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Lake Mendota, Wl is an example of how long-term
research provides insights not evident from short term
studies. The graph above shows how long the lake was
covered with ice in 1998. A study taken over one year
(short-term) does not reveal much.
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Research conducted over a decade reveals that

duration of ice cover was unusually short in 1998.
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Research over half a century reveals patterns in the
lake’s ice cover that coincide with global weather
patterns and natural phenomena.
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ILong-tetm tesearch is required




Duration of alll observational
and experimental studies

Eighty
percent of
studies in
the
ecological
literature
last less

_ than three
Je e et years
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ETER research covers time scales from

months to centuries
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Recent Cross-Site Syntheses
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TOWARD INTEGRATION AND SYNTHESIS:

GOALS OF THE LTER PLANNING PROCESS

A new LTER science agenda that will take LTER science to a
higher level of research collaboration, synthesis, and integration.

*ODbjective 1: establish activities that will lead to multi-site,
highly collaborative, integrated research that explicitly includes
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.

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



All Scientists Meeting Executive Committee

.

—>  Planning Proposal

L
: Meetlngff 100" Working groups
Research themes
> Education
Governance

Cyberinfrastructure

Research plan
Conference < P
Committee : o
Funding initiative (ISSE)

Three year planning process



OUTCOMES OF THE PLANNING PROCESS

Education and outreach
strategic plan

New governance structure
for LTER Network
TRENDS in long-term
ecological research

Cyberinfrastructure
strategic plan

LTER Planning
Process

ISSE:
Integrated Science for
Society and the Environment

Transdisciplinary
multi-site, long-term,
research program

Program Program Program Program
research research research research



INTEGRATED SCIENCE FOR SOCIETY

AND THE ENVIRONMENT

Climate Variability

Socio-Ecological Systems

Altered
Biotic
Structure

Altered
Biogeochemical
Cycles

Climate Change




SOCIO-ECOLOGICAL PRESSES
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~ The problem of urbamzatmn the future
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POPULATION EFFECTS VARY SPATIALLY
Requires a broad-scale comparative approach

1950 —> 2000
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ITERATIVE CONCEPTUAL FRAMEWORK

EXTERNAL DRIVERS

Geophysical Template

Socio-cultural-economic
Template

HUMAN
BEHAVIOR
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Markets
Migration
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1Q4b
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OUTCOMES

Exposure risk

Human health

Quality of life Q4

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

Q1

PRESSES: Climate
change; nutrient loading;
sea-level rise; increased
human resource use

ECOSYSTEM SERVICES

Regulating: Nutrient
filtration, nutrient
retention, C sequestration,

m Perception and value

disease regulation;

Provisioning: food and
fiber production, Cultural:

aesthetics & recreation

COMMUNITY STRUCTURE:
Vegetation turnover time
Trophic structure
Microbial communities

Q2

ECOSYSTEM FUNCTIO
Flux, transport, storage,
transformation,
stoichiometry,
productivity

“HOW TO” MODEL




Ecosystem Setvices

The benefits people obtain from ecosystems

Millennium Ecosystem ECOSYSTEM SERVICES

Assessment: —
Provisioning
FOOD
FRESHWATER
WOOD AND FIBER
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Supporting Regulating
NUTRIENT CYCLING CLIMATE REGULATION

SOIL FORMATION ; FLOOD REGULATION

DISEASE REGULATION

i st Lt WATER PURIFICATION

Cultural

AESTHETIC
SPIRITUAL
EDUCATIONAL
RECREATIONAL




ITERATIVE CONCEPTUAL FRAMEWORK
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FRAMEWORK QUESTIONS

= Q1: How do long-term press and pulse drivers
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?




Bonanza Creek Permafrost Impacts

Biotic Structure

: : - Permafrost depth & distribution;
External Drivers ~ Regional Drivers surface water distribution;
Global population; 5 Regional Climate; regional economy; composition & biomass of plants,
resource use human migration animals, and microbes;
successional trajectories; organic
l T matter depth

Human Behavior
Urban/industrial
development; road
development; harvest of
wild foods

Disturbance Regimes
Pulse: thermokarst; fire; mining;
altered surface configuration (e.g.,
road-building, construction)

Q1

Q5

Press: warming; long-term trends
in precipitation & snowpack Ecosystem Function
Primary and secondary productivity;
biogeochemical cycling; surface
hydrology; flammability

Human Outcomes
Infrastructure development;
cultural fabric; settlement

patterns; land development
& conservation ethic

Ecosystem Services
Subsistence resources; surface stability/ease of Q3
access and transportation; climate regulation; fire
regulation

Q1. How do long-term trends in climate interact with disturbance to the land surface to affect the structure & function of the boreal forest in interior Alaska?
Q2. How are feedbacks between community structure and ecosystem function affected by changes in permafrost?

Q3. How do ecological changes associated with warming permafrost affect subsistence resource use, the ease of accessing landscapes, and flammaubility/fire
regulation?

Q4. How will the human population respond to landscape changes associated with warming permafrost?

Q5. How will human actions/decisions affect the dynamics of permafrost thaw in interior Alaska?




Questions) Q4-5: Bonanza Creek, Alaska

m Q4. How will the human population respond to
landscape changes associated with warming
permafrost?

® Q5. How will human actions and decisions
atfect the dynamics of permafrost thaw in
interior Alaska?




Biotic Structure
Extinction of ice-dependent
External Drivers egic ' species, imaflli:ﬂmh of subpotar
(Solar output; tectonics) : species, expanding vegetation
cover, phytoplankion and
zooplankion species composition,
balance of small vs large predators

Disturbance Regimes

Puize: La Nina evenis, heavy
spring snowfallz, ice shelf
collapse, seasonal winds &

storms m

Press. regional waming; heat flux Ecosystem Function

o shelf, glacier melting & retreat, I ice/water balance; stratification and

freshwater inputs mixing; iron inputs, new production
and organic matter export; changes
in fiming of sedimentation fluxes;
water column metabolism;
decomposition rates; upper trophic
level production; CO2 uptake

Ecosystem Services
biodiversity maintenance; aesthetic valuesflast
frontier; climate reguiation

11: How do long-term climate warmng and short termn weather, sea ice and oczancgraphic events influence He history adaptations of ice-dependent and
independent species and lower trophic level dynarmizs?

C12: How are feedback imieraciions between u|:-|:-r=r irophic lews! predators (iop-down conirols) and biogecchemical funclions (bothom-up) affscted by changng
climate and sea the long and short :

13 How wit loss of typical polar species {e.g., penguins) affect tounsm and cultural values of Antarchica?

(34 How does the human poputation (tourists, students, mowiegoers, policy makers) respond to warming-related changes in the Antarclic envircnment?

15 Howe do hurnian decisions and actions [more or less tour business; Treaty siruciures, pressurs io cantrol carbon emissions) affect pace and results of
climatz change?




Questions Q4-5; Palmer Antarctica

m Q4. How does the human population (tourists,
students, moviegoers, policymakers) respond to
warming-related changes in the Antarctic?

m Q5. How do human decisions and actions (more
or fewer tourists, treaty structures, pressure to
control carbon emissions) atfect the pace and
results of climate change.




Working Lands Socio-Ecological Systems: KBS, SGS, AND, etc.

Global

National
Community

Individual

Human Behavior
Land use; resource use (water,
soil, energy, agrichemicals);
recreation; species
introductions; price supports,
trade tariffs; regulations,
stewardship incentives

— Q5 = pathogen controls); pest

Global drivers: climate, economy

Regional drivers: soils, climate,
economy

A4

Disturbance
Pulses: drought; storms; fire;
management (fertilization;
irrigation; weed, insect, and

outbreaks.

Region
Landscape
Ecosystem

Ecosystem Structure
Abundance and distribution
of primary producers and
consumers: crops, weeds,
pests, livestock, microbes,
wildlife

Q2

Presses: climate change, Q1
Human Outcomes elevated CO,, nutrient inputs; Ecosystem Function

Commodity prices, land value, land use change; erosion; Primary production; nutrient

farm size, community vitality; ground water depletion; cycling; herbivory, predation,

resource availability; health & economic change decomposition; evapotrans-

wellness; quality of life, access piration, water use; gene

to services; economic security flow.

a
Ecosystem Services
Market products (food, fiber, fuel); pest and disease suppression; climate stabilization, I

water.

carbon storage, greenhouse gas mitigation; pollination; wildlife habitat; flood control /
Q4 H hydrological security; income (financial security); recreation opportunities; quality air &

Q3

A




Questions Q4-5

m Q4. How do humans perceive changes in
ecosystem services, and how do these
perceptions influence market and policy
behavior, rural migration, resource availability,
personal and community health and well-being,

environmental attitudes, and economic growth
and security?

® Q5. How do social structural, institutional, and
economic factors affect human decisions about
ecosystem management (e.g. grazing pressure,
pesticide and fertilizer use).




KBS: The Row Crop Ecosystem

Biophysical Socio-economic

Environment | T e
Climate & Weather Market Prices

Geomorphology Infrgstructure
Ethics and Values

Watershed / Landscape

Ecosystem

Ecological Structure
* Organisms and their Adaptations
» Population and Community
Assemblages

 Habitat and Landscape Structure

N _/

Food and Fiber Biodiversity / Wildlife Habitat Profitability
Clean Water, Air CO2 Stabilization Social Amenities

Ecosystem Goods & Services




Agriculturali Systems as Greenneuse Gas Mitigators

Atmospheric Concentrations of the Biogenic Greenhouse Gases
(CO,, Methane, and Nitrous Oxide) from 1000 A.D.

Carbon Dioxide

Global
Atmospheric  Warming
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Anthropic Sources of
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KBS LTER Site

Ecosystem Type

Management Intensity

Conventional tillage

No-till

Low-input with legume cover
Organic with legume cover

Perennial Crops
Alfalfa
Poplar trees

Successional Communities
Early successional old field
Mid successional old field
Late successional forest

Annual Crops (Corn - Soybean - Wheat)

High

.......
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EUll' Cost Accountlng
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Eull’ Cost Aceounting:

GWE Impact off Eield Cropr ACUMItIES
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Eull Cost Accounting: GVWP Impact off Eield Crop Activities
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Net Glebal Warming limpact of Managed and
Unmanaged Ecosystems at KBS

Conventional

Organic
No-till Unmanaged Ecosystems

Late

Mid  succession
Succession

Cropped Endsystems

Early
Succession

GWP (g CO.-C equivalents
o
o



Working Lands Socio-Ecological Systems: KBS, SGS, AND, etc.

Global Global drivers: climate, economy

National egional drivers: soils, climat Leloleess
Community economy Ecosystem
Individual ;

Ecosystem Structure
Abundance and distribution
of primary producers and
consumers: crops, weeds,

Human Behavior
Land use; resource use (water, Pulss: drought; storgfis; fire:

Sol, BBy, B EnemeEls); manayement (fertili ; pests, livestock, microbes
recreation; species - weed. ins B ’ ’
’ wildli

introductions; price supports, — Q5 — pathogdn controls); pest
trade tariffs; regulations,

stewardship incentives

Q2
Presses| climate ghange, Q1

Human Outcomes elevated|CO,, nutrfent inputs; Ecosystem Function
Commodity prices, land value, land usefchange; grosion; Primary production; nutrient
farm size, community vitality; ground Water deplgtion:; cycling; herbivory, predation,
resource availability; health & economif change decomposition; evapotrans-
wellness; quality of life, access piration, water use; gene
to services; economic security flow.

A

Market products (food, fiber,

(3\ stabilization, carbon storage,
habitat; flood control / hydrologi
NQpportunities; quality air & w

~_ _~ ~_ _—




Michigan farmers” perceptions ofi the value of
adiiffferent ecosy/Stem|SeVIGesS :

Less global warming
Less pesticide risk

Less phosphorus runoff

Beneficial insects
Less nitrate leaching

Soil conservation

Soil organic

-2 -1.5 -1 -0.5 0.5 1

€“To Me” Relative Importance “To Society” =

Source: Swinton et al. in review



Questions Q4-5

m Q4. How do changes in the valuation of services

influence human outcomes such as market and
policy behavior, rural demographics, resource
availability, personal and community health and
well-being, environmental attitudes, and
economic growth, wealth, and security?

® Q5. How do social structural, institutional, and
economic factors affect human decisions about
ecosystem management.
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