abatzoglou J.T. and Brown T.J. A comparison of statistical downscaling methods suited for wildfire applications, 

International Journal of Climatology (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. Massachusetts Climate Change Projections - Statewide and for Major Drainage Basins Temperature, Precipitation, and 

Sea Level Rise Projection; by Northeast Climate Adaptation Science Center  

Legends

Data Gathering

Calculation steps

Existing practices

Design Criteria

1DRAFT



RMAT Tiered Methodology to Assess Temperature Criteria
(Step1: Calculate days above 90oF for each GCM)

Tier 3 Example: Moakley Park, Boston

2DRAFT



RMAT Tiered Methodology to Assess Temperature Criteria
(Step 2: Calculate Median, 10th and 90th percentiles for all GCMs)

Tier 3 Example: Moakley Park, Boston

3

2070s Avg temp (oF) # days > 90oF # days > 95oF # days < 32oF

10th percentile 64.9 22 5 65

Median 66.7 43 16 45

90th percentile 69.5 63 28 24

DRAFT



RMAT Tiered Methodology to 

Assess Temperature Criteria from ResilientMA.org 

Tier 2 and Tier 1 Projects (Medium and Low Level of Effort)

3. Massachusetts Climate Change Projections - Statewide and for Major Drainage Basins Temperature, Precipitation, 

and Sea Level Rise Projection; by Northeast Climate Adaptation Science Center  

Legends

Data Gathering

Calculation steps

Existing practices

Design Criteria

4

Calculate the projected criteria by adding the 

future value (+ or -) to the baseline value for 

each temperature parameter

Note: Baseline values are presented in the 

same table on the left

Go to ResilientMA3

http://resilientma.org/map

Under “Layers” tab on left, select 

“Climate Projections”, then 

“Temperature”

Based on the location of the project area, 

select your drainage basin on the map.

Note: a table will pop-up with RCP 8.5 and 

RCP 4.5 values for planning horizons.

Select recommended temperature 

parameters:

• Average temperatures 

• Days > 90°F

• Days > 95°F

• Days < 32°F 

Go to “Controls & Legends” tab

For each temperature parameter, select 

additional value (+ or -) based on project’s 

given planning horizon and confidence 

interval for high emission scenario (RCP8.5) 

Select “Drainage Basin” from “Summary” 

dropdown list 

Select given planning horizon by sliding the 

slide bar for “Year”

Projected median (50th percentile confidence 

interval values are presented in the table). 

Hover over the median value to see the 10th 

and 90th percentile CI values

Projected values of temperature 

parameters per given planning 

horizon

Select “Annual” from “Season” dropdown 

list for all the climate parameters

Note: In case of “Average temperature”, 

also select “Summer” and “Winter” as 

applicable

Given Standards Output from Tool:  Planning Horizon (2030, 2050, 2070, 2090);  Confidence Interval (10th, 50th, 90th)

DRAFT



RMAT Tiered Methodology to 

Assess Temperature Criteria from ResilientMA.org 
Tier 2/1 Example: Moakley Park, Boston (Boston Harbor Basin) 

5

Boston 

Harbor 

Basin

DRAFT



RMAT Tiered Methodology to 

Assess Temperature Criteria from ResilientMA.org 
Tier 2/1 Example: Moakley Park, Boston (Boston Harbor Basin)

6

2070s Avg temp (oF) # days > 90oF # days > 95oF # days < 32oF

10th percentile 55.3 28 9 84

Median 57.5 48 20 72

90th percentile 60.4 63 35 52

DRAFT



RMAT Tiered Methodology to Assess Temperature Criteria  

Comparison Across Tiers 
Example: Moakley Park, Boston

DRAFT

2070s
Tier 3 

Avg temp (oF)

Tier 2/1 

Avg temp (oF)

Tier 3 

# days > 90oF

Tier 2/1 

# days > 90oF

Tier 3 

# days > 95oF

Tier 2/1 

# days > 95oF

Tier 3 

# days < 32oF

Tier 2/1 

# days < 32oF

10th percentile 64.6 55.3 22 28 5 9 65 84

Median 66.3 57.5 43 48 16 20 45 72

90th percentile 69.4 60.4 63 63 28 35 24 52

7



REFERENCES

DRAFT
8

1. Abatzoglou J.T. and Brown T.J. A comparison of statistical downscaling methods suited 

for wildfire applications, International Journal of Climatology (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. Massachusetts Climate Change Projections - Statewide and for Major Drainage Basins 

Temperature, Precipitation, and Sea Level Rise Projections; by Northeast Climate 

Adaptation Science Center and published by Massachusetts Executive Office of Energy 

and Environmental Affairs, 2018.
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Attachment 3.4C - Draft Tiered Methodology Example for Extreme Heat – Degree Days, All 

Tiers 

  



Legends

Data Gathering

Calculation steps

Design Criteria

DRAFT

Given from Standards Output:  Planning Horizon (2030, 2050, 2070, 2100);  Confidence Interval (10th, 50th, 90th)

1. Abatzoglou J.T. and Brown T.J. A comparison of statistical downscaling methods suited for wildfire applications, 

International Journal of Climatology (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. Massachusetts Climate Change Projections - Statewide and for Major Drainage Basins Temperature, Precipitation, and 

Sea Level Rise Projection; by Northeast Climate Adaptation Science Center  

Calculate recommended temperature parameters per 

GCM:

Cooling Degree Days (CDD) (using tasmax)3

Heating Degree Days (HDD) (using tasmin)3

Growing Degree Days (GDD) 

(using an average of tasmax & tasmin)3

Calculate confidence interval for each 

temperature parameter per GCM 

Projected values of Cooling, 

Heating, and Growing 

Degree Days for given 

planning horizon

Choose 30-yr averaging period around the 

given planning horizon

Download data from MACA1 dataset for the 

following parameters for RCP8.5 for Group1 

GCMs2

• tasmax(Maximum Air Temperature)

• tasmin(Minimum Air Temperature)

Determine the median values of all GCMs for 

each confidence interval for each temperature 

parameter

1

RMAT Tiered Methodology to 

Evaluate Degree Days – Tier 3 Projects



Step0: 

2

RMAT Tiered Methodology to 

Evaluate Degree Days - Tier 3 Projects

(Step 0: Complete MACA data download)

DRAFT



3

RMAT Tiered Methodology to 

Evaluate Degree Days - Tier 3 Projects 

(Step 1: Calculate Average Daily Temp. from tasmax and tasmin)

Example: 2070s CDDs for Moakley Park, Boston

DRAFT



Step1

4

RMAT Tiered Methodology to 

Evaluate Degree Days - Tier 3 Projects 

(Step 2: Calculate the sum of degree days for all GCMs)

Example: 2070s CDDs for Moakley Park, Boston

Growing Degree 
Days (GDD)

All Months

Sum days of 
Avg. Daily 

Temp - 50 > 0

Heating Degree 
Days (HDD)

Months of 
October to April

Sum days of

65 - avg. daily 
temp > 0

Cooling Degree 
Days (CDD)

Months of May to 
September

Sum days of 
avg. daily temp 

- 65 > 0

DRAFT



5

RMAT Tiered Methodology to 

Evaluate Degree Days - Tier 3 Projects 

(Step 2: Calculate Median, 10th, and 90th percentiles for all GCMs)

Example: 2070s Degree Days for Moakley Park, Boston

2070s CDD HDD GDD

10th percentile 1278 3344 4021

Median 1590 3785 4374

90th percentile 1853 4419 5051

DRAFT



DRAFT

Calculate the projected criteria by adding the 

future value (+ or -) to the baseline value for 

each temperature parameter

Note: Baseline values are presented in the 

same table on the left

Go to ResilientMA3

http://resilientma.org/map

Under “Layers” tab on left, select 

“Climate Projections”, then 

“Temperature”

Based on the location of the project area, 

select your drainage basin on the map.

Note: a table will pop-up with RCP 8.5 and 

RCP 4.5 values for planning horizons.

Select recommended temperature 

parameters:

• Cooling Degree Days (CDD)2

• Heating Degree Days (HDD)2

• Growing Degree Days (GDD)2

Go to “Controls & Legends” tab

For each temperature parameter, select 

additional value (+ or -) based on project’s 

given planning horizon and confidence 

interval for high emission scenario (RCP8.5)

Select “Drainage Basin” from “Summary” 

dropdown list 

Select given planning horizon by sliding the 

slide bar for “Year”

Projected median (50th percentile confidence 

interval values are presented in the table). 

Hover over the median value to see the 10th 

and 90th percentile CI values

Projected values of Cooling, 

Heating, and Growing Degree 

days per given planning horizon

Select “Annual” from “Season” dropdown 

list for all the climate parameters

Given from Standards Output:  Planning Horizon (2030, 2050, 2070, 2100);  Confidence Interval (10th, 50th, 90th)

Legends

Data Gathering

Calculation steps

Design Criteria

3. Massachusetts Climate Change Projections - Statewide and for Major Drainage Basins Temperature, 

Precipitation, and Sea Level Rise Projection; by Northeast Climate Adaptation Science Center  

6

RMAT Tiered Methodology to 

Evaluate Degree Days from ResilientMA.org - Tier 2 and Tier 1 Projects



7

RMAT Tiered Methodology to 

Evaluate Degree Days from ResilientMA.org - Tier 2 and Tier 1 Projects

Example: 2070s CDDs for Moakley Park, Boston (Boston Harbor Basin)

Boston 

Harbor 

Basin



8

RMAT Tiered Methodology to 

Evaluate Degree Days from ResilientMA.org - Tier 2 and Tier 1 Projects

Example: Moakley Park, Boston

Planning Horizon Percentile Cooling Degree Days

2070s

10th percentile 1198

50th percentile 1582

90th percentile 2040



9

RMAT Tiered Methodology

Cooling Degree Days – Comparison Across Tiers

Example: Moakley Park, Boston

Planning Horizon Percentile
Tier 3

Cooling Degree Days

Tier 2/1

Cooling Degree Days

2070s

10th percentile 1278 1198

50th percentile 1590 1582

90th percentile 1853 2040



REFERENCES

1. Abatzoglou J.T. and Brown T.J. A comparison of statistical downscaling methods suited for wildfire applications, 

International Journal of Climatology (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. Massachusetts Climate Change Projections - Statewide and for Major Drainage Basins Temperature, Precipitation, 

and Sea Level Rise Projections; by Northeast Climate Adaptation Science Center and published by Massachusetts 

Executive Office of Energy and Environmental Affairs

10
DRAFT
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Attachment 3.4D - Draft Tiered Methodology Example for Extreme Heat – Heat Waves, All 

Tiers 

  



RMAT Tiered Methodology to Evaluate Heat Waves

Tier 3 Projects (High level of Effort)

DRAFT

Annual number of heat 

waves for given planning 

horizon

Calculate total annual number of heat 

waves (3 or more consecutive days with 

max. temp. ≥90°F) per GCM for each year 

in the averaging period for given planning 

horizon 

Calculate the median, 10th, and 90th

percentile for annual number of heat waves

over the averaging period for given planning 

horizon

Average duration of heat 

waves for given planning 

horizon

Choose 30-yr averaging period around 

the given planning horizon

Download data from MACA1 dataset for 

tasmax (Maximum Air Temperature) for 

Group 12 GCMs. The grid should not 

contain more than 1/3rd water body

Calculate average duration of heat waves 

(at least 3 days for each heatwave) for each 

year in the averaging period per GCM

Calculate the median, 10th, and 90th

percentile for annual average duration of 

heat waves over the averaging period for 

given planning horizon

Legends

Data Gathering

Calculation steps

Design Criteria

1. Abatzoglou J.T. and Brown T.J. A comparison of statistical 

downscaling methods suited for wildfire applications, 

International Journal of Climatology (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

1

Given from Standards Output:  Planning Horizon (2030, 2050, 2070, 2100);  Confidence Interval (10th, 50th, 90th)



Step0: 

2

RMAT Tiered Methodology to 

Evaluate Heat Waves- Tier 3 Projects

(Step 0: Complete MACA data download)

DRAFT



3

RMAT Tiered Methodology to 

Evaluate Heat Waves - Tier 3 Projects

(Step 1: Calculate Days ≥90°F)

Example: Moakley Park, Boston

DRAFT



4

RMAT Tiered Methodology to 

Evaluate Heat Waves - Tier 3 Projects

(Step 2: Calculate Median, 10th, and 90th percentiles for all GCMs)

Example: Moakley Park, Boston

DRAFT

2070 # of Heat Waves

10th percentile 3

Median 5

90th percentile 8



RMAT Tiered Methodology to Evaluate Number and Duration of Heat Waves

Tier 2 and Tier 1 Projects

DRAFT

Number of heat waves

Calculate total annual number of heat 

waves (3 or more consecutive days with 

max. temp. ≥90°F) for each year over the 

available period of record for the selected 

weather station

Average duration of heat 

waves

Download historical temperature data 

from NCDC NOAA Website for the 

weather station located closest to the 

project area

• https://www.ncdc.noaa.gov/cdo-

web/datatools/findstation 

• Select “Daily Summaries” Dataset

• Select Date Range (1976 –

present day)

• Request Data (Tmax) in .CSV file 

from Website

Calculate annual average duration of heat 

waves (at least 3 days for each heat wave) 

for each year over the available period of 

record for the selected weather station

Calculate the median, 10th and 90th percentile 

for annual number of heat waves over the 

period of record

Calculate the median, 10th and 90th

percentile for annual average duration of 

heat waves over the period of record

5

Given from Standards Output:  Planning Horizon (2030, 2050, 2070, 2100);  Confidence Interval (10th, 50th, 90th)

Legends

Data Gathering

Calculation steps

Design Criteria

https://www.ncdc.noaa.gov/cdo-web/datatools/findstation


REFERENCES

1. Abatzoglou J.T. and Brown T.J. A comparison of statistical downscaling methods suited for wildfire applications, 

International Journal of Climatology (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

6
DRAFT
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Attachment 3.4E - Draft Tiered Methodology Example for Extreme Heat – Heat Index, All 

Tiers 

 

 



RMAT Tiered Methodology to Evaluate Heat Index 

Tier 3 Projects (Highest Level of Effort)

Legends

Data Gathering

Calculation steps

Design Criteria

1. Abatzoglou J.T. and Brown T.J. A comparison of statistical 

downscaling methods suited for wildfire applications, International 

Journal of Climatology (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

4. National Oceanic and Atmospheric Administration (NOAA).n.d. 

Heat Index. https://www.weather.gov/safety/heat-index

1

Given from Standards Output:  Planning Horizon (2030, 2050, 2070, 2100);  Confidence Interval (10th, 50th, 90th)

Average summer heat index 

for given planning horizon

Calculate annual maximum temperature and 

average relative humidity of each year per GCM, 

for the given planning horizon

Calculate the median, 10th, and 90th

percentile of heat index of all GCMs

for given planning horizon

Choose 30-yr averaging period around the

given planning horizon

Download data from MACA1 dataset for the

following parameters for RCP8.5 using

Group 12 GCMs

• tasmax (Maximum Air Temperature)

• rhsmax (Maximum Rel. Humidity)

Estimate heat index for given planning horizon 

using the equation from NOAA3, also visualized in 

the following table from NOAA4

DRAFT

https://www.wpc.ncep.noaa.gov/html/heatindex_equation.shtml
https://www.weather.gov/safety/heat-index


Step0: 

2

RMAT Tiered Methodology to 

Evaluate Heat Index - Tier 3 Projects

(Step 0: Complete MACA data download)

DRAFT



3

RMAT Tiered Methodology to 

Evaluate Heat Index - Tier 3 Projects 

(Step 1: Calculate the median max. temp. and median avg. rel. humidity)

Example: Moakley Park, Boston 

DRAFT



4

HI = -42.379 + 2.04901523*T + 10.14333127*RH -

.22475541*T*RH - .00683783*T*T - .05481717*RH*RH + 

.00122874*T*T*RH + .00085282*T*RH*RH -

.00000199*T*T*RH*RH

DRAFT

where, 

HI = Heat Index 

T = Temperature (tasmax) 

RI = Relative Humidity (average rhsmax)

RMAT Tiered Methodology to 

Evaluate Heat Index - Tier 3 Projects 

(Step 2: Calculate heat index per year based on the NOAA Heat Index Eqn.)

Example: Moakley Park, Boston 



5. Percent Increase data based on Climate Change 

Vulnerability Assessment (November 2015) report for 

City of Cambridge, MA (Table 2, pp. 23)

RMAT Tiered Methodology to Evaluate Heat Index 

Tier 2 and Tier 1 Projects

Apply percent increase5 to historical 

average values based on given 

planning horizon

Average heat index per 

given planning horizon

Use baseline value of the historical 

average heat index

Planning Horizons Increase 

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

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

Legends

Data Gathering

Calculation steps

Design Criteria

5

Given from Standards Output:  Planning Horizon (2030, 2050, 2070, 2100);  Confidence Interval (10th, 50th, 90th)

DRAFT



REFERENCES

1. Abatzoglou J.T. and Brown T.J. A comparison of statistical downscaling methods suited for 

wildfire applications, International Journal of Climatology (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

4. National Oceanic and Atmospheric Administration (NOAA).n.d. Heat Index. 

https://www.weather.gov/safety/heat-index

5. Climate Change Vulnerability Assessment (November 2015) report for City of Cambridge, MA

6
DRAFT

https://www.wpc.ncep.noaa.gov/html/heatindex_equation.shtml
https://www.weather.gov/safety/heat-index

