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Future Landscapes May Be Radically 
Different
Sources of change and uncertainty:

• Insects and pathogens
• Climate change
• Disturbance change
• Land-use change
• Market forces
• Human adaptation to all of the above



Landscapes Have Trajectories



Landscapes Have Trajectories

Landscape Values



Must We Be Proactive?

Yes.  The consequences are higher:
• Habitat for critical or endangered species
• Ecosystem services
• Irreversible change 
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Do we need to be proactive?  Humans have successfully managed landscapes so far without the need for forecasts or new paradigms or consideration of uncertainty.  The consequence of these multiple and interacting change agents will profoundly alter our landscapes and what remains for our co-inhabitants of this planet.  Some consequences will include:  
•	Global food security may be compromised.  Much of the human population continues to rely on landscapes that contain both human and natural elements.  These landscapes deliver more than commodity crops.  Many cultures also depend on their landscapes for protein, pollinators, fiber and fuel wood, and sufficient area for allowing fields to remain fallow.  These cultures may not have the tools or capacity to quickly adjust their agricultural practices as the foundations of their landscapes change beneath them.
•	Habitat for critical or endangered species may be reduced or lost.  At the same time, habitat for a different suite of species may be enhanced.  Whether those species can benefit from landscape change depends on connectivity to their current ranges.  Novel communities of plants and animals will emerge for which humans have no experience in managing.
•	The mix and magnitude of ecosystem services delivered will shift.  When a forest is cleared for agriculture, landscape carbon sequestration will decline while its food production increases.  These localized shifts may or may not be balanced against the opposite shifts occurring elsewhere in the landscape, region, or world.  Not all groups will benefit equally and the shifts may lead to greater conflict.
•	Total ecosystem services may decline.  For example, northern California forests are losing carbon as the climate warms and the area burned increases.  Because of the rugged terrain and unique flora, there will be no substitution – carbon and tree diversity will simply decline - although habitat for shrub and grassland bird species will increase.
•	Multiple stressors can magnify the risk of sudden, severe, and/or irreversible change.  Agricultural land may become desert shrub land.  Tundra may become forests.  Following disturbances, recovery may be delayed.  




Must We Be Proactive?

Global Food Security
• Human population expected to grow by ~3B
• Multiple Threats: Emerging plant diseases, climate change, 

land use change, etc.
• We depend on our landscapes for a broad range of 

ecosystem services in addition to food production.
• How do we enhance food security while maintaining 

broader landscape health and functioning?
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Ecosystem Services: water quality, soil stability, carbon storage, biological diversity, wood products, food, recreation, aesthetics, spiritual, cultural
Decline in ecosystem stability and resilience



Our Approach



Our Primary Thesis

Landscape management must address threats to 
long-term landscape health and embrace innovation 
and uncertainty.  
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Ecosystem Services: water quality, soil stability, carbon storage, biological diversity, wood products, food, recreation, aesthetics, spiritual, cultural
Decline in ecosystem stability and resilience



Question We Address

What are the threats?  What are the solutions? 
Which management approaches will be most 
effective?
Which landscapes are most amenable?



Our Approach

Multi-disciplinary:  
• Landscape ecology, ecosystem ecology, social sciences, and 

landscape management
Data-driven:

• Geospatial:  soils, biota, climate
• Social/management data at many scales
• Local knowledge 

Future-oriented:
• Forecast landscape change
• Assist innovation
• Inform policy



Forecasting Landscape Change

Goals: 
• Learn about the future
• Promote innovation



Forecasting Landscape Change

Data Science
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Our goal is to unify data collected at disparate scales for diverse purposes to describe a landscape.

There are HUGE opportunities for graduate students willing to engage with BIG DATA.  We are collecting far more data than we are analyzing right now.




Forecasting Landscape Change

Climate Change

http://www.landis-ii.org/
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Sierra Nevada
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Location, topography “basin” , self contained system…



Sierra Nevada

Presenter
Presentation Notes
Hidden for time



Climate Change
Projections

Future Forest 
Health

Management
Scenarios

Fire

Insects & 
Disease



Forecasting Forest Change

Data Science =
Input Data
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Results: Insects vs. Other Disturbances

Net Ecosystem C Balance



Conclusions (ongoing… )

 As compared to wildfires, insects and disease are 
more challenging to manage.
 Local interventions will not be sufficient:  landscape 
interventions necessary to reduce host density.
 Insects and disease are challenging to forecast:  
insufficient data, population dynamics, novel agents
Net benefits of pro-active management scale 
linearly with effort





Forecasting Proactive Management

What have we learned?
• Every landscape is unique
• Adaptation can be effective!
• Adaptation will need to be extensive and committed
• Ecosystem service tradeoffs may be large
• Translation to policy and action requires co-development 

of knowledge



Thank You!

rschell@ncsu.edu
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