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Measuring Port Resilience



Seaport Climate Vulnerability Assessment at the Multi-Port 
Scale: 

A Review of Approaches 
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How to Measure Port Resilience?

McIntosh, R. D., and A. Becker, 2017: Seaport Climate Vulnerability Assessment at the Multi-port Scale: A
Review of Approaches. Resilience and Risk: Methods and Application in Environment, Cyber and Social
Domains, I. Linkov, and J. M. Palma-Oliveira, Eds., Springer Netherlands, 205-224.

• Most CCVA for ports to date has been limited to the single-
port scale

• Most multi-port assessments stop short of comparative 
CCVA or focus on other concepts (e.g., performance)

• Indicator-based, data-driven approach allows for intra-
port comparisons



Expert Evaluation of Open-Data Indicators of Seaport 
Vulnerability to Climate and Extreme Weather Impacts for 

U.S. North Atlantic 
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Can We Develop Indicators?

McIntosh, R.D., Becker, A., (2019), “Expert Evaluation of Open-Data Indicators of
Seaport Vulnerability to Climate and Extreme Weather Impacts for U.S.
North Atlantic.” Ocean and Coastal Management. Volume 180, 1 October
2019, 104911.

Study Area:

22 Ports of the US North Atlantic
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1. Start with definition of climate-vulnerability

• Identified 108 candidate indicators 
from literature

2. Eliminated those without a source of data 
for at least 16 of the 22 sample ports

3. Mind map exercise: 

Refining Candidate Indicators

Literature Review

• Start with definition 
of Vulnerability (IPCC)

• Sought indicators of 
exposure, sensitivity, 
adaptive capacity for 
ports

Check Data 
Availability for 

Study Area Ports

48 Candidate 
Indicators

Mind Map 
Exercise

9 Federal experts from 
CMTS RIAT evaluated 

indicators for 
correlation

108
Candidate
Indicators

34
Candidate
Indicators
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Expert Evaluation of Open-Data Indicators 

Key Findings:

• Open-data can be developed into expert-supported indicators of seaport climate 
exposure and sensitivity

• Relatively little expert-perceived correlation between open-data and a port’s adaptive
capacity

• Overall higher levels of expert-perceived correlation for place-based indicators than 
port-specific indicators

Photo: Savannah Pilots
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Design:

1. Applied AHP to generate weights for top-rated indicators

2. Aggregated indicators into prototype composite-index 
using weighted sum model

Expert 
Evaluation 
Survey

•Experts rated 
indicators for 
correlation with 
exposure, sensitivity
and adaptive
capacity

Can We Model Port Resilience?

Analytic 
Hierarchy Process

• Experts generated 
indicator weights via 
pairwise comparisons

Aggregate 
indicators into 
composite-index

• Using AHP-derived 
weights and WSM

𝐴𝑖
𝑊𝑆𝑀−𝑠𝑐𝑜𝑟𝑒 =෍

𝑗=1

𝑛

𝑤𝑗𝑝𝑖𝑗 , 𝑓𝑜𝑟 𝑖 = 1, 2, 3… ,𝑚.

Vulnerability 
score of port Ai

Weight of indicator Ij

Performance of port Ai

in terms of indicator Ij
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Model Results

Aggregate 
indicators into 
composite-index

• Using AHP-derived 
weights and WSM

Potential hot-spots of 
vulnerability:

• Port of Boston

• Port of Philadelphia

• Port of Virginia
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Boston vs Virginia vs Philadelphia

Visualize individual 
indicators

• Disaggregated sub 
structure



9

How do model results compare to experts’ subjective port vulnerability rankings?

Model matched #1, and 3 out of top 4 most vulnerable ports

Port Experts’ Rank

Virginia.VA.Port.of 1

New.York.NY.and.NJ 2

Boston.MA 3

New.Haven.CT 4

Baltimore.MD 5

Providence.RI 6

Portland.ME 7

Portsmouth.NH 8

Philadelphia.PA 9

Hempstead.NY 10

Port Model Rank

Virginia.VA.Port.of 1

Boston.MA 2

Philadelphia.PA 3

New.Haven.CT 4

Port.Jefferson.NY 5

Portland.ME 6

Hopewell.VA 7

Fall.River.MA 8

Camden-Gloucester.NJ 9

Baltimore.MD 10

Validating Model Results

Photo: E. Mclean



• Results sensitive to value-judgements:

• How to delimit each port?

• How to compile indicator data? 

• Max value or average value? 

• Reproducibility limited by expert subjectivity

• Lack of indicators of adaptive capacity
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Limitations

Photo: E. Mclean



• Focus effort on assessing adaptive capacity

• Experts weight a/c high in importance

• Yet, a/c lacks representation in data

• Investigate what types of bespoke data might be 
synthesized into new additional indicators

• Compliment theoretical study with investigation of 
empirical impacts of climate/weather on seaports
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Recommendations

Photo: E. Mclean
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Muchas Gracias

Fa’afetai Lava

Thank You

Photo: E. Mclean

R. Duncan McIntosh, PhD
robertmc@sprep.org



Results

34 Candidate indicators 
of seaport vulnerability 
to climate and extreme-

weather:

Sorted by median 
expert-perceived 

magnitude of correlation 
with the three 
components of 

vulnerability

Relatively low 
perceived 

correlation with 
adaptive capacity

Port-Specific indicators in bold
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• Exposure:  The presence of people, livelihoods, species or ecosystems, environmental 
functions, services, and resources, infrastructure, or economic, social, or cultural assets 
in places and settings that could be adversely affected (IPCC 2014)

• Sensitivity:  The degree to which a system is affected, either adversely or beneficially, 
by climate-related stimuli (IPCC 2001)

• Adaptive Capacity:  The ability of systems, institutions, humans and other organisms to 
adjust to potential damage, to take advantage of opportunities, or to respond to 
consequences (IPCC 2014)
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Definitions


