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Executive Summary
1. The Southeast Coast Network (SECN) is one of 32 National Park Service (NPS) Networks
established to implement an integrated monitoring program under the Natural Resource
Challenge. In 2001, the SECN began planning and implementing its long-term ―Vital Signs‖
Monitoring Program, and completed its long-term monitoring plan in 2008. As a part of the
National Park Service’s effort to implement its climate change initiative, the Southeast Coast
Network received planning funds in FY2010 to identify ways to augment its existing Vital
Signs Monitoring Program to (a) improve parks’ ability to incorporate climate science into
planning, while (b) collaborating with and contributing to other DOI climate science
programs within the South Atlantic LCC (SALCC) and Southeastern Climate Science Center
(SECSC) to meet the other Departmental goals.
2. Within SECN parks, air temperature, precipitation patterns, drought frequency and intensity,
sea level, ocean acidification, sea surface temperature, and storm intensity are expected to
change as a result of climate change. Because of the interconnected nature of the natural and
developed landscape within the Southeast, climate change has multiple direct and indirect
impacts on park resources. For example,
a. Higher productivity in forested portions of the landscape, changing productivity in
portions of the of the agricultural sector, and increasing urbanization will result in
marked and widespread changes in land use in the watersheds upstream and
surrounding SECN parks.
b. Primary stressors (increasing temperatures, changes in precipitation, and more
frequent extreme weather events) and secondary stressors (public health, property
damage, economic restructuring, and resource availability) will cause changes to the
distribution and behaviors of plant, animal, and human populations within the
Southeast.
c. Changes in land use, human population distribution, and precipitation will have
impacts on water quality and quantity in all network parks and all systems (riverine,
estuarine, palustrine, and groundwater).
d. Coastal parks will also face the challenge of relative sea level rise and the resultant
increased risks of erosion and inundation.
All will affect how parks respond to climate change in the future, including how managers
will work with partners and policymakers to manage off-site stressors, coordinate mitigation/
resilience responses, protect at-risk trust natural and cultural resources, and prepare for
changes in visitor base, visitation rates, and resource values.
3. As part of the SECN Climate Science Strategy, the network will be responsible for
accomplishing six new goals in addition to those presented in the original monitoring plan:
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a. Enhance existing SECN monitoring efforts to collect data that better inform
forecasting models of climate-change-induced shifts in resource distribution,
condition, and value.
b. Coordinate with and provide data to the NPS Adaptation Planning Specialist (funded
in FY2010) to ensure SECN/SALCC/SECSC monitoring data, findings, and forecasts
are incorporated into scenario planning efforts.
c. Integrate data management with the South Atlantic Refuges I&M Network (SARMN)
to facilitate wider and standardized spatial coverage of key resources within
SECN/SARMN ecosystems.
d. Facilitate the standardization of monitoring methods and data management among
partners within, and cooperating with, the SALCC so data can be rapidly found,
merged, explored, and analyzed for the purposes of adaptation planning and
conservation design.
e. Collaborate with the SALCC, SARMN, and other partners to adapt Vital Signs
Monitoring protocols to evaluate effectiveness of conservation actions taken to
mitigate forecasted risks.
f. Serve as an integral part of the planning and operations of the SALCC and other
partners to ensure seamless coordination among DOI Climate Science programs.
4. All current SECN Vital Signs were evaluated for inclusion in the SECN Climate Monitoring
Program based on ecological relevance, partnership opportunities, and utility of data to
existing or planned climate science efforts within the region. This was done through a
combination of more than 30 scoping meetings, conceptual modeling, and literature review.
Ten Vital Signs were identified for changes in sampling design based on their ability to:
a. provide data relevant to predicted consequences of climate change,
b. inform science-based management of biophysical, socioeconomic, or cultural
resources,
c. provide data relevant to one or more of the social systems within the human
ecosystem of the South Atlantic, and
d. provide data that can be used to modify or improve existing management-relevant
climate response models.
5. The NPS Inventory & Monitoring Program has committed a base increase of $200,000 to the
SECN to meet critical monitoring needs of the network in support of this strategy. These
funds will be used to enhance the network’s salt marsh elevation and tidal monitoring station
networks, hire a permanent data manager to facilitate the integration of datasets among NPS
and other agencies coordinating climate response activities, and begin deployment of
continuous groundwater monitoring equipment on existing wells. These specific efforts were
selected because of their relevance to coastal ecosystems within the Network, their direct
xii

relevance to likely climate impacts, and the need for resultant data for adaptation planning
efforts.
6. To fully implement this plan the SECN requires an increase in its annual operational budget
of $389,711 and four additional FTEs. Through partnerships identified during the planning
process in FY2010, it is anticipated that the I&M program’s commitment of $200,000 can be
significantly leveraged with other efforts being carried out in the region and the Atlantic
Coastal ecosystem to meet these needs.
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1. Introduction and Background
Purpose and Scope of the SECN Climate Science Strategy
In 1999, the National Park Service (NPS) initiated a long-term ecological monitoring program,
known as ―Vital Signs Monitoring,‖ to provide the minimum infrastructure to allow more than
270 national park system units to identify and implement long-term monitoring of their highestpriority measurements of resource condition (Fancy et al. 2009). The overarching purpose of
natural resource monitoring in parks is to develop scientifically sound information on the current
status and long-term trends in the composition, structure, and function of park ecosystems, and
determine how well current management practices are sustaining those ecosystems.
The NPS Vital Signs Monitoring Program addresses five goals for all parks with significant
natural resources:


Determine the status and trends in selected indicators of the condition of park ecosystems
to allow managers to make better-informed decisions and work more effectively with
other agencies and individuals for the benefit of park resources.



Provide early warning of abnormal conditions of selected resources to help develop
effective mitigation measures and reduce costs of management.



Provide data to better understand the dynamic nature and condition of park ecosystems
and provide reference points for comparisons with other, altered environments.



Provide data to meet certain legal and Congressional mandates related to natural resource
protection and visitor enjoyment.



Provide a means of measuring progress towards performance goals.

The National Park Service has now completed the first steps in developing a long-term natural
resource inventory and monitoring program to provide information on the status and trends of
selected park resources as a basis for making decisions and working with other agencies and the
public for the long-term protection of park ecosystems. As a result of completing basic natural
resource inventories and initiating ecological monitoring of park ―Vital Signs‖, the NPS has
acquired large amounts of detailed, park-specific data and information to inform on-the-ground
strategic conservation efforts at individual parks and at landscape scales. As a part of the NPS
Climate Change Response Program, the NPS will seek to collaborate with partners to identify
and monitor climate change effects in parks and to apply accurate and relevant science to
management and policy decisions (NPS 2010).
The Southeast Coast Network (SECN; Figure 1) is one of 32 National Park Service Networks
established to implement an integrated monitoring program under the Natural Resource
Challenge. In 2001, the SECN began planning and implementing its long-term Vital Signs
Monitoring Program, and completed its long-term monitoring plan in 2008 (DeVivo et al., 2008).
Beginning in FY2010, with the new Administration’s focus on climate change science, the
SECN began planning for enhancing its original program as a part of the DOI and NPS strategy
to improve the ability of resource managers to include climate change science in planning and
management.
1
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Figure 1. Location of parks within the Southeast Coast Network.

The purpose of the Network’s new efforts, described herein, is to conduct the SECN Vital Signs
Monitoring Program within a broader coordinated partnership such that data can be used by NPS
and other strategic partners to better plan for—and respond to—impacts caused by global climate
change.
Policy Mandates Linking Climate Science to Resource Management
Beginning in 2009, the federal government engaged in a renewed effort to consider the
interwoven effects of energy production and consumption and the effects of global climate
change in the stewardship of its resources. As a part of EO 13514 (2009), The President directed
all federal agencies to participate in the Climate Change Adaptation Task Force and develop
strategies in support of the national adaptation strategy.
The subsequent Secretarial Order 3289 charged the DOI Bureaus to take the lead in protecting
our country’s water, land, fish and wildlife, and cultural heritage resources from the dramatic
effects of climate change by establishing a “… Department-wide approach for applying
scientific tools to increase understanding of climate change and to coordinate an effective
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response to its impacts on tribes and on the land, water, ocean, fish and wildlife, and cultural
heritage resources that the Department manages.”
To achieve this, the Department has implemented three new activities to increase each bureau’s
ability to incorporate potential climate-change impacts on DOI-managed resources:
a. Each bureau and office ―must consider and analyze potential climate change impacts
when undertaking long-range planning exercises, setting priorities for scientific research
and investigations, developing multi-year management plans, and making major
decisions regarding potential use of resources under the Department’s purview,
b. DOI Regional Climate Science Centers (CSCs) will be established by USGS beginning in
FY2010 to provide climate-change-impact data and analyses to support management of
climate-change-related impacts on all Departmental resources, and
c. Landscape Conservation Cooperatives (LCCs) will be created to provide a vehicle for
―DOI bureaus and agencies to work together and in partnership with other federal, state,
tribal and local governments, and private landowner partners to develop landscape-level
strategies for understanding and responding to climate change impacts.‖ Specifically,
LCCs are charged with defining objectives, developing spatially-explicit strategies, and
providing scientific and technical decision support to inform natural and cultural resource
management across terrestrial, aquatic, coastal and marine ecosystems.‖
The Department later added that:
d. The Department’s climate science response effort ―will support the integration of our
nation’s scientific database, improving availability and dissemination of climate change
impact and vulnerability information, and access and decision-support to scientists,
resource managers, decision makers, and the general public through www.data.gov and
other appropriate mechanisms (DOI 2010).‖
As a portion of the National Park Service’s effort to implement these new programs, the
Southeast Coast Network received planning funds in FY2010 to identify ways to augment its
existing Vital Signs Monitoring Program to (a) improve parks’ ability to incorporate climate
science into planning, while (b) collaborating with and contributing to other DOI climate science
programs within the South Atlantic LCC (SALCC) and Southeastern Climate Science Center
(SECSC) to meet the other Departmental goals.
Program Study Area
The SECN contains 20 parks, 17 of which contain significant and diverse natural resources. In
total, SECN parks encompass more than 184,000 acres of federally-managed land across North
Carolina, South Carolina, Georgia, Alabama, and Florida. The parks range in size from slightly
more than 20 to nearly 60,000 acres, and when considered with non-federal lands jointly
managed with SECN parks the Network encompasses more than 253,000 acres.
Although the Southeast Coast Network will be implementing an enhanced climate change
monitoring effort that focuses on the coastal parks in the network (Table 1), we are presenting a
framework that encompasses the needs of all SECN parks in a manner consistent with other
3

cooperating agencies and programs throughout the South Atlantic LCC. New field efforts will
be primarily implemented on our coastal parks, but wherever possible the network will work to
ensure that climate science is useful to all parks in the network.
Table 1. Coastal parks of the Southeast Coast Network [Park codes in italics are administered by the
non-italicized park unit above].
Park Code Park
CAHA
FORA
WRBR
CALO
FOSU
CHPI
FOPU
FOFR
CUIS
TIMU
FOCA
CASA
FOMA
CANA

Cape Hatteras National Seashore
Fort Raleigh National Historic Site
Wright Brothers National Memorial
Cape Lookout National Seashore
Fort Sumter National Monument
Charles Pinckney National Historic Site
Fort Pulaski National Monument
Fort Frederica National Monument
Cumberland Island National Seashore
Timucuan Ecological and Historic Preserve
Fort Caroline National Memorial
Castillo de San Marcos National Monument
Fort Matanzas National Monument
Canaveral National Seashore
Total

Significant Natural
Resources
Yes
No
No
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Federal
Acres
34,500
355
421
25,174
194
28
5,365
239
18,849
8,417
133
20
298
57,648
184,581

Non-Federal
Acres
–
–
–
3,070
<1
–
258
2
17,567
37,583
5
<1
–
14
68,605

Total Acres
34,500
355
421
28,243
195
28
5,623
241
36,416
46,000
138
21
298
57,662
253,187

Furthermore, the SECN Climate Science Strategy will be coordinated with the full suite of
climate programs and partners within the broader SALCC as described in Chapter 5 (Figure 2;
Table 2). Most notably, the SECN will work closely with the South Atlantic Refuges Inventory
and Monitoring Network (SARMN) to coordinate monitoring methodologies across parks and
refuges and contribute data to both the SALCC and the SECSC for climate modeling and
scenario planning. This will provide a network of nearly 50 DOI-managed lands where
coordinated monitoring data can serve as a network of reference sites for a) evaluating the
success of conservation actions, and b) investigating effects of climate change across elevational,
hydrological, latitudinal, and ecological gradients. This will be augmented by further
coordination with coastal monitoring efforts among DOI, DOC (NOAA National Estuarine
Research Reserve), and academic (Long Term Ecological Research) programs within the
program area. The unified approach to monitoring resources between NPS, USFWS, and other
monitoring programs will greatly enhance the SECN’s ability (and that of its partners) to better
understand the dynamic nature and condition of park ecosystems as those systems respond to
climate change.

4

Figure 2. Parks of the Southeast Coast Network, and Refuges within the South Atlantic Landscape
Conservation Cooperative.

Strategy Organization and Context
Guiding Principles

The SECN Climate Change Monitoring Plan is designed around seven principles:


Expected impacts to the Southeast resulting from climate change are consistent with
those presented by Burkett et al.’s (2001) report Potential Consequences of Climate
Variability and Change for the Southeastern United States. This is discussed in more
depth in Chapter 2.



Park climate change planning should occur within the context of the human ecosystem
conceptual model as presented by Machlis et al. (1997) and Machlis and Kendry (2005).
Although it is not currently within the purview of this program to monitor many of the
coupled human and cultural resources that will be affected by climate change, it will
determine with whom the network needs to collaborate to ensure that our parks can best
use monitoring data.

5

Table 2. Fish and Wildlife Service Refuge System units Within the South Atlantic LCC and within 50 miles
of the coast. Refuges marked with an (*) are within 10 miles of the coast.
Unit Name

Region

Alligator River National Wildlife Refuge
Back Bay National Wildlife Refuge
Banks Lake National Wildlife Refuge
Blackbeard Island National Wildlife Refuge
Bond Swamp National Wildlife Refuge
Cape Romain National Wildlife Refuge
Carolina Sandhills National Wildlife Refuge
Cedar Island National Wildlife Refuge
Currituck National Wildlife Refuge
Ernest F. Hollings Ace Basin National Wildlife Refuge
Great Dismal Swamp National Wildlife Refuge
Harris Neck National Wildlife Refuge
Lower Suwannee National Wildlife Refuge
Mackay Island National Wildlife Refuge
Mattamuskeet National Wildlife Refuge
Okefenokee National Wildlife Refuge
Pea Island National Wildlife Refuge
Pee Dee National Wildlife Refuge
Piedmont National Wildlife Refuge
Pinckney Island National Wildlife Refuge
Pocosin Lakes National Wildlife Refuge
Roanoke River National Wildlife Refuge
Santee National Wildlife Refuge
Savannah National Wildlife Refuge
St. Marks National Wildlife Refuge
Swanquarter National Wildlife Refuge
Tybee National Wildlife Refuge
Waccamaw National Wildlife Refuge
Wassaw National Wildlife Refuge
Wolf Island National Wildlife Refuge

4
5
4
4
4
4
4
4
4
4
5
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

Acres

230,467.5
10,615.7
8,146.1
4,928.5
19,522.5
36,695.2
102,310.9
14,863.4
9,094.9
20,461.2
107,929.8
2,549.7
53,899.6
8,358.7
49,582.7
513,981.6
4,503.9
9,486.5
42,332.8
3,314.6
113,890.7
35,996.2
49,329.2
46,542.3
70,487.7
15,180.5
511.3
57,774.8
10,027.8
3,268.8



Monitoring of select Vital Signs is an integral part of an overall strategy to adaptively
identify resources affected by climate change, assess their vulnerability, identify
management options, and deliver conservation actions designed to protect critical
resources.



The SECN climate monitoring efforts will be based on the Network’s existing approved
Vital Signs Monitoring Plan (DeVivo et al. 2008). This will be accomplished through the
addition of new monitoring objectives relevant to managing responses to climate change
combined with altering existing sampling designs, adding additional measures, and
working with partners to acquire new or improved relevant data sets.



NPS can take advantage of existing modeling efforts planned or underway to fine-tune or
localize scenario projections at the local level. The SECN will not be responsible for the
6

modeling efforts required to link climate data to climate-based management, but will
coordinate with partners to ensure maximum utility of those models to park planning and
adaptation efforts.


The appropriate level for integration of climate science with park operations is in the
context of conservation planning and design (not day-to-day operations), and the primary
vehicle to insert climate science into park operations will be through close coordination
with the SALCC and the SECSC.

Strategy Components

The SECN Climate Science Strategy includes four focus areas:


Developing and refining a shared landscape-scale ecosystem conceptual framework
in partnership with the South Atlantic LCC around which to respond to potential climate
change impacts to natural and cultural resources.



Collaborating closely with adaptation planning personnel to provide data and
information that will help define (and reduce) key areas of uncertainty driving climate
change impacts to parks, their resources, and their use.



Enhancing current Vital Signs monitoring efforts to improve climate change forecast,
impact, vulnerability, and decision support models resolution, improve understanding of
key climate-related ecosystem drivers, and facilitate data transfer among agencies.



Coordinating monitoring efforts among agencies within the South Atlantic and
adjacent LCCs to provide system-scale datasets of high value to park and landscape-scale
planning and response to climate change.

Organization of the Report

Chapters 2 and 3 focus on the historical trends related to climate metrics in the Southeast and
Southeastern coastal zones, and present a conceptual framework for analysis, interpretation, and
adaptation planning in response to climate change.
Chapter 4 presents needs for climate change monitoring data within the ecological and planning
frameworks, and how the data collected will integrate with adaptation planning and forecasting
efforts.
Chapter 5 presents other information or data gaps that, if addressed, will further enhance parks’
abilities to plan for, and respond to, climate change.
Chapters 6 and 7 present the organizational and budgetary needs to implement this strategy.
Emerging Roles for the Southeast Coast Network
To meet these new challenges, the SECN will be responsible for accomplishing six new goals in
addition to those presented in the original monitoring plan:


Expand existing SECN monitoring efforts to collect data that better inform forecasting
models of climate-change-induced shifts in resource distribution, condition, and value.
7



Coordinate with, and provide data to, the NPS Adaptation Planning Specialist (funded in
FY2010) to ensure that SECN/SALCC/SECSC monitoring data, findings, and forecasts
are incorporated into scenario planning efforts.



Integrate data management with the South Atlantic Refuges I&M Network to facilitate
wider and standardized spatial coverage of key resources within SECN/SARMN
ecosystems.



Facilitate the standardization of monitoring methods and data management among
partners within, and cooperating with, the SALCC so that data can be rapidly found,
merged, explored, and analyzed for the purposes of adaptation planning and conservation
design.



Collaborate with the SALCC, SARMN, and other partners to adapt Vital Signs
Monitoring protocols to evaluate effectiveness of conservation actions taken to mitigate
forecasted risks.



Serve as an integral part of the planning and operations of the SALCC and other partners
to ensure seamless coordination among DOI Climate Science programs.

The following chapters present the plan and resources needed to accomplish these new goals.
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2. State of the Climate
Climate is a dominant factor driving the physical and ecologic processes affecting the SECN
(Davey et al. 2007). Climate variations are responsible for short- and long-term changes in
ecosystem fluxes of energy and matter and have profound effects on underlying geomorphic and
biogeochemical processes. Southeastern climates are humid and warm-temperate to subtropical,
with significant maritime influences from the Atlantic Ocean and Gulf of Mexico. The southern
end of the Appalachian Mountains also influences climate patterns in the SECN park units
located in eastern Alabama and northern Georgia. Extreme weather events in the SECN drive
both coastal and riverine geomorphic changes. Impacts from storm washover episodes associated
with strong nor’easter events in the winter and tropical systems in the summer and fall, and the
recovery periods from such events, are an important issue for coastal SECN ecosystems.
Thunderstorms are an integral part of the SECN climate, especially during the spring and
summer months. The El Niño Southern Oscillation (ENSO) plays a large role in the interannual
variations of the climate of the SECN, with El Niño years typically bringing lower temperatures
in winter and spring, increased winter precipitation, and fewer tropical systems. Potential sealevel rises due to predicted global-scale climate changes are also a concern for many SECN park
units. Periods of prolonged drought introduce stressors to vegetation communities with
potentially severe effects. Human impacts on the landscape of the SECN region have introduced
local- and regional-scale climate changes in the SECN, many of which are adversely impacting
the region’s plant and animal communities. Because of its influence on the ecology of SECN
park units and the surrounding areas, climate was identified as a high-priority Vital Sign for the
SECN (Davey et al. 2007).
Historical and Projected Climate Trends in the Southeast
Temperature

The average annual temperature of the Southeast did not change significantly over the past
century as a whole (Table 3; Karl et al. 2009). Since 1970, however, annual average temperature
has risen about 2°F, with the greatest seasonal increase in temperature occurring during the
winter months. The number of freezing days in the Southeast has declined by four to seven days
per year for most of the region since the mid-1970s (Figure 3).
Table 3. Observed temperature and precipitation changes in the Southeast are summarized for two
different periods; Southeast average temperature declined from 1901 to 1970 and has increased strongly
since 1970. From Karl et al. (2009).

Annual
Winter
Spring
Summer
Fall

Average Change in Temperature and Precipitation in the Southeast
Temperature Change in oF
Precipitation Change in %
1901-2008
1970-2008
1901-2008
1970-2008
Annual
0.3
1.6
6.0
-7.7
Winter
0.2
2.7
1.2
-9.6
Spring
0.4
1.2
1.7
-29.2
Summer
0.4
1.6
-4.0
3.6
Fall
0.2
1.1
27.4
0.1
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Figure 3. Since the mid-1970s, the number of days per year in which the temperature falls below freezing
has declined by four to seven days over much of the Southeast. Some areas, such as western Louisiana,
have experienced more than 20 fewer freezing days. Climate models project continued warming across
the region, with the greatest increases in temperature expected in summer, and the number of very hot
days increasing at a greater rate than the average temperature (from Karl et al. 2009).

Temperature patterns for parks within the SECN (Figure 4, Figure 5, Figure 6) show large
fluctuations over the past century, with no obvious trend (Davey et al. 2007). The warmest
temperatures on record in the SECN generally occurred during the 1920s and 1930s, even as late
as the 1940s in portions of North Carolina. After a cooling in the 1960s, temperatures in the
SECN commenced a gradual warming trend that continues to this day. It is not clear how much
of this observed pattern may be due to discontinuities in temperature records at individual
stations, caused by artificial changes such as stations moves. These patterns highlight the
emphasis on measurement consistency that is needed in order to properly detect long-term
climatic changes.
Climate models project continued warming in all seasons across the Southeast and an increase in
the rate of warming through the end of this century (Karl et al. 2009). The projected rates of
10

warming are more than double those experienced in the Southeast since 1975, with the greatest
temperature increases projected to occur in the summer months. The number of very hot days is
projected to rise at a greater rate than the average temperature (days where maximum
temperatures exceed 90°F). Under a lower emissions scenario, average temperatures in the
region are projected to rise by about 4.5°F by the 2080s, while a higher emissions scenario yields
about 9°F of average warming (with higher increases in the summer resulting in a much higher
heat index). Because higher temperatures lead to more evaporation of moisture from soils and
water loss from plants, the frequency, duration, and intensity of droughts are likely to continue to
increase (Karl et al. 2009).

Figure 4. Temperature time series, 1895-2005, for the western Georgia region within the SECN. These
include twelvemonth average temperature (ending in December) (red), 10-year running mean (blue),
mean (green), and plus/minus one standard deviation (green dotted).
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Figure 5. Temperature time series, 1895-2005, for the northern North Carolina coastal region within the
SECN. These include twelvemonth average temperature (ending in December) (red), 10-year running
mean (blue), mean (green), and plus/minus one standard deviation (green dotted).

Figure 6. Temperature time series, 1895-2005, for the Georgia coastal region within the SECN. These
include twelvemonth average temperature (ending in December) (red), 10-year running mean (blue),
mean (green), and plus/minus one standard deviation (green dotted).
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Precipitation

Average autumn precipitation has increased by nearly 30 percent for the Southeast since 1901
(Table 3; Karl et al. 2009). The decline in fall precipitation in South Florida contrasts strongly
with the regional average. There has been an increase in heavy downpours in many parts of the
region (Karl and Knight 1998, Keim 1997) while the percentage of the region experiencing
moderate to severe drought increased over the past three decades. The area of moderate to severe
spring and summer drought has increased by 12 percent and 14 percent, respectively, since the
mid-1970s. Even in the fall months, when precipitation tended to increase in most of the region,
the extent of drought increased by 9 percent.
Although increases in precipitation have been observed across the Southeastern US, this pattern
is not apparent across much of the SECN (Figure 7, Figure 8, Figure 9; Davey et al. 2007).

Figure 7. Precipitation time series, 1895-2005, for the western Georgia area within the SECN. These
include twelvemonth precipitation (ending in December) (red), 10-year running mean (blue), mean
(green), and plus/minus one standard deviation (green dotted).
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Figure 8. Precipitation time series, 1895-2005, for the northern North Carolina coastal region within the
SECN. These include twelvemonth precipitation (ending in December) (red), 10-year running mean
(blue), mean (green), and plus/minus one standard deviation (green dotted).

Figure 9. Precipitation time series, 1895-2005, for the Georgia coastal region within the SECN. These
include twelvemonth precipitation (ending in December) (red), 10-year running mean (blue), mean
(green), and plus/minus one standard deviation (green dotted).

14

Sea Level Rise

Sea level rise, as well as the frequency and intensity of storm events, are the climate measures of
most concern to Atlantic coastal regions due to the combination of potential impacts to natural
and human systems.
Sea level rise is considered one of the most-certain impacts of global climate change, with sea
level rising an average 4-8 inches over the last 100 years (Burkett et al. 2001). The rise in sea
level relative to the land surface in any given location is a function of both the amount of global
average sea level rise and the degree to which the land is rising or falling (Karl et al 2009).
During the past century in the United States, relative sea level changes ranged from falling
several inches to rising as much as 2 feet. Shoreline retreat is occurring along most of the
nation’s exposed shores.
The amount of sea level rise likely to be experienced during this century depends mainly on the
expansion of the ocean volume due to warming and the response of glaciers and polar ice sheets
(Karl et al. 2009). Karl et al. (2009) also suggest that recent estimates of global sea level rise
substantially exceed those presented in the 2007 IPCC report, with projections of sea level rise
between 3 and 4 feet in this century (Figure 10). Even a two-foot rise in relative sea level over a
century would result in the loss of a large portion of the nation’s remaining coastal wetlands, as
they will not be able to build new soil at a fast enough rate. Accelerated sea level rise would
affect seagrasses, coral reefs, and other important habitats and would also fragment barrier
islands, and place into jeopardy existing homes, businesses, and infrastructure, including roads,
ports, and water and sewage systems.
In the SECN, rates of Relative Sea Level (RSL) rise (a combination of sea level rise and land
accretion or subsidence) for select long-term tide gauges have ranged from 2.22 mm per year in
Wilmington, NC, to greater than 3 mm per year at Fort Pulaski, GA (Zervas 2001).
Storm Frequency and Intensity

The frequency of storms with intensity greater than Category I displays a bimodal distribution
along the South Atlantic coast (Hopkinson et al. 2008; Figure 11). The frequency is lowest along
the GA/SC coast and increases both southward and northward. Within the network, the highest
frequency of storms occurs along the North Carolina Coast.
Hayden and Hayden (2003) examined the frequency during the last century of extratropical
storms at four NSF-sponsored long-term ecological research (LTER) sites along the Atlantic
coast (Figure 12). The results varied with latitude, with an increase of 25 storms per year at Plum
Island (in Massachusetts), 15 storms per year at the Virginia Coast Reserve, 8 storms per year at
the Georgia Coastal Ecosystems site, and no change at the Florida Coastal Ecosystems site.
Change in storm intensity over time is one potentially significant measure of climate change in
coastal areas in the Southeast. Metrics of activity include direct measures such as storm counts
and the duration and magnitude of wind speed as well as integrative measures of energy such as
the Accumulated Cyclone Energy (ACE) index and the Power Dissipation Index (PDI; Bell et al.
2000, Emanuel 2005). Emanuel (2007) showed that in the Atlantic, the PDI is strongly correlated
with sea surface temperatures, both of which have been increasing since the early- to mid-1970s
(Emanuel 2007; Figure 13).
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Figure 10. Estimates of sea-level rise by the end of the century for three emissions scenarios.
Intergovernmental Panel on Climate Change (2007) projections (range shown as bars) exclude changes
in ice sheet flow. Light blue circles represent estimates derived using the observed relationship of sealevel rise to temperature. Areas where coastal land is sinking, for example by as much as 1.5 feet in this
century along portions of the Gulf Coast, would experience additional sea-level rise equivalent to the
amount lost to subsidence (from Karl et al. 2009).
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Figure 11. Return period for a Category 1 or stronger hurricane on the US east coast and the Caribbean
(from Hopkinson et al. 2008).
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Figure 12. The number of storms per year at the Plum Island LTER site (A), Virginia Coast Reserve
LTER site (B), the Georgia Coastal Ecosystems LTER site (C) and the Florida Everglades Ecosystem
LTER site (D). Storm frequencies are given in storms per year. The latitude and longitude of the grid cell
used to tabulate storm frequencies are shown in each panel (modified from Hayden and Hayden 2003
and Alber 2009).
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Figure 13. Power dissipation index (green) and scaled Hadlen Centre sea surface temperature (blue) for
the main development region of the Atlantic. The time series have been smoothed using a 1-3-4-3-1 filter
to reduce the effect of interannual variability and highlight fluctuations on time scales of 3 years and
longer (from Emanuel 2007).

Climate Patterns and Variability

Interannual climate variability in the southeastern U.S., including the SECN, is influenced by the
El Niño / Southern Oscillation (NAST 2001). Warm ENSO phases (El Niño events) tend to bring
cooler and wetter winter conditions across this region. Increased occurrences of severe
thunderstorms are also evident in the SECN during warm ENSO phases, particularly in the
winter and spring months. Hurricanes and other tropical storm activity tend to decrease in the
SECN during warm ENSO phases. Furthermore, Peters et al. (2003) found that ENSO
oscillations were a good predictor of vegetation response at a large and course scale, where both
crop and forest condition is optimal during ENSO neutral phases, and poorest during warm
phases (Mearns 2003).
Katz et al. (2003) found that ENSO was not strongly correlated with daily weather variables
(Mearns 2003). The Bermuda High, a subtropical Atlantic circulation feature that occurs over
the North Atlantic Ocean, was found to be more strongly correlated with both precipitation and
seasonal mean temperature in the Southeast (Katz et al. 2003). During winter months, the
Bermuda High Index (a measure of the east-west position of the southern pole of the North
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Atlantic Oscillation), is strongly correlated with daily maximum and minimum temperature
means and higher daily probability of precipitation (Katz et al. 2003). As this feature shifts
westward, hurricanes and frontal systems track westward around the high pressure, resulting in
less precipitation along the eastern coast (Stahle and Cleaveland 1992).
Ecological Forecasting Models
As a part of the Department of Interior’s climate science strategy, the U.S. Geological Survey
(USGS) will analyze climate-change data and develop tools for assessing how changing
conditions are likely to impact natural resources. The 2008 Omnibus Budget Act and Secretarial
Order 3289 established a new network of eight Department of Interior Regional Climate Science
Centers to provide technical support for resource managers.
In 2009 The Southeast Regional Assessment Project (SERAP) was the first regional assessment
to be funded by the USGS National Climate Change and Wildlife Science Center
(http://nccw.usgs.gov/). Since then, the USGS has been working closely with the developing
Department of Interior Landscape Conservation Cooperatives to ensure that the project will meet
the needs of resource managers in the Southeast. In addition, the South Atlantic LCC is
providing resources to the SERAP to expand the scope of the project.
SERAP is now completing a suite of regionally downscaled climate projections and using those
data to forecast the likely changes to the Southeast’s ecosystems. By concurrently downscaling
global climate models while developing change assessment tools for resource managers, SERAP
teams are near completion of several loosely-coupled models that can provide useful decisionmaking tools for assessing the impacts of climate change. These models include downscaled
relevant climate data, impacts of relative sea level rise, changes in vegetation, land use, and
wildlife habitat distribution, changes in streams and aquatic habitats, and resultant forecasts of
species distribution shifts.
Climate Downscaling

Downscaled climate models are a foundational data input pertinent to all models developed as a
part of the SERAP effort. Basic data (temperature and precipitation) as well as numerous
derived data will be downscaled to 12 km grid cells and forecast to the year 2100 (Table 4).
Downscaled models will be run using three emission scenarios – A1Fi, A1B, and B1 – to
encompass high, intermediate, and low emissions projections. Other SERAP research teams will
then use the downscaled models to forecast changes to targeted resources within the region.
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Table 4. Downscaled climate projections to be used as input for all models developed as part of the
USGS Southeastern Regional Assessment Project (USGS, S. A. Jones, written communication, 2010).
Climate Product

Source

Maximum Temperature

Direct Output

Spatial
Resolution
1/8o

Temporal
Resolution
Daily

Minimum Temperature

Direct Output

1/8o

Daily

Precipitation

Direct Output

1/8o

Daily

Evapotranspiration

Derived Product

1/8o

Daily

Solar Radiation
Drought Index

Derived Product
Derived Product

1/8o
1/8o - Ecoregion

Daily
Weekly

Fire Frequency

Derived Product

Ecoregion

Monthly

Frost Days
Growing Season Length
Insect Outbreak

Derived Product
Derived Product
Derived Product

1/8o
1/8o
Ecoregion

Annual
Annual
Annual

Relationship to Integrated
Assessment Components
Hydrologic Dynamics
Species Range Dynamics
Hydrologic Dynamics
Species Range Dynamics
Hydrologic Dynamics
Species Range Dynamics
Hydrologic Dynamics
Species Range Dynamics
Hydrologic Dynamics
Hydrologic Dynamics
Aquatic Modeling
Species Range Dynamics
Vegetation Dynamics
Carbon Sequestration
Vegetation Dynamics
Carbon Sequestration
Species Range Dynamics
Species Range Dynamics
Species Range Dynamics
Carbon Sequestration

Integrated Coastal Assessment

SERAP is developing two models of direct relevance to SECN coastal ecosystem: coastal
inundation and erosion vulnerability (Figure 14), and coastal wetland loss (Figure 15). To
estimate effects of climate change variables, the USGS is factoring in parameters to represent
local processes that affect land-surface elevation and other types of ecosystem changes. The team
is using Bayesian network modeling approaches to design new tools for decision makers to
visualize and assess change in coastal regions where a combination of inundation, land loss, and
habitat change is occurring and expected to continue.
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Figure 14. Example Bayesian network model for sea level rise and erosion in southeastern coastal areas.
From Thieler et al. (2010).

Figure 15. Example Bayesian network model for wetland response to sea level rise in southeastern
coastal areas as a result of climate change. From Thieler et al. (2010).
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Integrated Terrestrial Assessment

As a part of the SERAP project, the USGS is integrating models of urbanization and vegetation
dynamics with the regional climate models to assess how landscape change could impact priority
species (Figure 16). Models for North American land birds, for example, can predict locations
where responses to climate change are most likely to occur, expressing results in terms of species
persistence to help resource managers understand the long-term sustainability of bird populations
(Figure 17). The models are designed such that they can be applied later to other taxonomic
groups.

Figure 16. Schematic of linked models to determine range of future landscape conditions based on
downscaled climate, urban growth, vegetation succession, and historical landscape condition information.
From Collazo et al. (2010).
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Figure 17. Example projected occupancy map for brown-headed nuthatch in response to climate change.

Integrated Aquatics Assessment

Aquatic habitat is sensitive to streamflow, which during the next century is expected to be
affected by changes in precipitation, evapotranspiration, land use, and water demand (for
drinking water supply and irrigation). To predict consequent effects on riverine ecosystems,
SERAP is assessing how these forecasts will affect flow in river systems, and subsequent
changes in hydrology and stream habitat (Peterson et al. 2010;Figure 18). Based on habitat
forecasts, SERAP is developing models to assess impacts to priority aquatic species within the
region.
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Figure 18. Schematic of integrated model of resource use, land cover, climate, hydrology,
geomorphology, and ecological components to forecast climate change impacts on aquatic biota, water
quality, aesthetics, and boating and recreation. From Peterson et al. (2010).

25

3. Conceptual Framework for Climate Monitoring
Climate change is one of several landscape-scale factors that will be shaping ecosystems in the
South Atlantic region for the next several decades. The synergistic effects of climate and landuse change drivers will combine to frame the resource management challenges of the future.
Projected Consequences of Climate Change
Burkett et al. (2001) presented eight possible consequences of climate change in the Southeast
including changes to human population demographics, agricultural and forest productivity, landuse change, sea-level rise, changes to water and air quality, temperature and precipitation
changes, and changes to estuarine productivity (Table 5). These consequences go beyond purely
climate projections, and apply to responses throughout a coupled human-natural ecosystem
within and surrounding SECN parks (Figure 19). The tightly-coupled relationship between the
human and natural systems and consequent vulnerability to climate change impacts are most
pronounced in the coastal zones of the Southeast, and will affect the distribution, condition,
resilience, and value of resources NPS is mandated to manage and protect.
Table 5. Projected consequences of climate change on watersheds and ecosystems within the South
Atlantic coastal zone (modified from Burkett et al. 2001).
Category
Human Population
Demographics
Agricultural Productivity

Forest Productivity

Land-Use Change

Sea Level Rise

Water and Air Quality
Changes
Temperature and
Precipitation Changes
Estuarine Productivity

Description
The increase in the southeastern summer heat index simulated by both the Hadley and
Canadian climate models would likely affect human activities in the Southeast during the
21st century.
Agriculture could possibly benefit from increased CO2 and modest warming (up to 3 to 4oF)
as long as rainfall does not decline, but there are differences in individual crop responses.
Management adaptations could possibly offset potential losses in individual crop
productivity due to evapotranspiration.
Biological productivity of pine and hardwood forests will likely move northward as
temperatures increase across the eastern U.S. Hardwoods are more likely to benefit from
increases in CO2 and modest increases in temperature than pines (but both will benefit).
Under the Hadley model scenario, the region’s land-use change in the next century is likely
to be dominated by non-climate factors such as commodity prices and demographic forces.
Forest and agriculture land uses are likely to continue to be urbanized. But under more
extreme climate scenarios, land reallocation could possibly be more dramatic as climate
more dramatically influences agricultural and forest productivity.
During the 21st century, the IPCC projects that sea-level rise will likely accelerate 2- to 5-fold
compared to the global rate during the 1900s (which was 4-8 inches). This would very likely
have dramatic effects on population centers, infrastructure, and natural ecosystems in the
low-lying South Atlantic coastal zone.
Water and air quality are concerns given the changes in temperature and precipitation that
are simulated by climate models, combined with changing land use and human
demographics.
Changes in minimum temperature, rainfall, and CO2 will likely alter ecosystem structure, but
interactions are difficult to model or predict, particularly relative to disturbance patterns.
Changes in freshwater inputs and tidal inflows into coastal estuaries will likely alter the
ecological structure and function of these highly productive and valuable ecosystems.
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Atlantic Coast System Drivers
Global Climate Change

Drivers

Sea Surface
Temperature

Ocean
Acidification

Air Temperature

Precipitation

Compositional
Change

Land Use

Energy Production

Drought

Agricultural
Productivity

Forest Productivity

Estuarine
Productivity

Water Quality

Air Quality

Condition Change

Value Change

Use Change

ResponseDrivers
Responses

Water Demand

Sea Level Rise

Storms

Process Change

Human Dimensions

Distribution
Change

Figure 19. Conceptual model of system ecosystem drivers and responses based on global climate
change and linked human-caused changes. See Appendix E for further discussion of the conceptual
model.

Implications for Park Management
Changes to both the natural and human systems in and around SECN parks will have profound
impacts to how parks are managed, particularly in parks within the coastal zone. Based on a
review of existing ecosystems within and around each park, nearly all projected consequences of
climate change will have direct and indirect effects on park resources (Table 6).
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KEMO

CHAT

HOBE

OCMU

CONG

MOCR

CAHA

CALO

FOSU-CHPI

FOPU

FOFR

CUIS

TIMU-FOCA

CASA-FOMA

CANA

Table 6. Projected consequences of climate change on parks and surrounding watersheds and
ecosystems within the Southeast Coast Network. For a description of projected consequences, see
Table 5.

Human Population
Demographics

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Agricultural Productivity

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Forest Productivity

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Land Use Change

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Category

Sea Level Rise
Water and Air Quality
Changes

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Temperature and
Precipitation Changes

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Estuarine Productivity

In summary,


Higher productivity in forested portions of the landscape, changing productivity in
portions of the of the agricultural sector, and increasing urbanization will result in marked
and widespread changes in land use in the watersheds upstream and surrounding SECN
parks.



Primary stressors (increasing temperatures, changes in precipitation, and more frequent
extreme weather events) and secondary stressors (public health, property damage,
economic restructuring, and resource availability) will cause changes to the distribution
of plant, animal, and human populations within the Southeast.



Changes in land use, human population distribution, and precipitation will have impacts
on water quality and quantity in all network parks and all systems (riverine, estuarine,
palustrine, and groundwater).



Coastal parks will also face the challenge of relative sea-level rise and the resultant
increased risks of erosion and inundation.

All will affect how parks respond to climate change in the future, including how managers work
with partners and policymakers to manage off-site stressors, coordinate mitigation/ resilience
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responses, protect at-risk trust natural and cultural resources, and prepare for changes in visitor
base, visitation rates, and resource values.
The Human Ecosystem Model as Organizing Concept for Climate Response
Machlis et al. (1997) proposed using the Human Ecosystem Model (HEM) as an organizing
framework for conservation science, particularly in systems where the human and natural
environments are closely coupled (Figure 20). Although consideration of linked human and
natural systems has been a key component of ecosystem management since the 1980s, the
underlying concepts have been a fundamental concept within resource management sciences
since the 1930s (Force and Machlis 1997). The combined impacts of climate change and other
drivers already acting upon the environment in the South Atlantic affect both natural and human
systems, and require an integrated management response. The HEM is therefore an appropriate
and directly applicable framework to explore effects of climate change, measures of resource
condition as those effects are realized, and potential management or mitigation options.
The HEM provides a framework for collaboration and coordination among natural resource,
cultural resource, economic, policy, education, and communication practitioners to achieve
large-scale conservation goals. Recently, the utility of the HEM as a tool to frame an integrated
science approach to scenario development and evaluation (both very relevant to climate change)
was demonstrated by the DOI’s Strategic Science Working Group’s evaluation of possible
outcomes resulting from the Mississippi Canyon 252 / Deepwater Horizon Oil Spill in the Gulf
of Mexico (Machlis and McNutt 2010, DOI SSWG 2010). Within this framework, the Working
Group explored effects of the spill on an expanded list of biophysical resources found within the
Gulf of Mexico (Table 7). These resources, with some additions, are also significant to the
coastal zone of the Southeast Coast Network and the South Atlantic LCC.
The HEM is particularly relevant for DOI agencies, and especially the National Park Service
because of its explicit inclusion of cultural resources within its management purview (Figure 20).
Although it is not within the mission of the SECN to undertake monitoring of cultural (or
socioeconomic) resources at this time, the HEM does provide a framework for program
expansion or for strategic partnership development with other organizations and programs
working within the South Atlantic LCC.
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Figure 20. Conceptual diagram of the Human Ecosystem Model.
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Table 7. Selected additions to the Human Ecosystem Model, Biophysical Resources (modified from DOISSWG 2010).
Flora / Fauna
Plankton
Nekton (all kinds)
Megafauna
Picoplankton
Birds
Fish
Submerged aquatic vegetation
Marine mammals
Turtles
Coral
Terrestrial wildlife
Terrestrial animals
Domesticated animals
Insects
Forests
Mangroves
Grass beds

Energy
Wind
Solar
Tidal
Electricity/ natural gas
Current
Wave energy
Water
Fresh water
Salt water
Surface
Salinity
Temperature
Depth
Turbidity
Groundwater

Land
Wetlands
Uplands
Beaches
Barrier islands

Materials
Wood
Soil
Rock
Metal
Calcium carbonate
plastic

Climate Change Effects on the South Atlantic Human Ecosystem
Because of the tightly linked relationship between the human and natural systems within the
Southeast, and the scale at which climate change is expected to affect both systems, the South
Atlantic Human Ecosystem (SAHE) is a valuable framework to use for identifying at-risk
resources, strategies for resource conservation, and indicators by which we can both assess risk
and progress toward protection of those resources.
Although the SAHE will likely need to be subdivided to address specific conservation needs, it
does provide adequate resolution to explore the likely consequences of climate change to critical
biophysical, socioeconomic, and cultural resources (Table 8), resultant adaptation strategies that
will likely be required of the social system to manage those resources (Table 9), and monitoring
data that will be required to inform those science-based management decisions (Chapter 4).
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Table 8. Potential consequences on the critical resources of the South Atlantic Human Ecosystem.
Resource categories are based on the Human Ecosystem Model (HEM) (Machlis et al. 1997).
Climate Change Effect
Category

Biophysical Resources

Socioeconomic Resources

Cultural Resources

Human Population
Demographics

 Increased energy production
 Increased inland surface water
extraction
 Increased coastal groundwater
extraction
 Increased nutrient inputs to
waters and lands
 Changes in fishing pressure

 Increased human populations in
urban centers
 Variable population changes in
coastal areas
 Increased energy demand
 Increased water demand

 Changes in science literacy
 Changes percentage of people
who speak English as a primary
language

Agricultural Productivity

 Changes in nutrient and
sediments inputs to water
systems
 Increased groundwater
extraction

 Changes in agricultural sector job
market
 Changes in agricultural sector
price of goods
 Increased demand for food
products
 Increased demand for clothing
products

Forest Productivity

 Changes in wildlife habitat
type, quality, and availability
 Changes in corridor suitability
 Changes species distribution
and abundance
 Changes in ecosystem
structure, function, and
composition

 Increasing demand for forest
products

Land Use Change

 Increased land/ ocean footprint
for energy sector
 Increased water consumption
for energy sector
 Changes in ecosystem
structure, function, and
composition
 Altered hydrology
 Altered sediment transport and
inputs into water systems

 Changes in local demographics
 Increased water demand
 Increased energy demand

 Further disconnect between
human population and nature
 Increased rarity and changing
values of key resources

Sea Level Rise

 Increased erosion and
inundation
 Changes in freshwater and salt
water tables
 Changes in coastal wetland
condition and distribution

 Property and infrastructure
damage in coastal areas
 Changes in recreational
opportunities
 Increased demand for coastal
zone protection measures

 Loss or impairment to historically
significant/ valuable resources
 Excavation or discovery of new
cultural resources
 Loss or emigration of historically
significant human communities

Water and Air Quality Changes

 Changes in ecosystem
structure, function, and
composition
 Increased nutrient inputs and
loadings into estuaries
 Changes in freshwater inputs
into estuarine systems
 Altered species composition,
abundance, and distribution
 Altered primary and secondary
production in freshwater and
estuarine systems

 Increased risk to human health
from degraded air and water
quality

 Restricted use of historical
subsistence and recreational
practices

Temperature and Precipitation
Changes

 Changed distribution and
composition of species and
habitats

Estuarine Productivity

 Changes in species
composition, structure, and
function

 Changes in productivity of finfish
and shellfish fisheries
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Table 9. Expected adaptation responses by components of the social system to climate-change-induced
effects on critical resources within the South Atlantic Human Ecosystem. Social system components and
resource categories are based on the Human Ecosystem Model (Machlis et al. 1997).
Social System
Components

Biophysical Resources

Socioeconomic Resources

Cultural Resources

Social Institutions

 Changes in land form
types can alter the types
and opportunities and
opportunity for recreation
in coastal zones, including
such things as fishing,
wildlife viewing, and ORV
use.
 New management policies,
regulations, and statutes to
manage newly-affected
natural resources

 New management policies,
regulations, and statutes
might be required to
manage affected cultural
resources
 Impacts in highly-vulnerable
areas might require
protection or preservation of
at-risk resources of
importance to regional or
national cultural heritage.

Timing Cycles

 Changes in water releases
to concurrently manage
energy production, river
fish habitat, and estuarine
productivity.
 Changes in timing of crop
planting and harvesting.
 Adjustments to policies
and areas required for
protection of trust
biophysical resources.

 Commerce potentially
affected by resource
condition, threats, and
scarcity and resultant
changes in relative economic
value and utility.
 Insurance sector likely
affected by increasing costs
of damages in coastal areas.
 Housing and construction
sector likely to expand with
expected urbanization trends.
 Funding, planning, and
implementation of resource
protection measures will
need to span multiple years.

 Changes in demographics,
science/ climate literacy

 Adjustments to policies and
areas required for protection
of trust cultural heritage
resources.
 Changes in education and
outreach efforts to
reconnect people to the
environment.

Social Order

 Changes to timing of
activities permitting
subsistence or recreational
fishing or hunting.

It will be incumbent on park resource managers to use best available science to manage
responses to climate change and projected impacts. Park managers need scientifically credible
information on the status, trends, condition, and risks to biophysical, socioeconomic, and cultural
resources in order to best manage and conserve them, and at the same time will require a firm
understanding of (and perhaps influence on) the social systems in which that resource protection
occurs.
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4. Network Climate Change Monitoring
Overview
Nearly all Vital Signs being monitored by the SECN can be analyzed and interpreted in the
context of responses to climate change after a sufficient period of record is collected, and in fact,
impact of climate change on park resources was one factor cited as a reason for monitoring
nearly all of the Network’s Vital Signs (DeVivo et al. 2008, Appendix 5).
To identify new climate change monitoring objectives, potential uses of climate change
monitoring data, and opportunities for collaboration among agencies conducting related
monitoring efforts, the SECN facilitated or participated in more than 20 scoping, briefing, or
informational meetings between October 2009 and September 2010 (Table 10). Although
climate change monitoring was not always the primary purpose of the meeting, all were related
to the myriad climate programs underway throughout the region. Particularly during the first
half of the year, it was the goal of the SECN to identify a) monitoring needs that would better
allow parks to meet their mandate of including climate science in management, b) identify what
other efforts were concurrently ongoing or being initiated, and c) rapidly identify opportunities to
collaborate and coordinate those efforts.
All SECN Vital Signs were evaluated for inclusion in the SECN Climate Monitoring Program
based on a combination of ecological relevance, partnership opportunities, and utility of
monitoring data to existing or planned climate science efforts within the region. Ultimately, 10
Vital Signs were identified for changes in sampling design based on their ability to a) provide
data to better understand landscape-scale consequences of climate change that will drive impacts
to resources on SECN parks, b) inform science-based management of biophysical,
socioeconomic, or cultural resources, c) provide data relevant to one or more of the social
systems within the human ecosystem of the South Atlantic, and d) provide data that can be used
to modify or improve existing management-relevant climate response models (Table 11).
Network Climate Change Vital Signs
Protocols or data processing methods for 10 SECN Vital Signs will be modified to enhance
NPS’s ability to include climate science in management decisions (Table 12). New monitoring
objectives for each Vital Sign are shown in Table 13. Although we will have new data
management and reporting tasks with all 10 Vital Signs, the largest changes to the program will
result from changes to the Network’s Salt Marsh Elevation, Groundwater Dynamics,
Amphibians, Landbirds, and Plant Community protocols. These are discussed in further detail
below.
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Table 10. Partial list of scoping, briefing, and informational meetings attended or facilitated by the
Southeast Coast Network in FY2010 during the development of the SECN Climate Change Monitoring
Plan.
Date

Meeting

Attendees

Purpose

Oct 8

Georgia Coastal LTER

Oct 29

Atlantic Coast Network Coordination
Meeting

Merryl Alber, Director, Georgia Coastal
Ecosystems LTER
Staff from SECN and NCBN

Nov 1-6

CERF Annual Meeting

Federal, State, NGO, Academic, and others

Nov 3-5

Southeast Coastal and Ocean
Stewardship Workshop: Challenges
in a Changing Environment
LCC Operations Plan Development

NPS park resource managers,
superintendents, regional and WASO science
staff, and invited technical experts.
LCC climate-change program leads for FWS
and NPS

Dec 7-8

Kennedy Space Center Climate
Change Meeting

Science staff from NPS, NGS, U of Florida,
and NASA

Dec 17-18

URI CESU Climate Meeting

Jan 13-16

Northeast Regional Meeting on
RSLR

Federal, state, NGO, and academic science
and policy staff
Science Staff from NPS, NGS, USGS

Feb 4-5

NOAA Coastal Monitoring
Coordination

Science staff from NOAA, NPS, FWS, and
USGS.

Feb 18

UGA Scoping Meeting

Feb 23-25

Raleigh climate downscaling
meeting

Academic research faculty and staff from
Marine Sciences, Ecology, and Forestry
programs
DOI agency and academic climate change
forecasting project leads

Discuss coastal climate change research
focus of the Atlantic Coastal LTER network
Discuss current Vital Signs Monitoring
programs, potential climate change needs,
and strategies for coordination among
coastal networks.
Coastal and Estuarine Research Federation
20th Biennial Conference, Estuaries and
Coasts in a Changing World as it relates to
global climate change. Meeting presented a
number of opportunities to formally and
informally discuss trends in salt marsh
community monitoring and develop
partnerships.
Discuss key questions facing coastal parks
including impairment and effects of climate
change.
Write draft operations plan for the South
Atlantic LCC that discusses DOI- and other
partner-based coordinated approach to
climate science and resource conservation
Evaluated and discussed issues related to
climate change and consequent effects to
foreshore geomorphology
Identify potential coastal climate-change
research projects.
Develop methodology for assessing
inundation risk from sea level rise and storm
surge in coastal NP using high accuracy
geodetic control.
Discuss potential and means to coordinate
and standardize methods for monitoring
coastal resources to support landscapescale analyses of climate change impacts
Present program and potential climate
change monitoring options for review.

Feb 28March 5
Mar 18

NOAA Coastal Training Program /
Research Winter Meeting
NOAA NERR Central Data
Management Office

Science and program staff from NOAA
System-Wide Monitoring Program (SWMP)
Data management staff from NERR and
SECN programs

Mar 30-31

Interagency South Atlantic LCC
Scoping Workshop

LCC partners from federal, state and NGO
organizations

Mar 29Apr 1

NCTC LCC Data Workshop

Federal (DOI and other), state, NGO
personnel

Apr 7
Apr 19-23

NPS and GTM Project Scoping
Meeting
LCC Scoping Team Meeting

Apr 7

SERAP Project Meeting

Staff from State (FL) agencies, NPS, and
GTM-NERR
LCC steering committee members from FWS,
NPS, USFS, USGS, and State agencies
Project staff from USGS, NGO, and academic
institutions

Nov 24-25

SERAP Integration

Regional Director and senior science staff
from USGS Southeastern Regional Office
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Evaluate ongoing climate downscaling
projects funded by NCCWSC, present
preliminary findings to other DOI agency
personnel for comments, and identify means
by which to ensure maximum utility of data,
model outputs, and findings to a broad
range of audiences.
Presented results of February 4-5 meeting
and what SECN
Evaluate data models for current monitoring
programs and devise options for seamlessly
merging data sets.
Develop draft governance structure and
mission statement for the South Atlantic
LCC
Determine data management and
acquisition needs to support national
network of LCCs and associated programs
within the context of DOI/OMB policies.
Evaluate joint salt marsh monitoring
methodology and efforts in FOMA and GTM.
Vette mission, governance, and primary
science needs for the South Atlantic LCC.
Update on regional and SALCC climate
change forecasting models and exploration
of potential integration with SECN
monitoring efforts.
Discuss SECN climate change monitoring
program and specific project needs and
integration opportunities for coordination
with SERAP or forthcoming regional CSC.

Table 11. Matrix of SECN Vital Signs and the applicability of resultant monitoring data to a) better
understand impacts of climate change in SECN parks, b) explore effects on critical resources and social
systems within the South Atlantic Human Ecosystem, and c) refine or enhance existing climate change
effects models. Vital Signs highlighted in grey are those that will be enhanced as a part of the SECN
Climate Monitoring Program.
Critical
Resources

Biophysical

Socioeconomic

Cultural

Institutions

Timing

Order

Model Utility

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Coastal Shoreline Change

IMPROVE suite for visibility and fine particulates,
particle size analyses: pm 10, pm 2.5, haze index
concentration of mercury, semi-volatile organic
compounds, acidic components of contaminants
Air temperature, precipitation, relative humidity, tides,
location and magnitude of extreme weather events
shoreline position and slope

Salt Marsh Elevation

Sediment elevation, salinity

Stream/ River Channel
Characteristics

Groundwater Dynamics

percent cover of coarse woody debris, detritus,
distribution and extent of geomorphic features (runs,
riffles, pools); grain size distribution; distribution, extent,
and rate of change of erosion features.
water table levels for freshwater and saltwater

X

Surface Water Dynamics

discharge, magnitude and duration of flooding events

X

Marine Water Quality

X

Invasive/ Exotic Plants

pH, temperature, dissolved oxygen, turbidity, salinity,
concentrations of chlorophyll a, TDN, TIN, TDP, TIP,
metals, and volatile organic compounds
pH, temperature, dissolved oxygen, specific
conductance, turbidity, trace ions, nutrient
concentrations
occurrence of invasive plant species

Marine Invertebrates

occurrence of selected marine invertebrate species

X

Fish Communities

Fish community diversity, relative abundance, Index of
Biotic Integrity, percentage of non-native species,
number of crevice spawner species
species occurrence, diversity, percent area occupied,
disease incidence
species occurrence, diversity, relative abundance

X

X
X

species occurrence, diversity, percent area occupied,
relative abundance
Plant species occurrence, diversity; percent cover by
herbaceous, shrub and overstory; rooting by feral hogs
and armadillos; occurrence of disease, occurrence of
insect outbreaks, occurrence of non-native species;
NVCS class
number and location of piping plover, red knot, Wilson’s
plover, American oystercatcher
Abundance, distribution, and recruitment of rare
species such as sea beach amaranth, beach mouse,
sea turtles, red-cockaded woodpeckers
species occurrence, weight, size based on compilation
of existing data from State and other sources
Monthly and annual visitor attendance compiled from
existing Park and other sources

Air Contaminants
Weather and Climate

Riverine Water Quality

Amphibians
Landbirds
Small Mammals
Plant Communities

Shorebirds
T&E Species

Fisheries Take
Visitor Use

X

X

X

X

X

burn area and extent, down woody debris, duff depth

Land Cover and Use

Extent and distribution of land cover and use types,
fragmentation, extent and distribution of management
actions (compiled from park records).
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X

X
X

Fire and Fuel Dynamics

Estuaries

Temp Precip

Visibility and Particulate Matter

X

X

X

Social
Systems

Water Air Qual

Wet and Dry Deposition

X

SLR

Atmospheric ozone concentration, damage to sensitive
vegetation
Wet and dry sulfate and nitrate deposition

Land Use Chg

Measures

Air Quality

Forestry

Network Vital Sign

Agriculture

Human Pops

Expected Response Categories

X

X

X
X

X

X

X

X

X

X

X

X

X

X
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
X

X
X

X
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
X

X

X

X

X

Table 12. Changes to SECN Vital Signs with the additional focus of climate monitoring. Vital Signs
marked with an asterisk (*) will have significant changes or additions to field methodology and protocols.
Network Vital Sign

Base Monitoring Plan

Climate Monitoring Changes

Weather and Climate

Weather and climate measures limited to air temperature,
precipitation, relative humidity, tides, location and magnitude of
extreme weather events. Data collected through data mining and
data sharing agreements with other agencies.

List of measures expanded to include downscaled climate forecast
data for areas surrounding the parks (generally based on boundaries
defined during watershed or natural resource condition
assessments), and real-time calculation of derivative measures as
data are collected.

Coastal Shoreline Change

Measurement and modeling of coastal shoreline position and slope
using survey-grade ATV-based GPS equipment seasonally to
annually of park foreshores, augmented with post-storm measures
where necessary. Permanent NGS 3D monuments will be installed
along the shoreline to develop a long-term baseline elevation
reference network

No changes to methodology, but shoreline position and slope data
will be integrated with existing models that forecast coastal
inundation and erosion risk, and data and models will be updated
following major storm events.

*Salt Marsh Elevation

One sentinel site (with three replicate stations) deployed at each
SECN park with salt marsh systems. Stations installed and
benchmarked to allow for measurement of changes in elevation
relative to surveyed benchmarks. Elevation and relevant covariates
(pore soil water salinity and vegetation) measured 1-4 times
annually.

Sampling design increased to up to 10 sites per park (depending on
size and habitat) to allow for measurement of variability in elevation
change within park systems. Methods will be coordinated with
NOAA, USGS, FWS, and other NPS Networks to ensure consistency
of data at the landscape scale. Data from NOAA tidal gaging
stations will be used to in conjunction with RSET elevation data to
assess trends in relative sea level rise. Tidal and RSET data
integrated with existing coastal wetlands and inundation risk /
forecasting models.

Stream/ River Channel
Characteristics

Percent cover of coarse woody debris, detritus, distribution and
extent of geomorphic features (runs, riffles, pools); grain size
distribution; distribution, extent, and rate of change of erosion
features measured in stream riverine systems.

No change to methodology. Data integrated with existing coupled
climate downscaling, hydrologic, land use, stream habitat models to
forecast changes in availability and types of habitat available in
network parks.

*Groundwater Dynamics

No field methods proposed. Water level (salt and fresh) and ground
water quality data acquired through data mining and data sharing
agreements with other agencies.

Data loggers installed at existing well locations based on
recommendations listed in the SECN Groundwater Inventory
(Rasmussen et al. 2009) Additional monitoring wells installed as
funding permits.

Surface Water Dynamics

No field methods proposed. River discharge data acquired through
data mining and data sharing agreements with other agencies.

Where feasible, gage stations installed or upgraded at FOFR, FOMA,
FOPU, FOSU, MOCR and TIMU as recommended in the draft SECN
Surface Water Monitoring Protocol (Rasmussen et al. in preparation).
Surface water forecasting data acquired from USGS.

Amphibians

Visual Encounter Survey (VES) and Automated Recording Device
(ARD) measurements of species occurrence, diversity, percent area
occupied, disease incidence, and relative abundance at up to 30
spatially-balanced randomly sampled locations in all network parks
once every three years.

No changes in methods. Data to be used by USGS to develop
integrated models that couple climate downscaling, hydrologic, land
use, and vegetation models to forecast species distribution shifts in
response to climate change.

*Landbirds

Variable Circular Plot (VCP) measurements of species occurrence,
VCP methodology being discontinued in favor of using data collected
diversity, relative abundance at up to 30 spatially-balanced randomly using automated recording devices. Recorder deployment increased
sampled locations in all network parks once every three years.
from 14 to 60 days to allow for measurement of arrival phenology of
migratory birds. Data to be integrated with existing coupled climate
downscaling, land use, and vegetation models to forecast species
distribution shifts in response to climate change.

*Plant Communities

Plant species occurrence, diversity; percent cover by herbaceous,
Establishment of fixed sites in network parks to implement data
shrub and overstory; rooting by feral hogs and armadillos;
collection methods developed by National Phenology Network.
occurrence of disease, occurrence of insect outbreaks, occurrence of
non-native species; NVCS class

Land Cover and Use

Extent and distribution of land cover and use types, fragmentation,
extent and distribution of management actions (compiled from park
records).
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Land cover and land use data acquired through data acquisition and
sharing agreements with the South Atlantic LCC to ensure
consistency of data use among partner agencies. Additionally,
coastal land cover and habitat data will be acquired from NOAA to
ensure consistency of data sets and use among partners within
coastal and marine systems. Land use and vegetation community
forecasting data acquired from USGS.

Table 13. Climate change monitoring objectives for SECN Vital Signs focus of climate monitoring.
Network Vital Sign

Additional Monitoring Objectives

Weather and Climate



Evaluate divergence from forecasted data based on low- Important for scenario planning to narrow down potential projections
and likely consequences.
medium- and high emission scenarios.

Coastal Shoreline Change



Determine foreshore slope.

Data to be used to develop localized coastal inundation and wetland
loss models.

Salt Marsh Elevation






Determine changes in relative sea level rise
Determine variability in salt marsh elevation within SECN parks
Determine changes and latitudinal trends in salt marsh elevation
Determine status, trends, and variability in tidal measures

Data to be used to develop localized coastal inundation and wetland
loss models.

Stream/ River Channel
Characteristics



Evaluate divergence from forecasted data based on lowmedium- and high emission scenarios.

Important for scenario planning to narrow down potential projections
and likely consequences.

Groundwater Dynamics



Evaluate changes in groundwater conditions that are closely
related to changes in anthropogenic use patterns (i.e., projected
population growth along the coast) that might be exacerbated by
climate change.

Data to be used in coastal wetland loss models. Increases
understanding of the nature of external park impacts such as
ecosystem and habitat alterations due to changes in surficial aquifers
or landscape subsidence as a result of changes in the confined
aquifer.

Surface Water Dynamics



Evaluate divergence from forecasted river flow data based on
low- medium- and high emission scenarios.

Data to be used in coastal wetland loss models. Important for
scenario planning to narrow down potential projections and likely
consequences.

Amphibians



Evaluate divergence from forecasted amphibian distribution data
based on low- medium- and high emission scenarios.

Data to be used to develop and validate regional species forecasting
models. Important for scenario planning to narrow down potential
projections and likely consequences.

Landbirds



Evaluate divergence from forecasted bird distribution data based
on low- medium- and high emission scenarios.
Determine changes and trends in timing of migration.

Data to be used to validate regional species forecasting models.
Important for scenario planning to narrow down potential projections
and likely consequences.


Plant Communities




Land Cover and Use



Justification

Evaluate divergence from forecasted vegetation community data Data to be used to validate regional species forecasting models.
Important for scenario planning to narrow down potential projections
based on low- medium- and high emission scenarios.
Determine changes and trends in timing of leaf-out, budding, and and likely consequences.
flowering of key indicator species.
Evaluate divergence from forecasted land use data.

Important for scenario planning to narrow down potential projections
and likely consequences.

Salt Marsh Elevation

Prior to the climate change initiative, the SECN began deploying RSET stations at eight parks
along the South Atlantic Coast (DeVivo et al. 2008). Under the original sampling design, one
site was to be selected at each park (with three stations) following the methods described in
Cahoon et al. (2006). Because of the need to keep stations out of public view and the sensitivity
of southeastern marshes to trampling, site installation is limited to the low marsh areas, with
installation of stations following methods developed by Louisiana Department of Natural
Resources (Folse and West 2004). As of October 2009, stations had been deployed at Timucuan
Ecological and Historic Preserve and site selection had been completed at Cape Lookout and
Cape Hatteras National Seashores.
Prior to efforts to reevaluate the sampling design and monitoring objectives related to climate
change impacts, the SECN had intended to complete station installation by the end of FY2011.
As part of the SECN Climate Monitoring Program, the network will begin to greatly expand its
coastal salt marsh monitoring efforts in response to additional monitoring objectives related to
climate change impacts. Specifically, the SECN will be collecting data to:


Better understand local salt marsh accretion and subsidence rates and how those rates
translate to changes in relative sea level, and



Provide data for coastal vulnerability and erosion, and coastal wetland loss forecast
models.
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It is anticipated that model integration will be accomplished between NPS and USGS in
partnership through the Southeast Regional Assessment Project and (ideally) the Southeastern
Climate Science Center.
To meet the new monitoring and modeling data needs, the SECN will modify its existing
sampling design to increase the number of stations deployed and include tidal measures for each
station (Figure 21):


At each of the five larger parks (Canaveral, Cumberland Island, Cape Lookout, and Cape
Hatteras National Seashores, and Timucuan Ecological and Historic Preserve) the
number of monitoring sites will be increased from one to up to 10 sites, with three
stations installed at each. Stations will be installed and surveyed in to NGS standards and
tied to the coastal shoreline monitoring monuments so that elevation data can be
referenced to the National Spatial Reference System.



Data from relevant nearby tidal elevation gauging stations available through NOAA’s
National Water Level Observation Network (NWLON) will be included in the data
analysis to measure changes in relative sea level in addition to changes in sediment
elevation.

In addition to changes in sampling design, the SECN is working to ensure that the methods
employed by the SECN are closely coordinated with other partners throughout the Atlantic Coast
so that data can be seamlessly integrated into a coast-wide data set. In March 2010, NPS and
NOAA hosted a meeting in Silver Springs, MD attended by science staff from NPS, FWS,
USGS, and NOAA to coordinate coastal monitoring efforts. All agencies agreed to develop
minimum standards for a variety of coastal monitoring protocols in use across agencies, most of
which are currently being implemented in a similar fashion. NOAA and the NPS Southeast
Coast Network are currently working on jointly-authored monitoring protocols for salt marsh
elevation and benchmark installation, and will be developing SOPs to guide minimum data
collection standards to be reviewed and implemented by partnering agencies (including USGS
and USFWS).
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Figure 21. Schematic of combined RSET and tidal gaging stations to allow for measurement of both salt
marsh accretion and subsidence and sea level rise in a manner that provides measurement of relative
sea level rise (NGS, P. Hensel, personal communication).

Groundwater Dynamics

Implementation of the Groundwater Dynamics Vital Sign began in FY2010 as one of the
network’s data acquisition protocols; however, the approved monitoring plan did not call for the
installation of new wells or data loggers in existing wells (DeVivo et al. 2008). The SECN’s
groundwater monitoring protocol (Rasmussen and others, 2009) does identify several data gaps
where installation of additional wells or data loggers would greatly enhance the Network’s
ability to evaluate trends in groundwater resources.
The identification of gaps in the existing well network will be used as a guide to identify
potential partnering agencies to acquire a coast-wide SECN groundwater monitoring network
and make data more useful within the boundaries of nearby parks and in a regional context.
Monitoring data will be used specifically to evaluate changes in groundwater conditions that
relate to changes in anthropogenic use patterns that may be indirectly coupled to changing
climatic conditions. Additional monitoring objectives will be useful in understanding the nature
of external park impacts such as ecosystem and habitat alteration due to changes in surficial
aquifers or landscape subsidence that could be a result of changes in the confined aquifer level.
To meet the new monitoring and modeling data needs, the SECN proposes to initially focus
efforts at parks identified as lacking important baseline datasets regarding either the surficial
water table (i.e., CONG) or the confined aquifer (i.e., CAHA, CALO, CANA, CUIS). The
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following tasks briefly describe additional work elements proposed to address ground dynamics
in the context of regional and local anthropogenic-climate induced change:


Outfit and monitor selected wells with pressure transducers and water-quality data
loggers (Figure 22),



Cap currently flowing wells with logging pressure gages and begin monitoring pressure
records using hydraulic head as a surrogate for water level changes,



Participate with partnering agencies (USGS, USFWS) as wells as local, non-profits, and
other state and federal partners in efforts to plan and conduct regional synoptic
groundwater surveys, and



Identify the location of non-flowing or abandoned wells encountered as part of ongoing
Vital Signs monitoring that are located on or near Park lands that should be prioritized for
permanent closure.

Figure 22. Example of well outfitted with automated data collection equipment platform.
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Amphibians and Landbirds

Amphibian and bird monitoring protocols will be modified to provide data that can be input into
occupancy models under development by USGS. These models have two objectives—to assess
potential impacts of climate change on habitats of priority species in the southeastern US by
mapping and predicting cover dynamics, and to assess patch occupancy and range dynamics of
North American avian species in response to land cover dynamics and climatic change. The
USGS SERAP project is attempting to secure funding to expand its integrated terrestrial
assessment to assess patch occupancy and range dynamics of amphibian species.
To accomplish this, the SECN will combine methodologies of its amphibian and bird monitoring
efforts by sampling bird communities using automated recording devices (as opposed to variable
circular plots) and by expanding the sampling period from 14 to 60 days (to ensure sampling
during the spring migration period).
The changes in methodology will more adequately characterize the sites due to a) multiple
repeated sampling events, b) consistent sampling time of the ARD records, and c) collecting data
across a wider range of environmental conditions known to influence detectability (e.g.,
precipitation, humidity, temperature). Singing and calling rates of many birds decrease as the
morning progresses.
In addition to changes in sampling methodology, the SECN will evaluate recordings to assess
changes in bird and vocal anuran phenology. The increase in sample size (and duration) will
allow the network to more adequately capture the variability in arrival and stopover of migratory
birds, and vocal anurans that breed in early and late spring.
Plant Communities

Phenology is defined as the relationship between climate and periodic biological phenomena;
examples include the timing of: leaf development, bud development, flowering, leaf fall, animal
movements/migration, and insect life cycles (Lieth 1974, Haggerty and Mazer 2008). Phenology
has a long history (Leopold and Jones 1947, Puppi 2007) as pre-historic farmers were likely the
first phenologists, carefully tracking the response of plants and animals to the seasonal cycles in
order to better understand when to plant crops (Puppi 2007). Aldo Leopold stated that ―by
tracing [organisms’] responses to the sun, phenology may eventually shed some light on that
ultimate enigma, the land’s inner workings‖ (Leopold and Jones 1947). The use of phenology as
a means of monitoring climate change is a rapidly developing field. Because phenology is
dependent on climate, long-term patterns of climate change can be tracked by monitoring
phenological occurrences (Badeck et al. 2009, Bradley and Mustard 2008, Cotton 2003,
Haggerty and Mazer 2008, Schwartz 1994).
National Park Service Inventory and Monitoring Networks across the nation are currently
cooperating with the National Phenology Network (NPN) to implement phenological monitoring
protocols. The National Phenology Network is a cooperative network of government agencies,
educational institutions, educators, students, NGOs, and citizen scientists
(http://www.usanpn.org) that has developed and tested a peer-reviewed monitoring protocol to
quantify phenology. Although the SECN is not currently involved in plant-phenology monitoring
due to our current staffing structure, we plan to adopt the phenology protocols developed by the
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NPN cooperative. Phenological monitoring is a time-intensive activity, and monitoring must be
conducted on a precise schedule of visits and re-visits to a given location.
Given the diversity of SECN parks in terms of vegetation communities, geographic location, and
the combination of four National Seashores with several inland piedmont / coastal plain parks,
the Network is ideally located to monitor the phenological responses of a wide variety of plants.
For example, spring ephemeral plant species are very sensitive to variations in hydroperiod,
temperature, and daylight. Studies have shown that some spring ephemerals respond negatively
to early onset of spring (i.e., warmer temperatures earlier in the year) by blooming earlier,
producing fewer seeds, or senescing after a shorter-than-normal period (Abu-Asab 2001,
Farnsworth et al. 1995, Kudo et al. 2004, Lapointe 2008). This has direct implications to climate
change, and suggests that populations of spring ephemerals may decline in response to climate
change. Thus, including spring ephemeral plants in phenological monitoring will provide data to
help SECN park managers to better understand the effects of climate change. Variations in the
timing of plant reproduction can also have significant impacts on wildlife species that depend
upon specific plant phenological stages for food or cover resources, and result in reduced fitness
and impaired reproduction (Both and Visser 2001, Marra et al. 1998, Sillet et al. 2000).
Implementation Priority
Initially, the SECN will likely lack sufficient funding to implement all enhanced Vital Signs.
Priority for field methods will be placed on upgrading the Network’s Salt Marsh Elevation and
Groundwater monitoring systems (in that order) because of their relevance to coastal ecosystems.
Regardless of funding, the Network will expand the data collection period for vocal Anurans and
landbirds, but analysis of phenological data will be dependent on the capacity of the network to
hire staff or forge partnerships to process the increase in recordings. Plant phenological
monitoring will only be implemented if the Network secures additional funding for dedicated
staff.
Other changes described above that are largely changes in data acquisition, interpretation, and
transfer will be implemented as funding/opportunity permits.
Cultural and Socioeconomic Climate Change Vital Signs
Monitoring of Vital Signs pertaining to critical socioeconomic and cultural resources will be a
significant information need for parks to adequately plan for climate change, but are beyond the
current scope of the SECN program. These types of measures will not be monitored as a part of
the SECN program, but we do envision a pilot project in partnership with the SALCC to select
appropriate measures, develop methods, and conduct a baseline inventory of the condition of
these other critical resources. Potential metrics are presented in Table 14 (Force and Machlis
1997).
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Table 14. Potential social indicators to be evaluated for use in scenario planning and management of
climate change impacts within the South Atlantic Human Ecosystem. Measures modified from those used
in 1997 Interior Columbia Basin Ecosystem Management Project (Force and Machlis 1997).
Variable
Indicator
Natural Resources
Energy
Occupied housing units heated with wood
Land
Federal land
Population density on nonfederal land
Water
Not available
Materials
Material production
Nutrients
Agricultural product
Socioeconomic
Information
Library loans
Population

Total population
Rural population
Labor
Unemployment
Capital
Bank deposits
Income
Cultural Resources
Organization
Not available
Beliefs
Votes by political party

Religious adherents

Commerce
Education
Leisure
Government

Earnings
High school graduates
Not available
Voting rate

Sustenance

Local government finances
Resource-related employment

% of occupied units heated with wood
% of land owned by federal government
Number of people per acre of nonfederal land
Dominant manufacturing or extractive industry
Ratio of $ value of crop to livestock products
Number of books loaned by public libraries per
capita per year
Total resident population
% of total population residing in rural areas
% of civilian labor force unemployed
$ value of monthly bank deposits
Median household income

% of votes cast for Republican presidential
candidate
Major religious group

Myths
Major religion of family
Social Institutions
Health
Infant mortality
Physicians
Justice
Law enforcement
Faith

Measure

Number of infant deaths per 1,000 live births
Number of physicians per 100,000 population
Number of police officers with arrest powers per
1,000 population
% of population who claim adherence with an
established religion
$ value of earnings in all industries
% of adult population graduated from high school
% of population >18 years of age participating in
presidential elections
$ value of local government expenditures per capita
% of labor force in agriculture, forestry, fisheries,
mining
Acres of irrigated land

Land use
Identity (social order)
Age
Median age
Dependency ratio
Gender
Women in labor force
Sex ratio
Class
Professional and skilled employment
Caste
Ethnic/racial composition
Clan
Household composition

Median age
% of persons <18 and >64 years of age
% of adult women in labor force
Ratio of females to males
% of labor force in professional occupations
% of total population in ethnic/ racial groups
% of households with children under 18 headed by
single parents
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Table 14. (Continued).
Variable
Indicator
Social Norms (Social Order)
Informal
Divorce Rate
Hierarchy (social order)
Wealth
Poverty rate
Power
Elected positions
Status
Not available
Knowledge
College graduates
Territory
Home ownership
Social Cycles
Physiological
Elderly population
Individual
Employment terms
Work days
Institutional
Not available
Environmental
Not available

Measure
Number of divorces per 1,000 population
% of persons living below poverty level
Number of elected positions per 1,000 population
% of adult population who are college graduates
% of housing units occupied by owner
% of total population who are 70 years old or older
Full-time workers
Seasonal workers
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5. Critical Project Needs
The SECN has identified several necessary projects to implement its climate science strategy.
These include addressing key information gaps, comparing methodologies before and after
protocol changes, expanding the Network’s data management system, and implementing several
one-time costs associated with installation of long term monitoring stations that were not
included in the Network’s original Vital Signs Monitoring Plan.
Where available, cost estimates are provided, but the source of funding is at this time
unidentified. Where possible, the SECN will seek external (to the Network) funding to
implement these projects either as standalone NPS efforts, or in partnership with other federal,
state, or academic agencies working within the SALCC.
Monitoring Infrastructure
RSET Installation ($120,000). At each of the five larger parks (Canaveral, Cumberland Island,
Cape Lookout, and Cape Hatteras National Seashores, and Timucuan Ecological and Historic
Preserve) the number of monitoring sites will be increased from one to eight sites, with three
stations installed at each. Stations will be installed and surveyed in to NGS standards so that
elevation data can be referenced to the National Spatial Reference System. This is a priority
infrastructure need of the network and will be funded out of base SECN dollars during the first
three years of strategy implementation.
Tidal Station Installation ($150,000-200,000). Where necessary, NPS will work with NOAA
and other cooperators to ensure Network- and LCC-wide coverage of NWLON station data.
Based on an analysis of existing NWLON station coverage, the SECN will need to install tidal
monitoring stations at CALO and CANA. Stations will be installed and maintained by NOAA
according to NWLON protocols. The estimated installation costs are $75-100K each. Two
additional stations at TIMU and CUIS might also be necessary pending further investigation and
analysis (see below).
DOI I&M Program Integration. Beginning in FY2010, the Southeast Coast Network and FWS
South Atlantic Refuges monitoring programs will co-locate management offices at the
University of Georgia in Athens, GA. Program and data management staff, as well as water and
climate change staff will be housed in a shared facility on Whitehall Experimental Forest. This is
being done through a Cooperative Ecosystems Study Unit (CESU) agreement with the
University that includes funding for field intern, technical writing, and GIS capacity needs.
Protocol Enhancement
Groundwater ($65,000). With the additional deployment of groundwater data loggers at coastal
well sites, the SECN will deploy data management, analysis, and reporting tools to accommodate
those data. This will include site and well information as well as water chemistry data collected.
Expanding the groundwater module of the decision support system to support these
enhancements will require the development of groundwater data logger and well components in
the current SECN conceptual object model and database design (as well as the business logic to
support these components as required by the groundwater monitoring protocol). Finally, one or
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more data summary reports will be created for the output and/or presentation of this dataset. The
cost estimate above includes the creation of two data output reports.
Tidal Gage Suitability Study ($50,000). A one-year study of tidal fluctuations within TIMU
and CUIS will be conducted to determine if tidal conditions within the parks are adequately
characterized by existing tidal gauges. This is required to ensure a network-wide coverage of
NWLON station data that will be ―tied to‖ RSET data to monitor trends in relative sea level.
Coastal Monitoring Standards Development. Although purposes for monitoring coastal
resources vary among agencies, DOI agencies and NOAA have agreed to develop minimum data
standards (MDS). These will be developed primarily in partnership with the NERRS, COOPS,
NGS, USGS, and NPS SECN and NCBN networks but will be shared with other NPS regional
networks and USFWS as they are developed. These standards (MDS) will be delineated in a
common set of peer reviewed technical reports (grey literature) within both NOAA and NPS.
Bird Monitoring Methods Comparison ($31,800). With the planned change in methods from
Variable Circular Plot to Automated Recording Device based methods, the SECN will fund a
one-year, three-park study to compare sampling methods in FY2011. Bird communities will be
sampled using both methods at 30 spatially-balanced randomly selected sites at KEMO, HOBE,
and CHAT, and data will be analyzed for comparability, and ability to adequately characterize
the avifauna.
Human Ecosystems Inventory. Because much of the interpretation of climate change data and
its incorporation into long-term management plans will be tied to the human component of the
ecosystem, network parks (and partners) will need a consistent geospatial definition and
representation of the human ecosystems within the South Atlantic LCC and around SECN parks.
Socioeconomic and Cultural Inventory. Protocol development/inventory of cultural and
socioeconomic measures of human ecosystem condition.
Data Management
The SECN has developed a unified server-based data management system to house, manage, and
report all of its monitoring data (Wright et al. 2008). The system is based on a conceptual object
model designed to serve as a framework for deploying linked database modules to handle both
Vital Signs monitoring and program management data. The Network has identified seven
modules that will need to be deployed or updated to support the climate change monitoring
mission. Costs provided are based on prior network expenditures, but several (or all) modules
might be completed by Network or partner staff.
Bird Monitoring ($7,500). The existing data management module will need to be revised to
accommodate ARD- rather than VCP-based data. The existing VCP-based monitoring module
will be retained should additional future data be collected using those methods, and the existing
amphibian ARD module will be adapted for use with bird data. Costs of this component include
updating the forest breeding bird object model and database design to include ARD methodology
and adapting the amphibian ARD report for bird monitoring.
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Derivative Climate Measures ($5,000). The additional derivative climate measures mentioned
in Chapter 4 will be added to the data acquisition and manipulation functions already in place.
Adding derivative climate measures to the current SECN decision support system will require
the generation of at least one additional data analysis report. The cost listed here is for the
addition of a single data analysis report. Costs will be higher if additional reports are required
($5,000 per report) or if additional data are required to generate the derived climate measures
(due to the required enhancement of the object model and database prior to generating the
report). This is a priority infrastructure need of the network and will be funded out of base SECN
dollars during the first three years of strategy implementation.
Tidal Data ($50,000). Data acquisition and processing modules will be developed to query
NOAA/NWLON datasets for tidal gage stations near coastal network parks. Adding tidal data to
the data management system will require the development of a tidal data component in the
current SECN conceptual object model and database design, as well as enhancements to the data
import tool to successfully harvest data from external sources for use in the SECN data
management system. Finally, one or more data summary reports will be created for the output
and/or presentation of this dataset. The cost estimate above includes the creation of two data
output reports.
Phenology ($7,500). Phenology data for amphibian, bird, and plant protocols will need to be
incorporated into those protocols; a module for producing phenology reports will be deployed
that unifies phenological data across Vital Signs. The addition of phenology data to multiple
protocols will require updates to the current SECN conceptual object model and database design;
InfoPath data entry forms will need to be updated and one or more data analysis output reports
generated. The cost listed above includes the generation of one output report. Additional reports
would add approximately $5,000 to the cost, per report.
RSETs and Fixed Station Water Quality ($5,000). Following the development of data
standards for the RSET and fixed water quality station monitoring protocols, the modules for
both protocols will need to be updated to accommodate additional data fields (or changes to
existing ones). The addition of data fields to these two protocols will require updates to the
current SECN conceptual object model and database design; InfoPath data entry forms and data
analysis output reports will need to be updated as well. Upon modification, each component will
require testing to ensure everything is working properly. If additional data analysis output reports
are required, the cost estimate above will rise by approximately $5,000 per report.
Refuge I&M Program Integration. Existing site information tables will be updated to
accommodate USFWS refuge units in addition to park units and the SECN system will be
evaluated to ensure cross-agency security measures are in place that allow for NPS and USFWS
entry and retrieval of monitoring data. Incorporating the refuge I&M program will have no costs
associated with it unless USFWS are not using the same protocol as the SECN I&M Program. If
additional parameters are required to be added to the SECN decision support system, the cost
would be approximately $5,000 to update the conceptual object model, database design, and
InfoPath forms. Additional reports would cost approximately $5,000 each.
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THREDD Server Installation. With the assistance of USGS, web services will be installed on
the SECN data server to allow USGS and LCC partners to incorporate SECN data in climate
change forecasting models. Data will either be housed by USGS or the Georgia Coastal
Ecosystems LTER. THREDD server installation will have no cost associated with it unless
additional software purchases are required.
Predictive Models
The USGS has expressed interest in working with the SECN to develop or refine climate change
forecasting models for use in the South Atlantic (including in and around SECN parks). These
models will be completed at no cost to the SECN.
Amphibian Occupancy Forecasting. Existing SECN amphibian occurrence and co-located
habitat data will be used to adapt existing bird occupancy forecasting models to amphibian taxa.
Coastal Inundation Risk and Wetland Loss Forecasting. SERAP will adapt its coastal
inundation and erosion vulnerability, and coastal wetland loss forecasting models. The models
will utilize park-specific data sets for coastal slope, groundwater level, mean wave height,
relative sea level rise, wetland accretion, and tidal range data to develop localized forecasts of
erosion and inundation risk as well as the probability of conversion from wetlands to open water.
Resource Vulnerability Assessments. Vulnerability or risk assessments are likely to be an
LCC-wide need, but have not been discussed as part of the LCC planning process to date. We
propose funding a pilot/proof-of-concept project in FY2012 that builds upon a resource
stewardship strategy, and potentially expands into a permanent role at either the Network, LCC,
or CSC level in the future. Project not to be funded out of SECN Vital Signs or Climate Change
base funds.
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6. Administration and Staffing
If fully implemented, the expanded roles of the SECN under the climate science strategy will
require adjustments and additions to current staffing and partnership structure to ensure the
Network’s ability to meet new program goals without impacting its ability to carry out the goals
of the original Vital Signs monitoring program as defined in DeVivo et al. (2008). This will be
done through a combination of changes to the current staffing plan, relocation of existing office
locations, and formal engagement of new strategic partners.
Staffing
Several changes to the existing organizational chart and position descriptions (see Appendix E)
will be required to carry out the expanded climate monitoring mission. The network will require
an additional four FTEs to fully implement the plan: three technicians to collect salt marsh
elevation, groundwater/surface water, and phenological data, and a second data manager
responsible for the majority of the data-integration tasks outlined above (Figure 23).
Modified Positions

Integrated Science Program Manager. The network coordinator role will expand to have
significant interagency coordination responsibilities to ensure that climate science, monitoring
data, methods, and data management strategies are coordinated across the South Atlantic LCC
project area, while ensuring that goals and objectives of the core Vital Signs Monitoring Plan
continue to be met.
Serves as lead for climate change science and landscape conservation planning for parks within
the network. Advises South Atlantic LCC Primary responsibility for ensuring that climate
monitoring science is incorporated into forecasting models being developed by LCC partners and
used by adaptation and conservation planning personnel to enhance science-based management
of park natural and cultural resources in response to climate change and other landscape-scale
factors. Facilitates the standardization of monitoring methods and data management among
partners within and cooperating with the SALCC so that data can be rapidly found, merged,
explored, and analyzed for the purposes of adaptation planning and conservation design.
Collaborates with the SALCC, SARMN, and other partners to adapt Vital Signs Monitoring
protocols to evaluate effectiveness of conservation actions taken to mitigate forecasted risks.
Serves as an integral part of the planning and operations of the SALCC and other partners to
ensure seamless coordination among DOI Climate Science programs. Retains supervisory
controls over core science staff, management of network budget, and is responsible for network
annual work plan and administrative reports.
Network Monitoring Coordinators. At the GS-12 level, incumbents will continue to perform
the full suite of Vital Signs monitoring responsibilities within their current scope of scientific
expertise (either terrestrial, coastal, aquatic, or data management). At the full performance level,
incumbent will perform supervisory functions (>25%) and some program management duties.
Supervisory duties will be limited to data management, field monitoring, and student intern staff.
At full performance, the person will oversee the production and completion of Vital Signs data
summaries. Prepares annual summaries and budget forecasts for Vital Signs monitoring
operations for inclusion of annual work plans and administrative reports. Serves as primary
agreements/contracting representative on all agreements related to Vital Signs monitoring and as
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an alternate ATR/COTR on other network agreements. NOTE – Only one position be promoted
and will serve at the full performance level at any given time.
Other Changes. The current positions for water quality biologist (coastal), botanist, and
wildlife biologist, all currently filled as term positions will be converted to permanent positions
when next advertised.
New Positions

Coastal Climate Change Biologist. Primarily responsible for overseeing field operations for
the installation, maintenance, and data collection at salt marsh elevation monitoring stations, and
assisting with field efforts related to shoreline position monitoring, groundwater, and coastal
water quality monitoring. Also responsible for maintenance of the coastal shoreline monitoring
equipment. This is a priority staffing need of the network and will be funded during the first year
of strategy implementation.
Climate Hydrological Technician. Primarily responsible for overseeing and conducting field
operations for the stream habitat and groundwater monitoring protocols, including station/well
installation, maintenance, and data collection. Position will also have primary maintenance
responsibilities for maintenance of vehicle and boat fleet housed in the Athens I&M
Headquarters office.
Climate Change Biologist. Responsible for implementation of bird, plant, and Anuran
phenological monitoring in conjunction with existing terrestrial monitoring protocols, and
serving as network volunteer coordinator to engage citizen scientists to assist with monitoring
measures related to climate change.
Climate Change Data Integration Specialist. Responsible for developing software
applications that facilitate data sharing and integration among partner programs, including, but
not limited to, the South Atlantic LCC, FWS Refuges I&M program, DOI Southeastern Climate
Science Center, USGS Southeastern Regional Assessment Program, NOAA, USFS, EPA, and
the Georgia Coastal Ecosystems Long Term Ecological Research program. This is a priority
staffing need of the network and will be funded during the first year of strategy implementation.
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Chief, Division of Inventory and
Monitoring
Southeast Region
GS-14
Program Support
Specialist
GS 301-9

SECN Program
Manager
GS 401/408-13*

Science
Info. Specialist
GS 401-12*

Aquatic Ecologist
GS 408-12*

Coastal Ecologist
GS 408-12*

Botanist
GS 430-11

Data Integration
Specialist**
GS 2210-12

Aquatic Biologist
GS 401-7

Climate Biologist**
GS 401-7

Wildlife Biologist
GS 486-7

GIS Technician
GS 401-7

Climate Hydrotech
(Groundwater)
GS 404-5

1-4 Interns
SCA, CESU, STEP,
SCEP

Climate Biotech
(Phenology)
GS 404-5

Technical
Writer – Editor
GS 1083-9

1-4 Interns
SCA, CESU, STEP,
SCEP

1-4 Interns
SCA, CESU, STEP,
SCEP

1-4 Interns
SCA, CESU, STEP,
SCEP

Terrestrial Ecologist
GS 408-12*

Figure 23. Proposed organization chart for the SECN Vital Signs / Climate Change Monitoring Program.
Positions denoted with dotted lines will not be funded without additional funding. [* - Grade levels shown
are based on current status without consideration of changes due to proposed additional climate change
responsibilities; ** - New positions to be added to the Network in order to implement the SECN Climate
Science Strategy].

Office Locations
During the next three years, the network will consolidate its current three program office
locations to two locations. The office currently operated at Cumberland Island, in Saint Marys,
GA, will continue to serve as the primary office from which plant, bird, and amphibian
monitoring occurs.
Program management, data management, climate change, and water resources monitoring will be
conducted out of the new joint NPS/FWS Inventory and Monitoring offices at the University of
Georgia in Athens, GA. Athens was chosen as a new office location because of available space
to house an interagency Inventory and Monitoring program, our ability to co-locate with the
South Atlantic CESU coordinator position (which will also serve both LCC and NPS Regional
Climate Science roles), proximity to partners from other academic, state, and federal programs
working on climate change issues, and access to University resources that will enhance the
Network’s ability to conduct a science program (library, research faculty, student interns, etc.).

53

The SECN and FWS will hire or relocate up to 10 people to the Athens facility during FY2010
and FY2011, with additional staff moving upon completion of permanent facilities (scheduled
late FY2011 early FY2012).
Partners
In addition to the myriad partners with which the SECN currently operates in the implementation
of its core Vital Signs monitoring program, several agencies or organizations within the region
will be critical to the successful implementation of the SECN’s climate science strategy (Table
15). The network expects this partnership list to expand as its climate strategy is implemented,
partners from other state, federal, and NGO agencies are engaged, and also as the science
program of the SALCC is designed and implemented.
Additionally, the SECN is one of several core DOI programs that will operate within the South
Atlantic LCC to implement the Department’s ―approach for applying scientific tools to increase
understanding of climate change and to coordinate an effective response to its impacts on tribes
and on the land, water, ocean, fish and wildlife, and cultural heritage resources that the
Department manages‖ (Figure 24).
South Atlantic Landscape Conservation Cooperative. The South Atlantic LCC is one of 22
cooperatives established in FY2010 to address the unprecedented conservation challenges
resulting from climate change. The cooperative has a specific goal to work in partnership with
other federal, state, tribal and local governments, and private landowner partners to develop
landscape-level strategies for understanding and responding to climate change impacts.
Specifically, LCCs are charged with defining objectives, developing spatially-explicit strategies,
and providing scientific and technical decision support to inform natural and cultural resource
management across terrestrial, aquatic, coastal and marine ecosystems. The SECN has
participated as a steering committee member since its inception, and will continue to work
closely with the LCC staff to ensure a smooth connection between monitoring efforts of the
network (and partners) and the decision support tools to be developed by the LCC.
South Atlantic Refuges Inventory & Monitoring Program. In 2010, the National Wildlife
Refuge System began implementation of its Inventory and Monitoring Program. Like the NPS
I&M program, that of the refuge system is intended to monitor select indicators in the status and
trends of ecosystem condition in an effort to improve science-based management of resources.
The refuge network within the South Atlantic LCC was the first network in the region funded. In
an effort to better understand the effects of climate change on DOI-managed resources and to
improve our ability to support the SA-LCC, the I&M programs of NPS and FWS have opted to
co-locate program offices and coordinate data collection and management activities to the
greatest extent feasible. Program management and data management staff will be located in
Athens, GA, to facilitate development of cross-agency monitoring and data analysis techniques
that can be shared with partners within the South Atlantic and adjoining LCCs.
U.S. Geological Survey Climate Science Center / Southeast Regional Assessment Program.
The Southeast Regional Climate Science Center was established by USGS in FY2010 to provide
climate-change-impact data and analyses to support management of climate-change-related
impacts on all Departmental resources. As a precursor to its establishment, the USGS initiated
the Southeast Regional Assessment Project to pilot some of the modeling and data management
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tools that might support the broader DOI and LCC communities. The SECN will work with
USGS to adapt models relevant to park planning and operations, as well as coordinate data
integration between the monitoring and modeling efforts conducted by both agencies.
NOAA Office of Ocean and Coastal Resource Management. Beginning in 2010, SECN and
NOAA committed to coordinating monitoring efforts within shared coastal ecosystems.
Specifically the two agencies (as well as other partners in FWS, USGS, and NPS) agreed to
develop consistent data collection and management standards for salt marsh elevation and plant
community, tidal, and water quality data. SECN and NOAA are currently working on a series of
joint protocols, technical guidance documents codifying the standards, and in FY2011 will
develop an interagency agreement to implement those jointly-developed standards. Furthermore,
the data management staff from the SECN and NOAA will be developing tools to synthesize
data across agencies.
Georgia Coastal Research Council / Georgia Coastal Ecosystems LTER. Since 2007, the
SECN has been collaborating with the University of Georgia (UGA) and the Georgia Coastal
Research Council (GCRC) in the development of tools to facilitate coordinated water resource
monitoring and management across agencies in the South Atlantic coastal area. A cornerstone of
this collaboration has been the development of a metadatabase-level catalog of water resource
monitoring and research sites that includes information such as lead agency, site locations,
analytes measured, and period of record. By the completion of the initial phase of the project, the
database included 41 programs, with metadata on 16,182 stations at which 1,093 distinct
parameters are measured (i.e., 286,042 total station parameter records) (Sheldon et al. 2009). The
database can be accessed at (http://www.gcrc.uga.edu/wqmeta/). Recognizing that water quality
and quantity are both likely to be significantly impacted by climate change throughout the
SECN, this project was expanded in 2010 to cover the geographic scope of the entire South
Atlantic Landscape Conservation Cooperative. As part of this new project we have already added
over 20,000 coastal monitoring locations by automatic harvesting of metadata from USGS and
USEPA, and so will approximately double the number of location and measurement parameter
entries. Additionally the GCRC will serve as a key partner to engage other cooperators within the
South Atlantic Governor’s Alliance, the Long Term Ecological Research Station network, and
the coastal research community.
University of Georgia / South Atlantic Cooperative Ecosystems Study Unit. In partnership
with the University of Georgia and the South Atlantic Cooperative Ecosystems Study Unit, the
SECN and UGA established the Southeast Coast Network Climate Science Support Center
(SECN-CSSC) in 2010. The purpose of the SECN-CSSC is to facilitate student and research
associate support, and assist the SECN developing and implementing both terrestrial and marine
inventory and ecological monitoring projects for the 17 SECN parks. These activities will
provide technical and strategic support to the SECN from the project development phase to the
implementation and operational stages of the Network’s program, particularly as the NPS
program expands its scope to include climate science.
As part of this partnership, University staff and students will closely collaborate on many
inventory and monitoring projects. To date the SECN has partnered with six departments at
UGA to implement various portions of its inventory and monitoring program. Establishment of
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the SECN-CSSC at the University of Georgia will leverage, expand, and institutionalize nearly
10 years of collaboration among NPS, UGA, state, and federal partners.
Table 15. Working partnerships in which the Southeast Coast Network will engage to carry out its climate
change monitoring program.
Agency/Program
South Atlantic Landscape Conservation
Cooperative
South Atlantic Refuges I&M Program

NOAA Office of Ocean and Coastal
Resource Management NOS/OOCRM
Program
Georgia Coastal Ecosystems LTER /
Georgia Coastal Research Council

US Geological Survey

Purpose/Role
Coordination of monitoring methods between I&M program
(NPS/FWS) and LCC members and partners.
Technical support of each others’ programs. Space sharing
agreement for Athens office to cover FWS costs (agreement for
space is currently between NPS and UGA). Coordination on
emergency response efforts related to natural resource monitoring.
Agreement to develop/implement consistent monitoring methods
where scientifically appropriate and to develop unified data
management system to house long-term monitoring data.
Implementation of minimum data standards developed in partnership
between NPS and NOAA.
Management of metadata-level data sets related to water quality and
other data sets, coordination on salt marsh elevation monitoring, and
coordination of research needs among the South Atlantic Governor’s
Alliance and the NOAA SeaGrant South Atlantic Research Priorities
project.
Expand or adapt models developed by SERAP, or additional models
developed by Southeast Climate Science Center to provide parkspecific forecasts of stressors and resultant changes suitable for use
in adaptation planning.

Additionally, the SECN is one of several core DOI programs that will operate within the South
Atlantic LCC to implement the Department’s ―approach for applying scientific tools to increase
understanding of climate change and to coordinate an effective response to its impacts on tribes
and on the land, water, ocean, fish and wildlife, and cultural heritage resources that the
Department manages‖ (Figure 24).
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Figure 24. Relationship among funded and planned positions from DOI bureaus contributing to climate
change science and monitoring within the Southeast.

57

7. Budget and Implementation Schedule
In this chapter, we present the budget of the SECN Climate Science Strategy during the first year
of operation beginning in FY2011. To fully implement the Network’s Strategy, the SECN would
require an increase in base funding of $370,367 (Table 16).
The NPS Inventory & Monitoring Program has committed a base increase of $200,000 to the
SECN to meet critical monitoring needs of the Network in support of this strategy. These funds
will be used to enhance the Network’s salt marsh elevation and tidal monitoring station
networks, hire a permanent data manager to integrate data among agencies, coordinate climate
response activities, and begin deployment of continuous groundwater monitoring equipment on
existing wells. These specific efforts were selected because of their relevance to coastal
ecosystems within the Network, their direct relevance to likely climate impacts, and the need for
resultant data for adaptation planning efforts.
The remaining $170,367 will be supported through other sources (external funding or
partnerships). We have estimated a recurring cost of $60,000 to cover the costs of maintenance
of tidal gauging stations at CANA and CALO, which is the minimum number of stations that
will ultimately need to be deployed. We are currently in discussions with NOAA to ensure that
long-term tidal gage station maintenance costs are paid by NOAA rather than NPS as a costsaving measure. Additionally, roughly $110,000 is allocated to costs associated with personnel
and travel to implement phenological and groundwater monitoring efforts. These positions will
be filled as term/temporary hires as funding becomes available. The SECN has already secured
funding for one position to be filled in FY2011 through the Youth-In-Parks program.
The network has also identified an additional $425,000 in one-time expenses to deploy additional
RSET stations, tidal gauging stations, and monitoring database enhancements above and beyond
recurring base needs (Table 17). The Network will fund these efforts through ―directed studies‖
funds, by leveraging base monitoring appropriations, or through partners identified in Chapter 6.
In total we have identified roughly $900,000 in one-time expenses and critical project needs that
the Network will seek to implement during the next five years.
Assuming an annual 2% programmatic COLA increase and a 5% inflation rate of salary costs to
account for COLA and within-grade increases, fixed salary costs would rise from 57% to 66% of
the total budget by 2016 (Table 18).
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Table 16. Projected base costs for the SECN climate monitoring program. [VSMP – Vital Signs
Monitoring Program; CCMP – Climate Change Monitoring Program; WQM – Water Quality Monitoring].
Category

Total Cost

VSMP

Network Program Manager

119,595

109,595

Coastal Ecologist

113,185

98,185

Aquatic Ecologist

106,152

2,563

Wildlife Ecologist

99,123

99,123

WQM

ECM

Other

Personnel

Science Information Specialist

10,000
15,000
103,589

111,351

101,351

Botanist

77,774

77,774

10,000

Wildlife Biologist

54,420

54,420

Aquatic Biologist

55,502

55,502

GIS Intern

31,273

31,273

Coastal Biologist

46,763

Hydrologist

46,763

46,763

Climate Biologist

46,763

46,763

46,763

Data Integration Specialist

111,522

79,207

Program Support Specialist

18,554

18,554

Technical Writer - Editor

35,000

35,000

Rent Costs

23,000

11,000

Tidal Gage Station Maintenance

60,000

32,315

Cooperative Agreements

Intern Support

60,000

120,995

120,995

62,000

62,000

145,000

145,000

25,000

25,000

Coastal Water Quality

5,000

5,000

Salt Marsh Elevation

45,000

5,000

5,000

5,000

Climate Science Support

12,000

Contracts
Data Management
Lab Analyses
Vital Signs Monitoring

Coastal Shoreline
Plant and Wildlife Communities

8,000

8,000

Data Sonde Maintenance

14,931

4,500

Groundwater

25,000

15,000

5,000

5,000

12,000

12,000

Stream Habitat

40,000

10,431
10,000

Operations / Equipment
Office Operations
Computers

9,500

8,500

Vehicles

25,000

25,000

Utilities

10,500

10,500

Regional Assessments

35,693

26,151

General Monitoring Travel

64,507

54,507

Salt Marsh Elevation

10,000

1,000

2,280

3,922

3,341

Travel
10,000
10,000

Phenology

7,500

7,500

Groundwater Monitoring

5,000

5,000

Network Meetings
Fleet Costs
Total Base Costs

15,000

15,000

8,000

8,000

1,820,366

1,333,700

60

116,300

200,000

170,367

Table 17. Projected one-time costs for the SECN climate monitoring program and potential primary
partners for project implementation.
Category

Partners Notes

Total
Estimated
Cost

Capital Investments
CANA Tidal Gage

80,000

NOAA

CALO Tidal Gage

80,000

NOAA

RSET Installation

120,000

NPS

30,000

NPS

Tidal Gage Suitability Study

50,000

NOAA

Minimum Standards Development

45,000

NOAA

Bird Monitoring Methods Comparison

31,800

Human Ecosystems Inventory

50,000

CESU

Socioeconomic and CR Inventory

50,000

CESU

7,500

NPS

Groundwater Station Equipment

Gap analysis completed that identified
holes in SECN’s coverage of tidal
gages

Protocol Enhancement

Data Management
Bird Monitoring Module
Derivative Climate Measures

5,000

NPS

65,000

NPS

Phenology

7,500

NPS

RSETs and Fixed Station WQ

5,000

NPS

Tidal Station Data

50,000

NPS

Refuge Integration

20,000

FWS

5,000

USGS

Costs for travel for USGS personnel to
work with NPS data managers

Amphibian occupancy forecasting

50,000

USGS

Potential expansion of SERAP models

Coastal Inundation Risk Modeling

50,000

USGS

Resource Vulnerability Assessments

50,000

CESU

Coastal Wetland Loss Forecasting

50,000

USGS

Groundwater

THREDD Server Installation

NPS and FWS I&M programs colocated to ensure seamless crossagency data integration

Modeling

Total Project Costs

901,800

61

Table 18. Projected salary costs for the Southeast Coast Network through FY2016 assuming a 5% inflation rate (to account for within grade and
COLA increases) and a 2% increase in programmatic COLAs. Total income for the SECN only includes permanent base funding. [VSMP – Vital
Signs Monitoring Program; CCMP – Climate Change Monitoring Program; WQM – Water Quality Monitoring].
FY 2011
Positions
Network Program Manager
Coastal Ecologist
Aquatic Ecologist
Wildlife Ecologist
Science Information Specialist

VSMP

WQM

ECM

Total

9,595

10,000

119,595

125,575

131,853

138,446

145,368

152,637

98,185

15,000

113,185

118,844

124,786

131,026

137,577

144,456

106,152

111,460

117,033

122,884

129,028

135,480

2,563 103,589
99,123
101,351

10,000

FY 2012

FY 2013

FY 2014

FY 2015

FY 2016

99,123

104,079

109,283

114,747

120,485

126,509

111,351

116,919

122,764

128,903

135,348

142,115

Botanist

77,774

77,774

81,663

85,746

90,033

94,535

99,262

Wildlife Biologist

54,420

54,420

57,141

59,998

62,998

66,148

69,455

Aquatic Biologist

55,502

55,502

58,277

61,191

64,251

67,463

70,836

GIS Intern

31,273

31,273

32,837

34,478

36,202

38,013

39,913

46,763

46,763

49,101

51,556

54,134

56,841

59,683

32,315

111,522

117,098

122,953

129,101

135,556

142,333

18,554

19,482

20,456

21,479

22,553

23,680

727,547 103,589 114,078

945,214

992,475

1,042,098

1,094,203

1,148,914

1,206,359

1,333,700 116,300 200,000

1,650,000

1,683,000

1,716,660

1,750,993

1,786,013

1,821,733

57%

59%

61%

62%

64%

66%

Coastal Biologist
Data Integration Specialist

79,207

Program Support Specialist

18,554

Total Salary Cost
Total Base Funding
Fixed Salary Cost Percent

55%

89%

57%
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Georgia Coastal LTER Meeting, Athens, GA, 8 October 2009
Met with Merryl Alber, who leads the Georgia Coastal Ecosystem LTER, located between
FOPU and FOFR on the Atlantic coast.
Notes of interest:
-

Four coastal LTERs bounding the our target area:
o Plum Island Ecosystem LTER (Boston area)
o Virginia Coast Reserve LTER (Between ASIS and CAHA)
o Georgia Coastal LTER
o Florida Coastal Everglades LTER (Well south of the study area)

-

NSF has asked UGA/Merryl to submit a proposal for an additional $1.6 million per year to
coordinate climate change related efforts among the four LTERs. Due in the next couple of
weeks and the funding should be coming fast (I assume it’s part of the ARRA funds for
climate-related research). She has added NPS as one of the federal partners on the proposal.

-

Florida Coastal Everglades and Plum Island Ecosystem are both installing flux towers to
match those already installed at Virginia Coast and Georgia Coastal Reserve. Part of the
AmeriFlux network (http://public.ornl.gov/ameriflux/) which does continuous monitoring of
CO2, water, and energy exchange between terrestrial systems and the atmosphere. Not that
we’d be looking to install these at our sites, but we shouldn’t have to now.

-

In gearing up for this, she’s developed a presentation on coastal trends based on the LTER
data from all four sites. She’s sending me a copy and I will post on the sharepoint once I
have it, but there’s some good tidbits in there:
o Based on the data there appears to be a big difference between the middle Atlantic
systems and what is seen in Pacific or south Florida systems. Mostly that sea level
rise, inundation, and storm frequency and intensity are bigger drivers than water
chemistry and acidification.
o Based on that they’re planning on adding in a component of socioeconomic impact
analyses as a part of their work. Big storms and higher water in a largely developed/
actively developing portion of the country will have non-ecological impacts. This
will be good for NPS to tap into from a scenario planning standpint in the long term.
o Steve had said he wanted some “bullets” of what we know now, and we will have
some answers to that in short order.

-

Strong interest in expanding the water quality metadata project up the coast to the NCBN this
FY and should be doable pretty easily (http://www.gcrc.uga.edu/wqmeta/).
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-

Strong interest in using that as a model for coordinating RSET/ SET work and data, though
they would want to do something that combines data rather than metadata.

-

Agreed to help facilitate a workshop on campus with climate folks similar to the workshop
proposed by Charlie Roman. My thought was to give a presentation on the NPS’s efforts and
brainstorm what we could be doing/ adding to better address climate issues. I think between
that workshop and one up in RI, combined with Sara and I ironing out where our best areas
of overlap are we should have our “inside game” up to speed enough to begin solid
partnership development.

-

Suggested contacting Marie Bundy who is now the NOAA NERR coordinator (not sure of
the exact title) as a meeting participant.
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NOAA-NPS-USFWS-USGS Salt Marsh Monitoring Meeting,
NOAA, Silver Spring, MD,
4-5 February 2010

Executive Summary
Representatives from the NOAA Offices of Ocean and Coastal and Resource Management
(OCRM), National Geodetic Survey (NGS), and Center for Operational Oceanographic Products
and Services (COOPS) met with representatives from three Department of the Interior Agencies
including the National Park Service (NPS), U.S. Fish and Wildlife Survey (USFWS), and U.S.
Geological Survey (USGS), to discuss the development of common approaches and standards for
monitoring salt marsh condition, extent, and transgression in the face of climate change. A
specific focus was given to protocol implementation along the Atlantic Coast through both the
NPS Southeast Coasts and Northeast Coasts and Barriers Network’s Inventory and Monitoring
Programs (IMP) and the National Estuarine Research Reserve System Wide Monitoring Program
(NERR SWMP). Meeting Goals were agreed to include:
1) An understanding of the data standards and monitoring approaches currently used by
both agencies for Salt Marsh Monitoring;
2) Identification of which standards and approaches should be shared between the
agencies;
3) Where necessary, identify a process for joint protocol development that incorporates
input from all parties.
Day 1 discussion consisted of overviews of the NPS IMP, NERR SWMP, USFWS National
Wetlands Inventory, as well as specific review of the respective protocols for transect based salt
marsh monitoring. These reviews were followed by general discussion of the similarities and
differences in approaches. It was noted that the NPS protocols are primarily designed to lend
themselves to quantitative assessment of marsh condition and habitat extent through the use of a
stratified random sampling approach while the NERRS protocols focus more on developing a
mechanistic understanding of marsh function across elevation gradients through the use of a
systematic sampling approach. In addition the NPS protocols were generally limited to the low
marsh (especially in the SE) while the NERRS transects cross from water line to upland. These
differences are linked to limitations imposed by the range of conservation mandates faced by the
respective programs on the types of allowable activities. The USFWS protocols were not being
implemented system wide and included an upland component that was lacking in the other
programs.
Day 2 discussion focused on discussions of data management approaches and mapping efforts.
Staff from the NPS SEC group explained the implementation of their monitoring database and
how it may be made useful to the NERRS as they begin to implement their biological monitoring
program. NERRS staff also provided an overview of their Land Use and Habitat Change
mapping program.
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Recommendations and Major Action Items
General
 NERRS and NPS necessarily take different approaches to standardized salt marsh
sampling design given the different types of questions being asked by the respective
systems – i.e. quantitative assessment for NPS and mechanistic understanding for
NERRS
 Differences in sampling design should not preclude development of a common set of
Minimum Data Standards (MDS) for a range of common sampling protocols
 Standards will be developed primarily in partnership with the NERRS, COOPS, NGS,
USGS, and NPS SECN and NCBN networks but will be shared with other NPS regional
networks and USFWS as they are developed.
 These standards (MDS) will be delineated in a common set of peer reviewed technical
reports (grey literature) within both NOAA and NPS.
 This technical series should be identified as the core set of salt marsh monitoring
minimum data standards for our programs and agencies though an addendum to either the
current seamless network DOI-NOAA MOU or, more appropriately, the still in
development DOI-NOAA Climate Change MOU. This addendum should be developed
after the completion of at least some of the reports but does not need to wait for
completion of the entire series
 The monitoring areas in which we agreed to work on minimum data standards are:
1) Surface Elevation Tables –
 NGS already has an established protocol for use of RSETs and it would
not take a great deal of work to establish this as the first of the technical
series
 Any protocol should consider the use of historical data from SETs that
have not been installed to this standard
2) Vertical Control –
 The NGS products and services committee has already approved the
principles of a common approach to establishing a local vertical control
network in marsh environments but it is only in presentation form and
needs to be converted to a technical protocol
 These general principles will need to be supplemented by the more
detailed approaches being developed by NGS and the Chesapeake Bay VA
NERR
3) Fixed Station Water Quality Monitoring –
 The NPS SECN already uses NERRS protocols and approaches but some
work will be need to identify what of the NERRS SOPs is generic enough
to be formalized in a technical paper applicable to both agencies
4) Tidal Datums –
 COOPS protocols and standards will be adopted
 COOPS will work with Park networks and individual Refuges to
determine whether their boundaries fall within an NWLON gap and asses
the availability of historical tidal information and benchmarks.
 Should this be wrapped into the Vertical Control paper?
5) Soils, Pore Water Chemistry, and Hydrology –
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This topic was cut from the workshop and needs to be discussed further
via WebEx
6) Emergent Vegetation Monitoring –
 This will focus on the types of data being collected within program
specific sampling designs, not the designs themselves
7) SAV – NCBN currently monitors SAV through a probability-based spatial
sampling strategy, using a transect based approach.
8) Habitat Mapping
9) Nekton
 NPS NCBN has extensive Nekton monitoring protocols
10) Data Management and Database Development
 The NERRS does not yet have a salt marsh monitoring database and it was
agreed that the NPS SECN presented a good model to follow
 It was agreed that the best model for data management would be a multiagency shared database that allowed single point of entry for data
collected from multiple programs. However, numerous obstacles present
themselves including:
 Surmounting inter-agency interoperability and security concerns
 Public access – NPS uses a more limited form of data release than
NERRS through its DataStore.
 Maintenance costs and infrastructure and human resources – who
would provide?
 It was therefore agreed that at the minimum the NERRS would use the
NPS model as a basis for their own database and that as the two databases
developed they would share data, metadata, and data types through web
services so that all the data would be available to users of both networks
Next Steps
 Hold WebEx(s) for further discussion of:
o Soil and ground water sampling approaches
 Have NPS representative attend NERRS Research Coordinator meeting in Woods Hole,
MA to discuss database approaches.
 Hold meeting on shared database development between NERRS CDMO and NPS SECN
staff in mid-March (11th-12th?)
o Meeting to be held in Georgetown, SC (at CDMO collocated with NIWB
Reserve)
o Attended by:
 NERRS: Dwayne Porter, Tammy Small, Brooks Folk, Erik Smith, Whit
Saumweber
 NPS SECN: Tony Curtis, Joe Devivo, Christina Wright
 Identify reference documents for Salt Marsh Monitoring MDS Technical Series
 Development position statement for Technical Series coordinator/developer (to be shared
among agencies)
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Detailed Notes
Day 1

Introduction - Tony Curtis
 Purpose – to develop standards to monitor salt marshes in the SE.
 Goals: listed on agenda:
- To understand data standards and monitoring approaches currently used by both
agencies for
Salt marsh monitoring
- Identify the standards and approaches that should be shared between the agencies
- Identify the process for joint protocol development




This meeting grew out of conversations at the CERF meeting in Portland – we decided to
explore how to monitor salt marshes in SE NPS network consistent with SWMP program
in NERRS. We decided to meet in Jan-Feb, 2010 to discuss data standards. Galen Scott
offered to introduce us to the NGS” toys”. Interest grew in having this meeting.
Those in attendance at this meeting represent the NPS – Inventory and Monitoring
programs; USGS, Don Cahoon; NOAA NERRS and NGS staff; WASO staff from NPS;
and USFWS.

NERRS SWMP and Sentinel Site Initiative –Whit Saumweber
NERRS Mandates
1. 27 NERRS soon to add 28th in Wisconsin
2. Authorized in Coastal Zone Management (CZM) Act – tied into state CZM programs.
Makes NERRS unique from other federal programs. Reserves are owned and
operated by state employees – NOAA provides funding support.
3. Protected for long-term research and monitoring, education, and resource
stewardship. Research is mandated by the CZMA.
4. Goal is to, among other things, increase the use of reserve science and sites to
address priority coastal management issues
System Wide Monitoring Program (SWMP)
 One of our system-wide activities.
 Goal of SWMP is to identify and track short term variability and long-term changes
in the
integrity of habitats
 Three components to SWMP:
1. Abiotic Monitoring –
a. Suite of parameters measured at 4 fixed stations in each reserve.
Siting of these sites is related to gradients of both physical variable and
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anthropogenic impact. At least one station per reserve is telemetered
and thus NERRS is considered a Federal backbone component of the
US Integrated Ocean Observing System (IOOS).
2. Biological monitoring –
a. Toolbox approach used because each reserve has its own unique issues
– reserves will choose protocols accordingly. Idea is to develop
toolbox of accepted protocols for use across the system.
b. Emergent and Submersed Aquativ Vegetation monitoring protocols
are the only biological monitoring “tools” that will be implemented
system wide.
c. Protocols developed based on NPS protocols. We are just beginning
to implement these protocols on an operational, system-wide basis,
this year.
d. Two tiers to bio-monitoring – 1) mapping and 2) transect oriented
approach. Tier 1 has been rolled into land use mapping and the
protocols are developed as a result of a broader habitat mapping
strategy within the NERRS. So when we talk about vegetation
monitoring we are talking about the transect oriented approach.
3. Land use and habitat change – NERRS has developed standard protocols for
high resolution land use/land cover mapping in the reserves with the intention of
having baseline maps for all reserves developed by 2012 from which future
habitat change will be measured.
Climate Change – NERRS Sentinel Sites and adaptation capacity building
 Builds on the strength of SWMP. Integrates high accuracy geospatial infrastructure
with vegetation monitoring creating a coastal network of sentinel sites to monitor sea
level rise.
 Integrated approach – tide stations (NWLON or short term tide stations) linked to
NGS CORS Network, the more traditional ground surveys, and accurate elevation
maps linked to the monitoring transects. Also includes surveying surface elevation
tables (SETs) to the network.
 Tie this infrastructure to integrated ecosystem models (inundation models).
 USWFWS using SLAMM – we want to improve on SLAMM model and include
some biotic feedback into these models. NOAA NCCOS funded project in the Gulf
of Mexico will begin working on this approach in Gulf Coast NERRS. NERRS wants
to improve on the SLAMM model in support of its own management needs. NERRS
has active stewardship programs involved in restoration and land acquisition – we
want to enhance our decision making related to such things as establishing marsh
buffers along coastal communities and enhancing carbon sequestration.
 5 basic Sentinel Site questions:
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1.
2.
3.
4.
5.





Where do marshes sit in tidal frame?
How is the local tidal range changing?
What is happening to marsh surface relative to the water level?
Can we detect vegetative response to these factors?
How does the sea level change response compare to the response of vegetation
to other physical forcing factors?
Framework concerns
1) How are reserves classified in terms of their dominant climate related
stressor?
2) How sensitive are habitats to these stressors?
3) How does our ability to measure these impacts compare to the natural
variability in the system?
Requirements or Best Achievable resolution:
1) We are challenged to apply surveying protocols that are designed to achieve mm
level accuracy in marsh environments. We are working to identify the best
achievable resolution for elevation monitoring in collaboration with NGS and
CO-OPS. The VA reserve staff are working with NGS and CO-OPS working to
develop protocols for surveying.

NERR Salt Marsh Monitoring Methodology- Ken Moore (see presentation)
 2003 established protocols for the NERRS
 SWMP is intended to explore the cause and effect relationship of what is
happening in reserve habitats and linkages between water column and watershed
processes. First, we needed to monitor habitats and focused on SAV and
emergent.
 We want to assess long-term change and short-term variability.
 We borrowed from ongoing work. Randomized approach or should we do
systematic sampling to repeat non-destructively. We wanted to establish
backbone of sampling that we could build on by leveraging other funds. Most
have done that leveraging.
 We require identifying study area and habitat – sub-set of habitats and a
hypothesis needs to be defined. Stratify segments if necessary in equal sections,
transects run from upland to marsh randomly within the segment. Across
transects, random sampling and then systematic sampling from random points.
Total number of samples (intervals) needed to detect differences - min. 20/seg.;
within each sample location – perm. Locator marker and offset 1 meter offset;
wells, SETs or other permanent sampling at alternative side (180); nondestructive measure of abundance measured in sampling plots.
 initial sampling years at higher frequency than later sampling years to evaluate
temporal variability.
 Seagrass protocols modified from Short et. Al. 2002, Seagrass Net
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Protocols – peer reviewed. It’s a backbone-type sampling. There have been some
modifications.

Discussion:
 Question: How many reserves are these protocols implemented in?
Response: Approximately 20 reserves have implemented protocols on emergent, SAV or
both. Intervals of sampling dependent on how big the habitat is that will be sampled.
Flexibility is built into protocols. Conceptually we provide funds for half reserves to do
this every other year. We had funds to pilot a few years ago and those reserves have
found funds to continue on their own. This year we have funding to do this sampling
again within a subset of our reserves. Other reserves (Gulf of Mexico) have funds to do
vegetation monitoring but using slightly different protocols – it’s a challenge to
coordinate protocols.


Question: What is the temporal frequency of sampling?
Response: It depends on the size of the system - Initially for emergent it is yearly, then
hopefully more than that - but dependent on funds. For SAV, annual but seasonal is
optimal. Need to sample to determine peak biomass and then target that time of year for
annual sampling. But dependent on the location of the transect and knowledge of the
system to determine what change you are looking for.
We are just beginning to do this operationally – so we are evaluating the various
approaches. Work plans for this year’s funding had to be designed to focus on sentinel
sites for climate change and integrate with HMC.



Question: For sentinel sites, are the sites chosen differently than they were chosen
originally?
Response: In some cases yes – it’s a delicate balancing act – the original vision for
SWMP did not include sentinel site approaches. So we are working on integrating the
concepts and approaches. All reserves have bought into this conceptually and are
opportunistic in how we make this happen.

NPS: Overview of NPS Inventory and Monitoring Program and Goals – Joe Devivo (see
presentation)
1.





History of our program
decentralized organizational structure
Little institutional knowledge remains
Most natural resource efforts focused on natural resource parks
1993-formation of NBS greatly reduced our science capacity

Preserving Nature in The National Parks – call for action to address science capacity in NPS
– recognition to do better science.
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1998- Omnibus management Act – directed NPS to inventory and monitor natural
resources and shall use science to do resource management.
1999- National challenge document – to build science capacity. Huge influx of
money to do that. Key component – inventory and monitoring program.
1/3 – of program funds for data management. Focusing on integrating science
with park management. Emphasis was to support local management, not
responding to status and trends across parks. Effected where NPS does inventory
and monitoring.
Because it was a base increase and not soft money – we began to think long-term
on how to do status and trends on resources of parks – not just management of the
daily impacts;
We had a mandate to conduct data information management and do it well. This
has strengthened our data management capacity and ability to share information
with partners and general public.
5 goals of Inventory and Monitoring program:
1. Establishing inventory and monitoring as standard practice and integrated
with everything we do (facilities, trail; planning)
2. Inventory of natural resources to bring all 272 of natural resource parks to
basic level of info. - Species present, WATER QUALITY data.
3. Develop long-term monitoring programs for networks of parks
4. Integrate natural resource inventory and monitoring information into NPS
planning, management, and decision making.
5. Share NPS accomplishments and information with other natural resource
organizations and form partnerships for attaining common goals and
objectives.

We have established 272 monitoring programs into 32 networks of park. Boundaries for
networks based loosely on geography and ecosystem within each network.
Today – we are dealing with number of networks along east coast. Northeast Coastal and
Barrier network, mid-Atlantic, NE temperate, gulf coast network, etc…
Inventories covered a lot more than species: Natural resources, base cartographic data,
geology maps, soils, meteorological data, air quality, water body location and
classification, water quality data, vegetation maps, species lists of vertebrates and
vascular plants, species distribution and vascular plants of management concern.
Each network was charged with developing its monitoring program. Each program was
charged with developing a suite of indicators – vital signs to determine the status and
trends in the condition of selected park resources.
Each of network went through 3 phases of planning
1. Define ecosystem: Identify goals and objectives for monitoring; identify,
evaluate, synthesize information, draft conceptual models;
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2. Selecting what you were going to monitor: Initial prioritization and selection of
vital signs: Update and expand upon Phase I work; and select vital signs.
3. What protocols are you going to implement in full monitoring plan: Detailed
design work; protocols, sampling design; design database; write data management
plan.
Current status: All 32 networks are in phase 3- operational
Inconsistent use of cross network protocols. All programs designed independently,
originally no expectation of need to roll up data, each program designed to meet different
park-based objectives;
If we have to roll up nationally, will do it qualitatively. Each network was strongly
encouraged not to re-invent methodologies if they were developed in another network.

2. Climate initiative- rethinking what we are doing
Climate Change Initiative is receiving $10m in FY10 and received $3M to IM program.
SECN and NCBN received base funding increases to address 2 issues: 1) expand and
tweak coastal monitoring network to address issues related to climate change; 2) work
within this LCC context – being worked out now about what that means.
-Landscape Conservation Cooperative (LCC) – jointly going to add USGS-USFWS to
integrate climate and resource management and partnerships. Still being defined.
- challenges – climate change gives us a set of monitoring objectives that require systemwide roll-up data; LCC initiative has strong national-level control and consistency goals
– will be a monitoring component through monitoring in USFWS; in the coastal zone we
are almost able to do that, but not quite.
Question: Will there be another look at “rolling up the data?”
Response: We are looking at doing that in the form of a report card. Assumption is that
with the climate initiative and the need to think about data on a regional or ecosystem scale
we will think about ways to do that with our new protocols. We have freedom to think
about this with the mandate and funds to develop a strategy. Doubt that it will be done on a
national level – more on a regional or ecosystem level.
Question: When did the climate initiative begin?
Response – since 2008 in DOI, but this just took off in 2010. Just because we did not have
funds for it, we were thinking about it. We knew that inundation and SLR were issues that
were affecting our coastal habitats. Now we are thinking of rolling information up to
establish consistency.
-Within Parks – the biggest role is LCC
-USFWS – will be launching in S. Atlantic first. The N. Atlantic and Gulf, Pacific and
Alaska will be responding as well.
Data standards – USFWS starting IM in refuges calls for top down standardization. NPS
doesn’t push top-down. - New science needs related to climate change are causing us to
rethink this. But will be moving in that way because they have a mandate to report on – so
will develop broader standards to report on – part of the report card approach. They are
working closely with Parks Canada which has a requirement to report nationally and so
they are working closely with Parks Canada.
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Question: Is there a data clearinghouse for monitoring protocols or a product?
Response: Yes – each network has a data management strategy which is served out of the
national office. There is a plan to deliver the data in a report and analysis. Each network
has a strategy for doing this dependent on the protocols. At least delivered on an annual
basis. Networks – are just groups of parks. This year, we are trying to integrate data
analysis and reporting among them within the inventory and monitoring framework and the
new climate initiative. Some networks overlap. In addition to the network’s data
management strategy, there is an NPS data and metadata repository – the NPS Data Store
(currently transitioning into a new system dubbed IRMA). In addition to data served by the
individual networks, snapshots of data and information products are served through the
Data Store.

NERRS Abiotic Monitoring – Eric Smith (see presentation)
 protocols have been around for a while so there is extensive documentation available.
 What we are doing and what we mean:
- short term variability and long-term change is NERRS mantra. No probabilistic
sampling as a system. Some reserves do that on their own. But we have opted for
limited fixed stations and invest in temporally intensive data locations.
- at least 4 stations – flexibility on how they are established (salinity, impacted, or depth
gradients) - some chose access as a factor.
-two components of water quality: physical properties and chemical parameters – We
also measure weather parameters at each reserve.
 Physical property standards (DO, salinity, pressure, pH, conductivity, temperature)
- have to buy YSI- 6600’s, sensors– can choose vented or non-vented.
- deployed in bottom waters (approx. .5 m above bottom). Sampling interval – 15
minutes continuously.
-chl A fluorescence sensors deployed at most sites, but not a requirement in original
protocols.
-sensors calibrated pre and post deployment. Electronic calibration logs submitted
as
part of QA/QC


Chemical Monitoring (Chlorphyll A, dissolved nitrate, nitrite, orthophosphate, and
ammonium)
- Same locations at YSI loggers
- Monthly discrete sampling at all 4 locations
- Monthly diel sampling at minimum of 1 location. Can move among YSI’s according to
established procedures.
- Monthly discrete sampling – duplicates collected between 3 hrs. before slack low-water
and slack low-water. Can take them at surface or at depth, one at top and one at bottom –
lots of flexibility in how one does this.
-2009, decision made that single grabs may be taken if triplicate grab samples are
collected at least every other month at one of the long-term monitoring stations. This
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station must be randomly chosen. Decision was made largely due to cost savings. There
is debate about departing from a consistent monitoring program.
- reserves contract labs which submit analytical SOPs, holding times, MDL’s, etc. as part
of metadata submission
-NERRS conducts periodic inter-laboratory comparisons of standard nutrient reference
samples.



-Intensive documentation of data and procedures. Send to Centralized Data Management
Office (CDMO) for data archiving. Lots of rules to follow on how to QA/QC data, when
you have to submit data. Within a week of pulling a sonde from a telemetered site, expect
to submit data to CDMO to serve up.
-Nutrient data submission and QA/QC – very prescriptive as well.
We have an organizational structure to monitor and push ourselves. Most reserves are in
compliance.

Depth data question: are we going back to correct. Density changes with salinity which
changes as a result of tidal characteristics. Are the depths raw or corrected for atmospherically
corrected for depth at CDMO?
Response: Right now data is raw but we will be correcting it though raw data will always be
available as well.
Curtis: SE Coast Network – Outer Banks to Canaveral (see presentation)











Salt marsh community monitoring includes
marsh elevation/accretion, soil pore water, vegetation, fixed station WATER QUALITY,
marine water quality, water level monitoring, SAV and benthic habitat (deferred)
Other associated monitoring includes coastal shoreline change, landscape change
detection, weather and climate protocols, coastal watershed condition assessment.
Assessments are conducted at 9 National Parks in SECN (see slide for details)
Objectives:
1. determine rate and accretion and subsidence;
2. determine status and trends in soil salinity.
Vegetation monitoring objectives: to determine species composition, cover and height,
and marsh extent
Water quality monitoring objectives: determine trends and diel, monthly and annual
variability of basic abiotic monitoring parameters (DO, pH, salinity and temperature) at
select sites in park estuaries; and determine trends and monthly and annual variability of
total dissolved nitrogen and phosphorus, secchi depth, and Chlorophyll A.
Marine water quality – determine status, trends and spatial variability of basic physical
and chemical parameters in park estuaries.
Water level monitoring objective: to determine the rate of SL change over time
Measurements:
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1.RSET – measures sediment elevation over time relative to a fixed datum
2. Accretion – measures rate of accretion/erosion using cryogenic techniques
3. Pore water salinity – measures soil salinity – indicator of vegetative productivity and
species distribution
4. Vegetation – measures species cover, height and marsh extent
5. Water level
6. Marsh extent – remote sensing measures variability in land cover
7. Coastal shoreline – measures foreshore and bay side shoreline position









-

References
– Cahoon et al, 2002
- Folse and West, 2004
- Geoghegan et al, 2009-NGS protocols for elevation
- Wenner and Geist,- water quality parameter
- Strobel and Heitmoler, 2001,
-Roman et al. 2001 – for salt marsh veg –( also using what Ken Moore is working on).
Deployment requirements –
sites cannot be seen by visiting public
cannot affect veg. health
must be randomly selected to facilitate inference to the entire marsh
and avoid trampling marsh.
Sampling design uses probabilistic spatially balanced approach to facilitate - inference to
broader marsh – not working in high marsh only lower marsh that is inundated daily by
tides. Design was generated by using RRQQRR methods (Theobold et al., 2007).
Assumption is that the low marsh will be the first to respond to major drivers of
ecosystem change (i.e., relative sea level rise).
Site selection criteria
-inundated by tides daily
-accessible by boat at low tide
- within 5 nautical miles of boat launching facility
- vegetated salt marsh
-out of public view
Using platforms – 9 meters long from water, permanent, not visible by public, does not
damage vegetation
Monitoring Periodicity
elevation, accretion, porewater- quarterly
water level– daily
veg plots- annually
veg extent – 3 years
Fixed station – daily
marine water – 5 years, 10 years
weather, climate and tides – daily
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coastal shoreline change – 6 months on foreshore/ 3 years back shore. Foreshore
monitoring done with vehicle with GPS, slope, aspect and position – not done with
remote sensing.
Landscape change – 3 years

Question: How do they determine number of plots in a marsh?
Response: Based on logistics. within a Park is divided in ½ hectare potential sampling sites.
Through a spatially-balanced sampling design, up to eight sites are selected, each containing
RSET stations and platforms (9 meter platforms). Each site has 3 platforms, each with one SET,
1 accretion site, 1 pore water site and 3-5 vegetation plots. Observations are tied into the NSRS.
They will be getting elevations routinely along the platform and in each veg. monitoring plots ––
but they have not employed the veg. monitoring yet. . We are currently working with CO-OPS
to determine where to deploy water level stations - combination of temporary and permanent
water level stations. Plots – are 1- 2 meter plots.
Question: What are the impacts of platforms?
Response: Studies show that if the width of platform is equal to or less than half the distance
above ground, there is little or no impact to vegetation.
Question: What is the density of SETs in park and how they are arrayed?
Response: In larger parks, up to 24 RSET individual stations. In smaller parks, density reduced.
A station is a single RSET. A site is 3 stations based on Cahoon. Parameters are vegetation,
elevation, accretion, soil porewater per site. Have not decided upon veg. protocols. The
platform is spatially balanced – do it once and can infer out as long as the site is based on the
power analysis. Keeping it restricted to lower marsh because they infer about the upper marsh.
Question: Platforms have no slats in it. Why?
Response: When installed, no footsteps in marsh – constructed from a boat inward. There are
gaps between the two boards.
Question: How do NERRs deal with boardwalks?
Response: We have narrow grading and the marsh can grow up around it. We use PVC and
grates to avoid treated lumber and have a policy of not stepping off into the marsh. In upper
marsh, no boardwalks are necessary – we don’t sink and have minimum lasting impact.
Boardwalks are for soupy environment. PVC was too hard, grates too expensive, have gone with
treated lumber ultimately.
Comment: Challenge in carrying heavy concrete out to the site.
Comment: Using ceramic tile to measure deposition due to bioturbation of marker layers.
Challenged to measure short term deposition, accretion – hard to tease it apart.
NE Coastal Barrier Network- Sarah Stevens (see presentation)
Monitoring Activities:
- Veg
- Nekton
- SET
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Marsh Birds
Estuarine WATER QUALITY monitoring (Neckles and Cocke of USGS and work with
EPA on this protocol) – fixed and probabilistic
Sea grass condition and distribution
Coastal shoreline position – protocol using GPS – out for peer review and will be
published
Beach/dune topography-running profile from shore over dunes and use of LIDAR.
Should be completed by end of year. – collect LIDAR every other year. Working with
USGS – multi-return LIDAR for full park not just along coast
Forest Health – do it in a number of smaller cultural parks.

Vegetation monitoring objectives:
- Changes in community composition.
- Changes in species abundance
- Changes in non-vegetative parameters (bare ground/open water)
- Presence/emergence of invasive species
Prior to 2007 had fixed monitoring stations. They revised their monitoring protocols in 2007 to
enhance randomization and inference to broader marsh.
- increased randomization – original protocols marsh sites not selected randomly so could
only
infer about those particular marshes. Wanted to infer at park level.
- increased statistical robustness by assuring independence between plots
- Increased sampling effort to cover more marsh sites and samples – 9 marshes/50
plots/every 2 years.
Sampling design –
- Divide all marshes in 5-8 ha units using GIS, based on edge of tidal creeks, ditches, etc..
and randomly select 6-9 transects from total population of marshes. Inferences extends to
all salt marshes in a park.
-changed way we select plots. Baseline placed along marsh edge. Randomly select one
transect and systematically place 9. See slide for further details.
-original protocols: go with both estimates, but decided on just visual estimates. Point
intercept was too intensive for the types of marshes.
So veg. monitoring takes place on 9 sites within each park.
Nekton monitoring
– occurs on each of the same sites.
-habitat sampled – salt marsh pools greater than 2 sq. meters; and salt marsh ditches (greater than
15 cm wide) and creeks. Collect data every 2 years. Use enclosure gear, approx. 10-20 stations
per marsh, species composition and density, length measured for 15 individuals for each species
-sampling design – transects on each marsh for navigational purposes. – can see pools between
transects, GPS pools, classify pool size: small, medium or large pools. Determines how many
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stations at each pool. Do that at beginning of every field season. 15-20 pools per site and
randomly selected.
Sediments are firmer so don’t have the no-walk policy.
Creeks and Ditches – delineate in GIS, randomly select points in GIS for sampling, pick 8-10
random sampling stations.
Ditches – delineated in GIS, divided into 30 m segments and segments randomly chosen – select
8-10 points.
Nekton Monitoring: Throw trap and ditch net method.
Sampling conducted two times during field season. Identified to species and counted, 15
individuals from each species measured. Water quality and veg characteristics measured as well.
NECBN Monitoring Database –
-access database, have been using this since 1997. Don’t get elevations at nekton monitoring
point.
-data linked to spatial data, user’s guide, data dictionaries, etc. available on line.
SETS - SETS s installed - are now being co-located with salt marsh veg. and nekton monitoring.
- SETs not chosen randomly except for Assateague. Some sites not co-located with other salt
marsh monitoring protocols in other parks.
- depths of rods vary, many historical SETs were not driven to refusal but only to 3-4 meters.
Considerations:
 Randomly choosing additional sites in order to co-locate more SETs with veg and nekton
monitoring.
 Adding additional SETs to assure consistency in terms of methodology (depth of rods)

USFWS –Saltmarsh Monitoring by the USFWS - Ralph Tiner.
1. Remotely sensed monitoring – changes in marsh areas and marsh types. Covers large or
smaller areas.
2. On the ground monitoring: (accretion, erosion, subsidence, salt balance, etc.)
3. Analyzing veg. and soil changes (plot analysis and reference wetlands)
4. Evaluating wildlife habitat
Remotely sensed monitoring: - USFWS uses aerial imagery to track changes in wetland type
Reports: Regional - Status and trends of wetlands 1998-2004; and local reports.
Considerations for site-specific monitoring
- Aerial imagery– low tide, peak growing season, cloud-free, large scale or high
resolution, CIR.
-Integrating trends with NWI updates.
Monitoring salt marsh migration – Study Objectives:
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-establish permanent plots to document changes in coastal plant communities over time –
veg patterns, soil properties.
Determine how long it takes for significant changes to occur – how long to change habitat types
or soil characteristics.
Methods – analyze existing photos on possible study sites, review sites in field, lay out transects
along gradient from salt marsh to forested wetland to low land upland forest, -establish
permanent plots (30 ft. radius circular plots for forest, 15 for shrub, 5’ radius for marsh)
-veg sampling (tree, shrub, herb, woody vine; stress indicators (chlorosis, dieback, death..
-soils (see slide).
Pilot Refuge – Forsythe National Wildlife Refuge. Transects go from marsh to upland to
forested areas. Sites non-randomly selected.
Freq. of sampling – every five years. Timed with refuges CCP which is updated every 15 years.
Future plans – start piloting in additional refuges.
Interested in setting up plots that are not now marshes but may become marshes in 50 years.
Question/comments:
Cahoon: Excited to see the transects into the forest. Cahoon is finding that when trees die, roots
die and accelerates subsidence. A drought lead to shrinking of soils and subsided about 2-4 cm
per year for a few years. Came back but indicates that droughts exacerbate subsidence. We need
to be able to explain the geomorphic processes that impact marshes.
You want to measure water level, accretion/subsidence, and water levels. Need to monitor
hydrology's, aquifer dynamics.
Good contact person regarding migration study – Ralph Tiner.
-USFWS may be able to get the IM money. Salt marsh integrity index – Susan Adamovitch at
Rachel Carson Refuge is the contact person.

NGS – Geospatial Infrastructure Requirements and Recommendations - Galen Scott (see
presentation)
Geospatial Infrastructure for Change Monitoring within Coastal Sentinel Sites.
- Need to monitor changes at the mm/year scale. We are pushing the technical capabilities of
the technology and infrastructure to measure at this level.
We are looking at changes in the land/water interface and how ecosystems are responding to
these changes in this interface.
Challenges:
-multiple datums – multiple sensors each with zero point.
-spatial scale – chasing mm changes – local vs. network accuracy
-time scale – need ongoing obs. For decades into future.
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Can accomplish relatively high accuracy measurements on the local scale with less
accurate connections to regional or national scale.
Three height systems:
-tidal datums – for discreet areas that they are measured – avg. over 19 years.
Orthometric datums – referenced to geoid model. Reference to NAVD 88
Elipsoid – Use GPS to tie to ellipsoidal model of earth NAVD 83
- Conditions in the marsh make elevation monitoring difficult. Need to compare between
sites and need a larger reference system to compare between components. We can’t do
that accurately because too expensive to do this. As you go up spatial scale, reduce the
accuracy. We need to identify appropriate reference frames to address the questions that
we are interested in.
- Earth is dynamic and how we measure the reference frames is changing. The reference
frame itself is changing. This gets very complex.
- Need 3 different observing systems to know what is going on:
1) Tide station – pier driven to a depth of refusal;
2) CORS in uplands (electronic benchmark that measures regional land motion).
3) SETs driven to refusal
- Tide station measures water level relative to land. CORS measure what is happening to
the land. The SETS monitor what is happening in the unconsolidated sediments within
the Marshes. Need to tie these together with high accuracy elevations through local
benchmark network.
- Also, need to measure the stability of the benchmarks.
-NGS can help make the accurate measurements.
Case for a common vertical reference frame.
– can compare multiple trends over time. NERRS and NGS working to develop the
vertical control infrastructure to tie all the monitoring infrastructure together and monitor
the spatial relationship between the sensors over time.
- 1300 CORS around the country
- NWLON stations
- SET technology
Need a local network of control points to tie these things together and measure between
them and determine what is moving to correct for trends we see in sensor data.
NGS is helping to figure out how to do the surveying methods for NERRS Sentinel Sites
work through protocol development process at Chesapeake Bay VA Reserve.
-Setting up a local tidal control network within a park and tie your sensors to it, this is
how to set it up and tie it in:
-need at least 3 different marks that you are going to observe over time. Have at least 2
to check the others against.
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-make the link with the National Spatial Reference System. Most accurate way to do that
is leveling, but this may not be possible due to remote location and associated expense.
Other options include static and kinematic GPS with decreasing levels of relative
accuracy.
1.

Make network tie, put 3 marks in ground, occupy each one simultaneously with static
GPS techniques for 5-48 hours at least twice at least 12 hrs. apart to get different satellite
constellation. Submit data to NGS on line, will give you a data sheet, and develop an
OPUS solution – this will create a network link.

2. Then begin tying in other sensors. Establish best achievable accuracies between the
marks, double run loops. Level data may be reduced using LOCUS
3. If you can’t level to monitoring sites static or kinematic (RTK) GPS may be an option.
This gets cm level accuracy. Need to do this for all sensors from each benchmark and
must be done again after at least 12 hours to get different constellation of satellites.
Maximum distance between marks for RTK – need to consider communication between base
station and radio, and need same atmospheric conditions over both Rover and Bay station so
that the communication between satellites are getting same correctors. Talking about several
km if confident that atmospheric conditions are constant.
Need to monitor infrastructure over time because marks move.
Online Tools - OPUS – On-line positioning user service. Static observations can be submitted to
OPUS – will archive OPUS solution and can repeatedly submit observations over time
and have history of results. This functionality is being developed. Submitting data on
line is the way to go.
-LOCUS – submit leveling data on line and will give height differences. Will give
heights along a leveling transect at end points and points in between.
Establishing heights on SETs – new fixed dimension SET based on error analysis of previous
instrument designs, NGS approved guidelines for establishing orthometric heights on SET
foundations; statistical framework for SET experimental design and data analysis, technical
assistance for SET deployment design and data analysis protocols. Procedures are there for
connecting SET bench marks to the NSRS.
- Have been talking about local network and establishing heights on local networks.
Need to put heights on veg. transects, ground water sensors, water quality sensors.
Protocols are being developed now at the CBVNERR with NGS field staff.
- Grav – D. NAVD88 is going away. We are computing a new geoid model based on
gravity. Can then be able to develop elevation changes with more accuracy plus or minus
2 cm. NOAA got a bump to base to do this. This will be the way to do this in about
2018.
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NGS Resources:
- Geospatial Infrastructure Installation Process Steps – 12 step process will provide
training in another forum.
- Geodetic and tidal datum training.
- State and geodetic advisors
- SET design and implementation protocols.
- Money available thru the height modernization program – increasing density of CORS.
- Regional spatial reference centers that may be supportive.
Conclusion – by concentrating geospatial infrastructure can enhance capacity to assess
change and increase our confidence in our understanding of complex spatial
relationships.
Alison Allen – CO-OPS (see presentation)
Tide Station and Water Level Monitoring
How to know if you have tide control in the your parks and reserves:
NWLON – 210 long-term tide stations. All collect water level and other parameters
-3 functions: provide tidal datum info. For country; linkage between tidal and geodetic
datum; provides important information on sea level change for country and link with land
motion.
-been around for 150 years.
Attributes of network – vertical datum reference; long-term, continuous time series, data
collection processing and product delivery. Rigorous QA/QC process.
-Standards are based on transportation needs
-there is a long-term and real time component and the stations are multi- purpose
applications.
-too expensive to have one everywhere – so there is a hierarchy of gauges – long –term,
temporary for hydrographic survey, shoreline mapping, restoration – for up to a few
years.
-Short term tide stations, similar but not as robust.
Sensors:
- calibrated to collect all ranges of tide so doesn’t bottom up, no changes in sensor “0”,
installed to minimize error.
-leveling at stations – leveled at installation and annually, and after major event such as
hurricane or earth quake
-NGS accuracy standards
-uses a variety of benchmarks (surface and deep-rod marks); min. of 10 benchmarks,
level to 5 every year. This way we can re-establish connection if tide station is blown
out. Level between benchmarks.
Tidal datums –
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- vertical datum; used as a base elevation to reference heights or depths; based on a phase
of tide- tidal datums are always local. The degree to which they can be extrapolated to
other areas depends on distance and geographic and hydrographic features.
- Tidal datums are maintained in 19 year epochs based on the longest know period of
variability known as the Metonic cycle
Datums need to be periodically updated due to sea level rise.
- The current epoch is 1983-2001.
- Short term stations can be linked to a long-term station through series of calculations. –
accuracy related to geomorphic similarity, length of data, distance between subordinate
and permanent station.
Applying tidal stations and data for marsh restoration.
- Used to determine local datums, establish relationship between tidal datums and
marsh surface, vegetation or critical elevations for each project. Can install 30 day
tide station in marsh to be restored.
Tidal and geodetic datum not the same and relationship between them is not constant.
-

Long-term sea level trends from over 30 years, can provide important trends to
SWMP fixed water quality stations.
Mean sea level changes monthly and over time- that is why it’s important to compare
short term data with nearby long-term data.

NOAA Tidal GAP Analysis-first cut:
-NE and SE National Parks-NWLON coverage is region within which a subordinate
station could be installed and use NWLON station as a good reference.
-we have a gap associated with Cape Cod Sea Shore,
-Fire Island is in a gap
-Assateague – some of the inside areas are gaps
-Core and Pamlico Sound – gap
- Canaveral National Seashore – gap in the inside areas.
Next – what are specific monitoring goals and what historic monitoring has been there and are
the historical benchmarks still there that you can recover the heights.
Narragansett Bay example:
1. Look at what is there
2. Historic stations with possible tidal benchmarks
3. Any recent information 1983-2001 tidal datum epoch.
4. Where there are geodetic connections
5. Where are CORE stations
- Lead to a recommendation with Narragansett Bay
NWLON Gap
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-

good candidate for a control station. All tidal datum attributes for the station don’t
necessary translate to all areas. Can evaluate whether the NWLON station datum are
accurate and applicable to the short term station location – need to look at extreme.
Can compare statistical information but not necessarily behavior of extreme episodic
events such as storm surges.

Next Steps and Summary:
-NPS-USFWS –
1. look at each park and evaluate historic and existing infrastructure;
2. install NWLON or short term stations
3. Take their infrastructure and bring vertical stability to the sensors.
Solution should be driven by requirements of network – may be unique to each park or refuge.
Take home messages:
- Tide and geodetic control go hand in hand. Plan in a comprehensive manner to avoid
having to dedicate more time, funding, personnel, and effort.
- Integrate vertical control into long-term operational planning. Lots of applications
that can be brought to these systems.
- for long-term climate monitoring , need to work together.
NGS and CO-OPS have supported the COE districts and they have put their infrastructure in
place to coordinate datum. They are updating their national network – and they are very
independent districts and they have institutionalized this. We are also working with USGS in the
coastal zone. Climate element with COE – using NOAA long-term trends in construction and
restoration projects.
Lots of sites where tidal component is minor (e.g. Currituck Sound). Can establish sea level
datum with long-term station and compute a statistical relationship of water level relative to land.
A statistical model that can be translated to the marsh surface.
End of Presentations on Day 1:
Discussion
Commonalities:
- systematic sampling across gradients across limited areas
- monitoring applied across broader areas
Ken Moore: Two different approaches – can they be integrated?
Tony Curtis: There is an opportunity to do what Ralph Tiner is doing to monitor change into
the uplands. We want to collect equivalent data that we can cross reference and data store
that it represents research and monitoring goals and that it is standardized. NPS has to
monitor based on inference to whole marsh. Develop monitoring plan that is spatially
balanced, equivalent plot data – we establish a data standard. Data at spatially random sites
is equal to data that NERRS is doing.
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We have not talked about sampling methodologies. – not sure if we will get there today.
NPS only monitors percent cover. After 70% there is some asymptote after which biomass
increases.
Unlikely that we are going to agree on a protocol. Identify what the lowest common
denominator is that we can shoot for. Plants will be harder. But SETS and sondes can be
standardized.
SETs
- Agreement that SETs should be installed to refusal – what do we do if it is very
shallow – not very stable. Put a sewer pipe, suck out material, fill with concrete with
rebar in – makes it stable. Define what is refusal – hit 300 times for example, and if it
doesn’t move more than a cm – its there. We need to come up with a definition of
refusal. Can use 80 ft. if you can, but at 60 ft, it is still stable. Keep the definition
rather flexible – the rods may be going laterally. Idea of refusal using a demolition
hammer or a jack hammer.
- Need to survey them repeatedly.
- RODS are a benchmark so follow NGS 3D standard – 3 D ROD mark.
- Reasonable limits to refusal are defined in NGS protocols –hit it 25 times and doesn’t
move more than a foot…
-Important to notice how much rod you put in because it integrates the depth at which it
is installed.
-at depth, the processes occurring are more regional – that is the assumption. That is why
you need GPS.
- SETS need to be surveyed in on a regular basis – 30 days after installation, 12 months
later, and repeated visits every two years – multiple day occupation.
-Question - why do the SETS have to be grade A benchmark? If we have a
benchmark network that is not up to benchmark standards, we don’t need to abandon
them. You want to make sure that you have a stable benchmark. If your marks are of
questionable stability, that is fine if you can evaluate stability through leveling.
- We have SETs all over park – trends over time are good. If you can get high accuracy
network then tie the existing benchmarks to it. But what does this mean for pre-existing
data?
- Three benchmarks – you want to find different types of benchmarks if possible.

Question - How can shorter pipes and older version be inter-comparable as we go
forward - install to refusal in the future, but historical data sets can be useful – can
develop a rate of velocity of historic benchmarks based on future heights and relation to
new benchmarks. Establishing three highly accurate benchmarks in area is critical and
correct for velocity. New installs of SETS may be hollow pipes to look at velocity.
-

Every other year re-surveying is standard but if a mark is stable over a few years, can
reduce the surveys.
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Installation of SETS – randomly selected but depending on the funding source and
question you are asking. Need a minimum of three. If interested in trajectory of
whole system three is all you need. But if you can install 3 in different habitats its
more powerful. Think value added to other data sets and funding sources– needs to
be in discussion. Randomization is done if you have lots of data points – most
important characteristic of sample is representativeness – not randomness. Restricted
randomization is fine by habitat type and elevation. Representative is key so you can
make inferences. How much do you want to lock in to a specific design? Depends
on what you are monitoring for? Does combination of two designs prevent us from
rolling information up. Could you take Tony’s low marsh data set and roll up our
lower marsh data set, can we integrate? Because we don’t have that many data
points, we should include them in the same analysis.

Sampling Approach
If you are looking at Sentinel sites, you are looking at marsh as a whole – not just a
portion of the sentinel site. But how do you define sentinel site? Eric looks at a subbasin that has proven to have transgressed? Tony might be looking at a particular marsh.
-How does Eric place his infrastructure? Stratified random sampling of transects – not
inferring for entire system – just for sub-basin. We need to be careful about what we are
inferring about. If we want to say something about NIWB- we need to include a random
sampling technique.
- take what you have and hypothesize that this is what you expect – and test it.
-Goal is to get a mechanistic understanding of what is happening in the system. Give up
on the one hand that you can’t predict for the whole system for deeper understanding of
what is happening mechanistically.
-we may not know if we are representative of mid-Atlantic ecosystems – not sure if we
are in fact a sentinel site.
- We need a Mecca of data to understand mechanistically what is having with our
marshes.
- also need to know what questions you want to answer and can answer to design
monitoring program.
To make data useful to the larger group, what metadata do we need to standardize. What
are key questions do we want to answer?
Identify areas where we should come to common ground on
 SETS – priority – easy win.
 Vegetation- priority – we can come to a least common denominator
 Database – priority
 Fixed station WATER QUALITY- we are close on this one too. But need to
standardize calibration because we are using non-random fixed station designs.
 soils and pore water salinity, aeration
 SAV
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Hierarchal – identify things that are very basic
Even though we have different sampling designs, lets do it the same way with the same
data and metadata standards so we can integrate the data. Goes back to the toolbox
approach. We get hung up on sampling design question. Rather, just state what you are
doing, pick something, and do it well and individually can decide if they want to use the
data point.
-we need a minimum standard that is really good and we can use everyone’s.
Conclusions from Day 1:
1. We want minimum standards for SETS, vegetation, metadata, fixed station water
quality, soils, and SAV.
2. Low hanging fruit – can do hydro periods – flooding frequency, start at SETS and
tidal heights. We can pull from existing data to say something already. We are 99%
there. We are all doing the same stuff – just with different sampling design.
3. Transition area – should we focus on – we need to look at those areas – we need to
look at what is there before - we need to discuss how to integrate our mapping and
in-situ monitoring strategies to look at adaptation.
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Day 2
NPS SECN Data Management - Christina Wright
Data management:
-integrated, enterprise level solution
 SQL server for the backend – generates charts and graphs
 Share Point server for the front end – moss version so people can enter data remotely and
reporting
 Data visualizations – more charting options
 Uses Bing Maps – Microsoft version of Google earth
 Development tools – Microsoft InfoPath.
Have issue topics
-Explore data – by protocol (water quality, shorebird, coastal assessment, weather and
climate, etc..
- Can enter data or view reports. All forms are in there, inventory of equipment.
- Can archive all data forms
- Entering field – is provisional at first but not reported until its QA/QC
- Canned Reports already designed based on need – generates graph, exports charts and
graphs as pdf and tables as a web archive (XML), delimited file (csv) or an excel file (xls).
RSET data entry:
-forms include site characterization, salinity meter calibration, soil porewater salinity,
accretion, etc.
- A new record is a new observation. Relating information to elevation happens on back-end.
In station form (generic) you put information on elevation.
Additional Functionality:
-minimal metadata required before certification
-majority is based on spatial components
-certification is the data QA process – checking for completeness and accuracy (data
verification).
Two tables in database – one submitted and one certified. Reports are run off of certified
database.
Data Exploration tool – for complex querying
-no mapping functionality – need to do that manually.
Spatial data visualization – not spatial analysis – this is what park managers want to see.

Discussion
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Saltmarsh entry data – yes. We can have a follow-up web ex for that part of the database.
Can put in accretion, equipment, soil data, survey control data, ecological community data
based on TNC classification, veg. species.
Philippe - RSET data – would be helpful to have information on instrument dimensions – not
all the same – to translate benchmark elevations and SET readings need it to be referenced to
instrument.
NPS has an equipment description category – took the structure of the data from LA DNR
data forms with added benefit to the NPS. They are the CRIM sites. NPS missed the control
number so that they can contribute to the OPUS DB.
Whit – ways to move forward. No work done on bio-monitoring database in NERRS and we
need to think about that. Talked about a couple models. Included sharing database with the
NPS in some way, having CDMO steal ideas and incorporate them into CDMO server or
some combination thereof.
Dwayne – excited about what I saw – we don’t have to re-invent the wheel. We would like
to have a partnership it’s a win-win for NERRS program.
Whit – would you like to bring this to the CDMO server?
Dwayne – the NPS is consistent with CDMO database structure, there is no reason why we
can’t maintain separate databases with the same structure.
Tony – we would like to have access to each other’s data.
Sarah – NPS – thoughts on data storage and sharing data. We want to have one data
Base with NOAA and the NPS with one data base structure. Best model is to have a single
database that we all use – question is how to maintain it. NPS doesn’t have funds to maintain
it on an annual basis. We need to get support at the national level in the NPS.
Marie – does NPS have relationship with another entity that provides flexibility in data
firewalls? NPS does not have one not but will have a relationship with U. GA to discuss
those issues. NPS has a project with UGA to look at making data availability in water
quality.
Financial support of data base and how do we make it available across the board across
firewalls: Needs to have a discussion with National Data Manager. Perhaps we can work
with National Biological Information Infrastructure – but its funding and program is rumored
to be disappearing so hesitant to put money in NSBII.
 Another option is LTER.
 Whit – we have a mission to provide that information to the public. NPS generally
doesn’t provide real-time data to the public now. Need ways to flag and protect data.
There are some data types that are protected.
 Is data 100% park service data? No .
 This data is monitoring data not hypothesis – driven data so can get it out.
 Idea of coordinating with CDMO – need to develop a protocol to call into each other's
data but not have the CDMO handle all the NPS data. Need to deal with firewall issues.
That is the model of IOOS. We would have more luck calling into someone else’s data
than having someone call into the NPS.
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Dwayne – USGS and EPA are not doing a very good job sharing data across agency. We
have an opportunity to demonstrate how to do this well.
Jeff – we need to address technical aspect of this and figure out how to make this work.
Then we need to address setting up a procedure and safeguards for data sharing and rules
so we don’t release proprietary data without consent or establish appropriate uses of
proprietary data without stepping on toes. There should be set appropriate uses of
proprietary data but need permission to use data and establish rules. Could be password
protected data. Maybe moot point because there is no such thing as proprietary agency
data in this administration. Cahoon was open to sharing of databases.
Philippe is working on a SET database entry form for the NERRS that is easier to use and
connected to output. Wants it easier than Jim Lynch’s database. If he was to develop
something in Open Office, how can he understand the data requirements of the NPS so it
is as compatible as possible with NPS? Christina suggests that the data forms and
restrictions on input to cut down on error could be provided. Make the field forms
needed for NERRS available so that we can model from that. Cape Cod NS is working
on that – we have an SET access database based on NPS – now enter data into excel and
once the data base is running to NPS standards.
Next steps – need to get Dwayne, Brooks and Tammy together with NPS. Perhaps can
meet at CDMO
No national NPS integrated approach to data management – this is occurring at network
level and then will roll up.

Next steps:
Meeting at RC meeting in Cape Cod – someone from the NPS in NE can attend the RC
meeting. Presentation on the general concept that we are talking about at this meeting.
The biological monitoring talks will only be for one afternoon. Sarah or someone local
or Christina is free to go up. Christina will prepare the talk and Sarah can give it. We
will send agenda to the NPS and coordinate from there.
CDMO meeting in mid-late March.
Start with e-mail thread on data sharing.

Where do we go next:
 Series of Technical papers outlining minimum data standards for elevations RSETs
benchmarks, veg, nekton, fixed water quality stations, soil (porewater and hydrology
(nutrient, salinity), SAV and benthics, water level and elevations, transition areas, data
management standards..
 Minimum standards, each agency peer review, MOU agreement to commit to implement
minimum standards if you do it as they are developed and established.
 Hit a couple of the easy ones first and get the MOU agreements first.
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-RSET is low hanging fruit – agreement to survey to NGS standards, database include stability
parameters to capture old SETs. Agree on minimum data standards, wrap in fixed station water
quality, elevation, and tidal datums.
How to proceed:
1. NGS will take the lead in developing the RSET and retooling a document for
benchmarks. Develop a written document to describe the 3 slides that Galen has on local
network.
2. Database standards will be developed along with the data standards.
NPS: How many networks within NPS do we want to involve – and when do we involve them?
Network coordinators and relevant WASO staffs as well. When draft documents are pretty solid,
we should send them out for review. For some of these, possibility to be adopted as national
standards / SOPs. These will be recommendations for national adoptions.
Could we share a position for a short amount of time between the networks and NERRS to write
these up. This will be a lot of work. NPS will see if they can see if they can find a detail to work
on this and we will identify a position as an NRAP.
-involving USFWS and USGS – start with NPS first and then bring them in.
National Science Foundation funded program – take PhD students to work on federal projects.
We should look into this – can write up a project statement and pass it through NPS and NSF
Program – IGERS Program.
First step – position description – Whit will work on that over the course of the next few weeks.
We will extract from that for NRAP.
-identify documents pertinent to technical papers
-setting up a meeting with data management folks in mid-March
-RC meeting
-FTP site to upload presentations and documents.
End – Met the goals.
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Water Quality Monitoring & Climate Signals Meeting,
University of Georgia, Athens, GA,
18 February 2010
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Odum School of Ecology
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Odum School of Ecology
UGA, Athens
706-542-6006
alanc@uga.edu, a.covich@gmail.com

Tony Curtis, Coastal Ecologist
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UGA, Athens
706-542-0286
jsheldon@uga.edu

Dept of Marine Sciences
UGA, Athens
706-542-5955
sheldon@uga.edu
( Unable to attend )

Susan Wilde, Research Assistant Professor
Warnell School of Forestry and Natural
Resources
UGA, Athens
706-542-3346
swilde@warnell.uga.edu

Kyle McKay, Research Civil Engineer
U.S. Army Corps of Engineers
+ presently, graduate student w/Dr. Covich
(UGA, Athens)
970-980-9747
kyle.mckay@usace.army.mil

John Dowd, Assistant Professor
Department of Geology
UGA, Athens
706-542-2383
jdowd@uga.edu

Notes and Recommendations
1. Need to integrate methods with what’s going on with climate change work in the west
coast.
2. It will be very important to make sure to effectively understand and report uncertainties
in analyses.
3. Ensure that the network of groundwater wells and data loggers is complete. See
groundwater inventory and protocol for recommendations on data gaps to fill for coastal
parks. Conductivity will be an important measure.
4. Be sure to look at regional subsidence (N.B. this will be handled through coordination of
RSET stations).
5. Interplay of anthropogenic and natural change will be particularly important in the
Southeast.
6. Use data collected at inland parks as reference for measuring impacts to coastal parks.
7. Baseline hydrology inventory potentially a need.
8. Conduct a groundwater synoptic survey (widespread, short period of time) and include
water quality measures
9. Strong recommendation to steer away from EMAP protocols for water quality. It’s
important to focus on protocols designed to measure temporal trends when looking at
effects of climate change.
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10. Be sure to look at ways to do post-event monitoring following hurricanes. There is
potentially an NSF program to get funding for this that focuses on rapid assessment of
event-driven needs. Look into the Global Lake Ecological Network (GLEON) for
potential parallels.
11. SAVs will be more important than benthics, but there’s a strong body of work on
benthics from USF and CoC.
12. Carbon monitoring would be good. Fractionate if possible among soils, air, water, and
plants.
13. Check with Bob Teske on forestry climate change detection
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USGS CC Downscaling and NCCWSC Project Leader Meeting,
Raleigh, NC,
23-25 February 2010

Attendes: About 35 people – mostly USGS. John Gross and Joe DeVivo attended for NPS.
These notes from John Gross.
Project summary page: http://nccw.usgs.gov/2009RFP-projects.html
Executive Summary:
Participants and purpose: Principal investigators of projects funded by the NCCWSC in FY
2008 & 2009 and some ‘clients’ (NPS, FWS staff). Keynote presentations on GCMs, statistical
downscaling, and dynamical downscaling. Intended to educate participants on CC models and
techniques, foster collaboration, and identify next steps especially for data sharing/management
of downscaled model results.
Highlights: Talks by Kathrine Hayhoe and Steve Hostetler on models and downscaling
techniques. USGS program leaders very clearly directed scientists to work with and address
needs of management agencies. Learning about THREDDS server / data sharing system.
Likely outcomes: More organized system for sharing downscaled model results; enhanced
connections between clients (NPS, FWS) and modelers/researchers. I’m confident all
participants are better informed of supporting efforts.
Regional Climate Science Centers (CSC)
U Alaska has been announced as the winner of the first CSC. USGS expects to fund three in FY
10; the rfp for the other FY10 Centers will be announced in March (the strongest rumors favor
the PNW and SE). USGS expects keen competition for these Centers. Proposals may be for a
specific site, or submitted by a broadly distributed consortium. The general concept is for each
center to be funded at about $4 mil/yr, with perhaps 25% of the budget to permanent staff salary.
LCCs
Current understanding (this is _highly_ dynamic) is that commitments for leadership are:
FWS – 9; BOR - 1 or 2 (Upper Colorado River basin; maybe Lower or one LCC for both upper
and lower Colorado); BLM – 1 (Great Basin). Unconfirmed rumor that BIA is considering a
larger role in a Pacific Northwest LCC.
USGS is ready to issue memo to move funding, but this is difficult since LCCs keep changing.
USGS has also committed funding to put scientists in LCCs, but there’s no specific goals so no
clear guidance on what kind of scientist to hire. I.e., we’re all confused and trying to ride the
bike as it’s being built.
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NCCWSC Overview (Doug Beard, Interim Leader)
Research emphasis areas for funded proposals:


Fish $1.8 mil



Arctic $0.8



Estuaries and Coasts $0.7



Avian $0.5



Wildlife and terr - $1.4

Partnerships ($1.4 mil)
-

Climate monitoring (NASA, FWS, NSF, Smithsonian, NPS)

-

LCCs

IT, data portals, and related are a huge issue, and data sharing is a priority.
-

Need to establish a collaborative environment

-

System archive for sharing data

-

Long-term archival and storage

-

Data systems integrated with LCCs. Working with FWS on this. Mtg late March/early
April at NCTC.

NCCWSC Proposal focus for 2010 is Vulnerability Assessments. About 150 pre-proposals were
submitted. USGS is targeting a success rate for full proposals of about 1.5:1 or 2:1 (submitted:
funded). Pre-proposals were due 19 February. Awards announced in May.
Overview Plenary on GCMs - Katharine Hayhoe
Considerably updated and expanded from Dec 2008 NCCWSC presentation (the 2008
presentation available from:
nccw.usgs.gov/documents/NCCWSC_Plenary_PowerPoint_Presentations.pdf)
Sources of uncertainty in projections:
-

cannot predict human activities and emissions. This is a big one.

-

sensitivity of system

-

extent to we can successfully simulate the climate system
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o But have been two cases where models results conflicted with observations, and
further examination identified errors in observations (e.g. RS algorithm)
-

There are continuous, random variation in climate

-

The response of local and regional climate to global-scale change

Main center for socio-economic models is University of MD – e.g. GCAM
SRES scenarios – none of these have a climate policy, so to some extent they are all ‘business as
usual’. New approach for AR5 – use of RCPs (might mean relative concentration profiles).
These closely match several AR4 scenarios.
-

upper end of AR5 scenarios are virtually identical to old one.
o For AR5, climate models not yet frozen, so we can (must) use old projections for
now. Models will not be frozen until at least next year
o Some scenarios do go lower than AR4

-

Big effort to stabilization at certain concentrations of CO2s. NAS report this summer on
stabilization efforts (these are also in new SRES efforts, and described in Moss et al.
2010).

-

No stabilization is ‘business is usual’ –ALL stabilization scenarios require massive
changes, and the later these are implemented, the more massive they need to be.

Latest comparison – Myhre et al. ERL 2009 – carbon emissions increased 40% since 1990
(presumably an update from Rahmstorf et al.). (I’ve put this on CC SharePoint, in Info Ref
Library, peer-reviewed section)
Measuring sensitivity of GCMs - ECS
ECS – Equilibrium Climate Sensitivity – Global mean annual temperature increase with a
doubling of CO2. Very difficult to accurately and precisely estimate. IPCC reports a mean of
about 3 C.
Distribution of estimates right-skewed: range from about 1 to max > 10; high point of cdf about
2.5 but mean is 3. Most likely values are in the range of 2.5 – 5. This is the range of CGMs, so
they are already conservative in that none of the existing GCMs includes the higher end of the
distribution.
Action Item: Management agencies to articulate and communicate questions for GCM
community (see update below).
Clearly articulate the kinds of questions that we might want to ask of models. Present these to the
modeling community for a general synthesis. These could include such things as:
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-

Summary of appropriate use of models for e.g. decades-long or 1000 yr runs (models
handle these time frames very differently)

-

Which models work particularly well/poorly in some geographical regions?

-

Year to decade models of specific forcings – e.g. ENSO in SE

-

Multi-decadal runs for e.g. broad-scale ecosystem changes.

-

What information we need:

-

Which models best accommodate the relevant time and spatial scales?

-

Which models should we avoid for which applications?

-

Recommendations on format for results – how can these best be communicated?

-

How do we acquire results and information?

-

How often do documents and results need to be updated (when is this document likely
obsolete?)

-

Do we want good accounting of e.g. variation (extremes, drought) versus mean fields?

Post-meeting update: Most (maybe all?) of these GCM topics are addressed by the very recent
(Dec. 2009) report to the Water Utility Climate Alliance – Barsublie et al. 2009. This is an
_excellent_ report for climate model wonks (146 pages – not a light read). I’ve put a copy on
SharePoint, in the Info Library peer-reviewed section (I think this section best reflects the
technical nature of the material).
Kathrine Hayhoe – Statistical Downscaling
Regional modeling is too expensive for individual project to undertake, so mostly limited to
using results already available. Very little funding for regional modeling, and most of this is for
air quality studies.
-

Downscaling approaches

-

Traditionally 4 downscaling techniques

-

Clustering – analogues, weather states

-

Weather generator -- stochastic methods

-

Regression – linear, non-linear

-

Geostatistics - Kriging
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NOW much less clear – often use one method, and then combine with one or more other
methods. Many different predictors, and scale and inputs vary with most desired results.
Downscaling methods for temperature:
1. Delta approach – calculate predicted change, and add change to finer scale observations
a. (JG Note: I had not considered this a ‘downscaling technique’.)
2. Bias correction – account for Mod-obs at finer scale, then add delta
3. Quantile mapping – Mauer, Santa Clara – Bias correction and spatial disaggregation.
4. Statistical asynchronous regression – ranks quantiles by month in q-q plot, then fit
mulitorder polynomial (2-3 rd order typical) or piece-wise linear regression.
Comparison for temperatures.
-

For temp, Delta and Asynchronous regression look best.

-

For RSME (very preliminary results) – asynchronous regression best by considerable
margin.

SD – statistical downscaling, RCM – regional climate models (dynamic models)
Conclusions:
-

Any downscaling approach better than none.

-

Delta better than bias-correction. Both simple so just use delta.

-

Quantile-based tend to be better to match tails of distributions

-

Assumption of stationarity may be justified, based on preliminary comparisons to RCMs.

-

Regional modeling (dynamic) can reduce uncertainty, but scope is very limited and can
add other biases

-

Best approach likely a combination of models and methods. If can’t combine, then be
sure to know biases of methods.

Resources:
- Written guidance. Not aware of any good reviews. Rob Wilby did a guide for European apps.
20 page summary of SD. Talking to FWS about producing guide.
(Post-meeting – I put in an Interlibrary loan for:
Wilby, R. L. and T. M. L. Wigley. 1997. downscaling general circulation model output: a review
of methods and limitations. Progress in Physical Geography 21: 530-548.
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And will post this to SharePoint when it arrives. This looks like a good, although, dated review,
and it’s been cited about 200 times).

Existing downscaled datasets.
NARCCAP. Number one resource for RCMs. Focused on many models and not so many runs.
- great for comparing SD methods to RCMs.
- Santa Clara site – but monthly
- Kathy took data and converted to daily data. Has taken 4 months to transfer data.
- NE Climate Data (quantile mapping)
- can get growing seasons, etc.
- have to register, but free and you won’t get emails.
- coming: National-scale Tx, Tn, and precip; station/gridded projections using latest
downscaling methods (tentative avail fall 2011). Expecially good for threshold and means.
Existing downscaling software packages.
-

Rob Wilby’s package Statistical DownScaling Model (SDSM): Downscaling for
dummies.
o great – can pick predictors, methods, and visuallizations

-

clim.pact R package. Great package and makes most techniques available via this
package.

-

Classic (best) Text – Empirical Statistical Downscaling

Lauren Hay and Nate Booth – Spatial data portal (Geo-Data Portal)
To link data for researchers and modelers. Want process so data does not need to be reformatted
for each application. Want to store:
-

Inputs and outputs

-

GCM and downscaled model results

-

National hydrological model – basin-scale projections

-

Want to be able to scale (basin to sub-basin); want to next models
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THREDDS servers – can be insider server container like Tomcat. Focussed (entirely?) on
NetCDF.
(THREDDS – Thematic Realtime Environmental Distributed Data Services –
www.unidata.ucar.edu/THREDDS)
NcML – NedCEF markup language. Examples of data in or being converted to work with
THREDDS system:
-

National Map

-

EROS

-

NLCD

-

NOAA

-

OGC SOS/Watre ML

GPR – Geodata Processing and Reformatting - Takes slab of grid data, overlays a shapefile
polygon and maps parameters to polygon.
National Water Balance Model – 4x4 km water balance by month model – McCabe and Wolock.
Downsizer – climate data retrieval tool. USGS open file report 2009-1166, 27 p.
Ward-Garrison, Christian, Steven L. Markstrom, and Lauren E. Hay. 2009. Downsizer—A
Graphical User Interface-Based Application for Browsing, Acquiring, and Formatting TimeSeries Data for Hydrologic Modeling. USGS open file report 2009-1166, 27 p.
Project Presentations – (not described in these notes – there were lots of them). See
NCCWSC web site for projects: http://nccw.usgs.gov/2009RFP-projects.html
Steve Hostetler – Pleanary presentation: Dynamical CC model downscaling
Dynamical downscaling for process modeling and resource management guidance (Envir.
Computing center, COAS/OSU)
One goal is to use runs from ~ 21 kpa and examine fidelity in reproducing really broad trends in
Holocene to recent changes in vegetation.
Dynamic approach:
-

True simulation of high resolution forcing and climate

-

Internally consistent set of atmosphere/surface variables like water balance, energy
balance

-

Very time consuming and computer intensitve
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-

Limited number of driving GCMs (they’re using 3 or 4). Requires very large input files
with many variables. Not all GCM groups saved the necessary outputs so these are
simply not available.

-

RCMs has added model bias (e.g. convective parameterizations, exit boundary mistakes)
compared to SD approaches.

Domains: N. America – T31 resolution (what does this mean?). Planned runs are:
-

50 km NARCCAP domain, 23 levels

-

15 km western NA

-

15 km eastern NA

-

Not tractable or practical to run all NA at 15 km

-

Working with LCC boundaries for test cases

-

Only some time periods; big hole 2010-2050.

Example from GYA – projects differences in precipitation trends above and below 2500 m.
Saved fields – 3 hr surface, 6 hr for atmospheric; will save about 150 TB of output.
Working with FWS-Denver to develop data portal. Web app under development – can click on
map report summary plots of variables with metadata and to download underlying data.
Also talking with BLM about using in rapid assessments. Summary products and some data to
be delivered via Great Northern data system. Hard-core data served from more robust system at
OSU.
Nate Booth – Geo Data Portal Discussion
Project Goals
-

Goals – deliver downscaled GCMs for other NCCWSC use (longer term to serve
approved products to public)

-

Reformat GCMs output into more model-ready form (into model ‘unit’ inputs)

-

Develop software capability that can support other NCCWSC data dissemination needs

To use:
-

define area

-

select target datasets

-

select time frame
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-

submit and wait.

Gridded data is averaged/allocated into areas of interest (area-weighted averages).
Pint dats is passed through and tagged with the unit it falls in
Can also access directly via Web Service to automate model inputs and runs.
Desired output data formats:
-

NetCDF is default = CF and point formats

-

R data frame or e.g. time series object

-

Users need contribute to examples of file in correct format

-

Standard GIS format – text file with centroid of each cell and with attributes of that grid
cell

Need to discuss common geospatial layers (is this National Map?)
-

Common data layers – land cover and land use, population trends, housing, energy
development and infrastructure, roads, pollutants, airsheds, impoundments,
shipping/coastal impacts, etc.

Thursday -- Next steps
(most of the rambling discussion deleted ..)
Options: Workshop w/ major players on downscaling (Post meeting update: Apparently such a
meeting is already planned, to be held at NCTC this summer his summer or fall).
-

lessons learned with downscaling – actual process and methods

-

lessons from what was done with downscaled data

Synthesis paper comparing/contrasting downscaling techniques. Probably requires workshop to
refine idea and ID key participants. (see previous note about Barsugli et al. report)
Summary of meeting
Next workshop
Robin / Doug will draft proposal and circulate to group to refine.
2011 is going to be a very difficult budget year – would be very good to have products and
examples of successes in time for the fall budget squabbles.
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Southeastern Regional Assessment Program Project Meeting,
Athens, GA,
7-8 April 2010
General Notes
Water census pilot project happening in the ACF basin. Eric Evenson is doing it.
Sue Ceilinski runs the FWS water team that includes ACF. Brian needs to get plugged in with
her.
USGS and USFS are trying to come up with a plan on how to get and spend 500K tied to the
CSC & SERAP project.
USFS Collaboration Cadre dealing with climate change.
NASA ROSA’s proposal.
DAY 1
SERAP Overview from Sonya
Pilot started in late summer 2009.
Objectives


Uncertainty analysis of ds models.



Single portal for combining data

Appalachian LCC boundaries are changing, and being partially merged with the GCPO LCC.
Climate downscaling happening to 1/8 degree. 12-km grids.
DSing being done with beysian model averaging and EMIC for error evaluation.
Integrated Coastal Assessment


Visualization tool



Beysian approach to coastal change



Effects of SL rise on biota



Gom.usgs.gov/sir/sir.html. will be extended to FL (funding already in place).

Integrated Terrestrial Assessment


Landscape conditions
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Gcms



Urban growth



Used to predict patch occupancy for birds



Starting with SALCC

Integrated Aquatics Assessment


Watershed model for entire ACF basin, with subbasin considerations



Channel classification



Ecological model



Aquatic sp. Occupancy modeling

Conservation DSS


Optimization for conservation alternatives



Evaluate management options



Includes land use, climate change, etc.

USGS Modeling Meeting happening in June where lots of the component projects will be
presenting. Will be a session on getting set up for thredds.
Adam *talking for a lot of folks on climate stuff
Goals


Better estimates of uncertainty



Reduce risk of parametric and structural uncertainty



One other…

Climate data that will be available:


Raw gcm runs from IPCC ar4 for four emission scenarios



Downscaled gcm runs 1/8 degree (). Katherine Hayhoe doing this. Need to confirm
what we’re getting and when (assumption is late summer). This will eventually be 12km
nationwide. She’s also doing a bunch of derivative products (need to get a list of what
they are).



200 model runs from UVic ESM
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o Done with A1Fi and potentially A1b (being done by Penn State)
o Temp, sea level rise. Precip not good enough to use. Discussion on whether we
should be letting individual PIs make determination on “good enough” and
publish model results with huge error bars. Not an issue of error; more a question
of whether they’re accurate at all.


Probabilistic projections to account for structural uncertainty and spatio-temporal
dependence. (reported as percentiles).

Emission scenarios


Currently tracking the A1Fi scenario pretty close; all others underestimate emissions.
Should use this as the first scenario for modeling purposes. This is also the worst-case
scenario. Lovely.



A1B is next closest and has the greatest number of GCMs.



For a third, do B1 as a “low” estimate.

EMIC


Looking at 3 paramaters for sampling tails of distribution
o Longwave radiation relation to co2
o Effect of aerosols on radiative forcing
o Vertical ocean diffusivity





Speed and magnitude of warming



Partitioning of heat anomaly into atmosphere and ocean.

Potential to collaborate with sea level rise folks since UVic can provide uncertainty
estimate of thermostatic (steric) SLR; amount of SL rise due to thermal expansion of the
ocean.

For projects


Projecting out to at least 2050. GCM data available until 2100.



Starting with the A1Fi scenario to make sure system works soup to nuts with a small
number of scenario models. Will add in mid-range scenario second so we can see what
things look like when lots of models are incorporated for averaging.

Derivative product needs


Basic list.
A-48



Would like to add convective precip, but probably too difficult to add in. It’s in the
GCMs and would be useful for fire models. Helps with understanding thunderstorm
precip vs. basic frontal precip.



Coastal winds.

Either Loren or Adam will be doing the derivatives. Also the portal for simple stuff.
Coastal Vulnerability Assessment
Already have a coastal Bayesian erosion approach from atlantic coast (north)
Trying to forecast ocean coast erosion under varying SLR scenarios.
Integrate with other efforts
Being done in parallel with FY10 Coastal marine geology project going on in the Atlantic.
Data sets include


cc and sea level rise



wetland loss, gw impacts, coastal erosion, inundation



model safety, habitat loss, and other potential impacts



use that for management decisions.

Netica for Beysian modeling
Atlantic Coast example by Thieler and Hammar0Klose, 1999.
Relative Sea Level is an input variable. This is the hook for Pete Murdoch.
Need test data sets for shoreline erosion at 2km resolution. Using change detection / RS
techniques to do.
Basically need to hammer out the range of variability of input variables at the local level to get
predicted change distributions.
Measuring beach slope everywhere.
This work is being funded by the CEN; this will be a parallel for the SE Coast, but with
Jason Hopkins (Netcdf)
External facing thredd servers will be available by September. Cooperators will be able to
control the access rights of their data.
Contact jrhopkins@usgs for netcdf/thredd assistance
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Coastal visualizaition tool
Don adding in SETs and doing a NGS benchmark survey.
Integrated Coastal Assessment
Ecosystem changes


rapid assessment of terr. Verts due to habitat loss caused by SLR for Miss and Ala.



Assessment of SLAMM model results



Collaborate with USGS/NOAA to look at beysian framework for predicting coastal
habitat changes over time.

Habitat models


606 spp. Have been modeled for the entire Soutehastern US. Predicted habitat. Tied to
one land cover class (sandy beach) that’s useful for the species and how that will change.



Waiting on inundation maps to look at impacts.

Slam stuff.


Number of doqqs and aerials going back in time. Looking at whether SLAMM models
work in predicting what actually happened.



Photo sequence to be complete by June 2010.



Photointerp and slam runs by September



Report in December.

Integrated Terrestrial Assessment


Urban growth model: SLEUTH. Using road density / network for seeding rather than
impervious surface, which they’ll end up needing to crosswalk back for plugging into
hydrological models.



ACF CSAs are being worked on. Need to get exclusion layers (what isn’t allowed to be
developed).



Will be doing 60m urban growth projections thru 2100 by sept 2010 for 9 SE states.

Vegetation dynamics modeling


Piedmont by dec. 2010, ACF by sept. 2010, east gulf coast by March 2011.



Disturbance regime changes based on climate
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o Coastal plain: fire
o Piedmont: drought
o Blue Ridge: insect outbreaks.


Doing one-year steps for ACF, ten-year steps for remainder of SE. too much computing
time to do whole SE in 1-year steps but need the resolution for the ACF hydrological
modeling.



No longer doing montecarlo sims; 99% similarity among realizations so they’re just
doing one.

Species habitat dynamics


Combining gap habitat affinity model to projected veg dynamics / habitat maps.

Jaime Collazo
Mapping species occurrence dynamics at landscape levels


Identify habitat features



Assess sensitivity of vital parameters – can we get some of Mike’s parameters linked to
this?



Range dynamics—looking at extinction probabilities based on temperature shifts and
resultant habitat/occupancy probability shifts.

Hamel habitat rankings (optimal, suitable, marginal)
Jaime has maps on decadal shifts in temperature for the SA coastal plain; need to get for
monitoring plan. Data come from Katherine Hayhoe.
Doing look-back in ten-year intervals to develop timeseries of landcover, habitats, and how that
relates to birds.
Using 60m resolution data that goes back to ’73 (86 and 91 too)
Using Anderson classification system for land classes; between level 1 and 2. Fewer urban
classifications.
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Day 2
Multiscale Hierarchical Channel Classification (Robb Jacobson)
Focusing on the valley-segment and reach scale characteristics using remotely sensed data.
Want to be able to predict which reaches are more likely to change over time.
Lidar-based dems add lots of small tribs. How do you decide which ones are biologically
relevant?
Nettrace algorithm can be used to delineate the valley width; can map confinement boundaries.
Looking at relative cost/benefits of doing the classification at a variety of scales.
Brian needs to contact Robb to see about crosswalking our protocol with what he’s doing. Will
need to do some landscape-scale parameter estimations for each of the parks, but after done, the
classification methods should be transferable to each park.
Challenges with matching up the HUCs and HRUs without losing information about the
mainstem.
Landscape Dynamics (John Jones)
Runs the land cover dynamcs and environmental processes project (LCDEP)
More habitat/hydrological measures to look at at the landscape scale that will be relevant for
hydrological modeling. Includes plant community structure data.


Channel shading



Flow resistance



Carbon sequestration

Other thoughts
Should aggregate data / clip it by HRUs.
Occupancy Modeling (Jim Peterson)
Two resolutions, nested.
Focusing on fish and mussels.
Coarse resolution modeling done w/I 3 months of getting all the input model info.

Potential interactions with SECN climate change plan
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1. Do VS monitoring so that data can feed into management-relevant climate change models
a. Coastal vulnerability / Inundation
b. Species occupancy / distribution
c. Hydrologic (freshwater inputs to estuaries)
2. Use existing landscape-scale datasets or models in lieu of landscape-scale VSs to ensure
continuity of data and interpretation between SECN parks and the broader landscape
a. Land cover and use
b. Shoreline position.
3. Modular additions to protocols to assess magnitude and duration of effects following
storm events.
4. Develop CC response metrics for all vital signs to standardize reporting of CC effects.
5. Standardize data collection with other agencies within the SALCC / SE / Atlantic Coast
to help ensure seamless datasets across boundaries.
For Tidal Gages
1. CEN to pay for installation of sites where we have known data gaps.
2. Fund short-term study to see if TIMU/CUIS stations are close enough for establishing
distribution curves for Bayesian model input.
For Shoreline Mapping / Geomorph
1. Use available slope data provided by USGS (need to compare SWASH and USGS data
sets though to check for utility).
2. Lidar as available for volumetric
3. Use SWASH for storm impact assessment.
Additional Project Ideas
2. Do our biological protocols in the Potato Creek Watershed?????

A-53

NERRS – CTP/Research Winter Sector Meeting
Woods Hole, MA, 2-6 March 2010
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Notes on DOI LCC National Network Collaboration and Analysis Workshop
NCTC, March 30-April 1, 2010
Day 1

Introductory Comments by Leadership Panel:
Suzette Kimball
 Cochair for secretary’s panel for putting climate science center network on the ground
 Challenge was how to make it a broad vision. Moving from time/space/mission specific
needs to international cooperation/collaboration.
 Need to have good workgroup communication between CSCs and LCCs (separate
workgroups so far). Next meeting will have both groups integrated.
 Networking and inclusiveness both important.
 Information from individual LCCs / programs will need to fit into regional/national
models being developed by the CSCs.
 Data integration/interoperability of data needs to be at the national level.
 Each CSC will be supporting multiple LCCs. Will be a challenge to prioritize needs
across LCCs.
 LCCs and CSCs will need strong national level oversight to ensure that they hang
together as a national network/program.
 Need to think hard and well about data collection, analysis, and delivery while
maintaining cross-LCC interoperability, especially among LCCs that share a CSC.
 Need to coordinate across programs to ensure we’re not duplicating efforts
 From appropriations committee… need to ensure we’re spending our conservation
dollars appropriately, efficiently, and effectively. They’ve noticed that all the projects
formerly “spun” as homeland security proposals right after 9/11 have been re-spun as
climate change projects.
 International data sharing will be important. Resource needs don’t follow
program/political boundaries and neither should the science.
Paul Schmidt
 More than half the room is here in an “acting” capacity… lots of change coming still.
 Need to identify short term needs, particularly data, and figure out how to meet them.
 Lesson learned from migratory bird JVs is that they had so much flexibility in the
beginning that it took a lot of time and energy to get them coordinated later.
 Need to be thinking strongly (at first) about what data we need and what systems we need
to deliver conservation in the long term. Let that drive decisions for now.
 Look for and build off existing planning efforts rather than recreate those wheels.
 Look at the 8-point plan developed by the association of fish and wildlife agencies.
Tom Armstrong
 Primary reason for the LCC/CSC is to empower and enable better decision-making.
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US Global Change Research Program (USGCRP) working on IPCC-like report, but for
US only.
o 12 listening sessions going on; just held one in Chicago.
o Positive response from stakeholders, mostly pleased with the fact that DOI is
finally in the game and “gets it.” Also liked the fact that it’s a stakeholder-driven
program. Important for stakeholders to both own and participate in the process.
Including ALL stakeholders is a big challenge, but is important to strive for.
o Sometimes the cultural or physical outcome is the end goal of conservation (not
the biological). Though usually these things are all interdependent.
o Again, notes from congressional committees, is that we need to get our act
together and do good science rather than look like we’re trying to take advantage
of the issue of the day (climate change).
o Lots of confusion still there
 Roles and functions of LCCs and CSCs.
 How does what we’re doing compare with those of other agencies such as
NOAA’s climate service. Currently working on MOU between DOI and
DOC to iron out what the two departments are doing to ensure that
activities complement one another. Will be a series of implementing
agreements that come out under the MOU to address actual
implementation issues. Also working on similar agreements with other
agencies.
o Strong desire to see a central repository for information to which decision makers
can look for information.
If we cannot get our act together and work across agencies within the DOI, we stand to
lose some of what we already have, as well as not being successful in getting more
resources to address climate change.
Two DOI workgroups now formed: LCC-CSC workgroup co-chaired by Dan Ashe, Kit
Batten and Suzette Kimball. Data Integration and Dissemination Workgroup co-chaired
by Steve Fancy and Pete Murdoch.

Deanna Archuleta – Deputy Asst. Sec. for Water and Science
 Strong need / desire by secretary to have an interagency approach to the LCC/CSC
system as a Bureau.
 Absolutely need to be responsive to other partners.
Q&A
 Suzette. Yes there is an expectation that data from the LCCs will be used by the CSCs
and this will come from monitoring programs and project monitoring.
 What happened to regional climate partnerships and is that still part of the vision, seems
to have been dropped from the CSC communications? (Suzette) yes this will be critical
and will be part of the review criteria for the regional CSCs as they’re selected. (Tom)
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Will need to bring in the broader community at both the regional and national level to
deal with climate change issues. (Suzette) has become a “given” at this point.
What are some of the obstacles to making this work? (Paul) Currently the social one
might be the big one—some have been working within this framework for decades,
others for weeks. Also big challenges with meeting expectations in terms of
accomplishments and efficiencies. Data management too. (Deanna) Integration in
general across the Department, though there’s definitely support across the board. Also
differences across regions. Also the basic fact that some people are still questioning
whether climate change exists.

LCC Breakout Groups
General overview of status, challenges, opportunities, and how we see the LCC network fitting
together.
Arctic LCC (Karen Murphy)








Have steering committee comprised of project-level managers. Co-led by State and FWS.
Sets funding priorities. Working to broaden the steering committee.
Committee working to develop consensus-based conservation goals
o Unified data needs
o Improving physical processes that drive habitat change
o Resource conservation and infrastructure planning and the geospatial tools needed
to do it.
o Supporting subsistence lifestyle. Both a fish/wildlife and cultural aspect.
Additional conservation goals on the table for discussion in the next few weeks.
Projects to date have been focused on filling baseline information needs identified by
partner programs.
Convenient that all agencies work within the same boundaries. And one state.
Challenges
o Changes happening fast and difficult to predict. BCR extends well into Canada.
o Not physically connected to any other LCCs. No neighboring LCCs to work with.
Trying to stand up western Alaska LCC now so this will be somewhat remedied

California LCC (Rick Karney)


Ecologically, economically, and politically challenging.
o Water dependent
o Biodiverse
o Central valley of CA is largely intensive agriculture and in addition to fisheries is
managed on the margins of water resource availability.
o Big cities / urban centers.
o FWS challenge is to find its niche in a broad array of existing programs and
partners.
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o Including strong climate program supported by the State/Governor. FWS is
having to play catchup.
Strategy has been to connect through existing programs and entities.
Taking time to do it “right”
Starting small (San Francisco bay area) as a demo area and will grow out from there.

Desert (Avra Morgan, BOR and Mima Falk)





Avra
o FWS is helping BOR stand up the LCC
o BOR and its partners typically work on a watershed basin basis; initially wanted
to do the Colorado River basin, which covers 4 LCC areas. BOR is unclear about
how to work across boundaries with all of the partners – still trying to figure this
out.
o Challenge in trying to figure out the tensions between on the ground need and
partners’ needs to report upward to different performance goals.
o Worried about partner fatigue… especially when jurisdictional maps don’t
overlap seamlessly.
o Lots of climate science going on with good opportunity to collaborate in the
future.
Mima
o Good experience co-standing up the LCC.
Questions/comments.
o Can we talk to Mexico about coordinating with them?...
o Big challenge is the basis of LCCs in bird conservation areas now that we’ve
expanded scope of LCC program beyond original intent to more partners.

Great Basin (Nora Devoe, acting Science Advisor for BLM HQ)








Handout available.
Working with BLM strongly, who is encouraging national consistency.
Rapid population expansion
Energy infrastructure increases will be huge impact in the future. Mostly wind and
transmission lines.
Lots of existing long-standing partnerships.
Challenge of competing geographies
Prioritizing needs that go to CSCs and applying outputs on the ground.

Great Northern (Yvette Converse)



Co-hosted by FWS and NPS.
2010 muli-dimensional synthesis planned
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Data management system just getting off the ground.
Steering committee is at the Director / RD level for most agencies.

Great Plains (Mima again, sitting in for Beth Olms)










30 people on the steering committee
Recently had large scoping meeting with many other agencies. Still no other NGOs
Partner fatigue!
To get around it, the consensus was to have the JV become the management entity of the
LCC and the JV coordinator to become the LCC coordinator. Mike Carter is the JV
chair.
Did an official RFP with criteria through grants.gov to fund projects.
Criteria based on ops plan and FWS performance measures. Technical committee will be
selecting the projects (including ngos and states I think)
They are having to do lots of apologizing to partners about the speed of the rollout
Questions/Comments:
o Have any LCCs considered doing listening sessions / open houses to engage the
broader conservation community and ensure we’re working with the full spectrum
of partners that we should be.

Gulf Coastal Plains and Ozarks (Bill Uihlein)









Basically the JV said they wanted to start it up this year even though not officially
funded.
3 joint ventures involved; 21 agencies involved
Concern over speed, especially from states. Can get past that with $.
Forming a steering committee, starting with a leadership summit that will iron out how to
make it happen.
Will have an integrated science team that will be built around subunits and resource
challenges rather than driven by agency participation.
Will be advertising for the science coordinator in the next couple of weeks. To be located
at Mississippi State U.
LCCs have responsibilities way beyond climate change. More than just climate change
driving conservation needs.
Questions/Commentso JVs included are a significant science community and recognized as a leader as
such. Will have to have a large role in the LCC as a result. Probably more
integrated than in other LCCs.
o Building committees around “opinion leaders” to get around angst of not having
all agencies represented on each committee.
o Where does mission of the LCC start and the States’ needs begin? Generally how
do we deal with moving beyond federal trust resources?
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North Atlantic (Andrew Milliken and David Whitehurst)







They have a final draft governance document.
Many of the same issues as the SALCC but with more human population.
Doing habitat mapping at the regional level. And maps of priority representative species.
States are pooling fish and wildlife grant money to fund LCC priority projects. Based on
multi-state conservation plan that is also being used as basis for LCC priorities.
In talks with SALCC on how to coordinate/integrate climate science centers. The science
needs to be driven by the needs of the LCCs.
States’ positions…
o Some shared with federal government but different and “felt” at the state level.
CWC plans brought this home, along with the demonstrated need to work at the
landscape scale.
o Need to have a uniform habitat classification system used across the board.
o Have a northeast monitoring approach
o Need consistent clear messaging
o Consistent / clear governance standards and directives would be good; probably to
communicate expectations.

Pacific Islands



Big. Unique. Agencies have a history of working together.
Hawaii Conservation Alliance is the interagency steering committee.

Plains and Prairie Potholes (Melinda Knudson)









Focused largely on grassland and migratory birds. And large rivers.
Climate change was the #5 ranked driver for conservation planning, behind energy
development and agricultural issues.
Two primary partners: PPJV and Fish Habitat Conservation Partnership.
Data sharing going to be tough.
Beware of mission creep… seem to be expanding to different scope than we originally
started (we have by Sec. Salazar’s mandate).
Need to think about and plan for cumulative effects of multiple stressors on wildlife.
NOTE: She seems to be focusing on project monitoring/ adaptive management as focus
for monitoring as opposed to status and trends.
Need for basic land use / land cover maps, digital elevation models, NWI wetland
inventory maps etc., across the board.

South Atlantic (Joe DeVivo, NPS)


Current Organizational Structure
o Interagency Scoping Team (IST) formed in November 2009
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Representatives from Federal and State agencies and NGO’s
Purpose of IST is to develop the vision, operational structure and
recommended governnce for the SALCC
 Planning meeting scheduled for March 30-31, 2010
 Draft SALCC Structure and Governance Document
 Identify current assets and gaps relative to science capacity
 Create criteria to assess and rank current and future project
proposals relative to SALCC science needs
o Partnership Engagement
 April 20-22 2010 stakeholder workshop targeting leadership in Federal
and State agencies and NGO’s
 Goal to obtain “buy in” to the SALCC
 Vet IST Structure and Governance document
Science Capacity
o SALCC Core Staff in SALCC Office - Raleigh, NC:
 LCC Coordinator (reporting late spring 2010)
 Science Coordinator (hired in FY2010)
 USGS Scientist(s) (hired in FY2010)
 NPS Climate Change Adaptation Planning Specialist (proposed for FY
2010)
o Additional capacity
 NPS and FWS I&M programs (to be co-located in Athens, GA)
 Others…
Other notes From a regional/NPS perspective
o Partner fatigue is a concern heard across LCCs where we’re involved. Especially
with partners involved with multiple LCCs who are not doing things the same
way.
o Managing expectations will be very important; consistent message on what the
LCCs are trying to do is key. Not so much an issue of mission creep; we’ve had a
change in mission of what the LCCs are trying to do, and the LCCs are adjusting
to that differently and at different speeds.
o Very difficult to track who is doing what related to climate change, especially
outside DOI.

Southern Rockies (David Raff, BOR)




Trying to figure out what it means to stand up an LCC…
Never heard of a Joint Venture before….
Would like to see LCCs built around each partners’ trust responsibilities rather than limit
it to fish, wildlife, habitats, and cultural resources.
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Need to be sure that subcommittee structure doesn’t fragment the LCC back to what it
was before.
BOR has provided monthly downscaled data archived for entire US. See CMIP 3 at
http://www-pcmdi.llnl.gov/ipcc/about_ipcc.php
20% variability in 122 monthly downscaled models. Must become comfortable with that
kind of variability.

Climate Science Center Roundtable

Robin O’Malley (Moderator)


















Conservation and adaptation occur at the local level, but need to put it in a regional
context.
CSCs are dealing with the global down to regional level – big regional climate signals.
Not just dealing with climate change. Also have to think about hydrology, fire, invasives,
and other things that are closely tied to climate.
USGS is in charge of the USGS Climate Change and Wildlife Science Center, but is only
acting as an agent for DOI in getting the CSCs stood up … these are DOI centers.
Working to select the locations of 3 climate science centers this year, two next, and three
more in 2012. Will stand them up as resources allow.
Will likely first be staffed with fish/wildlife/habitats/ecosystems climate people, but will
grow to include other disciplines in time. This will be their initial focus.
Alaska, Southeast, and Northwest this year. Northeast and South Central in 2012.
Information management will be key. But limited by storage capacity and throughput
capacity.
Regional CSCs will serve a role as a convening body to identify science needs.
CSCs will have their own steering committee with one person from each LCC in addition
to other manager-level people to ensure that the CSCs are producing managementrelevant info.
Plan is $3-4 million per year per center to fund the fish and wildlife and habitats
component. Looking at a max of 25% for fixed costs, with the rest going to
projects/partners.
All will be located on university campuses (Sonya Jones, USGS, SE Region has heard
different).
Will need to catalog other agencies/programs/university programs that deal with fish,
wildlife, habitat, and resource management for the proposal.
LCCs are not the only client for the CSCs, but are “first among equals.”
Line between CSCs and LCCs is still unclear. LCCs will be more focused on site-specific
stuff; CSCs at a larger scale (LCC/Region/System). LCCs will be more focused on the
application side of things. But very blurry line most likely.
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Alaska (Stan Smith)




Alaska Climate Change Executive Roundtable (ACCER) provides overall leadership and
oversight to the CSC and LCCs. Includes executive-level people from feds, states,
NGOs.
ACCER has also stood up a Data Integration Forum that is independent of the partners
and programs.
o Has a policy committee and technical working group
o Idea is that if you manage the data separately than the programs, it will lead to
more data sharing and integration

Southeast (Sonya Jones)






Doing the Southeast Regional Assessment Project as a demo for integrated science and
modeling tied to climate models/data
Portal located at http://serap.er.usgs.gov
Lots of integrated projects as a model for a CSC.
CEN efforts in Gulf Coastal Plain (RSET and tidal gage data) and river hydrology
(Appalachicola-Chattahoochee-Flint River Basin) to be integrated this FY.
NOTE: SE Coast Network will be integrating data from CHAT and KEMO
monitoring/watershed condition assessments (part of the ACF basin) and upcoming
coastal climate I&M efforts with the SERAP project. CHAT and KEMO draft condition
assessment reports already provided to Pete Murdoch, CEN.

Northwest Nancy Lee




Lots of climate related partnerships
Lots of climate related projects
Will be the foundation for the CSC when it gets funding/location is selected.

Q&A / Comments





Need to have more clarity on the dividing line between CSC and LCC roles.
Need to have clarity on who the clients of the CSCs are. Not just the LCCs. Don’t know
if the CSCs will engage other partners thru the LCC framework or if thru another
pathway.
Relationship between CSCs and LCCs will be partly driven on funding structure. If soft
funding requirements exist where partners have to fund USGS, then it’s not going to
work since there are other cheaper options (i.e., CESU program).

Association of Fish and Wildlife Agencies (Arpita Choudhury)


Generally positive attitude of states toward LCCs and CSCs, but have the following
concerns:
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o Difficult to be involved with multiple LCCs and CSCs concurrently given state
budget situations and lack of capacity. Applies to other federal programs that are
also demanding states’ participation.
o States need to be equal partners, and need to be on the steering committees.
Seems like a federal takeover to some.
o Fear that existing partnerships that states are involved in will be diminished in
capacity as LCCs and CSCs are stood up.
o Concern about mixed messaging. What they are, what they’re not, and how states
are supposed to engage with them.
o Need to identify what we’re doing (clear goals and objectives) before identifying
data and capacity needs.
o The information sharing platform for LCCs and CSCs needs to be the same one as
used for the State Wildlife Action Plans (SWAPS)
o Need to do a better job of involving states with the process and reasons for the
multiple science capacity needs requests (i.e., what are your needs…). Lots of
requests coming from federal agencies, but the answers by the States seem to go
into a black hole. States are not part of the process and so are frustrated.
o Feds need to take the time to do good communication and outreach to the states so
everyone knows what’s going on.
From the state agencies…
 National Fish Habitat Action Plan exists as the aquatic corollary to the JVs. Need to
make sure they’re included in the process.
 End of year will need to have a state of fish habitats report. States involved heavily in
doing this.
 LOTS of data in the state systems, some very old, some not well organized. Can’t ignore
it.
 Lots to do and lots of interest. Need to guard against being redundant.
 Look at climate science as a layer above and beyond other stressors.
 Western State Governor’s Assn. concerns:
o Concerned about sovereignty and they need to manage each State’s data at the
state level. Data based on same structure so they can talk with one another but
managed independently.
o Looking for common definitions of conservation objectives across the board.
States can manage to whatever point they want but at least they’ll be comparing
apples with apples.
o Agreement on common metadata standards and data exchange standards will be
important.
Facilitated Discussion


Big side discussion ensued on relationship between CSCs and LCCs.
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RISA program (NOAA) lessons learned: need to include all partners from beginning to
end.
Status and trends monitoring will be key to climate change efforts and for placing LCC
goals in the broader ecological context. Needs to be done within a national-level
framework.
Day 2

Summary from day 1.
Unprecedented opportunity to move conservation forward, eyes of the world on us, and we’re
going to be held to the fire to do things well, efficiently, and right.
Opportunity to leave a legacy for Sam Hamilton.
Need to build meaningful partnerships.
Need to take advantage of existing efforts
Kit Batten is leaving the DOI on April 16th for the Heinz
Center.
This landscape-scale, partnership approach is what we
should have been doing 20 years ago, but the climate
change focus is providing the opportunity to start doing it
now.
Can’t lose sight of our strategic goals but need to deliver in
the short term.
There is $2 million set aside for figuring out how the LCC
network can work as a connected unified program via data
integration as opposed to a collection of independent LCCs.
USGS has an additional $1 million.
Morning Presentations

A lot of time / concern today
coming back to the fact that
there’s a LOT of missing clarity
in the roles and functions of what
the LCCs and CSCs are, how
they’re supposed to work, and the
resultant confusion as everyone
tries to figure it out on their own.
There’s a need for FWS to spend $2
million this FY for supporting the
LCC program at the national
network level. Today largely
geared toward figuring out to do
with that money.

Steve Fancy – DOI Strategic








DOI has committed to unified monitoring and data
management effort that is state of the art.
The “best available data” that our land managers need to make decisions at the local as
well as the landscape level is stored in thousands of locations in hundreds of formats.
Most of the data we need/use or that will be produced is external to DOI
Technology exists for doing loosely-coupled distributed systems based on shared
standards.
Need to carefully figure out who the key audiences are for the data and information, what
they need (as opposed to what they want), and then figure out how best to make the data
easier to discover and access.
Definitions of Data Integration:
o Bringing data together from multiple sources and presenting a unified view of the
results
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o Combining data from different sources or across agencies.
Comment by David Hayes last June —“I think the data piece is probably the most
important part of this” (he was talking about interagency coordination to address rapid
climate change).
Service Oriented Architecture (SOA) is the OMB, DOI, and industry standard.
OMB and DOI require a structured, modular process. OMB has a toolkit…
www.fsam.gov
People in DOI Chief Information Officer’s office will help us with this

Breakout Group 2 report outs…
Barriers
 There is a lack of a clear vision, goals, and objectives for the LCCs and the CSCs. Need
to get clear message Department.
 Boundaries are dumb for LCCs and CSCs. At least there’s a rationale for the LCCs
though…
 What does an LCC Network mean?
 Maintaining continuity without stifling innovation. The DOI needs to provide guidance
that is facilitative but not prescriptive.
 Lack of common terminology
 Uneven capacity among LCCs
 Lack of (biological) monitoring
 There’s a culture of competition among regions to start up LCCs; might not be the best
thing for the greater good.
 People being stretched too thin.
 Disparate levels of IT capacity among partners.
 Lack of staff stability within the LCCs – majority of people are acting or interim.
 Inconsistency among LCCs on what they’re doing, what partners are involved; partners
involved in several LCCs are hearing different messages from each LCC.
 Lack of data standards across department and partners
 Not a way to measure the success of LCCs at either the LCC or network levels.
 Navigating and working within the various missions of bureaus.
 Getting buy-in from partners without being clear on what they’re buying into.
Sleepers
 Partner fatigue
 Relationships between partner groups and LCCs (i.e., joint ventures)
 Clearly a little tension between USGS, FWS, and other DOI agencies. Then there’s the
other federal agencies outside of DOI
 SWAPs (State Wildlife Action Plans) need to be an integral part of the planning process.
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Administration changes; losing some of the political will or momentum following the
congressional midterms.
Turfiness and cynicism
Macroeconomic forces overriding ecologic considerations
Renewable energy needs overriding ecologic considerations.
Crossing a threshold where changes happening faster than our ability to predict, plan, and
implement mitigation
Lack of funding with the states
Lack of incentives for cooperation
Overhead for services charged among agencies.
Lack of access to one anothers’ data for a variety of reasons.
Lack of clearly describing assumptions/limitations of underlying data when publishing
models.

Short term wins
 Add value to LCCs by explicitly incorporating SWAPs into LCC efforts
 Add capacity
 Get better access across agencies to data.
 Products-need to produce something at the LCC level in a very short timeframe to
demonstrate proof of concept and added value to partners/OMB
 Better align LCC and CSC boundaries.
 Deliver natural heritage data to all LCCs.
 Communication tools. Need a clear message, and that needs to be turned into a good
communications/marketing plan.
 Finalize doc/doi mou
 Deliver maps of swaps, consistent habitat mapping and classification, and consistent
ecological habitat and mapping.
 Videoconferencing.
 Data gap analysis.
 Demo report linking habitat/pop shifts to climate change and how that translates to
conservation options.
 Basic data needs that everyone has, and we can get some of those from partners already
working on it.
 Fund projects that have already been identified by the JVs.
 Fund states to update SWAPs in a coordinated manner with a landscape focus ala what is
happening in the northeast and the west.
 Create a visual tool to demonstrate pulling datasets from multiple sources that can be
used to market common objectives.
 Augment existing staff above existing LCC coordinators to take leadership of the
network (doi-level).
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Publish the vulnerability assessment userguide under development by FWS. Possibly
fund some actual assessments.
Upgrade FWS’ network to accommodate data management capacity.

Big Hairy Audacious Goals.
 Define sustainable landscapes within a living national conservation strategy
 Develop national-level conservation objectives derived via consensus process
 Vulnerability assessment of ecosystem services
 Develop national data-sharing network
 Use that to increase public support for conservation
 Generate national seamless LIDAR-based topographic maps.
 Help states and JVs do what they’re already doing in a seamless fashion across the
country
 LCC has ability to sustain fish and wildlife populations continentally
 Get all agencies and private landowners to embrace LCC
 Establish LCCs as a legislative priority.
 Maintain relevance across administrations.
 Ability to visualize ecological change across the country under different scenarios.
 Need to address the ocean component of the LCCs.
 Linkage with ESA policy
 Do interagency data integration.
Key Strategies
 Department level needs to have a good serious conservation about what these LCC things
are trying to do. Needs to be an ongoing conversation.
 SWAPs need to be a part of this planning process
 Data sharing across all federal agencies and with States; each State needs to manage their
own data (sovereignty).
 Each bureau should detail someone full time to work with Tom Armstrong at the DOI
level as the LCCs and CSCs are being figured out.
 Get agreement for outcomes of LCCs that aren’t driven by Strategic Habitat Conservation
plans.
 Evaluation criteria for LCCs driven by economic/business plan measures.
Roles of DOI and partners
 Effectively and widely communicate purpose of LCCs to partners
 Provide videoconferencing capacity.
 Executive level interdepartmental coordination and communication
 Establish coalition to fund LCCs as a legislative priority.
 Develop an outreach plan and products on why LCCs matter.
 Obtain funding for data mining legacy databases.
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Facilitate conversations between scientists and managers.

Innovative Solutions
Ideas presented that are on the cutting edge. Not proposals, but there for stimulation of thought.
Chet Koblinski (NOAA)
NOAA received $170 million to install new supercomputers for downscaling, which they’re
doing. Test modelse running now at 3 km resolution.
NOAA has a proposed Climate Service. Will be pulling from OAR, NWS, and National
Climatic Data Centers to form. Basically will have people and money in place to do stuff. Six
regions, different maps.
Chet says that he came from NASA where he did rocket science, and that was a lot easier than
figuring out how to organize the NOAA Climate Services effort.
Obviously need to work out the relationship between NOAA and CSCs to reduce overlap.
Climate services portal at www.climate.gov; background on www.noaa.gov/climate
Madeline West (Western Governors’ Wildlife Council / Alliance)
 Council charged with mapping conservation corridors across states using consistent
methods/priorities and turn it into a publicly-available decision support system.
 Received $3 Million from Dept. of Energy to test data decision-support system and
protocols.
 Goal to make state data compatible across jurisdictional boundaries.
 Eight projects being funded to start in FY10
 Madeline said that she liked Steve Fancy’s recommended strategy for data integration
using web services and service-oriented architecture. Said if federal were changed to
State, she could have given that talk, and maybe she will.
Stan Smith (USGS) migration to large-scale data integration via the USGS Climate Effects
Network
 USGS in Alaska is developing a central data model repository.
 Very much focused on individual projects and how to coordinate data management of
them across USGS.
 USGS researchers all maintain their own data and there is no one place where people can
discover and access those data sets.
 Proposes a series of 7 to 10 regional data centers with some consistent data structures and
metadata standards, so that USGS researchers can send their data to the regional data
center where it can be managed and made available to others.
 Stan’s recommendation is to (1) start local; (2) create area data centers; (3) centers would
coordinate standards and publish data standards in a national repository; (4) support
research projects; (5) create a national data store where everyone would submit their data
or metadata.
Nate Booth (USGS) Geo-Data Portal
 Provide a subset of processed downscaled models thru web tools.
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Provide catalog of best-available data
Serve derivative products from modeling efforts that others can use.
Connecting data needs…
o Common geo framework
o Common terminology
o Collection Standards
o QA standards
SOA great for small data sets but isn’t good for pushing big pieces of data around.
EPA exchange network (http://www.exchangenetwork.net)
o Based on open source community that provides “node” software. People can
become nodes.
o Rigid standards in terms of how nodes are supposed to serve data (standards).
NOAA IOOS program
Canada Groundwater Info Network (GIN)
o Providers push data using their own standards
o GIN dynamically decodes data into common semantics – Magic decoder ring
Water Observations—
o Observations and Measurements Standards via XML.
USGS BIODATA
o Funded by NAWQA
o Algae, fish, inverts, to both USGS and EPA standards.
Day 3

Andrew Milken concerned that we are moving on before addressing the data integration thing.
Rex wants to make sure we have an executive summary of leadership panel discussion.
Breakout groups to prioritize stuff from Day 2 breakout groups
Overcoming Barriers
 Need to clarify vision, goals, objectives of LCCs and their relationship to CSCs, and
communicate this as a “concept we are considering” to partners, and then ask for their
input and feedback, and then revise the goals, objectives and iterate. After getting input
from all the partners (and there are about 100 of them), communicate the vision and goals
widely.
 Develop a working-level structure for interaction and decision-making. Each DOI bureau
should detail someone full-time to the Department to figure all of this out. DOI guidance
should be facilitative but not prescriptive.
 Develop a working framework model. Clarify the roles and responsibilities, and describe
what the LCC is and is not.
o Evolve conservation planning strategies. Need to figure out how to do
collaborative planning and implementation across agencies that have different
missions/views/plans of attack.
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Allow time (several years) for partnerships to develop. Most of the people currently are
in interim or acting positions.

Partnership Opportunities
 DOI leadership needs to work with LCC coordinators to develop clear vision, goals, and
minimum expectations.
 Recognize and build on existing partnerships (States, Joint Ventures), and identify
partnership gaps.
 Develop national and LCC level relationships with States considering SWAPs and other
state place-based conservation initiatives.
 DOI needs to engage at the Cabinet level with other federal agencies (DOC, DOE,
USDA, CDQ, EPA, NOAA) and with tribes. And other countries, particularly Canada
and Mexico. Basically we need to ensure that there’s good cabinet-level conversations
going on.
 DOI needs partnership strategy that spans a diversity of partner types (science, planning,
implementation, political) informed by LCCs.
Big Hairy Audacious Goals
 Develop a living national conservation strategy
o Sustainability
o Visualization and forecasting
o Ridge to reef
o Cross-boundaries, gradients, ecosystems
o Includes long-term monitoring commitment
 Maintain robust science to manager partnership at all levels
o Agency, joint ventures, states, etc.
 Develop national data sharing network
o Standardization
o High-priority data sets
o Comprehensive
o Includes legacy and baseline data
 LCCs as a legislative priority
 Increase public support for conservation
 Incorporate ocean systems into LCCs.
 True collaboration and reduced duplication of effort
o e.g., bureaus and agencies.
“Short-term Wins” that we should begin working on right away:
 Each bureau details someone full-time to work as DOI coordinated staff for Tom Armst.
 Develop a strategy for integrating SWAPS (state wildlife action plans), JVs, national fish
habitat initiative
 Develop a messaging and outreach strategy
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Schedule a workshop to address the data management strategy
Do a gap analysis to determine what data and models exist vs. what is needed by each
LCC
Conduct an inventory of existing data sets and information
Design a web portal for the LCC network.

Close-out Report to Leadership Panel










definitely need more guidance, but looking to the field level to flush out the details.
BHAGS all seem to be systems-level challenges.
Hindsight 20/20 and this meeting would have been good months ago.
Anxious to get to the follow up workshop on data management and standards so we have
some thoughts on how to spend the $2 million.
Working on a common governance structure that will be shared by all LCCs.
During Q/A session with leadership panel, it was pointed out that there were two sets of
guidance: The DOI guidance emphasizes multiple DOI agencies in each LCC and
mentions cultural resources and marine resources equally with fish, wildlife, and habitats.
The FWS LCC form and function guidance just talks about fish, wildlife, and their
habitats, and some of the LCCs are focusing only on that.
Miscellaneous notes:
Many of the LCCs seem to want a lot of flexibility to develop partnerships and do things
their way at the local level. The majority of people didn’t see the need for a national
network of LCCs.
Several of the LCCs are funding projects to do on-the-ground conservation projects with
partners because they have money they have to obligate and don’t know what to do with
it otherwise.
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Conceptual Model

Conceptual Model
• Systems will be driven by both climate
change and human-driven factors
• Relative impact of either is locationdependent
• Need to consider both for scenario
planning
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Atlantic Coast System Drivers
Global Climate Change

Ocean
Acidification

Air Temperature

Precipitation

Storms

Drought

Sea Level Rise

Responses

ResponseDrivers

Drivers

Sea Surface
Temperature

Human Dimensions

If you just look at climate change, there are seven key drivers that will shape ecosystem
response. Important to realize that these are in fact causally linked.
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The Atlantic Coast landscape is already being shaped (and is projected to continue to be shaped)
by other significant system drivers related to the distribution, intensity, and types of human uses.
During the next century we expect to see significant changes in urbanization (increases), energy
production (increase in amount and types), and water demand, with these three drivers being
very tightly linked. Changes in land use and water availability will also likely affect forest/crop
productivity within the coastal zone and watersheds upstream.
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Climate change and human dimensions drivers are linked. GCC drivers can have direct and
indirect effects
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Linkages go both ways; with notable examples regionally of water and energy sectors affecting
relative sea level rise as well as (potentially) exacerbating drought effects.
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Atlantic Coast System Drivers
Global Climate Change

Drivers
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Temperature
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Precipitation
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Change
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Drought
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Forest Productivity
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Productivity

Water Quality

Air Quality

Condition Change

Value Change

Use Change

ResponseDrivers
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Water Demand

Sea Level Rise

Storms

Process Change

Human Dimensions

Distribution
Change

It’s a mess! But we have to consider GCC within the context of the human landscape because
they are tightly linked.
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Linkage of drivers implies that impacts are also linked. For example, thermal pollution of rivers
is driven both by climate change (temperature and amount of water entering the system) and
human dimensions through use (water extraction and return) as well as changes to flow
(percolation vs. overland flow across impervious surface). The relative importance drivers and
responses will largely be scale-dependent, and management of the responses must address all
relevant drivers.
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Drivers

Air Temperature
•
•

Increasing everywhere
Will accelerate
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Sea Surface Temperature
•

•
•

Generally warming
with decadal
variability
Warming faster in
northern latitudes
Drives storm patterns
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Storm Events
•

•

Current return rate of
CAT I storms ranges
from 3 to 33 years.
Highest frequency in
Outer Banks and
South Florida
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Storm Events
•
•

Rate is
increasing
Increasing
with
latitude
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Relative Sea Level
•

0-3 mm/y (green)
–
–
–

•

3-6 mm/y (yellow)
–
–

•

S. Florida
New England
Most of South Atlantic
Charleston
Mid Atlantic

6-9 mm/y (orange)
–

Chesapeake Bay

Relative SL is currently rising coast-wide. Rising faster in mid-atlantic (especially Chesapeake)
area. Primarily driven by air temperature (leading to both more ice melting and thermal
expansion) as well as land subsidance (combination of natural and anthropogenic causes).
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Ocean Acidification
• Acidification
increases southward
• CO32- Driven by
atmospheric carbon
(not temperature)

a, Atmospheric CO2 used to force 13 OCMIP models over the industrial period ('Historical') and
for two future scenarios: IS92a ('I' in b and c) and S650 ('S' in b and c). b, c, Increases in
atmospheric CO2 lead to reductions in surface ocean pH (b) and surface ocean [CO32 - ] (c).
Results are given as global zonal averages for the 1994 data and the preindustrial ('Preind.')
ocean. The latter were obtained by subtracting data-based anthropogenic DIC (ref. 17) (solid line
in grey-shaded area), as well as by subtracting model-based anthropogenic DIC (OCMIP median,
dotted line in grey-shaded area; OCMIP range, grey shading). Future results for the year 2100
come from the 1994 data plus the simulated DIC perturbations for the two scenarios; results are
also shown for the year 2300 with S650 (thick dashed line). The small effect of future climate
change simulated by the IPSL climate–carbon model is added as a perturbation to IS92a in the
year 2100 (thick dotted line); two other climate–carbon models, PIUB-Bern and Commonwealth
Scientific and Industrial Research Organisation (CSIRO), show similar results (Fig. 3a). The thin
dashed lines indicating the [CO32 - ] for sea water in equilibrium with aragonite and calcite are
nearly flat, revealing weak temperature sensitivity.
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Human Populations
•
•

•

1980-2000
Largest rates of
increase in FL, Mid
Atlantic
Seasonal home
densities greatest in
New England and
South Florida
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Land Use
•

•
•
•

Urbanization
projected to
continue
(thru 2050).
RI, NJ, MA, CT will
be >50% urban.
FL to have highest
urbanization rate
Pattern not even
across landscape

Land use change will be driven by both climate and anthropogenic forces. Land will be
converted based on gain/loss of ag and forest productivity. Urban areas will grow and get more
“impervious.” Region-wide changes will affect systems on coast.
Figure from Nowak, D. J., and J. T. Walton. 2005. Projected urban growh (2000-2050) and its
estimated impact on the US Forest Resource. Journal of Forestry 383-389.
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Not just crops

Agricultural land uses in the Southeast include more than crops; animal husbandry, particularly
high-density chicken facilities, produce large quantities of nutrient inputs to water systems
within the southern landscape. Economic-driven shifts among agricultural sectors might include
shifts from plant- to animal-focused production.
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Water Demand
•
•
•

•

Use correlated with
population increases
Surface water largest
source
Power generation and
agriculture largest use
sector
Already history of
water and power
shortages
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Forestry & Agriculture

Pine productivity projected to decline. Hardwood productivity projected to increase. Variability
in productivity of various crops throughout the Southeast. The result is a predicted change in the
types and distribution of vegetation cover across the landscape, when considered in conjunction
with land use change can have significant effects on wildlife habitat.
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Energy Production
•
•
•

Hydropower (below) near
capacity but highly variable
Both production and
infrastructure impacts
Demand projected to
increase

Just about every portion of the energy sector is impacted by climate change. Most sectors
require water in varying degrees
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Summary
Driver

General Trend

Air Temp

Increasing

Precipitation

Increasing

Sea Level

Increasing, with notable local/ regional hotspots

Ocean Acidification

Increasing

SST

Increasing

Drought

Increased risk

Storms

Stronger, changes in frequency uncertain

Human Population

Regionally Variable

Water Demand

Increasing demand, Decreasing availability

Land Use

Increasing urbanization

Ag & Forestry

Decrease overall, change in production

Energy Production

Increasing demand
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