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Mapping Cumulative Human Impacts

Our goal:

To map all human impactsto 

marine ecosystems at high resolution

ÅIǳƳŀƴ ŀŎǘƛǾƛǘƛŜǎ ƘŀǾŜ ŀǎǎƻŎƛŀǘŜŘ άǎǘǊŜǎǎƻǊǎέ

ÅStressors maydrive an ecosystem away from its natural state

ÅThe vulnerability of an ecosystem determines

the impactof a stressor



ÅΨ/ǳƳǳƭŀǘƛǾŜΩ

ïWithin a sector

ïAmong sectors

ÅΨLƳǇŀŎǘǎΩ

ïNot just a footprint

ïAccount for ecological context

ïCan also be socio-economic impact

Cumulative Impacts of Human 
Activities on Marine Ecosystems



Global Cumulative Impact Scores



Global Stats

Level of impact Global

Very high 0.5%

High 1.8%

Medium high 38.2%

Medium 31.3%

Low 24.5%

Very low 3.7%

% of ocean that falls into each category of cumulative impact



United States

Level of impact Global USA

Very high 0.5% 0.7%

High 1.8% 4.4%

Medium high 38.2% 62.1%

Medium 31.3% 21.5%

Low 24.5% 9.1%

Very low 3.7% 2.0%

USA EEZ is largest in the world (3.4% of global ocean, 11.6% of EEZ oceans)

67%

% of ocean that falls into each category of cumulative impact



USA vs. other countries

Heavily impacted Very low impact

USA 67% 2%

Australia 27% 4%

U.K. 39% 0.3%

Canada 33% 23%

Mexico 37% 1%

China 70% 0%

France 23% 0.2%

Italy 81% 0%

Russia 14% 23%



Massachusetts Study Area



Methodology: Three Components

ÅEcosystems/Habitats

ÅVulnerability of each ecosystem 
to each human activity

ÅData on Human Activities



Methodology: Expert Survey

ÅConduct expert survey 

ïAssess specific ecosystem-by-threat vulnerabilities 
(e.g. impact of aquaculture on an eelgrass 
ecosystem)



Methodology: Expert Survey

Intertidal
ïBeach

ïBarrier beach

ïRocky intertidal

ïSalt marsh

ïTidal flats

Subtidal coastal
ïEelgrass

ïAlgal zone

ïNearshore soft 
bottom

ïNearshore hard 
bottom

Offshore
ïHard bottom shelf

ïSoft bottom shelf

ïHard bottom 
bathyal

ïSoft bottom 
bathyal

ïShallow pelagic

ïDeep pelagic

15 different ecosystems broken up into 3 categories:



Methodology: Expert Survey

56 Current & Emerging Land-Based and Ocean-Based 
Human Activities

ïAquaculture
ïClimate change
ïFishing
ïNutrient input
ïOcean dumping
ïPollution input
ïTourism
ïTransportation
ïEnergy infrastructure (emerging human activities)



Methodology: Expert Survey

Survey (~1 hour)

ÅVulnerability of ecosystem to human activities

ïSpatial extent (km squared)

ïFrequency (# days/year)

ïTrophic  level impact (level of marine life affected)

ïPercentage of trophic level impacted (0-100%)

ïRecovery time from impact (years)



Methodology: Expert Survey

Calculate ecosystem-by-threat vulnerability scores

Human activity beach

barrier 

beach

rocky 

intertidal

salt 

marsh

Aquaculture: finfish (herbivores) 1.00 0.07 1.34 0.88

Aquaculture: finfish (predators) 0.60 0.40 1.94 0.42

Aquaculture: marine plant 0.40 2.00 1.24 0.78

Aquaculture: shellfish 1.57 0.50 0.90

Climate change: ocean acidification 1.26 1.52 1.85

Climate change: sea level rise 3.01 2.39 2.37

Climate change: sea temperature change 2.00 2.99 1.90 1.39

Climate change: UV change 1.12 1.00 1.33

Coastal engineering: altered flow dynamics 3.52 2.82 2.12 1.47

Coastal engineering: habitat alteration 2.59 2.00 1.09 2.04

Direct human impact: trampling 1.87 2.01 1.92 1.84

Disease/pathogens 1.99 0.65 1.78

Dredging 1.67 1.68 0.90 1.18

Vulnerability Matrix



Methodology: Expert Survey

Status of MA Expert Survey:

ïSurvey sent to 158 ecosystem experts regionally 
(CT, RI, MA, NH, ME)

ïTOTAL number of returned surveys: 57

ïUseful information

ïNumber of data gaps

ïCan you help?



Methodology: Acquire data on 
ocean-based stressors

Commercial Shipping



Marine Debris Nutrients

Methodology: Acquire data on land
land-based stressors



1. Layer the individual maps of stressors and 
ecosystems 

2. Apply the ecosystem vulnerability weight

3. Calculate a cumulative impact score for every 250 
m2 pixel in MA waters and for every 1km2 pixel in 
adjacent federal waters 

Calculating a Cumulative Impact Score



Land-based stressors

Washington, D.C.



Land-based stressors



Land-based stressors



Land-based stressors






