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COASTAL ZONE CLIMATE CHANGE: UNDERSTANDING AND ADAPTATION

There has been a clear awakening to the fact that climate change is underway. Lying at the
interface of continental and oceanic realms, coastal systems can be expected to be especially
impacted, experiencing the effects of climate change from both the land and the sea. With more
than 50% of the U.S. population living in coastal counties, these changes will play out in coastal
communities and economies. The LTER provides a network of coastal sites that differ in their
biophysical vulnerability to various aspects of climate change, with some being more affected by
sea level rise and storm surge (e.g. VCR, FCE); others by acidification (e.g. MCR, CCE);
changes in temperature and loss of sea ice (e.g. PAL); or changes in freshwater inflow (e.g. PIE,
GCE). These sites will also likely show gradients in human vulnerability, with differences
attributable not only to their coastal population density and demographic composition (e.g. FCE
vs. VCR) but also in the location and resilience of their built infrastructure (e.g. BES vs. SBC).
This range of potential vulnerability positions the LTER network to be able to examine climate
change and to better understand the factors controlling human and natural system vulnerability
and response. The overarching question we seek to address is: How do human and natural
templates interact to affect vulnerability to climate change in coastal systems?

Science to understand and anticipate the effects of climate change, to assess vulnerabilities of
natural and human elements of coastal systems, and to adapt to or mitigate the effects of changes
is prompting new efforts to integrate across academic disciplines and to create partnerships
among academic, public and governmental constituents. Following the theoretical framework of
the ISSE, we can ask the following types of questions of these coupled socio-ecological systems:
How do the presses and pulses associated with climate change (temperature, pH, sea level
precipitation, runoff, solar radiation, wind and wave climates, and salinity) affect the structure
and function of coastal ecosystems and what attributes affect their vulnerability?; How do
climate-induced changes in coastal systems affect critical ecosystem services, such as carbon
sequestration, wildlife habitat, food web support and coastal fisheries, and storm protection?;
What attributes of human systems (e.g. built infrastructure, working waterfronts, land use,
demographics) influence vulnerability to climatic presses and pulses, and how do these interact
with changes in ecosystem services to prompt responses of adaptation and mitigation? How
would mitigation and adaptation strategies (e.g., coastal engineering, reductions in greenhouse
gases) feed back to affect climate drivers and vulnerability of coastal systems?

Approach

We propose to take advantage of the distribution of coastal LTER sites and their differing socio-
ecological characteristics. We will use a multifaceted approach including monitoring to assess
status and trends; observations across gradients to infer controls on vulnerability, resilience,
response and adaptation of human and natural systems; manipulative experiments to test key
control mechanisms; and scenario development and modeling to assess the consequences and
interactions of climate change, continuing coastal development and potential adaptation
strategies on ecosystem services.

Our specific objectives are to:

1. Evaluate the pulses and presses of climate change to determine the most important
drivers at each site and how they interact to impact human and natural systems. This will
include observations of temperature, pH, sea level, precipitation, runoff, solar radiation,
wind and wave climates, and salinity evaluated to understand deterministic and stochastic
trends and their interactions.

2. Characterize the vulnerability of the natural template of each site to climate change based
on factors such as saturation state of calcium carbonate, topography / bathymetry, tide
and wave climate, geomorphology, and habitat distribution. This will involve accessing
high-resolution, spatial data (such as LIDAR and other imagery) to map elevation and
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habitat distribution and characteristics, and assessments of factors such as sediment
supply, calcification of shells, and the structure of marine food webs.

3. Characterize the vulnerability of the human template at each site to climate change based
on parcel level analysis of property characteristics, population, demographics, fishing and
mariculture industries, cultural attitudes, transportation and utility infrastructure, property
value insurance maps, GDP and governance structure. Here we might expect differences
in vulnerability to climate change across the LTER network because of prior adaptation
in regions already experiencing severe aspects of climate change, e.g., hurricanes.

4. Assess the recent human response to climate change at each site. This would include
information on adaptation and mitigation efforts in each community such as revised
building codes, shoreline engineering, use of artificial reefs, flood management planning,
as well as general awareness of climate change. What knowledge triggers an adaptation
response?

5. Evaluate expected future changes in both the natural and human template. This will
require downscaling national and regional predictions to make them appropriate for
management units, as well as predictions of population growth and shifts in natural
resource dependencies.

6. Develop scenarios to assess future vulnerability to climate change in relation to potential
adaptive or mitigation responses. This will be accomplished by combining socio-
economic and physical models to evaluate the effects of changes in permitting, zoning,
natural area preservation, or other policy scenarios in the context of projected climate
change. This will be important at local, national and global scales. We will draw on
existing multi-site LTER efforts to produce such scenarios, to provide a basis for a suite
of scenarios tailored to this particular application. In the process, we will contribute to an
emerging multi-site LTER effort to advance knowledge on the general conditions under
which a coastal coupled human-environment system may or may not become vulnerable
to the effects of climate and other relevant changes.

Cyberinfrastructural Needs

We will have extensive needs for Embedded Cyber-Infrastructure and protocols for managing
instrumentation and sensor arrays. Support will be needed to link the wide variety of models that
will be employed and to assimilate remote sensing data and to develop effective visualizations
for conveying long-term forecasts of climate change as well as displaying landscape change
scenarios for interpretation by scientists, community leaders, educators, and the general public..

Lead Coordinators
Charles Hopkinson, Merryl Alber, Evelyn Gaiser, Colin Polsky

Initiating LTER Participants
BES, CCE, FCE, GCE, MCR, PAL, PIE, SBC and VCR.

Potential Partners

NOAA (including Sea Grant, NMFS, CSC, NOS, NEERS), USGS, NASA, ONR USACE, NPS
and EPA. We expect that some of these partners will provide modeling data (e.g. USGS,
NOAA) while others will help test model predictions (e.g. NEERS) or provide outreach to local
communities (e.g. Sea Grant). We will also involve state and local governments and non-
governmental agencies, in light of the importance of this research to policy decisions.

Potential Budget

$1.6M/yr for 5 years: Salary (support for students, post-docs, IT support, and Pls to collect data

on climate drivers, map biophysical and human templates, develop scenarios, run models 65%);

Travel (site and system-wide workshops, scientific meetings, 10%); and supplies (LIDAR, aerial
photography, sample analysis, 25%).
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THE DISAPPEARING CRYOSPHERE: SOCIOECOLOGICAL CONSEQUENCES FOR ECOSYSTEM SERVICES

The Earth’s Cryosphere, which includes glaciers; sea, lake and river ice; seasonal snow; and ice-rich
permafrost, harbors over 80% of the freshwater on the planet. The Cryosphere cools the planet, regulates
global sea level, stores substantial stocks of carbon, insulates soil from subfreezing air temperatures, and,
most importantly, serves as a seasonally-rectified water supply for human consumption, irrigation,
nutrient transport and cycling, and waste disposal. Cryosphere loss imposes enormous threats to these
ecosystem services, with potential costs to the world economy in the trillions of dollars. A one meter sea
level rise, projected over the 21* century, alone represents an estimated economic impact of $1 trillion
(Anthoff 2006).

The extent and rates of cryosphere loss are increasingly well-monitored, and our ability to project future
rates of geophysical decline is improving. However, the ecological consequences and especially the
nature, extent and economic impacts on human society and institutions are still poorly understood.
Building on the LTER ISSE framework, we propose an LTER Network-wide effort to investigate the
socioecological consequences of cryosphere loss, with a focus on a socioeconomic assessment of the
alteration of ecosystem services.

Approach

We propose to initiate and conduct coordinated research on three related topics, each associated with
ongoing work at several LTER sites (see figure): 1) Declining snowpack in the western US (e.g. NWT,
AND, SGS); 2) disappearing snow and ice cover in the northeastern US (e.g. NTL, HBR, HFR, PIE) and
3) thawing permafrost and sea ice at both poles (e.g. ARC, BNZ, PAL, MCM). The socioecological
impacts and consequences of pulse and press forcing of declining cryospheric elements will be the focus
of this initiative. Research will be pursued in two phases: first, identifying critical gaps in observations
and data, and building improved ecosystem-level understanding of the processes linking the natural and
human systems. In the second phase, data syntheses and understanding gained in Phase 1 will be used to
create new process-based models of the relationships and connections between climate forcing, ecosystem
responses, and consequences for society. These new models will be used to create regional scenarios and
projections of climate-driven socioecological change, and to quantify the economic and social costs.

We will build on the rich data legacies and interpretive capabilities at individual LTER sites, but the
proposed research will be
pursued mainly at the Network
level. The principal mechanism
for this approach will be
formation of three research
teams that will work across sites
and site clusters, with each team
investigating one of the three
central research topics. Each
team will be composed of an
ecologist, a resource economist,
and a sociologist. These
Cryosphere research teams will
meet regularly to share results,
coordinate their research, and

Socioecological Impacts
Of Global Cryosphere Loss
On Ecosystem Services

Impacts of
declining snow
& ice cover
HBR, NTL, HFR, PIE

Impacts of
declining snowpack
AND, NWT, SGS

Impacts of thawing
Permafrost and sea ice

ARC, BNZ, PAL, MCM . .
:2;\ EPA strive to scale up from site-based
UsGs research at LTER and other sites

USDA (USFS, ARS)
BLM
NASA

to develop regional and
continental-scale understanding
of the socioecological impacts of

Other sites?
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cryosphere loss. Other expertise (e.g., data discovery, modeling, scenario-building) will be drawn from
outside the LTER community as required.

Key research questions, drawn from the LTER Decadal Plan, each address a specific ecosystem service
threatened by cryosphere loss.

1. How is climate regulation affected by feedbacks from thawing permafrost and sea ice, especially
because of the release of vast stores of carbon and loss of albedo? What are the implications for
regional and global economies and policies, including sovereignty?

2. What are the economic implications of snow and ice loss? What is the future of winter recreation
and other related cultural activities?

3. How will changing snowpack (amount and timing of water storage and delivery) in the western
US influence ecosystem services and thus the economies of this region? Will impacts be
disproportionately imposed on disadvantaged groups?

4. What are the cultural mechanisms by which cryosphere loss influences public opinion? What
policies and legal instruments are most effective for environmental protection, impact mitigation,
and adaptation in the face of climate change?

Cyberinfrastructural Needs

This project will require a network-level cyberinfrastructure to enable search, discovery and harvesting of
data across and beyond sites, focusing on ecological, socioecological, economic and demographic
changes. This may include spatially-explicit remote sensing and GIS data. Relational capabilities across
these datasets are required for data synthesis as well as efficient condensation, analysis and presentation
of 3D model results.

Lead Coordinators
Mark Williams, Hugh Ducklow, David McGuire, Charles Driscoll, Catherine Keske.

Initiating LTER Participants
NWT, AND, SGS, NTL, HBR, HFR, PIE, ARC, BNZ, PAL, MCM.

Potential Partners
NOAA, NASA, EPA, USDA (USFS, ARS), BLM, USGS.

Potential Budget
$1.6M/yr for 5 years; with costs primarily for salary support for 9 PhD level scientists ($765k), with the
remainder for technical support, travel, and supplies.

Reference:

David Anthoff, Robert Nicholls and Richard S.J. Tol. 2007. Sea level rise and equity weighting. FNU-
136, Working Papers from Research unit Sustainability and Global Change, Hamburg University.
http://www.fnu.zmaw.de/fileadmin/fnu-files/publica ... quityWeightingWP.pdf




http://econpapers.repec.org/scripts/redir.pl?u=http%3A%2F%2Fwww.fnu.zmaw.de%2Ffileadmin%2Ffnu-files%2Fpublication%2Fworking-papers%2FSeaLevelRiseEquityWeightingWP.pdf;h=repec:sgc:wpaper:136�
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FUTURE SCENARIOS: LANDSCAPE VULNERABILITY AND RESILIENCE
TO CLIMATE AND LAND USE CHANGE

Science to understand, anticipate, and adapt to global change, including land use and climate change, is
driving new integration among disciplines. Overarching questions include (1) How will global change
alter the futures of regional social-ecological systems? (2) How and why do regional social-ecological
systems differ in vulnerability, resilience and adaptability to global change? Such questions cannot be
addressed by discipline-bound thinking, require new approaches, and must be answered through broad-
scale comparative investigations of dissimilar systems. Scenario thinking is among the most promising
approaches to emerge (e.g. the 2005 Millennium Assessment). Scenarios begin as suites of qualitative
narratives—developed by regional stakeholders including social and ecological scientists—that describe
an envelope of plausible futures based on contrasting assumptions. The narratives inform and are, in turn,
informed by integrated spatial models of socio-ecological change (e.g. agent-based models or linked land
change, econometric, and ecosystem models). This approach for coupling qualitative and quantitative
scenarios has informed planning and policy and generated a rich set of fundamental research questions.

Our overarching questions evoke a host of specific research questions, including:

1. How does the connectivity of social and ecological systems change over time and space, and what
are the consequences of connection strength for change?

2. Are social-ecosystems more vulnerable or resilient to press versus pulse disturbances, and do
these responses vary across ecosystem types? Do human societies display greater adaptability to
press versus pulse disturbances?

3. What ecological and social factors affect the characteristics of thresholds where cumulative small
effects trigger large changes in system?

4. What are the unintended consequences of optimizing particular structures or processes of social-
ecological systems?

5. How are adaptive behaviors, perceptions of risk, and decision making influenced by policies and
institutions, and what is the potential for those institutions to influence resilience of socio-eco-
logical systems?

Addressing these questions in a scenario framework is an effective way to achieve the research goals set
out by the ISSE, which lack a cogent protocol.

Approach

To advance a broad comparative analysis of these critical questions requires an integrated network of sites
distributed across a contrasting array of physical, biological, and cultural environments and characterized
by extraordinary ability to collect, analyze, and synthesize diverse data. The core strengths of the LTER
network — its history of long-term, place-based studies, its commitment to integrative research across dis-
ciplines, and its diversity of landscapes, stakeholders, and disturbance regimes — make it ideally suited to
address these questions. Accordingly, we propose a network of scenario analyses to address and expand
theories of social-ecological change, vulnerability, resilience and adaptability.

Our proposed activity would operate through two simultaneous coupled activities: (1) the production of
qualitative, stakeholder-driven narratives at all participating sites, and (2) quantitative socio-ecological
landscape-change modeling across a focused set of site clusters to address the consequences of land
use/urbanization and environmental change on critical ecosystem services, including carbon sequestra-
tion, water availability and regional to national habitat quality and continuity. The integrated modeling
would engage and contrast results across clusters of sites that share common problem space (e.g., similar
biomes, land use issues, stakeholder groups, etc.) and would complement existing regional efforts.
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In Year 1 we will establish a web-based graduate seminar at participating LTER sites and universities that
will train graduate students and lead scientists in socio-ecological scenario development. Based on an
established LTER model, the seminar will link scenario experts directly with sites to advance their efforts
and will encourage network-wide exchanges. Leaders will hold videoconference exchanges to enhance
coordination. Also in year 1, we will assemble historical narratives describing past landscape change for
all sites and surrounding regions to inform current understanding and the development of future scenarios.
Stakeholder participants for scenario-development workshops will be initiated and site clusters will
identify existing modeling capacity. We will hold cluster workshops that include the leaders of the
narrative efforts to identify directions for comparative and synthetic activities.

In Year 2 we will describe site-scale narratives and visualizations for plausible future landscapes. The
temporal and spatial scope of these scenarios will vary with site and regional-specific settings, research
agendas and knowledge bases. We will also solicit feedback on the visual and textual narratives through
quantitative surveys and semi-structured interviews with broad groups of stakeholders. Regional
modeling and synthesis will continue. A workshop of all lead scientists from all regional efforts and their
narrative counterparts will convene for cluster and inter-cluster discussion, coordination and integration.
In years 3 and 4 we will produce synthesis products based on historical and future scenario narratives and
we will parameterize, run, and refine regional and cluster-wide quantitative scenario models.

In Year 5 we will complete and publish findings from regional modeling, and produce a synthetic
publication that compares the qualitative and quantitative scenarios and identifies themes and gradients
that expose common ecological futures across LTER regions. We will additionally organize an integrative
symposium with the tentative theme of *“Vulnerability and Resilience of American Landscapes.” The
symposium will highlight both the scientific output of this research program and provide opportunities for
reflection on the use of scenario planning as an approach to the study of socio-ecological systems and
their integration into education.

Throughout the research program both the qualitative and quantitative work will inform the development
of additional focused experimental and observational research initiatives across the LTER Network. In
summary, the project will advance the development of new socio-ecological theory, models and ap-
proaches; will identify critical issues and geographies for study in and beyond LTER; and will measura-
bly advance network-wide cohesion and research towards decadal goals.

Lead Coordinators
David Foster, Stephen Carpenter, Morgan Grove, Nancy Grimm, Johnson, Paul Moorcroft, Charles
Redman, Laura Schneider, Tom Spies, Jonathan Thompson.

Initiating LTER Participants

We encourage all interested to participate. The Harvard Scenario Workshop, SC meeting and emails
identified 21 interested sites to date (AND, ARC, BES, BNZ, CAP, CDR, CWT, FCE, HBR, HFR, KBS,
KNZ, JRN, LUQ, NTL, NWT, PAL, PIE, SEV, SGS, VCR).

Potential Partners
USFS, NOAA, NRCS, EPA, NASA, USGS, HUD, TNC, TPL, Lincoln, Pew, Shell Scenarios, UNEP

Cyber infrastructure needs: Video-conferencing capacity, landscape modeling & visualization capacity.
Potential Budget

$1.6M/yr for 5 years, primarily site based activities (grad students, workshops, leader support; 35%),
graduate web seminars (lecturer participation, cyberinfrastructure, course prep; 5%), postdocs (6 annually
for regional modeling; 40%), and network-wide activities (workshops, publications, visualization; 20%).
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INLAND CLIMATE CHANGE: SOCIAL AND ECOLOGICAL SENSITIVITIES AND RESPONSES

Climate change will profoundly affect socio-ecological systems, particularly those built around terrestrial
ecosystems where climate is a major driver of ecological processes and ecosystem services. While socio-
ecological systems will vary in their responses to climate change, the relative sensitivities of different
systems, and the mechanistic basis and consequences of these differential sensitivities, are largely
unknown. At present, our ability to predict social and ecological consequences of potential climate
changes in different systems is constrained by a lack of fundamental data derived from common
conceptual frameworks and approaches. The LTER network is uniquely positioned to meet this critical
need with a coordinated network-level approach integrating site-based and cross-site research,
manipulative and natural gradient experiments, ecological and sociological approaches, and explicitly
incorporating graduate student training. Accordingly, we propose a continental-scale research
program to assess how the major socio-ecological systems of the U.S. differ in their sensitivities and
responses to human-caused climate change.

Our approach incorporates: (1) experimental manipulation of climate drivers at specific LTER sites, (2)
comparative analyses of natural variations in responses of socio-ecological systems to climate across
time, and (3) natural gradient experiments made possible by analyzing variation across LTER sites and
their broader regions. Some key issues we will address are: How will socio-ecological systems of the
U.S. respond to climate change, and in particular to changes in soil water availability? How will these
responses vary across both space and time? How are ecosystem stresses mitigated or exacerbated -or
both- by real-time human expectations and responses? Which ecosystems, or components of ecosystems,
are more or less resilient, and what attributes can be used to forecast or mitigate this differential
sensitivity? For social systems, which are most and least vulnerable to climate-driven changes in
ecosystem services, and which show the greatest promise for mitigation or enhanced adaptive potential?

Approach

We will establish a coordinated, continental-scale climate change experiment at an array of LTER sites,
coupled with social and economic studies to assess relative impacts of climate change on ecological and
social systems across a wide range of climates and ecological and social system types. This approach will
address the factors regulating the sensitivities of social and ecological systems to climate change, provide
training for the next generation of scientists in conducting cross-site, synthetic, interdisciplinary research,
and support for outreach and education activities that can inform the public and policy makers regarding
critical climate change issues at local to national scales.

Two related overarching questions are: What determines the differential sensitivities of ecological
systems to climate change; and what determines the sensitivities of social systems to the ecological
impacts of climate change and how their responses feed back on ecosystems? More specific questions
follow:

1. How do changes in soil water availability influence ecosystem processes and in particular water-
use efficiencies and rainfall use efficiencies; species composition; connectivity among landscape
elements; and ecosystem services (e.g., C sequestration, soil conservation)?

2. How are humans currently responding to these changes — and/or to anticipated changes in the
future? What are the underlying reasons for these responses, and what are the emergent effects?

3. How do changes in key ecosystem services (e.g., yields from working lands, subsistence,
recreation, and cultural services), mediated by changes in soil water availability, affect local and
regional economies, land-use and policy decisions, and human migration patterns?

4. How do changes in ecosystem services, and human responses to these changes, feed back to
affect ecosystem functioning and management decisions?
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We propose core funding to support the deployment of a common experiment across LTER sites that span
multiple ecosystem types, natural climatic gradients, and social systems. Core funding will also support
social science teams, synthesis/modeling activities, and cyberinfrastructure / information management
components. Funds will be allocated for bringing teams from all sites together for synthesis activities.

The responses of terrestrial ecosystems to climate variability are tightly linked to changes in dynamics of
soil water availability, making this a key integrative variable for assessing responses to climate change
and other global change drivers (e.g., elevated CO,). For the common experiment, passive rain-out
shelters and paired rain-on plots will be deployed in a gradient design to provide soil water availability at
5 levels (ambient, +/- 30% and +/- 60%) across a range of ecosystem types. In addition, funds will be
allocated for additional treatments such as warming in shorter-statured ecosystems where this is
logistically possible. A common set of response variables will be measured at all sites, including
temporal and spatial dynamics of soil moisture by depth; soil temperature; soil nutrient availability and C
flux; decomposition, soil biota; potential leaching; and changes in root biomass. Aboveground responses
will include microclimate; plant community composition, productivity and phenology; plant
ecophysiology and gas exchange; and herbivore damage.

Comparative social science research will focus on “natural experiments” made possible by variations in
social systems around the experimental sites and in other comparative locations. These studies will be
based on county-based yield data; per capita income in rural and urban counties; population densities/
migration; proportion of economic activity from different sectors; perceptions regarding impact of climate
change; and land-use decisions based on perceptions of climate change. We focus on four kinds of data:
(1) historical data, from aerial photographs and secondary records, to begin drawing “long-term”
conclusions relatively quickly; (2) quantitative survey data and qualitative ethnographic data, collected
from populations and communities around experimental sites and selected comparative locations; (3)
systematic first-hand or observational data, collected using comparable research protocols across sites;
and (4) publicly available or secondary data, ranging from sociodemographic or census-type data, to local
and regional economic and land-use data, to information on water use policies and trends.

The project will provide site-specific to continental-scale information, models and publications on
responses to climate change, a robust database on relative sensitivities of multiple socio-ecological
systems that will inform predictive social and ecological modeling of climate change impacts at multiple
scales, a cadre of new scientists trained in synthetic, interdisciplinary research, and informed policy and
public perceptions/understanding of critical climate change issues.

Lead Coordinators
John Blair, Lisa Crone, William Freudenburg, Craig Harris, Alan Knapp, Osvaldo Sala

Initiating LTER Participants
AND, BES, BNZ, SBC, CAP, CDR, CWT, GCE, HFR, HBR, JRN, KBS, KNZ, MCM, SBC, SEV, SGS

Potential Partners
NSF, DOE, EPA, NOAA, USDA, USFS, USGS, TNC

Cyberinfrastructure Needs

The project requires an information manager and cyberinfrastructure to support (1) collection, storage and
dissemination of data from the common experiment, and (2) discovery, collection and dissemination of
social, demographic and economic data for regional social systems around and across sites. Relational
capabilities across datasets are required for project synthesis and modeling efforts.

Potential Budget

$1.6M/yr over 5 years to support 8-9 graduate students, undergraduate students, synthesis/modeling
activities, an Information Manager, modest Pl support, travel/meetings, experimental infrastructure,
materials & supplies, and outreach and broader impact activities.





