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                GCTE Core Research Contribution Application
   CONTRIBUTION INFORMATION:
   Full title: Analysis of the Age-Related Decline in Aboveground Net
   Primary Production: Potential Causes and Stand-level Implications
   1. Short title: Decline in Carbon Assimilation of Forests (DeCAF)
   2. Relevant Core Research Project: Core Research Project 1 (Decline of
   forest productivity during stand development) within Task 3.5.2
   3. Principal Investigators: Stith T. Gower and Ross E. McMurtrie
   4. Participating Institutions:
   University of Wisconsin - Madison, USA (Stith T Gower)
   University of New South Wales, Australia (Ross E McMurtrie)
   NCEAS, Santa Barbara, USA (Mark Jeffreys)
   Oregon State University, USA (Barbara J Yoder)
   Colorado State University, USA (Dan Binkley)
   Forest Service, Fort Collins, USA (Michael G Ryan)
   Swedish University of Agricultural Sciences, Sweden (Sune Linder)
   INRA - Centre de Bordeaux, France (Roddy C. Dewar)
   California State University, Monterey Bay, USA (Lars L. Pierce)
   DLO-Institute for Forestry and Nature Research, The Netherlands (Frits
   G.M.J. Mohren)
   Oak Ridge National Laboratory, USA (Robert Luxmoore)
   5. Contact Persons:
   Web site:
   http://www.nceas.ucsb.edu/fmt/doc?/cgi-bin/ppage.pl?project=115
   Dr. Stith T. Gower
   Department of Forestry,
   1630 Linden Drive
   University of Wisconsin, Madison, WI, USA 53706
   Phone: (608) 262-0532
   Fax: (608) 262-9922
   email: [email protected]
   Dr. Ross McMurtrie
   School of Biological Science
   University of New South Wales
   Sydney, NSW 2052 Australia
   Phone: 61-2 9385-3264
   Fax: 61-2-9385-1558
   email: [email protected]
   6. Specific Objectives and Questions Addressed:
   Aboveground net primary production (ANPP) commonly reaches a maximum
   in young forest stands and decreases by 0-76%, with an average
   reduction of 34% according to 13 published studies of forest
   age-sequences (Gower et al. 1996). The decline of ANPP seems to be a
   universal phenomenon and can begin when stands are relatively young.
   However, the mechanism(s) responsible for the decline are not well
   understood. There are three primary objectives to this research:
   1. to synthesize NPP data from forest age-sequence studies
   2. use five ecosystem process-based models to determine the
   mechanisms(s) responsible for the age-related NPP decline for several
   natural and plantation forests in contrasting climates
   3. to develop general physiology-based algorithms that simulate the
   mechanisms responsible for age-related NPP decline.
   7. General Approach or Experimental Design:
   NPP decline will be investigated for a broad-range of forest biomes
   (tropical broad-leaved evergreen, sub-tropical broad-leaved evergreen,
   warm temperate needle-leaved evergreen and broad-leaved evergreen,
   cold-temperate needle-leaved evergreen, broad-leaved evergreen, and
   broad-leaved deciduous and boreal needle-leaved evergreen forests).
   Models will be used to examine the relative importance of three
   hypothesized mechanisms for decling NPP: an altered balance between
   photosynthetic and respiring tissue, decreasing soil nutrient
   availability, and increasing stomatal limitation leading to reduced
   photosynthetic rates.
   DeCAF Participants will bring data sets and models to a series of
   NCEAS workshops where we will organize and synthesize data using
   comparative data analysis, empirical correlations and
   ecosystem-process based models and graphical analysis approaches.
   NCEAS is supporting a post-doc to work on the topic, and is providing
   support to bring scientists together and for the computing/statistical
   analysis facilities needed to perform the data synthesis and stand-
   scale modelling that we propose.
   8. How project contributes to Core Research Project's objective(s):
   The GCTE Operational Plan for Activity 3.5, Effects of Global Change
   on Managed Forests, specifically addresses this issue. It states that
   "the mechanisms which cause productivity to decline and carbon
   allocation to shift as stands age are poorly understood and need
   attention for successful long-term predictions." Key long-term
   predictions include predictions of growth over a single forest
   rotation, and over successive rotations, and of sustainable forest
   productivity in relation to both management practices and climate
   change. The rate and cause(s) of the decline are of great importance
   in forest management; for instance, if the decline is sharp, forest
   managers will harvest forests on short rotations, leading to more
   frequent site disturbance. Because of the strong modelling emphasis in
   DeCAF, it should be located in Task 3.5.2 Modelling global change
   impacts on structure, function and productive capacity of managed
   forests.
   9. List contacts with other participants in this Core Research
   Project:
   This project will represent the first item within Core Research
   Project 1 of Task 3.5.2. However, once that Core Research Project is
   approved by SSC, I am confident the following projects will join as
   core research. PIs on the first 3 projects below are DeCAF
   participants.
   Project: "Why does forest growth decline with stand age? An
   experimental test of carbon acquisition and allocation over stand
   development" (Fownes, Binkley, Ryan). Funded by National Science
   Foundation, $US600,000, 1993-1997, refunded $590,000, 1998-2000.
   Project examining whether old/tall trees in various ecosystems
   (tropical, moist coniferous and dry deciduous) are hydraulically
   limited than young/short trees (Yoder, Ryan). Funded $US590,000,
   1998-2000.
   Project: "Towards a functional understanding of the decline in
   productivity during forest stand development" (McMurtrie, Gower,
   Ryan). Funded by the Australian Research Council, $US77,000, 1998-2000
   (McMurtrie, Gower, Ryan).
   Project on 'Rules' governing production and carbon allocation in
   lodgepole forests - age effects. (Smith, Schoettle, Long). Funded by
   USA NRICGP, $US175,000.
   Project examining causes for declining NPP in native stands of beech
   and other species in New Zealand (Whitehead, Ryan).
   10. Status/Duration of Project:
   Funded 12/97 - 01/99 by National Centre for Ecological Analysis of
   Synthesis (NCEAS).
   (This research activity will continue beyond the term of NCEAS support
   through a proposed follow-up proposal to NCEAS and though links with
   several associated longer-term projects led by DeCAF participants. See
   9 above.)
   11. Number of full-time scientists: 1.2 (Post doc + PIs) Technicians:
   0
   12. Budget when fully funded: See 13. (A follow-up proposal to NCEAS
   is planned for 1999, at a similar funding level.)
   13. Current funding: Approx. $US80,000
   14. Agencies providing financial support: National Center for
   Ecological Analysis of Synthesis (NCEAS), Santa Barbara, USA
   15. Relevant Publications:
   Gower, S.T., R.E. McMurtrie and D. Murty. 1996. Aboveground net
   primary production
   decline with stand age: potential causes. Trends Ecol. Evol. 11:
   378-382.
   McMurtrie, R.E., Gower, S.T., Landsberg, J.J., Linder, S. and Ryan,
   M.G. 1995a. Changes in forest productivity and carbon balance with
   stand development: Linking models and experiments. GCTE Working
   Document No. 18, Global Change and Terrestrial Ecosystems Core Proj.,
   IGBP.
   McMurtrie, R.E., Gower, S.T. and Ryan, M.G. 1995b. Forest
   productivity: Explaining its decline with stand age. Ecol. Soc. Amer.
   Bull. 76: 152-154.
   Murty, D. R.E. McMurtrie and M.G. Ryan. 1996. Declining forest
   productivity in aging forest stands: a modeling analysis of
   alternative hypotheses. Tree Physiol. 16:187-200.
   Ryan, M.G., D. Binkley, and J.H. Fownes. 1997. Age-related decline in
   forest productivity in aging forest stands. Adv. Ecol. Res.
   27:213-262.
   Ryan, M.G. and R.H. Waring. 1992. Maintenance respiration and stand
   development in a subalpine lodgepole pine forest. Ecology
   73:2100-2108.
   Ryan, M.G. and B.J. Yoder. 1996. Hydraulic limits to tree height and
   tree growth. BioScience 47: 235-242.
   Yoder, B.J., M.G. Ryan, R.H. Waring, A.W. Schoettle and M.R. Kaufmann.
   1994. Evidence of reduced photosynthetic rates in old trees. For. Sci.
   40: 513-527.
   4
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