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A B S T R A C T   

Over the past decade, coastal communities and ecosystems in the Northeast United States have begun to face 
acute and chronic impacts of climate change. Extreme events such as Superstorm Sandy caused stakeholders in 
this region to examine what information is needed to implement adaptation and mitigation plans to prepare for 
the next major storm. The objective of this study was to determine research needs identified by stakeholders in 
the Northeast needed for decision-support and policy creation so that scientists can target future research efforts 
to fill gaps. Modeled after document analysis methods in Dilling et al. (2014), this study examines documents 
sourced from local and regional organizations in both the public and private sectors to determine gaps in in-
formation necessary for climate resilience planning. Stakeholders throughout the Northeast expressed a need for 
solution-based research, in particular natural and nature-based solutions such as wetlands. Additionally, there 
was a need to better understand the economic impacts of climate change on key industries in the region as well as 
cost-benefit analyses of different adaptation options. It was also determined that government organizations, such 
as Sea Grant, play a crucial role in supporting stakeholder needs assessments both in terms of funding and 
providing necessary expertise. This study provides a baseline of stakeholder-expressed research needs in the 
Northeast to start the conversation between communities and researchers interested in conducting useable 
science.   

1. Introduction 

Coastal communities and ecosystems are facing a number of threats 
due to climate change and other environmental stressors [1,2]. Sea level 
rise, for example, is one of the greatest threats as it is leading to 
increased storm surges as well as nuisance or “blue sky” flooding that is 
unrelated to major storm events [3–5]. Coastal communities are inter-
ested in increasing their resilience to these threats so that they are better 
prepared to manage them, mitigate the impacts, and bounce back from 
disasters more quickly. 

Traditionally, the ways that coastal communities could decrease 
flood and erosion risk was via gray or built infrastructure such as sea-
walls, dikes, and levees, but there is growing interest in using both 
natural coastal ecosystems and hybrid (which combines natural and 
built components) solutions to increase resilience [6,7]. “Natural 

infrastructure” refers to the use of healthy coastal ecosystems, including 
marshes, mangroves, coral and oyster reefs, and beaches and dunes, to 
provide wave attenuation and erosion risk reduction [8–14]. However, 
when using natural and hybrid solutions for coastal resilience, the 
project needs to be designed for each specific community; there is no 
“one size fits all solution” [6]. This can make determining what the 
potential options are and choosing a resilience approach very compli-
cated and challenging for coastal communities. 

Additionally, there can be a mismatch between the information 
available to communities and the decisions they are trying to make 
including coastal resilience policies and land use planning. To best help 
communities with resilience decision making, scientists need guidance 
on how to target their research to answer stakeholder-relevant ques-
tions. However, despite the calls for use-inspired science that better 
supports decision-maker needs [15–18], there is a gap between the 
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science that is produced and the science that is used [19]. 
To bridge the information usability gap, consideration of knowledge 

and scientific needs defined by stakeholder communities, adopting co- 
production models, and effective translation are all critical when mov-
ing research into action [19,20]. Additionally, such research should 
consider stakeholder values for coastal resilience decisions [21] and 
information needs should be intertwined to improve project 
decision-making and evaluation. 

NOAA defines “stakeholders” generally as “those who have an in-
terest in or are affected by a decision [22]. To more specifically fit the 
goals of this study, the term “stakeholder” will refer to an individual, 
group, or organization who has an interest which may be affected by 
coastal climate impacts or has to make decisions on how to manage such 
impacts. Interests can include, but are not limited to, business, personal, 
monetary, or cultural. Specific examples from this study include New 
Jersey residents, the City of Boston, the New England Power Generators 
Association, and The Nature Conservancy. 

Though explicit involvement of stakeholders through co-produced 
science is ideal [20], in some cases, direct stakeholder involvement 
may not be feasible or stakeholder needs may be well-articulated 
through previous engagement efforts [23]. Thus, to minimize stake-
holder fatigue, it is useful to understand the stakeholder needs already 
articulated and documented. 

Using a document analysis approach [24], this study focused on 
identifying, categorizing, and synthesizing research priorities expressed 
in non-journal publications by the coastal stakeholder community in the 
Northeast United States. This study modifies a stakeholder needs 
assessment of climate and water impacts, used in Dilling et al. (2014) 
[25], to assess coastal resilience stakeholder needs in the Northeast U.S. 
to support coastal resilience policies and decisions, a topic and region 
which had not been analyzed previously. Adopting this formal approach 
allowed us to identify research themes and priority areas identified by 
stakeholders which can inform the research decisions of the scientific 
community, the targeted end-user of the study results. This enables 
scientists to design their research to fully consider decision contexts, 
improved scientific translation products or engagements, and 
use-inspired research study designs that explicitly address stakeholder 
needs. While all needs of stakeholders determined by this study will be 
discussed at least briefly, the majority of the analysis will focus on 
research needs with the intention of informing scientists and other re-
searchers interested in refining their own research to increase its impact 
and its use in coastal resilience decisions. 

The following section details the approach and methods used to 
answer these questions. The results section reviews the identified 
stakeholder needs, which can be broken down into four areas: (1) 
physical impacts of climate change, (2) mitigating and adapting to 
climate change, (3) human health and response to climate change, and 
(4) areas of improvement beyond research. Finally, the implications of 
these needs are discussed in the context of policy and decision-making in 
a region which has already begun to feel the impacts of climate change. 

Notably, this is the first study that the authors are aware of which 
establishes a baseline of stakeholder needs to adapt to coastal climate 
impacts in the Northeast U.S. Researchers and organizations interested 
in community engagement and use-inspire research may use this study 
as a starting point for conversations with stakeholders to reduce stake-
holder fatigue, to focus future stakeholder engagements, and to develop 
collaborative research studies or translate scientific findings for use in 
decisions. 

2. Methods 

The primary goal of this study was to determine the scientific 
research needed to support coastal community resilience efforts in the 
Northeastern U.S. Document analysis, a technique commonly used in 
social science, was used to unobtrusively understand the published 
perspectives of stakeholders in the region [24,26,27]. This method 

capitalizes on already available documents produced by the target sector 
and does not require additional interviews. The approach does have the 
constraint that it is limited to available documents which are typically 
produced by only a subset of stakeholders and therefore may represent 
an incomplete perspective. This method has, however, been used pre-
viously to identify stakeholder needs related to climate change [25, 
28–30]. Such approaches are important for minimizing stakeholder fa-
tigue by formalizing the process of understanding stated information 
needs, which allows additional engagements to focus on ideation [25]. 

All documents considered for this study were identified through an 
extensive web-based search and snowball sampling through our per-
sonal Federal, state, and local coastal resilience community networks. 
Documents were selected for inclusion in the study if, after reading, they 
met four criteria: (1) geographic region, (2) topical relation to coastal 
resilience, (3) stated expression of stakeholder needs, and (4) date of 
publication. 

First, documents were selected if they focused on the geographic 
Northeast United States as defined by the 3rd National Climate Assess-
ment (NCA) [2], excluding West Virginia and Vermont as they do not 
have a coastline and their watersheds do not contribute significantly to 
Northeast coastal waters (Fig. 1). The scale of focus for each document 
could be local, state, or regional as long as it pertained to an area con-
tained within the Northeast region. 

Second, the documents had to discuss coastal resilience, in the 
broadest sense of the term. This study uses the definition provided by the 
3rd NCA, “an ecological, human, or physical system’s ability to persist in 
the face of disturbance or change and continue to perform certain 
functions” [2]. Issues impacting coastal resilience were considered 
anything which would affect the natural, built, social, and economic 
functions of communities within the coastal Northeast. 

Third, documents also had to include scientific needs as defined by 
the stakeholders themselves. Communities have a unique perspective on 
what information is needed to understand and to make decisions about 
how to adapt to climate change but may not be able to find, synthesize, 
translate, or produce the scientific information needed to inform or to 
evaluate these decisions. Documents were included if it was determined 
that stakeholders significantly contributed to the process. Viewpoints of 
local, state, regional, and national organizations within the Northeast 
were considered, this includes documents from both public and private 
sectors. 

Finally, documents published between 2009 and 2017 were included 
in this study. This timeframe was selected because this represented 
“recent” stakeholder assessments of research needs and captured the 
window of time both before and after the 2012 Superstorm Sandy event 
which had a significant impact on coastal communities and sparked 
increased attention and action towards coastal preparedness and climate 
adaptation actions in the Northeast. 

Fifty (50) documents were ultimately selected for use in this study 
(see Supplementary Materials for a complete list). Forty of the 50 doc-
uments focused on local or state-level stakeholder needs, with exactly 
four documents associated with each state to avoid biasing regional 
needs. The remaining 10 documents were published by regional orga-
nizations that encompassed two or more states in the Northeast. These 
documents were mostly gray literature that was freely available online 
including state climate assessments, workshop proceedings, reports, 
action plans, and white papers. Peer-reviewed journal articles were not 
included because stakeholders’ research perspectives are not commonly 
published in the peer-reviewed literature. To begin the analysis, each 
document was classified based on location, year of publication, and 
authorship. Documents were classified for authorship by government, 
private organizations, academic organizations, or “multiple” which re-
fers to collaboration between several different types of organizations 
that fall into the previous categories. An author was any party which was 
acknowledged to have contributed significantly to the creation of the 
document via authorship or acknowledgement. Ninety-four authors 
were identified as most documents received contributions from more 
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than one individual or organization. 
Coding and analysis of needs were based on a modified coding 

schema developed by Dilling et al., 2014 [25], which was additionally 
used for a cross-regional analysis in Dilling et al., 2015 [28]. In this 
context, ‘coding’ refers to the process of highlighting a section of the 
document where needs are stated and designating it to a more general 
category of needs that it falls under. Once documents were selected and 
classified, as described above, they were imported into NVivo, a quali-
tative analysis software, to enable consistent coding and analysis of 
emerging patterns [31]. The documents were then reread and deduc-
tively coded using six major stakeholder needs categories, termed 
“nodes” in NVivo: (1) Research Topics, (2) Monitoring and Data 
Collection, (3) Social Issues, (4) Coordination, Collaboration, and 
Communication, (5) Policies, Programs, and Law, and (6) Infrastructure 
(Fig. 2). Nodes 1–5 were based on the coding schema developed by 
Dilling et al., 2014 [25] which was adapted by adding more detailed 
sub-node codes specific to coastal areas. Node 6, “Infrastructure,” was 
added inductively during this process because within the documents, 
coastal communities repeatedly expressed a need for more information 
about the vulnerability of current infrastructure as well as use of natural 

infrastructure as a solution. This process of inductively modifying the 
hierarchy of nodes and sub-nodes during document analysis applies a 
common approach of qualitative analysis research in which data 
collection design remains adaptable until a significant portion of 
research is complete [32]. A few needs were so specific a sub-sub-node 
was created to capture a greater level of detail that would be helpful for 
guiding future research. No assessment was made to determine degree of 
actual need for any of the coded items; each was considered equally 
valid during analysis. 

After coding was completed, sub-nodes which had been coded in 
50% or more of the documents were analyzed and four major themes of 
research needs emerged: (1) physical impacts of climate change, (2) 
mitigating and adapting to climate change, (3) human health and 
response to climate change, and (4) areas of improvement beyond 
research. These themes were based on similarities in the information 
and data needs coded in the document and were not necessarily grouped 
based on the overarching node under which the need was coded. 

The second round of analysis relaxed the constraint for consideration 
of a sub-node in the analysis to a 20% threshold; this threshold captured 
more specific sub-nodes that were important research needs but were 

Fig. 1. Map of Northeast states, as defined by the 3rd National Climate Assessment (2014), that were included in the stakeholder needs analysis. Gray states were 
included in the analysis; the other states were not included because they do not have any coastline, nor a watershed that contributes significantly to Northeast 
coastal waters. 

Fig. 2. Final coding schema of nodes and first tier of sub-nodes used to identify stakeholder needs to support coastal resilience decisions. Category names were 
shortened for this graphic; content of each was not changed. For complete coding schema see Supplementary Materials. 
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not included under a more frequently coded for sub-node. For example, 
“sustainable shorelines” was coded in 14 of the 50 documents but was 
included because this sub-node represented an infrastructure option for 
which information was requested and was not always included in doc-
uments discussing more generally natural and nature-based features. 

Finally, each subsection of the Results, calls out specific examples of 
research needs from sub-sub-nodes that may have been explicitly 
mentioned in only a few documents due to their specific application but 
should still be considered; for example, oyster reefs only came up a few 
times but are still discussed under natural and nature-based solutions 
given their relevance as a key habitat restoration option. 

3. Results 

3.1. Overview of the document dataset 

The final dataset contained 50 documents that met the decision 
criteria. The documents represent a nine-year time span from 2009 to 
mid-2017. The majority of documents (37) were published after 
Superstorm Sandy. Two major spikes in the prevalence of source pub-
lication date can be seen during 2013 and 2015 (Fig. 3). The increase in 
documents published during 2013 is attributed to a response to Super-
storm Sandy which hit in late 2012. A number of organizations 
commissioned reports to study the effects of the storm on coastal com-
munities and what is needed to prepare for extreme events. The high 
number of documents published in 2015 is because 2015 was the 
midway point or endpoint of several five-year studies. For example, the 
Mid-Atlantic Regional Council on the Ocean (MARCO) was founded in 
2009 and began research projects which spanned five years from 2010 to 
2015. 

Table 1 shows that more than half of the authors (i.e., largest cate-
gory of authors) coded for in the documents were from government 
organizations, with a heavy emphasis at the state-level. Notably, half of 
the states in the Northeast region had documents produced by their 
respective Sea Grant programs. Authors coded as “private” were asso-
ciated with both nonprofits and businesses; 20% of the authors were 
coded as such. The third largest segment of authors was “multiple”, 
referring to authorship that was collaborative between several types of 
organizations, which made up 15% of all the authors. These authors 
were typically representatives from state-level councils or regional 
bodies such as Delaware’s Sea Level Rise Advisory Committee and the 
Long Island Sound Study. These collaborative organizations were 

usually comprised of government workers and officials, university re-
searchers, and private businesspeople. Rarely did documents directly 
attribute significant contribution to citizens from the communities 
acting in a stakeholder capacity. Authors coded as “academic” was the 
smallest segment (11%); this is due in part to the method of document 
selection which focused on non-journal literature sources. 

Documents were also coded for funding sources, when data were 
available. Eleven government agencies and programs funded 20 of the 
50 documents. The top government agency funder, and top funder 
overall, was NOAA (7 of 50). All other funding sources were categorized 
as being from private organizations: nine NGOs funded 10 documents 
(Table 1). 

Documents pre-Superstorm Sandy tended to be climate adaptation 
plans put out by state and local governments. These documents were 
broad, focusing on climate-related issues throughout the state, usually 
with a coastal section. However, after 2012, the documents focused 
more specifically on coastal issues, regardless of whether Superstorm 
Sandy was explicitly mentioned in the document or not. It is clear that 
Superstorm Sandy was a major motivator and a turning point for coastal 
states. After Superstorm Sandy, the focus of documents produced shifted 
from general awareness and climate adaptation planning to more 
detailed climate impact preparedness, especially focused on the next 
major hurricane or storm, for coastal communities. Reports from states 
not directly impacted by Superstorm Sandy still cited the storm as a 
reason for a needs assessment to minimize the risk of significant damage 
on their communities. 

The needs identified by stakeholders have been separated into four 
overarching research areas (1) physical impacts of climate change, (2) 
mitigating and adapting to climate change, (3) human health and 
response to climate change, and (4) areas of improvement beyond 
research. This structure is intended to highlight key research needs to 
guide individual scientists and organizations interested in studying or 
funding projects that fall under a certain area. Physical impacts of 
climate change contain research needs focused on identifying and 
assessing the vulnerability of coastal locations and populations to 
climate impacts. Mitigating and adapting to climate change research 
needs included more studies on natural and nature-based features, 
alternative energy, and economically valuable species which are 
adapted to suit the changing climate. Research needs regarding human 
health and response to climate change include an assessment of the cost 
of climate impacts on coastal infrastructure and industries as well as the 
economic value adaptation options provide in risk reduction. Finally, 
while not the focus of this study, the fourth section summarizes the 
major areas of improvement needed beyond research including 
communication and collaboration, climate education, and data 
availability. 

Table 1 
a) Authors attributed to one or more documents in the study, sepa-
rated by sector of author; b) funding sources for one or more papers, 
separated by sector of funding source; c) documents with identified 
funding sources, separated by sector of funding source.  

Sector Number of authors 

a) 

Government 51 
Private 19 
Multiple 14 
Academic 10 
Total 94 

Sector Number of funding sources 
b) 

Government 11 
Private 9 
Total 20 

Sector Number of documents funded 
c)  

Government 20 
Private 10 
Total 30  

Fig. 3. Number of coastal resilience documents published between 2009 
through mid-2017. Superstorm Sandy occurred in late 2012; 74% of the total 
documents were published after this event. 
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3.2. Research on physical impacts of climate change 

3.2.1. Location and vulnerability of infrastructure 
Climate impacts on coastal infrastructure and the resulting land use 

changes were the most widely identified research needs (Fig. 4a). These 
documents highlighted that research is needed to both determine the 
location of vulnerable coastal infrastructure and then to explore land 
management practices which can reduce risk from climate impacts. The 
flood vulnerability assessments specifically identified include household 
properties, municipal water systems, wastewater, hazardous waste, and 
transportation infrastructure. In the Northeast region, flood risk as-
sessments pertain to both chronic conditions such as sea level rise as well 
as acute, extreme events such as storm surge and high precipitation. Of 
particular interest to stakeholders was understanding impacts and risks 
to evacuation or emergency routes during storm events or other local 
disasters (Docs. 8, 35, 37, 38). Eight documents also addressed the need 
to identify areas of cultural and historical significance, both on land and 

below water; for example, “identify and focus research efforts on his-
torical, archaeological, and ethnographically significant sites that are 
most vulnerable to sea level rise and climate change” (Doc. 9). 

The documents additionally discussed several management options, 
such as updating design standards, for infrastructure in an area deemed 
at risk of flooding. Another option discussed was to set back infra-
structure out of areas vulnerable to flooding (Docs. 9, 11, 24, 38); 
including research for “when and where to fortify existing buildings and 
when to move, demolish-recycle, or abandon vulnerable structures” 
(Doc. 9). Beyond coastal retreat, nine documents discussed the impor-
tance of establishing “buffer zones” around riparian floodplains and 
wetlands as another means of protecting infrastructure, and three doc-
uments stated the need to allow for inland upslope migration for buffers 
around wetlands (Docs. 23, 24, 40). Overall, stakeholders acknowledged 
that current and future climate conditions threaten their coastline: they 
need to know where the threats are the greatest and how best to design 
infrastructure to withstand these impacts or otherwise retreat inland. 

Fig. 4. Maps representing three key themes of research needs across the Northeast region. Colors represent what percentage of documents associated with each state 
mention each need. a) Overall, thirty-six documents called for research locating vulnerable infrastructure and adaptation options; b) thirty documents mentioned a 
need for more research on natural and nature-based features; c) twenty-three documents requested more information on the economic impacts of climate change and 
the cost/benefits of adapting or not. 
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3.2.2. Flood trends and mapping 
Nineteen of the documents acknowledged the need for research on 

flood trends, both storm-induced and nuisance. Stakeholders in six 
documents stated a gap in historic and current decision-relevant infor-
mation necessary to “improve analysis of coastal and riverine flood risks 
resulting from a combination of storm surge, sea level rise, and extreme 
precipitation events in coastal areas (Doc 24)” (Doc. 5, 32, 34, 35, 37, 
43). Additionally, there was a need for predictions of future flooding 
given different sea level rise scenarios; the term “future” is clearly 
emphasized as current maps show outdated information that does not 
incorporate recent climate predictions. Notably, it is critical to deter-
mine “a higher vertical flood elevation and expanded corresponding 
horizontal floodplain… to address current and future flood risk for new 
construction” (Doc. 24). Coastal stakeholders also expressed a need to 
improve the information available regarding bathymetric features and 
geologic processes along shorelines, both of which impact flood 
patterns. 

Standard map and flood data formats to enable easy use by com-
munities would greatly aid in the use of the information available (Docs. 
8, 14, 36, 49). The desired features, in addition to flood mapping, 
include private and public infrastructure and evacuation routes. Four 
documents called for an update to Federal Emergency Management 
Agency (FEMA) maps to better inform stakeholders of the risk that their 
property faces (Docs. 9, 10, 22, 32). Stakeholders also expressed a need 
to map what infrastructure, including private and commercial buildings 
and roads, is located in the updated flood zones. States that were 
impacted by Superstorm Sandy explicitly stated the need to assess the 
vulnerability of emergency evacuation routes for coastal communities. 
This information was highlighted as critical to community planning and 
decision-making efforts, especially for coastal locations with high flood 
risk. 

3.3. Research on mitigating and adapting to climate impacts 

3.3.1. Natural and nature-based solutions 
Stakeholders in all 10 states in the region overwhelmingly suggested 

that natural and nature-based approaches should be considered as a key 
component of resilience planning (Fig. 4b); coastal wetlands were the 
most frequently mentioned solution (for examples see Docs. 1, 5, 25, 
32). However, to more easily and rapidly implement natural and nature- 
based approaches, additional research is needed. 

First, improved understanding of the flood reduction and wave 
attenuation properties of different vegetation types are needed to assess 
potential exposure reduction provided by nature-based solutions such as 
wetlands (Docs. 1, 5, 36). Second, to better assess the benefits of natural 
and nature-based solutions versus those of built infrastructure, 
ecosystem service research, especially that which is predictive of 
changes in these services given climate change and other stressors, 
would be particularly useful. Third, seven documents requested 
improved predictive models and land use data to predict where marshes 
will migrate as sea level rises; maps of current wetland habitat combined 
with projections of future wetlands can support wetland migration and 
land management decisions. Fourth, research is desired on effective 
implementation of living shoreline techniques, such as oyster reefs and 
eelgrass beds (Docs. 1, 26, 32). Fifth, once green infrastructure ap-
proaches have been implemented, stakeholders also identified a signif-
icant research need for “monitoring of the effectiveness of living 
shoreline and resilience projects, including pursuing approaches to 
quantify and characterize the impacts of projects” (Doc. 31). 

In sum, all the states expressed a need to better understand natural 
and nature-based coastal protection in order to facilitate the consider-
ation or implementation of these coastal resilience alternatives instead 
of, or in addition to, traditional built infrastructure. Thus, the research 
needs focused primarily on better understanding how to design and 
build effective projects and the need to monitor projects once they are 
completed to assess effectiveness, particularly in the case of major storm 

events. 

3.3.2. Adaptation of management practices to climate change 

3.3.2.1. Ecosystems. Further research into ecosystem-based manage-
ment was stated in 27 of the documents. First, to aid in conservation and 
restoration efforts, it would be useful to spatially identify ecologically 
important habitats which may have keystone or endangered species. 
Second, understanding how climate change currently impacts these 
ecosystems as well as modeling future impact would also improve 
management efforts. Third, five documents explicitly cited the need for 
“long-term monitoring” of key ecosystems (Docs. 4, 9, 15, 33, 39). 
Ecosystem monitoring was particularly important to stakeholders for 
understanding how climate change may impact marine resources given 
the importance of several culturally and economically valuable fish and 
shellfish species in the region. For examples, documents from Massa-
chusetts and New Jersey stressed the need to understand the risks facing 
their respective fisheries (Docs. 4, 26); Maryland and Maine stake-
holders expressed concern for the future of their iconic blue crab and 
scallop industries, respectively (Docs. 19, 10). Northeast stakeholders 
stated there are “major gaps in our understanding of the responses of 
marine life and habitat to climate change” (Doc. 29). Stakeholders were 
also concerned about the impact of climate change on agriculturally 
important species. Documents representing seven of the ten states 
highlighted the need for locally/regionally specific information on the 
impacts of climate change on agricultural production. Identification of 
crop species “better able to accommodate shifting climate conditions” 
(Doc. 9) so agricultural services can adapt and survive in the coming 
century is of great importance to stakeholders (Docs. 6, 9, 17, 23). Of 
interest are crop species well adapted to hotter conditions (Doc. 17, 33), 
sea level rise (Doc. 6), and reduced water quality from salinity (Docs. 
25). 

3.3.2.2. Stormwater. Research aimed at improving stormwater man-
agement was discussed in documents representing 90% of the states in 
this study. Improved management included identification of vulnerable 
locations, investigation of strategies to combat flooding, and under-
standing the impacts of increased runoff on natural and built infra-
structure. Models of stormwater flows are needed to determine areas of 
potential inundation and changes to flow patterns resulting from sea 
level rise (Docs. 6, 8). Five documents additionally expressed the need to 
identify strategies to increase infiltration in drainage basins and 
recharge reservoir opportunities (Docs. 17, 24, 38, 40, 41). Notably, 
several documents explicitly called for an evaluation of green infra-
structure for stormwater management and treatment (Docs. 15, 20, 36); 
for example, one stated that it is essential to improve methods of control 
of “agricultural, urban, and stormwater runoff to prevent ocean and 
freshwater contamination, as well as enrichment of nutrients in aquatic 
areas that offer ideal growth medium for harmful algal blooms” (Doc. 9). 
Finally, identifying pollution sources and monitoring surrounding water 
quality was viewed as a necessary investment to better understand the 
impact of runoff on ecosystems (for examples see Docs. 9, 15, 28). As 
climate change continues to impact ecological and water management 
systems, it is critical for stakeholders to identify vulnerabilities and then 
adapt management practices to reflect these changes, so the system 
services are maintained. 

3.3.3. Greenhouse gas reduction and alternative energy approaches 
Twelve documents discussed strategies for increasing energy effi-

ciency and reducing greenhouse gas emissions at local and state levels. 
Communities are interested in exploring the potential for localized en-
ergy solutions (Docs. 9, 12, 27, 33). For example, one document stated, 
“The City should pursue community energy solutions, such as district 
energy systems or microgrids, that increase energy reliability and 
decrease greenhouse gas emissions” (Doc.12). Alternative energy 
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solutions proposed focused on the installation of solar and offshore wind 
farms. Three documents identified the need for studies of marine sea-
floor bathymetry and ecosystems to select infrastructure locations which 
maximize energy production while minimizing harm on marine eco-
systems (Docs. 5, 9, 11). Additionally, three documents recommended 
further work evaluating wetland and forest carbon sequestration 
methods (Docs. 5, 9, 36). Improved understanding of the potential im-
pacts of climate change on energy infrastructure and carbon seques-
tration strategies is also needed to increase the likelihood of success 
(Docs. 9, 33). The emphasis on energy and climate mitigation high-
lighted the aim for integrated strategies to increase community 
resilience. 

3.4. Research on human health and response to climate change 

3.4.1. Costs of climate change and benefits of adaptation 
Stakeholders across the region expressed interest in better assessing 

the costs and benefits of climate change impacts on coastal property and 
industries, and resilient infrastructure solutions. Four documents stated 
the need for research examining the economic value of protection pro-
vided by wetlands (Docs. 5, 15, 40, 45). Additionally, four other docu-
ments called for comparisons of the costs and benefits of natural and 
nature-based features, such as wetlands, versus built or gray infra-
structure to increase coastal resiliency (Docs. 5, 6, 20, 39). There was 
also acknowledgement by stakeholders that a better understanding of 
the “relationships between coastal communities and of the local eco-
nomic benefits of recreational activities” (Doc. 29) was needed to 
improve assessments of climate impacts, such as sea level rise, on the 
local economy. Furthermore, stakeholders suggested a need for more 
information regarding socioeconomic factors motivating individuals 
and communities to take adaptive actions. Twenty-four documents 
mentioned economic incentives as an important tactic that should be 
used to motivate stakeholders to act towards increasing coastal resil-
ience, but only two documents explicitly stated a need for research to 
support successful incentive programs (Docs. 9, 45). Combined, these 
documents point to an important research gap - the need for more in-
formation on the economic value of coastal ecosystems and nature-based 
options, in particular to quantify the risk reduction provided by different 
solutions to better compare infrastructure investment choices. 

3.4.2. Climate-induced health risks 
Based on this analysis of stakeholder needs and local issues presented 

in the documents, there was concern expressed about how climate 
change will impact human health risks, such as food-borne, vector- 
borne, and water-borne illnesses, as well as air quality impacts. Seven 
documents expressed a need for monitoring vectors and pathogens to 
understand potential risks at local and state levels. For air quality, 
further analysis was requested to better understand how changes in air 
quality impact the health of populations at local and state levels (Docs. 
9, 17). There were also questions as to the capabilities of health services 
to accommodate both a rise in climate-related illnesses as well as 
physical climate impacts, such as sea level change, which can impact 
health care facilities that are vulnerable to flooding (Docs. 9, 25). 

3.5. Areas of improvement beyond research 

Although not a focus of this study, there are several widely stated 
needs of stakeholders that extend beyond data and information. One 
almost ubiquitous suggestion (41 documents) was the need for improved 
communication. Communication includes both a one-way flow of 
resilience-relevant information from agencies to coastal communities as 
well as a two-way flow through dialogue to understand local needs. To 
facilitate climate resilience planning, there must be a “common under-
standing of vulnerabilities and the successes and barriers related to 
implementing adaptation measures” (Doc. 2). There was also a clear 
need for improved emergency communication before, during, and post- 

extreme events to aid with evacuations, conveying current conditions, 
and recovery efforts (Docs. 21, 24, 25, 26, 27, 38, 44). Another widely 
agreed upon need (42 documents) was for better coordination between 
multiple levels of government agencies, as well as between the gov-
ernment and coastal community partners. Seven documents, written by 
organizations responsible for multi-state bodies of water or watersheds 
(e.g., Chesapeake Bay Program and Long Island Sound Study), addi-
tionally emphasized a need for coordination of regional activities be-
tween states. Coasts by nature cross political boundaries making them 
“areas with competing interests, stakeholders, and multiple jurisdic-
tions” that require strong coordination and communication efforts (Doc. 
9). 

Climate education was stated as a need in 42 documents. This in-
volves informing the general public as to the impacts of climate change 
and the potential mitigation options available to them. Basic training of 
employees in sectors that will be affected by climate change, such as 
agriculture, water utilities, and healthcare, on how to manage the im-
pacts is another key part of this need. Documents representing 9 of the 
10 states in this study also expressed a need for better data availability 
and dissemination. Datasets need to be readily available and consoli-
dated into a central location for decision-makers to access. Having an 
informed public and data which can be utilized easily will aid in creating 
climate resilient communities prepared to tackle the impacts of climate 
change. 

4. Discussion and conclusion 

Natural disasters often drive stakeholders to assess their needs to 
improve coastal resilience efforts. Not surprisingly, in the Northeast U.S. 
post-Superstorm Sandy there was a substantial increase in the number of 
documents produced detailing these efforts (Fig. 3). This is likely 
because communities recognized their own lack of preparedness for 
major events and wanted to determine areas of improvement before the 
next big storm. 

Highlighted here are several key scientific research needs stated 
under the overarching research areas that would aid coastal commu-
nities in their resilience planning and decision making. Although these 
only represent three areas of research needs out of all the ones identified 
in the study, they are the most cited throughout the entire region under 
each overarching research area. Organizations and agencies interested 
in researching or funding studies with wide-reaching implications can 
look here for ideas and evidence for how to design their work to aid 
coastal communities. 

One of the most important research needs identified was the need for 
research on climate impacts to coastal infrastructure and the resulting 
changes in land use. Thirty-six of the 50 documents discussed this need 
(Fig. 4a); stakeholders specifically called for the identification of exist-
ing built infrastructure, such as homes and roads which are vulnerable to 
flooding, so that they can begin to adapt through creating updated 
building standards or setbacks. They also requested similar information 
about coastal ecosystems, desiring an analysis of where critical habitats 
are most in danger of disappearing, in order to prioritize conservation 
efforts. 

A second major research area reported in all states in the study re-
gion called for a need to better understand the benefits of natural and 
nature-based approaches in combating climate impacts, in particular, 
the use of wetlands for flood protection (Fig. 4b). Further research about 
the current location of these systems, projected inland migration, as well 
as how well they work in different geographic, ecological, and bathy-
metric contexts, is a priority information need to advance more natural 
and nature-based projects [6]. 

Third, there was widespread interest across the region in improving 
understanding of the economic impacts of climate change (Fig. 4c). 
Tourism, agriculture, and aquaculture are important and in certain 
cases, iconic, industries in this area. Stakeholders would benefit from 
more information about the impact of climate change on coastal 
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recreational activities, better projections about the future of different 
fisheries, and ways to minimize these negative impacts. Additionally, 
information on heat-resistant crops and other climate-resilient strategies 
would help farmers adapt practices given climate change. These data 
would benefit all these coastal industries so that they can continue to 
play an important role in the regional coastal economy. 

Related, coastal communities desired cost-benefit analyses of adap-
tation strategies (Fig. 4c). Stakeholders are interested in the economic 
value of protection offered by different natural solutions. For example, a 
separate study which focused specifically on the costs and benefits of 
natural and nature-based defenses, states a need for better estimates of 
maintenance costs and the value of additional services, such as carbon 
sequestration, of different defense options [13]. Stakeholders recognize 
that infrastructure along the coast in many cases is already vulnerable to 
sea level rise and flooding from extreme events; cost-benefit analyses 
such as these allow communities to weigh the options of fortifying 
existing structures versus infrastructure abandonment or setbacks when 
making crucial management decisions. This has prompted discussions 
about organized retreat which is a particularly fascinating finding 
because it demonstrated that there was regional interest in considering 
retreat even though retreat received sporadic support from homeowners 
after Superstorm Sandy [33]. 

In addition, there are three major themes that are not specifically 
science research needs but the understanding of which is central to 
assisting coastal communities. First, there is a crucial role for govern-
ment funding and authorship in many of these stakeholder participatory 
efforts, thus the role of government is key to ensuring the needs of 
stakeholders are heard. Second, communities are looking to solution- 
driven research to support mitigation efforts, particularly natural 
infrastructure. And third, there is a lack of specific social science 
research needs being asked for by stakeholders despite a widespread call 
for this type of research by organizations both in and outside this study. 

The first major finding from this analysis is the important role that 
government agencies and affiliate programs play in coastal resilience 
planning. One major role played by the government was funding these 
stakeholder needs assessments; of the 50 documents analyzed, govern-
ment agencies funded a third of the documents with acknowledged 
funding sources (Table 1). NOAA was by far the largest funder with 
seven documents funded directly by offices of NOAA, and two docu-
ments funded by state Sea Grant programs which receive federal funding 
from NOAA. Another important role of government agencies was that 
agency employees helped write or produce the majority of these docu-
ments. There was a total of 94 authors contributing to 50 documents, 
over 50% of the authors were from government agencies (Table 1). Of 
these, the largest contribution came from 8 state Sea Grant programs 
either as a main author or as part of a broader coalition. Both NOAA and 
Sea Grant programs are clearly important supporters of state develop-
ment of coastal resilience plans and projects and without their support 
(financially and via expertise), communities would have a more difficult 
time developing such assessments. Future research should include an 
evaluation of research needs suggested by government agencies them-
selves, such as the Army Corp of Engineers, which meet both the 
“stakeholder” definition as well as that of an end-user. The North 
Atlantic Coastal Climate Assessment is a comprehensive starting point 
[34] and suggests that some research priorities include improved 
research and collection of pre- and post-storm data and better design 
guidance for natural and nature-based features. 

A second key finding is that stakeholders across the region expressed 
interest in solution-driven research to aid mitigation plans, of which 
natural infrastructure is a quintessential example. This suggests there is 
a strong interest in implementing more projects using these approaches 
instead of the traditional gray/built approaches that are typical of 
coastal resilience efforts. This may be because communities recognize 
the multiple benefits provided by natural and nature-based approaches 
that include being more resilient to major storms [35], being more 
cost-effective to build [7], and supporting other ecosystem functions 

such as habitat [36] and carbon sequestration [37]. This call for more 
information on natural and nature-based solution-driven research ap-
proaches highlights a change in the ways communities are thinking 
about how to increase resilience as compared to a decade or two ago 
when natural and nature-based features were not a part of the conver-
sation and in most cases only more traditional built approaches were 
considered. 

Third, it appears that there is a fundamental, critical gap in the in-
formation needs identified; while documents called for the support and 
integration of social science information, there was minimal call for 
social science research needs themselves beyond economics to support 
many of the critical decisions regarding coastal retreat or other alter-
native resilience strategies. The stated natural science, engineering, and 
economic needs were numerous and very specific, whereas other social 
science needs beyond economics were rarely mentioned and when they 
were, they were too general to help guide future research projects. Of the 
50 documents, two broadly called for better understanding of the social 
and socio-economic impacts of climate change (Docs. 3, 19) and two 
requested information on the social response to sea level rise (Docs. 6, 
24). More specifically, documents asked for research on social factors 
which might influence the decision to implement natural infrastructure 
projects (Docs. 5, 45) and the human relationship to several bodies of 
water (Docs. 29, 32). However, other social science dimensions, such as 
the historical and cultural connections people have with particular lo-
cations and the equity of certain adaptation strategies, were not iden-
tified as research needs. These types of social factors are crucial to 
ensure the success of certain adaptation measures, such as coastal retreat 
and relocation from rising sea level, yet are often not incorporated into 
traditional cost-benefit analysis. For example, Dorchester County, 
Maryland, USA is predicted to lose over half of its land to SLR by 2100 
[38]; for families that have lived on the same land for generations, the 
decision to leave is not as simple as cost and cannot easily be monetized. 
The 4th National Climate Assessment points to the importance of 
including these human dimensions in coastal decision making, in 
particular, the inclusion of social science and societal factors to under-
stand the cultural and social aspects of resilience, mitigation, and retreat 
[39]. One possible explanation for this gap is a dearth of social scientists 
contributing to the reports analyzed; social science expertise was not 
amongst the disciplines typically included. Another explanation is that 
communities may not be able to express social science needs as clearly as 
they might biophysical needs or think about social science needs as part 
of scientific information needs. Greater social science literacy amongst 
experts crossing disciplines would allow for greater specificity in the 
translation between needs articulated by stakeholders and incorporation 
into impact, planning, and adaptation reports. 

It is useful to note that our study found some similar results to the 
climate resilience stakeholder needs assessment conducted by Dilling 
et al. (2015) [28], which focused on needs pertaining to water decisions 
in three U.S. regions: the Carolinas, the Great Lakes, and the Inter-
mountain West. In both our study and Dilling et al. (2015) [28], 
improved collaboration and communication were both common areas of 
need. Similar to the Northeast, stakeholders in the Carolinas and Great 
Lakes regions expressed the need for collaboration between states which 
share coasts and/or watersheds given the inter-jurisdictional nature of 
these resources. Additionally, there already exists a significant amount 
of relevant information about the impacts of climate change; however, 
this needs to be better translated into useable formats for stakeholders to 
incorporate it into decision-making. 

A major difference was the emphasis on improved emergency man-
agement communication before, during, and after extreme events, 
which was a focus in the Northeast region but not the other three re-
gions. This result is likely because, in the Western regions of Inter-
mountain West and Great Lakes, there is a focus on chronic, longer-term 
water issues related to precipitation patterns and not episodic, extreme 
events like hurricanes and Nor’easters faced by the Northeast. Inter-
estingly, the discussion of using natural infrastructure to mitigate 
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flooding impacts due to climate change was unique to Northeastern 
states despite the fact that wetlands can have important disaster risk 
reduction benefits both along coastal and inland areas [40]. This is 
possibly due to the spotlight on sea level rise in coastal communities. 
Despite these differences, it is clear that a common framework of 
stakeholder needs exists across regional boundaries. Efforts to tackle 
adaptation needs would be furthered by bringing stakeholders from 
across regions together to discuss shared research needs and solutions. 

Future work would benefit from in-person interviews of key stake-
holder groups throughout the region as well as workshops and surveys to 
directly capture the current needs of a wider group. This would ensure 
that a greater diversity of voices is heard, especially those that may not 
have been captured in these documents such as socially vulnerable 
communities. However, as far as the authors are aware, this is the first 
study to complete a comprehensive analysis of stakeholder needs to 
manage coastal climate impacts in the Northeast U.S. The results provide 
guidance on the research needs of coastal communities to support their 
decision-making. The hope is that this study will improve the involve-
ment and funding efforts by key players as well as begin to bridge the 
gap between communities and researchers to start a dialogue aimed at 
generating use-inspired science and improved coastal resiliency 
planning. 
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