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• Objective 1: establish activities that will lead to multi-site, highly 
collaborative, integrated research initiatives that explicitly include 
synthesis components coupled with novel training opportunities in 
graduate and undergraduate education. 

• Objective 2: evaluate LTER Network governance structure and further 
stimulate the culture of collaboration within the LTER Network. 

• Objective 3: envision and develop education and training activities that 
will infuse LTER science into the K-12 science curriculum.

A DECADE OF SYNTHESIS:
GOALS OF THE LTER PLANNING PROCESS (from the proposal):

This proposal describes an ambitious planning activity to develop a new 
LTER science agenda that when implemented will use the Network to 
its maximum potential and take LTER science to a higher level of
research collaboration, synthesis and integration.



Build on the strengths of the existing LTER Network:

•Research on 
•climate variability and climate change
•biogeochemical cycles
•biotic structure and dynamics

•Experience Integrating Ecology, Geosciences and Social Sciences

•Well Defined Organizational Structure

•Common Network-level Goals

•Cyberinfrastructure and Information Management

•Strong Graduate and Undergraduate Education

•Schoolyard LTER



Climate Variability

Climate Change
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Hierarchical structure of the LTER Planning Framework

LTER has a strong history of research in these areas



“Hockey Stick”

Mann et al. 1998
Nature
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Press factor – variable or driver that is applied continuously at rates ranging 
from low to high (e.g., atmospheric nitrogen deposition, elevated CO2). 
Includes changes in rates (increases, decreases) relative to some historical 
baseline.

Pulse factor – variable or driver that is applied once or at periodic intervals 
(e.g., fire, extreme climatic events). Includes changes in the size, magnitude 
and frequency at which pulses occur.

Concept from Bender et al. 1984.  Perturbation experiments in community ecology:  Theory and practice. Ecology 65(1):1-13.



Global Climate Change Tipping Points produced by climatologist 
Hans Joachim Schellnhuber and published in Nature (Kemp 2005).

Global Change Tipping Points



Fo
re

st

fra
gm

en
tat

ion

Se
di

m
en

t
lo

ss

Shrub
encroachment

Hypoxia

N 
Sa

tu
ra

tio
n

Albedo

Increased fire frequency

N
pollution

CHALLENGE:
Identify causes and 
consequences of 
ecosystem tipping 
points in North 
America
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Main drivers:
Human Population Change
Human Consumption





Millennium Ecosystem Assessment
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Integrated
Science for
Society and the
Environment: a 
broadly based 
funding initiative
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CONCEPTUAL FRAMEWORK

External drivers 
earthquake, tsunami
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Framework Questions
• Q1: How do long-term press disturbances and short-

term pulse disturbances interact to alter ecosystem 
structure and function?

• Q2: How can biotic structure be both a cause and 
consequence of ecological fluxes of energy & matter?

• Q3: How do altered ecosystem dynamics affect 
ecosystem services? 

• Q4: How do changes in vital ecosystem services feed 
back to alter human behavior?

• Q5: Which human actions influence the frequency, 
magnitude, or form of press and pulse disturbance 
regimes across ecosystems, and how do these change 
across ecosystem types?



ECOSYSTEM SERVICES

Regulating: Nutrient filtration, 
nutrient retention, C 
sequestration, disease 
regulation

Provisioning: food and fiber 
production, 

Cultural: aesthetics & 
recreation

ECOSYSTEM FUNCTION
Flux, transport, storage, 

transformation, 
stoichiometry, 
productivity

COMMUNITY STRUCTURE
Vegetation turnover time

Trophic structure
Microbial communities

PULSES: Fire, drought, 
storms; dust events, 
pulse nutrient inputs; 
fertilization

PRESSES: Climate 
change; nutrient loading; 
sea-level rise; increased 
human resource use
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External drivers 
earthquake, tsunami



Disturbance Regimes
Pulse: floods; sediment loading; 
point source contaminants; fire; 
local precipitation; heat extremes; 

Press: base flow flux, sediment 
reduction (erosion); nutrient 
inputs; landscape conversion; 
drought; warming; channel 
stabilization; ground water 
depletions;

External Drivers
(Solar output; tectonics) 

Biotic Structure
Native/non-native interactions;  
microbial communities; vegetation 
stand structure; vegetation density 
(LAI); landscape patch mosaic;  
biodiversity status (all elements); 

Ecosystem Function
ET/water budget; decomposition 
rates; nutrient cycling (e.g. nitrogen 
processing) /hydrology coupling; 
fluvial geomorphology; riverine 
groundwater recharge; ground 
water/surface water interactions; 
river primary production and 
metabolismEcosystem Services

Water quality/quantity; biodiversity maintenance; 
aesthetic values; fire reduction; hydrological security;

Human Behavior
Water use (urban/agric); 
recreation; 
urban/agricultural 
conversion (economic 
value); 

Q1
Q2

Q3

Q4

Q5

Q1: How do long-term flow regulation and short-term flow variability (floods, droughts, and river drying) interact to alter the Rio Grande riverine corridor? 
Q2: How are feedbacks between water availability, decomposition, nutrient cycling, and fluvial geomorphology (ecosystem processes) and vegetation structure, 
patch dynamics, biodiversity, and microbial communities (biotic structure) affected by flow regulation and flow variability?
Q3: How do changing river and riparian ecosystems affect the regional water budget, channel characteristics, water quality, fire regime, and biodiversity?
Q4: How does the human population along the Middle Rio Grande respond to decreased water availability and quality, increased fire frequency, biodiversity 
losses, non-native species, and competing water demands?
Q5: How do humans decisions and actions affect flow characteristics of the managed riverine corridor and responses to floods, fire, drought, and drying?

Middle Rio Grande Riverine Socio-Ecological System

Regional Drivers
Snowmelt hydrology;
Regional economy; 

Compact requirements 

Human Outcomes
Cultural fabric (historical 
social contingencies); 
changing demography; 
government regulations/ 
management (e.g. DSS); 
science literacy;



US Long-term Ecological
Research Network (LTER)



Resource and Amenity-Based Migration and Land Use Dynamics

2. evolution of human attitudes and values as both ecosystems and human 
communities change over time.
3. experimental market ecology to examine institutional structures that affect 
ecosystems over time.

BGC & H20 CLIMATE DIVERSITY

1. human settlement and development patterns in relation to natural resources 
and aesthetic and biodiversity amenities.



Overarching Question:
How do changing climate, biogeochemical cycles, and biotic structure affect 

ecosystem services and dynamics with feedbacks to human behavior?

Important attributes of this research:

• Multivariate
– Expansion beyond univariate-based understanding to studying 

interactive effects of multiple stressors: we can model and 
manipulate these at multiple sites over long time frames and 
identify commonalities in ecosystem responses.

• Interdisciplinary
– People are typically viewed as drivers of change, but only 

infrequently as response variables - we will develop reciprocal 
models of causality that explicitly incorporate human behavior as 
both a cause and consequence of ecosystem change.

• Cross-site and cross-habitat
– multiple sites will allow us to identify the most important 

underlying processes through a combination of observation, 
modeling and experimentation



Integrating Research and Education

Addressing these questions will require a new interdisciplinary research 
approach.  This new approach can be effective only if its implications are 
understood by citizens, educators, and policymakers. 



1. Support the future vitality of the LTER research and 
education program by assuring it has the human capital 
needed for success.

2. Expand our community to reflect the diversity of our 
society and to include a broader range of skills, 
expertise, and disciplines.

3. Communicate with and bring user perspectives into our 
community.  

4. Improve environmental literacy through formal and 
informal education systems. 

1

2

3

4

LTER science 
and education

community

General

Public

user
groups



Cyberinfrastructure Planning 
within the LTER Network 

Planning Grant 
Barbara Benson

James Brunt
Don Henshaw
John Porter

John Vande Castle



Goals: Cyberinfrastructure (CI) 
Planning

• engage computer and information scientists to 
address the new integrative challenges 
presented by the expanding spatial, temporal 
and interdisciplinary scope of LTER network 
science

• provide cross-fertilization between LTER CI 
planning and that of other concurrent efforts 
within and beyond the ecological science 
community



Data LTER Cyberinfrastructure

Answers

?

Acquisition, 
Management,
& Curation of 

Experimental data

Discovery, 
Access, 

and Integration of 
Network data

Modeling,
Analysis, and

Synthesis,

Service-Oriented Architecture

Collaborative Work Environment

LTER Cyberinfrastructure Strategic Plan

September 15, 2006http://intranet.lternet.edu/planning/files/5/53/CI_Strategic_Plan_2.3.pdf



Integrating CI into socio-ecological research requires 
a program of workforce training and education



RECENT STEPS:

•Program Representatives meeting in Aug 2006
presented site ideas
began integration of multi-site research

•Submit revised initiatives document for comment

•Society Endorsement of ISSE

•All Scientist Meeting
flesh out proposal
multi-site integration, phase II
Begin transition to LTER SC

•STFAC meeting Oct 2006
•SC Meeting May 2007
•Proposal July 2007



GOAL during the All Scientists Meeting: Continue 
to develop detailed multi-site research plan

Program Reps meeting:
• Feedback from sites
• Coordinate activities during ASM

“Topical Question” Workshops: Bring your ideas
• Social science (Thursday 1:30-3:00PM)
• Altered biogeochemical and water cycles (Friday 9:30 AM -12:00 PM)
• Climate change and variability (Friday 3:30 - 5:30 PM)
• Altered biotic structure (Saturday 9:30 AM -12:00 PM)

Synthesis Workshops: 
• Altered biogeochemical and water cycles synthesis (Friday 3:30 – 5:30)
• Climate change and variability (Saturday 9:30 AM – 12:00 PM)
• Altered biotic structure (Saturday 2:00 – 5:30 PM)



Moving to the next hierarchical level of science, 
education, CI, and social influence

Biogeochem. 
& water cycles Climate change Biotic structure 

& land use
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