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Overview:
1. Challenge
2. Framework
3. Case Study: Massachusetts Port Authority 



3

Our civilization is built on the 
assumption of a stable climate

Slide credit: Katharine Hayhoe, Atmos
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What happens if that climate isn’t 
stable any more?

Slide credit: Katharine Hayhoe, Atmos
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Climate Drivers of Coastal Flood Risk

Connecticut
• Rising tides (sea level rise)
• Shifting storm track
• Long‐term intensification of storms
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Source: http://nancyonnorwalk.com

East Haven, CT Milford, CT

Fairfield, CT Norwalk, CTSource: http://ctpost.com (Autumn Driscoll)

Source: http://cnn.comSource: http://politico.com

Recent Impacts in Connecticut
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Planning and design must consider likely 
impacts on hazards, systems, and people’s lives.

The Challenge

Rain River Pipes Dams
Sea 

Level 
Rise

Storm 
Surge
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• Massport
• Cambridge, MA
• Boston, MA
• Gloucester, MA
• Swampscott, MA
• Hingham, MA
• Hull, MA
• Oak Bluffs, MA

• Scituate, MA
• Marshfield, MA
• Duxbury, MA
• Army National Guard, 
MA

• Healthcare Client, MA
• American Water, NJ
• Washington, DC

Project Experience
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Case Study:
Massachusetts Port Authority

Logan Airport  Maritime Facilities
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Step 1

Climate Scenarios

Step 2

Vulnerability & Risk Assessment
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Step 1: Climate Scenarios

Step 3

Resiliency Planning
• Design
• Operations
• Prioritization
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Coastal Flooding

When threats combine, flood risk increases

High 
Tide

Sea 
Level 
Rise

Storm 
Surge

Waves
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Since 1920, mean relative sea level in Boston Harbor has increased by about 0.67 ft.

Sea Level Rise – Historic

(1920 – Present)
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Global mean sea level rise scenarios provided by NOAA as part of the 
National Climate Assessment report published in December 2012. 

Sea Level Rise - Future

6.6 ft.

3.9 ft.

1.6 ft.

0.7 ft.



15

Elevation of Massport Infrastructure
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2001 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Average Daily Higher High Tide in Boston with Sea Level Rise

Higher High Tide with "Highest" SLR (feet NAVD88) Higher High Tide with "Intermediate‐High" SLR (feet NAVD88)

+2 ft. SLR (6.80)

+4 ft. SLR (El. 8.80 NAVD 88)

Today

Massport Exposure to Sea Level Rise

All elevations are expressed in NAVD88
+4 ft by 2075-2095+2 ft by 2050-2065
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Boston Harbor Flood Risk Model (BH-FRM)

Source: Woods Hole Group
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Storm Climatology

– Includes both tropical 
and extra‐tropical 
storm sets

– Present and future 
climate change 
scenarios

• A Large Statistically robust 
set of storms. 

• No need to determine joint 
probabilities.

Source: Woods Hole Group
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ADCIRC Model Grid - Boston

Source: Woods Hole Group
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Boston Harbor Coastal Flood Risk
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Boston Harbor Coastal Flood Risk
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Boston Harbor Coastal Flood Risk
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Step 2: Vulnerability & Risk Assessment

Step 1

Climate Scenarios

Step 2

Vulnerability & Risk Assessment
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Step 3

Resiliency Planning
• Design
• Operations
• Prioritization
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Logan Airport – Critical Facilities
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0.1% ANNUAL PROBABILITY
FLOOD EL. = 14.1’

FEMA (2013) 100-YR
FLOOD EL. = 10.81’ - All elevations are in NGVD.

Asset Level Assessments

0.2% ANNUAL PROBABILITY
FLOOD EL. = ~14.0’

1% ANNUAL PROBABILITY
FLOOD EL. = ~12.8’

FIRST FLOOR
EL. = 11.60’
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Probability of Flooding
Low  High
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Facility‐Wide Prioritization and Ranking
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TIER 1: HIGHER PROBABILITY OF EXPOSURE (FLOODING IN BH‐FRM 2030 SCENARIO)
TIER 1A HIGHER CONSEQUENCE (SCORE = 8‐12) (2030)
Fish Pier East Building, West Building, Electrical Multiple 12 2%
Conley Site Switch House  Electrical 9 2%
Logan Fire‐Rescue II  Public Safety 8 2%
Logan Porter Street Substation Electrical 12 0.2%
Conley Wharf Switch Houses 1‐3, Marine Operations Electrical 9 0.2%
Logan MPA Pumping Station, Electrical Building, GenWater 8 0.2%
Logan State Police & TSA Building Public Safety 8 0.2%
Logan Wood Island Substation  Electrical 12 0.1%
Logan Marine Fire‐Rescue  Public Safety 8 0.1%
TIER 1B INTERMEDIATE CONSEQUENCE (SCORE = 4‐7) (2030)
Logan Facilities III  Maintenance 4 1%
Conley Berths 11‐12 Access 6 0.2%
Conley Rubber Tire Gantry Cranes Cargo 4 0.2%
Conley Vessel Cranes 1‐6 Cargo 4 0.2%
Logan West Outfall (Bar Screen Building) Drainage 4 0.2%
Conley Fuel Island and USTs Fuel 6 0.1%
Logan Facilities II Maintenance 6 0.1%
TIER 1C LOWER CONSEQUENCE (SCORE = 1‐3) (2030)
Haul Road Haul Road Sump Pump Drainage 2 5%
Conley Interchange Facility Cargo 1 5%
Conley Reefer Building and Yard Electrical 1 5%

Probability 
of Flooding  
(BH‐FRM)

Facility Asset Name(s) Critical Functions
Consequence 
of Flooding 

Score

Tier 1 – Probable Exposure in 2030
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Step 3: Resiliency Planning, Design, Operations

Step 1

Climate Scenarios

Step 2

Vulnerability & Risk Assessment

Step 3

Resiliency Planning
• Design
• Operations
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Design Elevations for Logan Airport
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Step 3: Resiliency Design
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Implementation

Test Deployment of Temporary Flood Barriers
October 8, 2015
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Hurricane Joaquin
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Eastern Seaboard 
Track?

No Yes

Routine Weather Monitoring

Weather Service Alert –
Tropical Storm or Nor’easter 

Developing

Monitor Forecasts – Predict 
Maximum Water Elevation

≥ 9 ft. NAVD88?No Yes

Flood Operations Plan
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Monitor Forecasts – Predict 
Maximum Water Elevation

≥ 9 ft. NAVD88?No Yes

Activate 
Flood Operations Plan

9-10 ft.?

10-11 ft.?

11-12 ft.?

Preparedness/Recovery Actions

- Assets, Actions, Timing, Priorities

- Assets, Actions, Timing, Priorities

- Assets, Actions, Timing, Priorities

12-13 ft.? - Assets, Actions, Timing, Priorities

Flood Operations Plan
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Flood Forecast Reports
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Maritime Assets at Risk
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Response Actions/Timetables
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Response Actions/Timetables
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Response Actions/Timetables
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Response Actions/Timetables
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Response Actions/Timetables
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Review electrical shut-down plan 
for Reefer Yard, Interchange 
Facility, Site Switch House, Wharf 
Switch Houses, Fuel Island and 
yard maintenance areas at risk of 
flooding in Figure 3

Response Actions/Timetables
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Questions/Discussion

Nasser Brahim
Kleinfelder

617-498-4774
nbrahim@kleinfelder.com


