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CHAPTER 1 - INTRODUCTION 

In response to increasing human demands on marine and coastal resources, the 
Commonwealth of Massachusetts is developing an integrated Massachusetts Ocean 
Management Plan. Based on the Oceans Act of 2008 (the Act), the plan addresses protection 
of the marine environment and sustainable use of ecosystem resources. 

The Massachusetts Ocean Management Plan has three goals: (1) development of an 
integrated management plan, (2) effective stewardship in the use of marine resources and 
protection of marine ecosystems, and (3) development of an adaptive framework. One of 
the objectives of the plan is to “identify measures of success or indicators that can be used to measure 
performance of management strategies in achieving desired outcomes”.  

To maintain the value of marine ecosystems, managers and decision-makers need to monitor 
the effectiveness of management actions in achieving their goals (Hockings 2003, Rice and 
Rochet 2005). Such monitoring is a key component of adaptive management as it 
encourages observations and monitoring to improve the performance of management 
strategies (Ehler 2003). In short, adaptive management is a systematic process for continually 
improving management policies and actions by learning from the outcomes of previously 
employed policies and actions. 

Evaluation of the effectiveness of management decisions is a vital step in the 
implementation of the Massachusetts Ocean Management Plan as it seeks to develop 
management measures for potential uses. The Massachusetts Ocean Management Plan is 
meant to be an evolving document, with a Science Framework to guide future data 
acquisition and research efforts. As described in Chapter 5, Volume I, of the Massachusetts 
Ocean Management Plan, as additional information related to ocean uses and the ocean 
ecosystem is obtained, it will be incorporated into the plan, potentially leading to changes to 
management measures. Development of a performance evaluation process which makes use 
of indicators that relate to marine ecosystem function and services  is necessary to help 
managers ensure that the Plan is achieving its goals.  

The aim of this paper is to develop evaluation measures for the Massachusetts Ocean 
Management Plan using ecological, socioeconomic and management performance 
information. This will involve identification of indicators to: 

(1) Measure the performance of management actions in achieving the desired outcomes 
of the Massachusetts Ocean Management Plan; 

(2) Measure changes/trends in environmental and socioeconomic conditions resulting 
from management actions of the Plan. 
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CHAPTER 2 - THE CONCEPT OF MANAGEMENT 
PERFORMANCE EVALUATION 

Management performance evaluation is a measure of the degree to which management is 
achieving the goals and objectives of the plan or program (Hockings et al. 2006). There are 
various reasons why management performance evaluation is considered an essential part of 
policy development and implementation. It can (1) enable and support adaptive 
management, (2) assist in effective program planning, (3) promote accountability and 
transparency (Hockings 2003), (4) help involve the community and gain public support for 
resource use and protection measures (Hockings et al. 2006), and (5) reveal knowledge gaps 
and guide resource requirements and allocations (Day et al. 2002). An effective evaluation 
system should also involve a broad stakeholder community to provide continuous feedback 
on management performance and outcomes, be continuous and flexible, and proactively 
guide decision-making (Walmsley 2006). Monitoring, evaluation and planning are closely 
linked processes that provide the basis for assessing whether the proposed outcomes of a 
program or policy are achieved (NOAA undated). There are two broad categories of 
indicators: performance-based and outcome-based evaluation.  

(1) Performance evaluation – uses Performance Indicators to measure the success of 
management strategies in achieving the desired goals e.g. number of permits for 
renewable energy development in use areas. Such indicators are often programmatic 
in nature and attempt to measure the effect of programs or plans through a 
quantitative assessment of actions taken.  

(2) Outcome evaluation – utilize Outcome Indicators to measure changes or trends in 
environmental and/or socioeconomic conditions, e..g. increased abundance of a fish 
species and may be useful in identifying emergent issues and areas for further 
research and education. Environmental and socioeconomic indicators are the most 
common types of Outcome indicators. 

Outcome assessment  needs to be based on a clear understanding of the policy goals and is 
most meaningful when assessing concrete objectives. It needs to estimate the status of a 
resource, changes in that resource over time, the effect of implementation of management 
measures on achieving that change, and the extent to which objectives have been achieved. 
Ultimately, such an evaluation feeds into the management cycle and provides a useful test of 
management effectiveness. 

The efficacy of management actions and their effects on environmental and socioeconomic 
conditions can be assessed using management indicators for performance evaluation, and 
environmental and socioeconomic indicators for outcome evaluation. The next section gives 
a brief description of indictors and attempts to identify the critical role of indicators in 
management evaluation of success. 
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INDICATORS 

Management success of a plan or program can be analyzed at various stages using a suite of 
indicators. An indicator can be defined as “a measured or observed parameter that provides a 
simplified view of a more complex phenomenon, or provides insight about a trend or event that cannot be 
directly observed” (NOAA undated). As a cost-effective alternative to monitoring of individual 
components of an ecosystem, carefully selected indicators can communicate information, 
quantify responses and simplify information about complex data. Correctly formulated, 
indicators can serve as early warning signals for detecting adverse changes in environmental 
conditions or undesirable socioeconomic impacts. An indicator shows the general public and 
policy makers the links between environmental conditions and policy actions. However, 
there is no universal set of indicators applicable to every situation. The indicators selected 
therefore needs to be useful to different users and applicable to different requirements and 
circumstances. The indicators need to be responsive to the goals of managers and decision-
makers, as well as to the expectations of stakeholders. 

Indicators provide information about a system through data collected and results obtained 
from monitoring programs. However, their significance can extend beyond the actual 
parameter values. For example, nitrogen levels in coastal waters may provide information on 
larger issues such as non-point sources of pollution, and the effectiveness of pollution 
control regulations. Choosing indicators that give an informative representation of the “big 
picture” of the marine environment is no easy task, and there is much debate about which 
indicators are the most informative and relevant. Ideally, selection of indicators should take 
into account their policy relevance and analytical soundness. Indicators should be few in 
number – too many will make overall results cumbersome and potentially difficult to 
decipher, minimize their usefulness and may actually become counter-productive. 

Selection of indicators should be based on criteria that are most appropriate to management 
needs and environmental issues and characteristics such as data availability, measurability, 
meaningfulness, relevance, reliability, sensitivity, specificity, timeliness, understandability, and 
cost (EPA 2008). Baseline data for indicators are essential for effective monitoring. This will 
help establish threshold values for indicators which provide managers, scientists and 
stakeholders with regular feedback on the effects of the implementation of a program and 
progress towards attaining goals (Belfiore et al. 2006). 

Due to the complexity of ecosystem dynamics, lack of sufficient understanding of ecosystem 
structure and function, and the numerable environmental and socioeconomic conditions that 
can change as a result of human activities, suites of indicators could potentially be selected. 
However, because each indicator implies monitoring, evaluation and reporting costs, 
indicators need to be chosen carefully and redundancy avoided. The indicators selected 
should (1) tie closely to the goals of the management plan, (2) reflect expected outcomes, (3) 
be broad enough to allow flexibility among different programs, and (4) reveal important 
information to the target audience. 
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As described previously, there are two main categories of indicators applied to management 
performance evaluation and this can be extended to the Massachusetts Ocean Management 
Plan: 

(a) Performance Indicators 

These indicators generally are targeted to  a program, policy or administrative response to an 
environmental problem. They generally give an indication of management actions rather 
than detectable changes in environmental conditions. 

(b) Outcome Indicators 

Environmental indicators - Indicators that measure the state of air, water and land 
resources, pressures on the resources, and the resulting effects on ecological and human 
health. Such indicators measure environmental conditions (e.g. human health, ecological 
integrity) or stressors, and provide useful information on patterns, changes and trends. These 
indicators can also be ecological, quantitatively estimating the condition of ecological 
resources, the magnitude of stress, or the amount of change in conditions (EPA 2003). 

Socioeconomic indicators - These indicators measure the relationship between human 
activity and environmental changes, for example population increase, wetland filling, beach 
closure days, and fish consumption advisories. These indicators generally also show general 
economic trends (economic indicators) such as industrial production, unemployment levels 
and value of resources such as fish landings. 

Available information is an important consideration in the development of environmental 
and socioeconomic indicators. Indicators require baseline data and information for 
comparison, in order to indicate whether impacts of management actions are having the 
desired results on environmental and socioeconomic circumstances. Ideally, indicators for 
which information already exists should be preferred. 

THE DPSIR INDICATOR FRAMEWORK 

Developing appropriate indicators requires an understanding of the forces driving the 
environmental change that is behind the implementation of management plans and policy 
actions. Natural variability and episodic events, as well as anthropogenic activities, all play a 
role in marine and coastal ecosystem dynamics. To help frame the development of a series of 
indicators, it is important to distinguish the relative contribution of these sources of 
environmental change, and associate the resulting social costs and benefits with particular 
changes in these activities (Bowen et al. 2007). This involves utilization of an indicator 
framework through which one can look at environmental change from a broader 
perspective, examining cause-effect relationships that will better inform the development 
and effects of management actions. 



 

According to Turner et al. (2000), the Driver-Pressure-State-Impact-Response (DPSIR) 
framework can clarify the causes of change in environmental conditions and socioeconomic 
activities as well as the impacts on human economic and social wellbeing. In achieving this 
purpose, the DPSIR is an effective and simple framework for illustrating ecosystem-based 
management by relating large-scale drivers (causes) of  change (e.g. increase in population 
density, human activity) to the pressures they exert (e.g. increase in discharges to the marine 
environment) which cause changes in the state of the marine environment (increase in 
pollution, habitat degradation) resulting in impacts on biodiversity, human wellbeing and 
socioeconomics (loss of biodiversity, loss of commercial catch and fishing value), thereby 
leading to institutional responses (policy, target setting, indicators). An example of the 
relationships among the five DPSIR components is shown in Figure 2.1, through the use of 
climate change as a conceptual example. Examples of indicators that can be used for each 
step are also included. 

Each of the five components of the DPSIR is linked to indicators that measure changes and 
trends resulting from natural events, anthropogenic activities and ultimately policy 
regulations. In short, the DPSIR framework is designed to ensure that management 
considers not only the state of the environment but also the various causes and sources of 
environmental change. 

Figure 2.1 Application of the DPSIR indicator framework to the issue of Climate Change (conceptual example) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DRIVER 
Increase in population 

RESPONSE 
Permits for offshore renewable 
energy, caps on emissions, etc.  

PRESSURE 
Increase in atmospheric 

emissions 

IMPACTS 
Loss of habitat, coastal erosion, 
decrease in fish catch, loss of 

revenue, etc. 

STATE 
Increase in sea temp, 

change in pH, etc. 
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Driving forces are changes in demographic, socioeconomic, political, scientific, technological 
and institutional systems (Millennium Ecosystem Assessment 2005). The driving forces that 
control the dynamics of environmental and socioeconomic conditions are both natural (e.g. 
physical oceanographic forces) and anthropogenic (e.g. increase in population density). To 
illustrate, one of the main anthropogenic drivers in Massachusetts is the increase in 
population with concomitant increase in land-use change and the need for utilities and 
resource exploitation. Pressures exerted by an increasing population include increasing 
emissions and pollution, resulting in changes in climate conditions. As a result, changes are 
observed in the marine environment, such as deteriorating water quality, or increase in sea 
surface temperature, causing loss of habitat. The resulting impacts on biodiversity and 
human wellbeing are evidenced by such changes as displacement of fish populations, loss of 
biodiversity, and decrease in economic growth in certain sectors such as fishing 
communities. In response, institutional bodies seek to enact policies and regulations to 
rectify the situation, such as controlling emissions, by exploiting offshore renewable energy 
sources to mitigate the effects of climate change. 
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CHAPTER 3 - MANAGEMENT PERFORMANCE 
EVALUATION FOR THE MASSACHUSETTS OCEAN 
MANAGEMENT PLAN 

The Oceans Act provides the overall framework within which the ocean management plan, 
and its implementation, must operate. Therefore, measuring the performance evaluation for 
the ocean management plan, and the indicators selected to do so, also must be bounded by 
the Oceans Act and ocean management plan. For the ocean management plan, two 
evaluation categories are proposed to be developed: performance and outcome indicators. 
As described previously, performance indicators assess whether management measures have 
produced the desired outputs. For the Massachusetts Ocean Management Plan, an example 
would be quantifying the number of offshore wind projects proposed in renewable energy 
areas, the number of permits approved, and/or the implementation of performance 
standards. A candidate list of such performance indicators is given in Appendix I, organized 
by the goals of the Plan  The candidate list was developed by considering the strategies that 
accompany each of the goals  of the ocean management plan. Not all strategies could be 
measured directly by an indicator. Some indicators may provide answers to more than one 
strategy or outcome within each goal. 

Outcome evaluation will make use of environmental and ecological indicators that monitor 
the biological, physical, chemical and marine community conditions in the ocean planning 
area, and socioeconomic indicators to measure the effects of management actions on the 
wellbeing of surrounding communities. Above all, the effects of existing and potential future 
human uses can be examined, so that management actions are taken to counteract potential 
negative impacts on the environment at an early stage. A list of candidate indicators is 
provided in Appendix II to this document. The indicators are related to the goals, strategies 
and outcomes of the Massachusetts Ocean Management Plan. They are intended to measure 
short-term and longer-term trends in environmental and socioeconomic conditions and 
therefore provide important information to managers and decision-makers on the effects of 
their actions on the environment and the social, cultural and economic conditions of the 
surrounding communities.  
 
In general, these indicators need to be informed by data collected in monitoring programs, 
as described below. Some data may already be collected through existing monitoring 
programs, thereby providing baseline information for indicators and facilitating the 
establishment of thresholds that will guide assessment of management measures. Indicators 
for which information is already being generated are easier to implement and could be 
selected as long as they qualify to the other criteria for indicators. In this instance, the data 
and information to be used in the indicators will in part be informed by the Science 
Framework prepared as part of the ocean management plan (provided in Volume II of the 
plan), which describes the critical scientific research and data needs moving forward. 
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PROCESS FOR SELECTING INDICATORS 

The process proposed for identifying appropriate indicators for the ocean management plan 
considers the approach developed by Rice and Rochet (2005), which incorporates a set of 
criteria to identify appropriate indicators. Importantly, this process can be conducted with 
the input of stakeholders and users of the indicators, providing the opportunity to select 
indicators which are useful and informative to the greater number of people.  

The process has eight main steps: 

(1) Establish a steering committee (or work group) 

(2) Determine user needs  

(3) Develop assessment questions from the goals of the management plan 

(4) Develop a list of candidate indicators  

(5) Determine screening criteria  

(6) Score indicators against criteria  

(7) Summarize scoring results  

(8) Make final selection of the suite of indicators 

 

Indicators are typically selected from a broad candidate list depending on how well they 
score against selected screening criteria. Different examples of screening criteria exist that 
may be drawn from for this effort. For example, the U.S. Environmental Protection Agency 
(US EPA) developed the following: 
 
(1) Conceptual relevance - Is the indicator relevant to the assessment question and resource 
at risk?  

(2) Feasibility of implementation - Are the methods for long-term sampling and measuring 
environmental variables technically feasible, appropriate, and efficient for use in a 
monitoring program? Evaluation of indicators must focus on short- and long-term feasibility 
of monitoring, associated costs, and complexity of analysis and data interpretation.  

(3) Response variability - Can spatial and temporal variability be accounted for?  

(4) Interpretation and utility - Will the indicator convey information on resource conditions 
that is meaningful to environmental decision-makers?  Is the indicator currently monitored 
or likely to be monitored in the future? 

Once the indicators have been selected based on usefulness, feasibility and other criteria, 
their implementation will be developed. Baselines need to be established either using data 
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from ongoing programs, or, where data is lacking, using data from preliminary research that 
provides a baseline.  

MONITORING PROGRAMS FOR INDICATORS 

A key part of management performance evaluation is to develop monitoring programs to 
collect data to track changes in a range of ecological, socioeconomic and management 
indicators (Leslie and McLeod 2007). As described in the Science Framework (provided in 
Volume II of the Ocean Management Plan), the monitoring programs are aimed to provide 
data for indicators that will provide information on environmental changes and trends and 
socioeconomic impacts. 

Environmental and socioeconomic indicators are intended to measure changes and/or 
trends in environmental conditions, and social and economic circumstances of surrounding 
communities. This involves development of monitoring programs to collect spatial and 
temporal data. Although such data need to be collected over time, it is important to select 
indicators that will start measuring changes in the shorter term, preferably to more than one 
question that management wants answered.  
 
Economic indicators need to quantify use and non-use values as much as possible and 
attempt to isolate costs and benefits to different users. Ecological (a type of environmental) 
indicators need to reflect both spatial and temporal changes in appropriate parameters, such 
as species diversity, abundance, biomass, and population trend (Pomeroy et al. 2004, MRAG 
2008). However, a key component needed for the implementation of a particular indicator is 
data availability. If data are not available, this will need to be addressed through monitoring 
programs. This would mean that the indicator would be developed and implemented in the 
longer term, since collection of baseline data would be required. 

DATA MANAGEMENT 

Data collection and analysis needs to be standardized for comparability as well as ease of 
interpretation. Most of the data compiled to develop indicators or to generate information 
for indicators will be in the form of time-series trends or as spatial layers. Use of existing 
data management tools within the Executive Office for Energy and Environmental Affairs 
(EEA) such as the Massachusetts Ocean Resources Information System (MORIS) will 
facilitate the process and help ensure continuity as well as resource availability.  

Important considerations for data management include: 
 

(1) Quality assurance - important to evaluate the suitability of data gathered from 
existing programs and ensuring that sampling design, collection methods and analysis 
protocols of current and future monitoring satisfy the goals of the indicators 
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(2) Metadata - these should describe (a) data used to compute the indicator, (b) source 
of data, (c) collection data, location and method, (d) processing steps applied to the 
data to calculate the indicator, (e) data repository, (f0 resolution and geographical 
coverage (Mills 2006). 

(3) Data management - storage and sharing 

COMMUNICATING RESULTS 

Ultimately, the results of the indicators need to be communicated to decision-makers and 
stakeholders. Effective communication and outreach will accurately represent the indicators, 
engage partners, and disseminate information in a manner that is useful to the target 
audience. This will help gain public and financial support especially if the merits and 
usefulness of the program are properly emphasized.  

Whatever the audience, reports should be based on accurate and complete data based on 
good quality assurance and interpretation verification. Timeliness is also important in order 
to allow managers and regulators to make use of the findings, conclusions and 
recommendations. 

REVIEW OF THE MANAGEMENT PERFORMANCE EVALUATION 
PROCESS 

The Oceans Act mandates that the ocean management plan be reviewed at least once every 
five years. The outcomes of the indicators need to be reported regularly in order to inform 
the performance of the ocean management plan, both in achieving its management goals as 
well as tracking environmental changes resulting from the management decisions.  

The indicators themselves will need to be reviewed in order to ensure its utility in assessing 
the effectiveness of the plan. It is suggested that data collected and preliminary findings be 
reported periodically to enable timely review of the ocean management plan and its 
implementation. 
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CHAPTER 4 - CONCLUSION AND RECOMMENDATIONS 

This document outlined the basics required for the development of a management 
performance evaluation process. Details for each step in the process outlined in Chapter 3 
will need to be developed in the near future. Linking with existing and future monitoring and 
research programs should be explored as this would facilitate the collection of data over the 
short-term. 

To summarize, the Massachusetts Ocean Management Plan involves the establishment of 
management actions whose success will need to be measured over time. Management 
performance evaluation is made up of two parts – (1) performance evaluation which will 
make use of performance indicators to measure the success of the management steps in the 
plan, and (2) outcome evaluation which through the use of environmental and 
socioeconomic indicators, will keep track of changes and trends in environmental 
(ecological, oceanographic, biological) and socioeconomic (economic, social, cultural) 
conditions. In order to make sure that the indicators will be useful, the DPSIR indicator 
framework is proposed to clarify cause-effect relationships that will inform the establishment 
of policies and regulations. In order to conceptualize the management evaluation process, a 
stepwise process is outlined to serve as a guide for the selection of appropriate indicators 
that will best serve the needs of the Massachusetts Ocean Management Plan. 
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APPENDIX I -  Suggested Performance Indicators from Goals and Strategies  

 of the Massachusetts Ocean Management Plan 

Note: These are suggested indicators and relate as much as possible to the plan area. However, the list is by no means exhaustive and new ones may be 

proposed as appropriate. 

Goals Strategies Outcomes Indicators 

Integrated 
management 

Define goals, strategies and outcomes that are responsive to the Act, 
reflect consideration of public comment, and can be achieved within the 
timeline based on existing information  

Plan is responsive to the Act 

Plan is implemented across 
jurisdictional levels 

Plan achieves balance through 

the designation of suitable use 

and protection areas 

# outcomes established , # goals achieved,  # 
public comments given and included, # 
stakeholders contacted and included, # public 
meetings held, # OAC meetings organized 

Review and incorporate relevant law and policies such as those on 
climate change 

# policies and regulations reviewed and 
incorporated 

Characterize planning area and its component regions through baseline 
assessment and regional characterizations 

Developed baseline assessment for the plan area, 
# regional characterizations done 

Review and consider policies of regional, municipal and other formal 
plans that address ocean waters 

# regional policies reviewed and incorporated, # 
municipal policies reviewed and incorporated 

Accommodate local and regional policies and initiatives consistent with 
the Act and management plan 

# regional plans and initiatives incorporated, # 
local plans and initiatives incorporated 

Develop criteria for selecting alternative management strategies # criteria adopted for alternative mgt  strategies 

Identify measures of success or indicators to measure performance of 
management strategies in achieving outcomes 

# good indicators selected for a management 
effectiveness evaluation program  

Designated protection and use areas; develop management measures in 
consideration of international, federal, state & local jurisdictions 

% /aerial extent of plan area designated as SSUs, 
% /aerial extent of plan area designated for use 

Coordinate designation of protection and use areas with feds  

Develop governance structure to maintain OAC and SAC   

Maintain networked governance structure for flexibility and 
responsiveness to implementation of the Act 
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Goals Strategies Outcomes Indicators 

Effective 
stewardship: 
use areas 

 

Map gradations of habitat value Locations and performance 
measures for allowable uses and 
infrastructure are identified 

Renewable energy development 
is of appropriate scale 

Conflicts with/impacts to 
existing uses and measures are 
minimized 

Permitting is streamlined 

 

Overlay existing regulatory protected areas Aerial extent of existing regulatory protected areas 

Overlay use data Aerial extent of licensed water-dependent uses by 
management area 

Apply compatibility matrix  

Identify potentially suitable use areas  Aerial extent and location of suitable use areas, # 
permits submitted for use areas, # permits given 
for use areas 

Apply conservative approach   

Minimize conflict with commercial fishing Level/value of fishing effort avoided, # fishing 
boats with lower level/value of fishing in use area 

Minimize conflict with interconnections between homeports and 
grounds 

Level of use (# boats) using interconnection 
avoided, # fishing boats with more  travel time, 
distance & fuel consumption between homeport 
and ground 

Develop methods to identify impacts on fisheries and assess economic 
impacts of specific developments 

# methods implemented to identify 
socioeconomic impacts on fisheries 

Develop mitigation framework for certain developments  

Minimize conflict with recreational fishing Level/value of recreational fishing areas 
frequented avoided, # fishing boats with lower 
level/value of fishing in/near use area 

Preserve/enhance public access by siting uses to  minimize impact with 
recreational use 

# sites where public access is enhanced, 
protected, enhanced through regulation 

Incorporate specific performance standards for deep water aquaculture  

Apply performance standards for cables  # cables installed according to performance stds 

Identify appropriate test areas for renewable energy development as part 
of use area layer 

Aerial extent and location of test areas, # permits 
given for tests in assigned area, Production 
capacity of test projects 

For renewable energy facilities, define appropriate scale and appropriate 
areas based on protection for public trust, compatibility with existing 
uses, environmental protection, public safety 

Aerial extent of use areas for renewable energy, # 
permits given for commercial RE projects in 
assigned areas, # permits given for community 
RE projects in assigned areas, Production capacity 
of RE projects, % of required amount of state 
energy production from RE projects 

Develop performance standards to address community benefit, 
proximity to shoreline, appropriateness of technology and scale 

# Performance standards developed 
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Goals Strategies Outcomes Indicators 

Effective 
stewardship: 
protection of 
marine 
ecosystems 

Compile existing data to identify ecologically important areas Special, sensitive, unique areas 
are identified and protected  

#, types, footprint of projects licensed in SSU 
areas 

Review fisheries and habitat work group reports  

Review un/certainty of existing in data  

Develop EVI # data sets in EVI 

Develop compatibility matrix  

Map gradations of ecological value based on EVI Aerial extent with high, medium, low EVI 

Consider connectivity between areas  

Overlay existing regulated protected areas  

Define “special, sensitive, unique”  

Apply conservative approach to areas designated for management, in 
proportion to overall planning area 

% plan area as SSUs 

Map appropriate SSUs Aerial extent of SSUs 

Develop/modify regulations to reflect protected status # regulations developed re protection, # 
regulations modified re protection 

Adaptive 
framework 

Prioritize key management issues and related science needs for the next 
generation of the plan 

Framework to establish the plan 
as a key driver of future, ocean-
related scientific research 

Framework to provide basis for 
sound ocean policy, 
management and science in the 
future 

Framework results in science 
and research in response to 
identified management and 
policy issues 

Framework continues to engage 

stakeholders in future iterations 

of the ocean management plan 

 

With SAC, develop a strategy for addressing prioritized ocean 
management issues that require additional scientific research  

# issues requiring additional research completed 

Prioritize scientific research and data collection efforts of state agencies 
to reflect ocean management plan priorities 

 

Develop and implement science strategy with assistance of academics, 
federal agencies, NGOs etc 

# programs in science strategy implemented, 
Total funds available for science strategy projects, 
# agencies cooperating in science plan 
implementation 

Institute a process for future amendments to the plan that adequately 
responds to the pace of scientific and technological advances 

 

Ensure public participation as a key part of the plan amendment process # stakeholders participating, # meetings/ 
consultations 

 



 



DRAFT EM-21 

APPENDIX II - Suggested Environmental and Socioeconomic Indicators 

 for the Massachusetts Ocean Management Plan 

Note: These are suggested indicators and relate as much as possible to the plan area. However, the list is by no means exhaustive and new ones 

may be proposed as appropriate. 

Indicator class Theme Indicator DPSIR 

Environmental Biodiversity Diversity of communities/# sp per unit area, cluster analysis; Diversity of species/sp 

richness; Genetic diversity 

SI 

Abundance # individuals of a sp/unit area; Biomass (dry wt/unit area); Density (# species/unit area) SI 

Species/population status # listed species; Vol. incidental mortality (by-catch); # sea turtle sightings (by sp); Location 

of sea turtle sightings; # beach stranding; Fish mortality; # marine mammal sightings (by 

species); Location of marine mammal sightings 

PSI 

Population trend # individuals of fish sp. in trawl; # juveniles sampled; Age structure SI 

Water quality Temp, salinity, chlorophyll, turbidity, DO; Oceanographic parameters; Hydrocarbons from 

vessels/ppt; Sewage discharged (Fecal coliforms) from vessels - #/100mL 

DS 

Sediment quality Contaminants from vessels (sewage, metals, POPs)/ppt; DO mg/L PSI 

Habitat quality Presence/absence of bioindicator species; Aerial extent of seagrass bed/m2; Sediment type 

(grain size….); Presence/absence of keystone species  

DS 

 

 



DRAFT EM-22 

Indicator class Theme Indicator DPSIR 

Socioeconomic Population dynamics Resident population (#, density); Peak season population (#, density); Population in coastal 

high hazard areas (#, density); Ocean zoning patterns (%, aerial extent) 

DPI 

Economic conditions GDP, Environmentally adjusted NDP; Employment patterns and trends; Economic value 

of marine industry (direct, indirect); Property value; Per capita income; Economic value of 

offshore renewable energy (various parameters) 

DP 

Socio-cultural conditions % population with access to public beaches and water; % population live in area for coastal 

benefits 

DP 

Development/ 

construction 

# coastal building permits; # offshore development or use permits; Dredging (location, 

volume, cost); % water-dependent use industry; Beach nourishment (location, volume, 

cost); Sand mining for beach nourishment (location, volume, cost) 

P 

Habitat change Non-use value of marine habitats (bequest, existence, option); # protected areas (SSUs, 

ocean sanctuaries) – location, size, type; Social costs of invasive species; Value service 

change from habitat alteration 

PI 

Resource extraction # permits for offshore renewable energy (location, surface area, prod. Capacity); # permits 

sand mining (location, volume); Volume/value of commercial fish landings; Volume of 

commercial by-catch, CPUE; Size structure of fishing fleet using state waters; Artisanal 

fishing effort; #/value recreational fishing days; Total seafood consumption; % population 

with main income from fishing 

DPI 

Human use/activities # Aquaculture (location, species, annual yield); # /value of tourism sector; # people at 

bathing beaches; # recreational boats (by size); #/capacity marinas, ports and harbors; # 

shipping vessels entering/transiting state waters (by type); #/cost beach closings days; 

Value of coastal and ocean recreational days; Property value change; Level of user conflict 

PI 
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CHAPTER 1 - INTRODUCTION 

As directed by the Oceans Act of 2008, the Massachusetts Executive Office of Energy and 
Environmental Affairs (EEA) is developing a comprehensive ocean management plan in 
Commonwealth waters. The Oceans Act requires the establishment of an ocean Science 
Advisory Council (SAC) of nine members with expertise in marine sciences to support the 
Secretary of Energy and Environmental Affairs in the development of the ocean 
management plan. The SAC was tasked with creating a baseline assessment and obtaining 
any other scientific information necessary for the development of the ocean management 
plan. Specifically, the SAC assisted in the development of the baseline assessment by 
approving the outline, reviewing data sources provided by the authors, providing additional 
data sources, and editing drafts for clarity and content. 

This document is the baseline assessment portion of the Massachusetts Ocean Management 
Plan. It is intended to be an information base for ocean management plan development and 
implementation and to provide a science-based context for the plan. The introduction covers 
how the data were assembled for the assessment and the geographic focus for the ocean 
management plan. Chapters two through eight describe the current knowledge and status of 
resources, uses, and conditions in the Massachusetts ocean management planning area. 

DATA COLLECTION 

Many sections of this baseline assessment are informed by The Massachusetts Ocean 
Management Task Force Technical Report (Commonwealth of Massachusetts 2004). In 
addition, the baseline assessment incorporates new information produced by the six ocean 
management plan working groups that were formed to help inventory and synthesize 
available data for the development of the ocean management plan (i.e., the habitat; fisheries; 
renewable energy; transportation, navigation, and infrastructure; regional sediment resource 
management; and ocean recreational and cultural services work groups). These work groups 
were organized following the signing of the Oceans Act and worked through the summer 
and fall of 2008. The work groups included a core of state agency staff that compiled 
existing data and spatial information on the various topics. After the initial data collection 
phase, the work groups were expanded to include expertise from beyond state government 
that included academia, federal agencies, non-profit organizations, and industry. The work 
group process resulted in a series of reports that describe and analyze existing data for each 
of the six topic areas. While the work group reports are stand-alone products, as appropriate, 
data and analysis results have been incorporated into this baseline assessment.  

Data variability is a readily apparent issue with this baseline assessment. Within the ocean 
management planning area (planning area), available data varies spatially, temporally, and in 
terms of depth, precision, and accuracy for most subjects covered in this baseline 
assessment. In the future, one of the important ocean management activities will be 
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11,966,627. Massachusetts ranks 29th with 145,496 motor boats registered in 2007, down 
from 148,640 in 2006 (USCG 2007). During the summer, as many as 195,000 residents go 
boating during the weekend (in fresh and salt water). Boat owners in this state spend 
$192,917,000 per year on new boats, engines, trailers, and accessories (MMTA 2008). The 
Donahue Institute study projected that recreational boat ownership has an employment 
multiplier of 1.37 and a spending multiplier of 1.33. The net effect on local communities 
from peripheral spending was $1,338,750,000 in 2007 (MMTA 2008). 

An important aspect of recreational boating is the number of businesses and trades 
associated with it, including boat yards, marinas, boat manufacturing, sales and 
transportation, canvas makers, charters and excursions, dock management, harbormasters, 
marine surveyors and yacht brokers. There are 64 marinas and about 25,000 permitted public 
slips and moorings used for recreational boating along the coastline of Massachusetts. In 
addition, there are an estimated 10,000 privately maintained slips, moorings, and docks 
(MMTA 2008).  

COMMERCIAL AND RECREATIONAL SEAFOOD 

Massachusetts has always been a leading state in the fisheries sector. The commercial 
seafood sector comprises commercial fishing, seafood processing, and wholesale industries 
and employs 11,270 people in Massachusetts. Since the Fishery Conservation and 
Management Act extended the nation’s Exclusive Economic Zone to 37 km (20 nautical 
miles) in 1976, landing values have gone up from $239 million to $377 million in 1987, down 
to $210 million in 1998, and back up to $296 million in 2004. A gross state product of $1.6 
billion was generated in 2004 (Donahue Institute 2006).  

The commercial fishing industry in Massachusetts is one of the most valuable in the United 
States Scallops, lobsters, and groundfish species are responsible for the highest revenue. 
Commercial and recreational fishing in Massachusetts contribute $2 billion to the economy, 
including fish sales (25%) and fishing support services (12%) (including fuel, bait, ice, food, 
insurance, mortgage). In Massachusetts 157,992 metric tons (174,156 tons) worth 
$437,048,000 and 137,443 metric tons (151,505 tons) worth $417,495,000 were landed in 
2006 and 2007 respectively (Van Voorhees 2007). The top seaports in 2007 were New 
Bedford (122 million kg or 268 million lb), Gloucester (21.2 million kg or 46.8 million lb) 
and Provincetown-Chatham (8.26 million kg or 18.2 million lb) (Van Voorhees 2007).   

Scallops and lobsters constitute the highest value of landings. Scallops in particular, have 
allowed the port of New Bedford to prosper in comparison to other Massachusetts ports. 
Between 1995 and 1999, the value of lobster was higher than scallops, but by 2004 the 
number of scallops landed soared to yield $133 million in 2004 versus $50 million for 
lobster. In 2004, the total value of scallops and lobster was more than 50% of total landing, 
compared to $16 million for cod, mainly due to the amount of scallops caught and fishery 
regulations restricting cod catches (Donahue Institute 2006). A total of 12,915 commercial 

DRAFT  BA-114 



 

and recreational permits were issued for lobsters statewide in 2005, a decrease of 2.5% from 
2004. Total landings went down slightly from 5,349,986 kg (11,784,110 lb) in 2004 to 
5,175,551 kg (11,399,893 lb) in 2005, but value increased from $53,028,494 to $57,227,464 
over the same years (Dean et al. 2007). 

Decreasing fish stocks and increasing restrictions have caused the Massachusetts fishing 
industry to suffer and the effects are felt mostly by fishing communities. Ports such as 
Gloucester, where commercial fishing is the primary economic activity, are most affected. 
Various industries directly and indirectly associated with fishing are affected, and this 
increase in pressure causes a shift in the economic base of the community.  

One sector that is affected by decreasing fish stocks and fish landings is fish processing. 
Employment in the fish processing sector declined as the number of plants decreased from 
144 in 1976 to 50 in 2003. At the same time, employment in the seafood wholesale sector 
increased from 868 in 1976 to 2,779 in 2000, though there has been a decline over the past 
few years (Donahue Institute 2006). In 2004, less than 50% of the 11,270 people were 
employed in the commercial seafood sector, but they gained more than half the wages - 
mainly commercial fishermen versus workers in retail and aquaculture (Donahue Institute 
2006). The economic output indicated $1 billion in fresh, frozen, and canned fish sales to 
supermarkets, food services, and restaurants, generating $329 million and $307 million in 
indirect and induced effects respectively (Georgianna 2000). Since 1980, per capita 
consumption of seafood rose from 5.7 kg (12.5 lb) to 7.5 kg (16.6 lb), though the value has 
remained constant since 1998. Moreover, seafood prices have increased less than for other 
food products, which could impact income and employment. 

Over the past 15 years, recreational fishing in Massachusetts has expanded to be the second 
most valuable in the United States., especially for striped bass. Marine anglers in 
Massachusetts spent $850 million in 1998 (Steinback and Gentner 2001). Fifty-five percent 
of 1 million people who participated in marine recreational fishing in Massachusetts in 2002 
were Massachusetts residents. In 2006, 7,049,258 kg (15,527,000 lb) were caught but this 
number decrease slightly in 2007 to 6,096,312 kg (13,428,000 lb). In total, there were almost 
5,000 anglers in Massachusetts in each of 2006 and 2007 (Van Voorhees 2007). The amount 
of lobster landing decreased by 1.5% to 88,101.246 kg (194,230 lb) from 2004 to 2005 for 
recreational permits and by 3.3% from 5,345,182.38 kg (11,784,110 lb) to 5,170,904.48 kg 
(11,399,893 lb) from 2004 to 2005 for commercial permits (Dean et al. 2007).  

AQUACULTURE 

Aquaculture is the smallest sector in the seafood industry, employing 267 individuals in 2004 
and accounting for less than 3% of the seafood catch in Massachusetts. The industry 
depends mainly on hard shell clams and oysters, while soft shell steamers, razor and surf 
clams, bay and sea scallops, and blue mussels are gathered for a lesser demand. Although it is 
a relatively small industry compared to Maine and Connecticut, aquaculture in Massachusetts 
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generated $3.6 million in 2002. Eighty percent of aquaculture takes places on Cape Cod, with 
the South and North Shores experiencing the greatest increase since 2000. Finfish and 
shellfish aquaculture generated 375 million metric tons (413 million tons) worth 
$1,115,115,000 in 2005 and 360 million metric tons (397 million tons) worth $1,244,145,000 
in 2006 in the United States (Van Voorhees 2007). 

MARINE SCIENCE AND TECHNOLOGY 

This industry includes the construction of marine instruments, research, and environmental 
services and employs about 5,000 people–59% in marine engineering and technical services, 
29% in production of instrumentation, and 10% in ship and boat building and repair. 
Moreover, 1,530 individuals worked in academic programs in marine science research 
institutions in 2004 (Donahue Institute 2006). The main outputs are mapping projects, 
monitoring, and surveying for offshore drilling. Users include industries such as commercial 
fishing, maritime shipping and transportation, environmental services, education, and 
research. In 2004, the annual production output for this sector in Massachusetts was $1.2 
billion (Donahue Institute 2006). 

Massachusetts is considered one of the top ten states for marine science and technology 
industry (Barrow et al. 2005). All the components of this sector play a key role in several 
marine activities and industries. Marine instrument and equipment includes instruments for 
use in oceanographic and geophysical research and remote sensing activities. Electronic 
instrumentation and platforms used in ship navigation, underwater research, and 
communications are also important. Other subsectors include design of software and 
systems to run navigational equipment and conduct monitoring; marine engineering and 
consulting groups; suppliers of marine materials such as paint, engines, machinery, and 
riggings; onshore marine activities; shipbuilding and design; research; and education. The 
study conducted by Barrow et al. (2005) estimated employment in Massachusetts in this 
sector to be 22,396 jobs with a total annual impact of $2.9 billion (1% of the GSP).  

MARINE-RELATED CONSTRUCTION AND INFRASTRUCTURE 

This sector is the second largest marine industry component in Massachusetts and includes 
heavy construction such as coastal and offshore infrastructure, administration of 
management programs, and real estate development. This sector generates only 10% of 
employment but wages are twice the industry average. According to the Donahue Institute 
study (2006), 77% of the 15,000 people employed within this sector are involved in housing 
construction, while 23% are employed in marine-related development. Almost 12,000 jobs 
were created from secondary impacts in 2004. The sector employment multiplier is 1.82, and 
1.56 for output. In total, $2.8 billion was generated from this sector in 2004. 
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CHAPTER 8 - CLIMATE CHANGE 
 
Over the next century, climate change is projected to profoundly impact coastal and marine 
ecosystems around the globe (IPCC 2007). A variety of impacts related to warming are 
already being seen in Massachusetts. Such trends as sea level rise, increased coastal flooding, 
oceanic acidification, and changes in ocean and atmospheric circulation (including increasing 
storm frequency and intensity) and changes in the extent, frequency, and severity of water 
quality problems are predicted to further impact Massachusetts (Frumhoff et al. 2007). There 
is abundant literature regarding temperature change and sea level rise. In contrast, less is 
known about the resulting impacts on oceanic ecosystems and storms. This is a complex 
field due to the number and diversity of feedback mechanisms. There are many uncertainties 
associated with predictions.  Local effects could exacerbate or alleviate global impacts. 

TEMPERATURE CHANGE 

The average surface temperature of the earth has increased by about 0.74°C (1.3°F) between 
1906 and 2005. Globally, the warmest years since instrumental recording began in 1861 are 
1998 and 2005, and 11 of the 12 warmest years have occurred in the last 12 years (1995 to 
2006) (IPCC 2007). In the Northern Hemisphere, seasonal changes are apparent. The ice 
season is shorter and the frost-free period is longer (IPCC 2007). In other words, spring 
comes earlier. Within Massachusetts, the rate of annual trends in atmospheric temperature 
change shows a 0.14-0.22°C (0.25-0.40°F) increase per decade over the past 30 years 
(NOAA NWS 2008). It is predicted that temperatures across the Northeast will rise 1.4-
2.2°C (2.5- 4°F) in winter and 0.83-1.9°C (1.5-3.5°F) in summer over the next few decades, 
regardless of the emissions choices we make now (Frumhoff et al. 2007).  
 
This warming of the earth is a function of a shifting balance between incoming short-wave 
radiation, outgoing long-wave radiation, and the reflection of solar radiation (albedo). 
Increases in greenhouse gases (e.g. carbon dioxide, methane, water vapor, 
chlorofluorocarbons, and nitrous oxide) reduce the outgoing long-wave radiation, resulting 
in warming. Other natural processes that can cause both climatological earth cooling (large 
volcanic eruptions) and warming (sun spot variation) occur over different, unpredictable 
time periods. Currently, the balance has tipped toward warming, and there is consensus that 
globally and locally temperatures have been warming over the past several decades. There is 
also consensus that ocean temperatures have also been warming over the past several 
decades, though the impacts of such warming on circulation patterns in both the ocean and 
atmosphere are under debate. 
 
Three of four identified temperature datasets in Massachusetts waters show evidence of 
warming in or near the planning area: 
 

1. The Wood Hole Oceanographic Institute dock temperature monitoring has been 
measuring sea surface temperature (SST) in Great Harbor in Falmouth, MA, since 
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1886 with few gaps. The record shows significant warming from 1970–2002 at a rate 
of 0.04°C yr−1. This record does not show an “earlier spring.” The dates the water 
reach 10 and 20°C have not changed significantly, nor have the number of winter 
days below 1°C or above 5°C (Nixon et al. 2003). 

 
2. The National Oceanographic and Atmospheric Administration (NOAA) monitors 

SST at Woods Hole (since 1995), Fall River (since 1900), Nantucket Island (since 
1998), and Boston Harbor (since 922 at one station, 1997 at another station). These 
records are available from the NOAA National Data Buoy Center and indicate 
increasing temperature over time. 

 
3. MarineFisheries has long-term temperature monitoring stations at locations 

throughout the state.  SST data are available since 1988 through the shellfish 
classification database, which contains sites primarily in embayments. The Fisheries 
Resource Assessment program includes measurement of the bottom temperature at 
all tow locations during assessment trawls in May and September (since 1978). There 
are also several bottom temperature datasets overseen by the Coastal Lobster 
Investigation program: Cleveland Ledge (continuous since 1990, in 10.67 m (35 feet) 
of water); Buzzards Bay (continuous since 1989, in 21.33 m (70 feet) of water); sites 
in Cape Cod Bay at 18.29 m (60 feet), 27.43 m (90 feet), and 36.58 m (120 feet) water 
depth (continuous since 1988); and temperature data on lobster traps (since 2006, 
summer only). Some datasets have received preliminary analysis, and show a general 
warming trend. 

 
4. The Massachusetts Water Resources Authority (MWRA) conducts basic water 

quality monitoring throughout Boston Harbor and Massachusetts Bay. This dataset 
does not show evidence of warming, which may be due to the relatively short length 
of time the dataset has been monitoring temperature (continuous since 1996). 

 
Warming can have major ecosystem effects, including alteration of the distribution and 
abundance of species. Within Massachusetts, such population-level effects are being seen in 
species at the southern edge of their range, like cod and smelt. Similarly, expanded ranges of 
more southerly species, such as summer flounder and lady crabs, are being seen. Based on 
preliminary analysis, the number of days above 20°C (68°F) seems to be an important 
biological driver. The degree of stratification is also likely to be important. 

CHANGES IN PRECIPITATION 

A potential consequence of warming is changing patterns of precipitation. Analyses of long-
term trend data report an annual average increase of 38 mm (1.5 in) per decade over the past 
30 years (NOAA NWS 2008) and 9.5 mm (0.37 in) per decade over the last century (Hayhoe 
et al. 2006). Changes in seasonal precipitation patterns are projected to result in wetter 
winters, and combined with warmer temperatures it is predicted that there may be “increases 
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in winter runoff, decreases in spring runoff, and increases in annual runoff as peak runoff 
shifts to earlier in the year” (Hayhoe et al. 2006). The importance of water for human health, 
agriculture, and ecosystem functioning is significant enough that a higher resolution 
examination of precipitation trends is warranted. The U.S. Geological Survey Water 
Resource Center conducts stream gauge monitoring and is applying global climate model 
predictions to regional hydrologic models to examine potential impacts of increased 
temperature and precipitation on the watershed scale. 

 
There are potential impacts on the ecosystem governed by both the quantity of freshwater 
entering the planning area as well as the seasonality and intensity of rainfall events. For 
example, harmful algal blooms, such as Alexandrium fundyense, have been shown to be 
associated with more buoyant, fresher waters in the Gulf of Maine (Boesch et al. 1997). 
Species more tolerant of less saline conditions, such as American oyster (Crassostrea virginica), 
may also benefit. Changes in stream flow and drought could severely impact anadromous 
species. 

SEA LEVEL RISE 

Climate change and sea level rise are related. Increasing global temperature raises sea level in 
two ways: first, through thermal expansion, in which warming increases water volume and 
second, through melting and flow of land-based snow and glacial ice into the sea. There may 
also be positive feedback mechanisms in the melting of glaciers that cause acceleration of ice 
sheet flow (Zwally et al. 2002). This effect may result in more rapid sea level rise (Pelto 
2008). 

 
The rates of global warming-induced sea level rise can be either exaggerated or mitigated in 
local regions depending on the nature of the vertical movement of underlying geology 
(isostacy). Southern New England is subsiding in response to isostatic uplift in Canada from 
deglaciation over the past 10,000 years. The rate of subsidence is estimated to be between 
1.0-6.0 mm/yr (0.04-0.24 in/yr) as measured by the Global Positioning System (Milne 2005). 
Although local trends in sea level rise based on tide gauge data take this into account, 
predictions for the future could have significant error due to the imprecision of isostacy 
modeling along the U.S. East Coast (Davis et al. 2008). Additionally, the predictions of 
flooding and inundation due to sea level rise are affected by the vertical imprecision of digital 
elevation models.  

 
Massachusetts coastal sea level has been quite variable over geologic timescales. Following 
glacial melting after the Laurentide glaciation, during a period roughly 11,000 to 14,000 years 
ago, sea level was higher than at present due to isostacy. Between that period and about 
6,000 years ago, sea level fell to about 20 m (66 ft) lower than it is today as a result of the 
balance between local isostatic effects and global sea level (Oldale 2001). Since 6,000 years 
ago, local sea level has risen to its present level. The rates have been variable over time, but 
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estimates of the higher rates of change range from 9.1 mm/yr (0.36 in/yr) to 91 mm/yr (3.6 
in/yr) (Oldale 2001). 

 
Sea levels are continuously measured with tide gauges that are usually attached to piers. The 
elevation of a particular gauge’s height is precisely leveled relative to a known benchmark 
height (marked in bedrock). Sea level trends in Massachusetts are computed using gauges at 
Boston, Woods Hole, and Nantucket. The Boston station has been providing tidal sea level 
data since 1921. The Woods Hole gauge was placed in 1932, but data from 1965 and 1967-
1969 are not available (Hicks et al. 1983). The Nantucket station has tidal sea level data 
continuously from 1965. The trend information was first computed by Hicks et al (1983) but 
is now easily available through NOAA’s Tides and Currents website, which provides graphs 
of sea level trends for all tide gauges in the United States. The trends for Massachusetts 
show an average increase of 2.73 mm/yr (0.11 in/yr). Details for each tide gauge based on 
the long-term linear trend as described by NOAA National Ocean Services (NOAA NOS 
2008) are provided in Table 8.1. Most areas in the United States show increasing sea level 
trends ranging from 1.0-3.0 mm/yr (0.04-0.1 in/yr). Exceptions include the Louisiana Gulf 
Coast, where sea level rise rates exceed 9 mm/yr (0.35 in/yr) due to wetland subsidence, and 
parts of the northwestern United States, where sea level is falling due to tectonic uplift 
(NOAA NOS 2008). 

 
Sea level can also be measured with a satellite altimeter, which measures the sea level from a 
precise orbit around earth. These measurements of global sea level change have considerably 
better accuracy, precision, and spatial resolution than tide gauge data. Since August of 1992, 
the TOPEX/POSEIDON and Jason-1 satellite missions measured sea level on a global 
basis every 10 days. Estimates from studies examining satellite altimetry trends in sea level 
range from about 3-4.5 mm/yr (0.12-0.18 in/yr) in contrast to the 20th century gauge rate of 
2 mm/yr (0.08 in/yr) (Miller and Scharroo 2004; Mangiarotti 2007; Douglas 1991; Nerem 
2005). The discrepancy between the gauge and satellite rates is currently thought to be a real 
indication of the increasing rate of sea level change in the last decade or so (Nerem 2005). 

 
Table 8.1 Tide gauge sea level trends in Massachusetts. 

 
Gauge/Station Name First 

year 
Number of 

years 
Trend in 

mean sea level 
(mm/yr; in/yr)

95% confidence 
interval 

Boston 1921 86 2.63; 0.1 0.18 
Woods Hole 1932 75 2.61; 0.1 0.20 

Nantucket Island 1965 42 2.95; 0.12 0.46 
 

Therefore, the gauge rates might be significantly underestimating the rate of sea level change. 
A higher resolution examination of the rate and potential impacts of sea level rise in 
Massachusetts is possible with further analysis of satellite data. 
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The first effects of sea level rise are already being felt in Massachusetts: inundation of low-
lying areas, increased area of inundation during storms, and increased shoreline erosion 
(NECIA 2006). 

CHANGES IN WIND PATTERNS 

Global climate change is often manifested by changes in general atmospheric circulation, i.e. 
winds, resulting in changing temperature and precipitation patterns. Sea surface temperatures 
affect the patterns in atmospheric pressure, which in turn are responsible for wind 
generation. Accelerated warming of the oceans may produce stronger winds in certain areas, 
and increase the frequency of extreme events such as storms and hurricanes. The threshold 
temperature for tropical storms could be reached more readily if the climate continues to 
change and such storms could spread from tropical to higher latitudes.  

Changes in wind patterns will affect wind-generated surface currents which in turn would 
cause changes in coastal and estuarine circulation patterns as well as alterations of the 
upwelling process that could result in serious effects on the marine ecosystem. This nutrient-
rich deeper water is vital for primary production and if reduced in certain areas could 
seriously affect species distribution and abundance (UNEP-WCMC 2009). 

INCREASING FREQUENCY AND INTENSITY OF STORMS 

The increasing frequency and intensity of storms (i.e., increased storminess) is one of the 
hypothetical outcomes of increasing sea surface and atmospheric temperatures. There is 
debate surrounding the probability and spatial extent of this type of impact; in general, the 
empirical evidence based on the historical record suggests sea surface warming does not 
correlate with increased frequency of storms (number of storms per year), but does correlate 
to increased storm power (Emanuel 2005). However, the extent of future increases in storm 
power is still very uncertain (Emanuel et al. 2008).  
 
Additionally, coastal impacts can be out of proportion to the size of a given storm due to the 
impacts of hard-to-predict storm surges (Resio and Westerink 2008). A further complication 
regarding the impacts of increased storminess is the added effect of sea level rise.   

 
The issue of storminess is very important for three reasons: 1) both hurricanes and 
nor’easters play a key role in the ecosystem and the safety of coastal populations; 2) current 
demographic trends and government policies suggest continued population increases along 
the coast; and 3) the performance capabilities of offshore structures are defined using 
storminess (e.g., a North Sea oil rig). 
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OCEAN ACIDIFICATION 

Dissolved carbon dioxide (CO2) in seawater also increases the hydrogen ion (H+) 
concentration in the ocean, and thus decreases ocean pH. A decrease in pH is known as 
acidification and below a pH of 7, conditions are described as acidic. pH is measured on a 
negative logarithmic scale, so a 0.1 point decrease means H+ has increased by about 30%. pH 
has decreased by 0.1 units since 1750 and there is consensus that ocean acidification will 
continue (IPCC 2007). By 2050, the surface ocean water pH is predicted to be between 0.3 
and 0.7 units lower than pre-industrial levels due to the absorption of atmospheric CO2 (Orr 
et al. 2005; Caldeira and Wickett 2003). The planning area has a fairly wide range of pH 
values. At one station that MWRA has been measuring for more than 10 years, the range of 
values is 6.2-8.4 and there is no discernable trend over time (Ralston 2009). Streams in 
Massachusetts are showing improved water quality and increasing pH levels as a result of the 
Clean Water Act (Mattson et al. 1997).   
 
There is concern within the scientific community that a decrease in pH will have negative 
consequences for organisms with calcium carbonate in their exoskeletons, since pH values 
less than 7 can result in dissolution of calcium carbonate. Organisms that could be impacted 
in Massachusetts include lobsters, shellfish (including oysters, clams, quahogs, and scallops), 
and organisms at the base of the food chain (such as coccolithophores and foraminiferans). 
However, consensus regarding impacts related to ocean acidification is lacking since 
laboratory conditions suggest a strong influence of local conditions governing calcification 
(IPCC 2007). Nonetheless, impacts of decreasing pH levels in the planning area are feasible 
and might be significant due to our reliance on seafood both recreationally and 
commercially. 
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Color Figures 
 

For production purposes, all color figures have been placed at the end of Volume 2. The three 
Ecological Valuation Index figures are followed by the color figures from the Baseline 

Assessment. 
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