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2010 Bonanza Creek LTER Proposal Draft Outline

Central Question:  How is the boreal biome responding to climate and what are the regional and global impacts of those changes?

Central Objective:  To understand the interactive effects of changing climate and disturbance regimes on the Alaska boreal forest, and study associated consequences for regional feedbacks to the climate system, and sustainability of Alaskan communities. 

1) Ecosystem and disturbance responses to modes of climate variability

a) Documenting ecosystem responses to climate variability
i) How are different modes of climate variability influencing ecosystem structure at stand, watershed, and regional scales?
(1) What are the relevant scales of variation in tree response to climate over long time scales (decades and onwards)?

(a) How does climate response vary among species?

(b) How does climate response vary within a species across spatial gradients?

(c) What is the nature of within-population variation in climate response?
ii) What ecosystem processes are most sensitive to these modes of climate variability? (how do sensitivities vary with vegetation type and landscape position) 
iii) Can the climate sensitivity of ecosystem structure and function be predicted by the responses of key species, functional types or landscape parameters?

b) Documenting the influence of climate and other factors over disturbance regimes
i)   How do modes of climate variability interact with other factors to influence
      the spatial and temporal patterns of key disturbances in Alaska’s boreal forest region, 
c) Experimental climate manipulations
i) Black spruce rainfall manipulation experiment

ii) Winter energy balance (snow-permafrost)
2) Climate-disturbance interactions as drivers of ecosystem and landscape change

a) Climate -driven changes in fire regime interact with environmental conditions and vegetation structure to alter ecosystem function and structure, and successional pathways.
i) How does climate interact with community, ecosystem and landscape structure to alter fire regimes?

(1) How are key aspects of the fire regime (frequency, intensity, severity, and size) responding to the three modes of climate variability and is the response consistent across modes of climate variability? (question 1bi)

(i) Do these key aspects of the fire regime covary with time?

(ii) Are there predictable cases where key aspects respond independently?

(2) How does the current fire regime affect community, ecosystem, and landscape structure and how could future climate/fire interactions change these patterns?

(i) How does successional pathway and time since fire affect the response of ecosystem processes (e.g., inter-annual patterns of productivity) to modes of climate variability?  Target for LTER monitoring.
(3) Does the sensitivity of fire regime to climate variability differ among vegetation types or landscape positions?   Is this sensitivity related to structural aspects of communities, ecosystems, or landscapes? 

ii) How does climate interact with fire regimes to alter the structure and function of communities, ecosystems and landscapes.
(1) What is the relationship between a changing fire regime and post-fire successional pathways?  Does sensitivity of fire regime to climate variability (i.e., 3) reinforce self-replacement or catalyze a switch to alternate successional pathways?

(2) What is the relative importance of abiotic versus biotic factors for determining successional pathways?

(i) On the abiotic side, how important are key aspects of the fire regime relative to post-fire climatic variability or environmental factors for determining successional pathways?

(ii) On the biotic side, how are the establishment and persistence of key plant species affected by:

a. Microbial communities

b. Plant interactions

c. Herbivores and pathogens,

d. Predator-prey dynamics

(3) What are the consequences of a changing fire regime on communities, ecosystems, and landscapes?

(i) How does ecosystem structure and function differ between self-replacement, relay, and alternate successional pathways?  How much of the variation can be attributed to the direct effects of fire (e.g., loss of SON stocks) versus indirect effects of fire on species composition and successional pathway?

(ii) What are the consequences of a changing fire regime for energy and carbon feedbacks to climate at the landscape-scale, including effects on albedo, ecosystem energy balance, net biome productivity, and emissions of CH4 and particulates?

(iii)  What are the consequences of a changing fire regime for permafrost thaw, thermokarst, and outbreaks of insects and pathogens?
b) Climate warming and changes in precipitation, vegetation structure and surface hydrology interact to control rates of permafrost thaw and ecosystem/landscape responses to changes in permafrost distribution.
i) How does ecosystem structure interact with climate variability and change to influence the stability of permafrost?

(1) How do summer and winter warming affect permafrost stability (in different vegetation/landscape types)?

(2) How do changes in summer and winter precipitation affect permafrost stability (in different vegetation/landscape types)

(3) How do rapid changes in vegetation structure (i.e. fire, insects, other?) affect permafrost stability?

ii) How does permafrost thaw interact with climate variability and change to influence ecosystem function and structure, and successional pathways?

(1) How might permafrost thaw in lowlands influence wetland formation and drainage, and what are the consequences for ecosystem structure and function?

(2) How do different modes of permafrost thaw in uplands (ice rich, ice poor, erosive, non-erosive) affect ecosystem structure and function?

c) Climate-driven changes in outbreaks of defoliating insects and plant pathogens affect successional pathways and ecosystem function by altering the abundance of key plant species. (Insect/pathogen group fill in more detail here)

i) How does ecosystem structure interact with climate variability and change to influence outbreaks of defoliating insects and plant pathogens?

(1) What is the long-term history of insect outbreaks in the boreal forest?

ii) How do outbreaks of defoliating insects and plant pathogens interact with climate variability and change to influence ecosystem function and structure, and successional pathways?

3) Regional Ecosystem Dynamics and Climate feedbacks

a) How will interactive responses of disturbance regimes, ecosystem function/structure, and successional pathways to future climate variability and change influence regional ecosystem dynamics?

b) How will projections of regional ecosystem dynamics affect regional energy and water feedbacks to the climate system?

c) How will projections of regional ecosystem dynamics affect regional carbon dioxide and methane feedbacks to the climate system? 
4) Regional Ecosystem Dynamics and Coupled Social Ecological Systems

a) How is climate variability and change affecting the capacity of boreal forests to supply provisioning and cultural ecosystem services to Alaskans?

b) How are uses of those services differentially affecting urban and rural residents?

c) Given our understanding of how regional ecosystem dynamics might respond to climate change, what are there human responses that can either influence or adapt to those dynamics?
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