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Managing a Mess of Cumulative Effects: 
Linking Science and Policy to Create Solutions
BY MEGAN E. MACH, SARAH M. REITER, LAURA H. GOOD

ABSTRACT

This hands-on scenario was developed to introduce students to 
the concept of cumulative effects, why cumulative effects are 
a linchpin to managing for coastal impacts, and the challenges 
associated with managing for cumulative effects when faced 
with limited time and resources. By engaging in decisions 
while confronted by these cumulative effects challenges, 
students learn to apply the scientific and policy principles 
necessary to make their own management decisions. Coastal 
ecosystem management involves consideration of some of 
the most biologically diverse marine habitats, including kelp 
forests, seagrasses, and coral reefs. These ecosystems also 
represent a major interface of human activities and marine 
ecosystems, and are subject to impacts from both land and sea 
activities. Addressing cumulative effects in coastal ecosystems 
remain a challenge to both scientists and resource managers. 
Understanding why the challenge exists is an important first 
step in moving forward towards better integration of cumulative 
effects in future planning. 

DEVELOPMENT OF A CUMULATIVE EFFECTS 
SCENARIO-BASED ACTIVITY

Cumulative effects exist where significant stress from multiple 
human activities on land and in the ocean alter the health 
of our valuable coastal ecosystems (see Figure 1). Changes 
to these systems are the result of accumulating or interacting 

past, present, and foreseeable future activities (Hegmann et 
al. 1999). The Center for Ocean Solutions’ team of natural 
and social scientists and lawyers is uniquely poised to address 
cumulative effects challenges facing the oceans as a boundary 
organization capable of bridging the gap between the research 
community and decision makers. Despite legal mandates 
requiring resource managers to analyze the combined impacts 
of these stressors on the environment—such as increasing 
nutrients and pollution—the resulting cumulative effects are 
a challenge to address (Millennium Ecosystem Assessment 
2005). Understanding how existing legal frameworks account 
for cumulative effects through the best available science and 
cumulative effects analysis requirements is a first step towards 
overcoming this challenge. As stressors on marine ecosystems 
increase, so does the need to convey to scientists, resource 
managers, and policy makers alike the necessity of including 
cumulative effects in coastal planning decisions. 

In response to input from management and non-governmental 
organization (NGO) communities, we conducted an analysis to 
improve our understanding of the science (Clarke Murray et al. 
2014) and law (Prahler et al. 2014) for managing cumulative 
effects to coastal ecosystems. Yet, we wanted to move beyond 
the analytics to identify the challenges scientists and managers 
regularly face in integrating cumulative effects into their 
research and planning. To better understand these challenges, 
we created a scenario-based cumulative effects activity for 
resource managers and ecologists. This activity took place 
during a Focus Group workshop (Managing for cumulative 
impacts of human activities in marine environments) at the 
Third International Marine Conservation Congress (Glasgow, 
Scotland 2014; see Figure 2). The Focus Group was designed 
from the results of our science and law research products to 
inspire international dialogue regarding innovative methods 
for grappling with three common challenges found across the 
science and law disciplines: 1) ecosystem complexity: how do 
you determine which impacts should be considered; 2) spatial 
scale: what is the appropriate geographic scale across which to 
look at impacts; and 3) temporal scale: what is the appropriate 
baseline from which to compare changes in the ecosystem due 
to impacts (Clarke Murray et al. 2014; Prahler et al. 2014). Focus 
Group participants conveyed their appreciation and frustration 
of managing for multiple impacts produced by both land and 
sea activities. The Focus Group activity was designed to have 
managers and ecologists deal with these three challenges in 
small teams and was fruitful in initiating dialogue between the 
two professional communities about these challenges.

Figure 1. Southern sea otters and other species that live in 
coastal waters are subject to stressors from land and sea 
activities. For example, coastal power plants, such as this one 
in the photo above of the mouth of Elkhorn Slough in Moss 
Landing, California. Courtesy of Gerick Bergsma 2009/Marine 
Photobank
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Environmental regulations, laws, and policies commonly 
require proposals for new activities to account for and mitigate 
cumulative environmental impacts (Prahler et al. 2014). 
Cumulative impact assessment practitioners (e.g., resource 
managers, coastal development applicants) lack the time and 
resources to make effective cumulative effects management 
decisions (Clarke Murray et al. 2014). Below we describe the 
three key challenges that resource managers face in accounting 
for cumulative effects: ecosystem complexity, spatial scale, 
and temporal scale (Clarke Murray et al. 2014; Prahler et al. 
2014). These three challenges will be investigated in greater 
detail during this activity.

Ecosystem Complexity

Deciding how to account for human activities and their 
impacts when evaluating project proposals is challenging. 
Managers must choose which impacts to include, potentially 
incorporating past, present, as well as likely future impacts 
(Council on Environmental Quality 2014; California Code 
of Regulations 2014a). Then managers must predict how 
these impacts will accumulate (see Figure 4) and affect 
species and habitats, and whether these changes will be 
significant enough that the proposed project should be 
monitored, mitigated for, or denied.

Due to the success of the activity, we formalized the activity 
plan as an educational resource that can be utilized in the 
classroom to demonstrate both the challenge of managing 
for cumulative effects and the complex nature of real-world 
interdisciplinary ocean problem solving—topics somewhat 
lacking in current marine science teaching resources. 

The activity, detailed below, is highly transferrable to a variety 
of audiences, both student and professional, and opens the 
opportunity to engage learners in some of the more human-
related Ocean Literacy Principles and fundamental concepts 
(listed under Standards). The activity is also in the process of 
being adapted as a case study for marine science and policy 
graduate students attending the Center for Ocean Solutions 
upcoming Ocean Policy Course (MARINE 2015), to be held 
in Monterey, California at Stanford University’s Hopkins 
Marine Station. 

BACKGROUND

Cumulative Effects in Ocean Environments 

The number and intensity of pressures from human 
activities that impact our oceans are continually increasing, 
and management of these impacts has failed to keep 
pace (Halpern et al. 2008; Selkoe et al. 2009; Ban et 
al. 2010). This is especially true for the management of 
multiple impacts because it is difficult to account for the 
cumulative effect of multiple human activities that co-occur 
in space and time, and their interacting effects (see Figure 
3). Without accounting for these cumulative effects, human 
activities are not managed according to their proportional 
impacts, and coastal and ocean ecosystems will continue 
to degrade despite interventions (Millennium Ecosystem 
Assessment 2005). 

Figure 3. An impact chain (A) demonstrating the hierarchical 
order of human activities impacting species and habitats through 
the production of stressors. A conceptual network (B) of how 
cumulative effects accumulate to affect species and habitats (white 
circle; e.g., migratory fish species). Different human activities 
(black circles) can generate multiple stressors (gray circles) that 
affect one or more (not shown here) species or habitat (e.g., gill 
net fishing removes fish species). The size of the stressor circles 
suggest that the more activities producing a stressor, the more a 
stressor impacts the system. Naturally occurring stressors such as 
exposure to waves and wind (grey stars) also contribute to cumu-
lative effects. Photo modified and reprinted courtesy of Clarke 
Murray et al. (2014)

ACTIVITY: PILING ON THE PROBLEMS

Figure 2. Participants in the International Marine Conservation 
Congress 2014 Focus Group. Courtesy of Melissa Foley

A. B.
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has a significant impact: 1) the past state of the environment 
under little or no human impact (historic); 2) the current state 
of the environment, including existing degradation (existing); 
and 3) the future state of the environment, if the project 
did not happen (future; Prahler et al. 2014). Incorporating 
historic activities into the current baseline changes how the 
significance of effects is evaluated (see Figure 5).

OVERVIEW

This scenario-based role playing exercise introduces students 
to challenges associated with managing for cumulative effects 
in the face of limited resources. Students work in groups to 
address three main challenges associated with cumulative 
effects analysis: 1) determining which impacts should be 
considered; 2) selecting the appropriate baseline; and 3) 
selecting the appropriate geographic scale. By engaging in 
decisions about these cumulative effects challenges, students 
apply the scientific and policy principles necessary to make 
management decisions. The class comes back together to 
discuss their outcomes and synthesize their findings. To 
culminate, students reflect on their experience of applying 
best available science to a management context. 

TOPIC

Marine resource management—cumulative effects

LEVEL

Undergraduate and graduate students in environmental/
marine science or policy. The curriculum can be adapted to 
suit high school science students (e.g., grades 11-12, over a 
series of classes).

Spatial Scale

Defining the appropriate geographic scale across which to 
consider cumulative effects is essential because the scale 
outlines the region that will be evaluated in the assessment 
(Prahler et al. 2014). If the scale of analysis is too confined 
(accounting only for local impacts), the assessment may 
not account for the full cumulative impact. For example, 
warming and entrainment from coastal power plants (see 
Figure 1 on page 26) may reduce the survival of larvae 
near the outfall or cause a shift in where species such as 
sea otters choose to live, affecting populations of marine 
species at broad scales. If the scale is too broad (including 
all possible impacts across local and global scales) it may 
be impossible for agencies to identify the scope of potential 
impacts, and agencies may underestimate the impact of a 
proposed project. 

Temporal Scale

The baseline serves as the reference point for determining 
whether there is a significant impact on the environment due 
to a proposed activity (California Code of Regulations 2014b). 
That is, the baseline allows for consideration of whether a 
significant change in the abundance or diversity of species 
and habitats has occurred, since the coastal ecosystem 
was impacted, as compared to the ecosystem at a specific 
reference point in time. There are three main reference points 
used by managers to determine whether a project proposal 

Figure 4. Multiple human activities produce multiple stressors. 
Stressors shown here are only a subset of those produced 
by each activity type and only a subset of those found in the 
original study: Agriculture results in changes to coastal water 
temperature and the introduction of organics and nutrients; 
industrial activities change coastal water temperature and 
increase nutrient levels; fishing can cause introduction of 
organics, nutrients, and invasive species; and shipping can add 
nutrients and introduce invasive species-point source toxic 
contaminants (Knights et al. 2013). Photo reprinted courtesy of 
Clarke Murray et al. (2014)

Figure 5. If a historic baseline is used (left), effects since that 
baseline are included and the proposed project is more likely to 
have significant effects; if a current baseline is used that incor-
porates historic activities (right), the effects of the proposed 
project would not likely be significant. Photo reprinted courtesy 
of Clarke Murray et al. (2014)

ACTIVITY
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STANDARDS

Common Core State Standards for Reading in Science and 
Technical Subjects: Grades 11-12

2. 	Determine the central ideas or conclusions of a text; 
summarize complex concepts, processes, or information 
presented in a text by paraphrasing them in simpler but still 
accurate terms.

7. 	 Integrate and evaluate multiple sources of information 
presented in diverse formats and media (e.g., quantitative 
data, video, multimedia) in order to address a question or 
solve a problem.

9. 	 Synthesize information from a range of sources (e.g., texts, 
experiments, simulations) into a coherent understanding of 
a process, phenomenon, or concept, resolving conflicting 
information when possible.

OCEAN LITERACY PRINCIPLES

1. The Earth has one big ocean with many features

h. Although the ocean is large, it is finite, and resources 
are limited.

6. The ocean and humans are inextricably interconnected

e.	Humans affect the ocean in a variety of ways. Laws, 
regulations, and resource management affect what is 
taken out and put into the ocean. Human development 
and activity leads to pollution (point source, nonpoint 
source, and noise pollution), changes to ocean chemistry 
(ocean acidification), and physical modifications 
(changes to beaches, shores, and rivers). In addition, 
humans have removed most of the large vertebrates 
from the ocean.

g. Everyone is responsible for caring for the ocean. The 
ocean sustains life on Earth and humans must live in 
ways that sustain the ocean. Individual and collective 
actions are needed to effectively manage ocean 
resources for all.

CLASS SIZE

Designed for ~25-30 students, 5-6 groups of 3-5 students 
(depending on number of instructors and teaching assistants) 

FOCUS QUESTIONS

•	 What are cumulative effects, and why are they important 
to understand?

•	 What management challenges are associated with 
assessing cumulative effects?

•	 What human activities and natural system interactions 
should be considered when managing for cumulative 
effects?

TEACHING OBJECTIVES

•	 Encourage student interest and awareness in the role and 
impact of cumulative effects in marine management and 
decision making

•	 Increase student understanding of how science and policy 
interact in marine management

•	 Raise student awareness of environmental decision-
making processes

•	 Increase student knowledge regarding use of baseline and 
geographic scale when managing for cumulative effects in 
the marine environment

•	 Increase student awareness of the complexity of resource 
management

LEARNING OBJECTIVES

Upon successful completion of this exercise, students will be 
able to:

•	 Define cumulative effects in coastal and marine systems

•	 Discuss and share approaches for determining both 
baseline (e.g., historic, existing, future) and geographic 
scale (local, regional, global) 

•	 Apply scientific data of coastal ecosystems (e.g., species 
diversity, habitat diversity, heterogeneity, key species, 
connectivity of species) in a decision-making process

•	 Engage in collaborative discussion, whilst actively debating 
ideas in cooperative interdisciplinary teams

•	 Identify key components of environmental decision-
making context and application of science to real-world 
situation 

MATERIALS

A. 	101 Science of Cumulative Effects Presentation  
& Script

B. 	101 Law of Cumulative Effects Analysis  
Presentation & Script

C. 	Scenario Introduction Presentation & Script
D. 	Participant Materials and Agenda
E. 	 Scenario Instructions and Description 
F. 	 Newfishland Map and Impact Matrix
G. 	Agency Guidance
H. 	Report Out Sheet
I. 	 Reflection Exercise 

All materials can be downloaded from:
http://www.centerforoceansolutions.org/
education-and-teaching-resources

TEACHING TIME

3-4 hours
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ACTIVITY ARRANGEMENT

•	 Students initially face forward for introduction presentation 
and background on cumulative effects. 

•	 Students are then assigned to small groups for breakout 
discussion. These groups should contain no more than five 
students. 

•	 Students move to small tables to maximize engagement 
of all participants.

KEY WORDS

•	 Cumulative effects
•	 Marine planning
•	 Socio-ecological systems
•	 Natural resource management
•	 Ocean and coastal management 

PROCEDURE

Engage

1.	 When class begins, introduce the activity and goals. Explain 
to students they will be working towards answering the 
following questions:

•	 What are cumulative effects?

•	 What aspects of impacts, spatial scale, and  
temporalscale (baseline) should be considered when 
managing for cumulative effects?

•	 How would they proceed in the scenario for 
managing the ecosystem in question?

Recommended time allotment: 5 minutes

2.	 Start class in one of two ways, 1) Students listen to 101 
presentations by instructor (A. Science 101 Presentation 
& B. Law 101 Presentation). Encourage students to note 
brief definitions, as well as their own questions about the 
following aspects of cumulative effects analysis: ecosystem 
complexity, spatial scale, and temporal scale. 

Recommended time allotment: 20 minutes

EXPLORE AND EXPLAIN

3.	 As a class, and using student’s notes from 101 presen-
tations, review and discuss the following scientific and 
legal challenges in cumulative effects analysis: ecosystem 
complexity, spatial scale, and temporal scale. 

Recommended time allotment: 30 minutes

4. Give the C. Scenario Introduction Presentation introducing 
scenario logistics and details to the class. The Introduction 
provides information on the breakout group activity. Be clear 
that the students will play the role of a staff member at an 
agency required to help determine whether a permit should 
be issued for a new marine development—a cruise terminal. 

Scenario materials to be reviewed with the students: D. 
Participant Materials and Agenda, E. Scenario Instructions 
and Description, F. Newfishland Map and Impact Matrix, G. 
Agency Guidance, and H. Report Out Sheet.

Recommended time allotment: 15 minutes

5.	 Provide students with time to read the instructions, 
scenario, and overview materials then break students in 
to small groups. Mix students from different disciplines/
research interests if possible. Students will join their 
assigned breakout group, work together, and answer the 
questions designed to help them decide whether to issue 
a permit for a cruise terminal (H. Report Out Sheet).

Recommended time allotment: 40-60 minutes

6.	 Have each breakout group present their findings to the 
class (may be useful to use white board/flip charts). 
Groups will describe whether they issued the permit and 
why, whether they found any cumulative significant effects, 
and if so, whether they will mitigate for the cumulative 
effects and how.

Recommended time allotment: 30 minutes (5 minutes  
per group)

WRAP UP

Using questions from the I. Reflection Exercise, lead a synthesis 
of student findings and reflections on being placed in a 
management position and having to apply scientific information 
to a real-world context. Discuss overlapping challenges of the 
science and law for cumulative effects assessment. 

ASSESSMENT OPPORTUNITIES

•	 Report-out on the questions from the exercise 
•	 Reflection exercise on the learning objectives 
•	 Participation and engagement in the exercise 

EXTENSION ACTIVITIES

•	 Have students research permitting activities in their 
local area that may require incorporation of cumulative 
effects (search online for terms such as: desalination, 
hotel development, harbor dredging or fill, construction). 
Students could also search for the environmental impact 
reports associated with proposed activities. 

•	 Have students focus on specific regions of the coast, 
locally, and attempt to characterize all potential human and 
natural impacts to those regions

CONNECTIONS TO OTHER SUBJECTS

•	 Environmental law and policy
•	 Marine and terrestrial ecology
•	 Ocean and coastal management 
•	 Natural resource management 
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ADDITIONAL RESOURCES

Ecosystem Based Management Tool Network’s Core Element 
5: Cumulative Impacts: http://www.ebmtools.org/roadmap/
coreelements/5 

National Center for Ecological Analysis and Synthesis’s A 
Global Map of Human Impacts to Marine Ecosystems: 
https://www.nceas.ucsb.edu/globalmarine 

Environmental Law Institute’s Ocean and Coastal Ecosystem-
Based Management: Implementation Handbook, Chapter 
5: Cumulative Impacts: http://www.eli.org/research-report/
ocean-and-coastal-ecosystem-based-management-
implementation-handbook
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