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Forest Land Measurements of the North American Carbon Program
Land measurements make a significant contribution to science questions of the North American Carbon Program (NACP):
· What is the carbon balance of North America and adjacent ocean basins, and how is the balance changing over time?  What are the sources and sinks, and the geographic patterns of carbon fluxes?

· What factors control the sources and sinks, and how do they change with time?

· Are there potential “surprises”, where sources could increase or sinks disappear?

· How can we enhance and manage long-lived carbon sinks to sequester carbon?

Yet significant uncertainties exist as shown by comparing estimates from land-based measurements with estimates from different approaches.  Enhanced land measurements within the context of the NACP will have the following impacts as described in the strategic plan:

· Improve ongoing inventory and monitoring of national greenhouse gas emissions from land

· Develop well-quantified large-scale estimates of C exchange with the atmosphere

· Improve the ability to attribute observed changes to the full suite of mechanisms, including natural variability as well as direct and indirect human influences

· Provide the information on plant and soil components of ecosystem fluxes necessary to understand and interpret larger-scale regional and continental fluxes

The forest land inventory component of the North American Carbon Program involves development of a hierarchical, multi-tier monitoring approach that integrates the ongoing inventory and monitoring programs with intensive-site monitoring and process studies.  Tier 1 is remote sensing of land cover/land use, and change detection.  Tier 2 is composed of extensive field observations from networks of inventory sample plots.  Tier 4 consists of intensive ecosystem process monitoring sites such as LTERs and the growing array of AmeriFlux sites, where net ecosystem-atmosphere CO2 and energy exchange are measured.  A new monitoring tier (tier 3) is proposed that will link extensive monitoring with the intensive flux sites and process studies. Tier 3 will include small clusters of monitoring sites that represent conditions over large landscapes surrounding a flux or process site.  An important function of tier 3 is to augment coverage of the land surface by flux towers, which have limited representation of mountainous terrain and highly disturbed landscapes.  

Measurements at tier 3 sites will include key components of the carbon balance that will facilitate scaling, in time and space, of the intensive flux measurements to the larger landscape (Table 1).  Key measurements at tier 3 include (1) representative measurements of soil C flux, a response to soil respiration which is strongly regulated by climate and disturbance, and accounts for about 1/3 of the total land/atmosphere C flux; (2) methane flux, and important greenhouse gas particularly in peatlands, wetlands, and agricultural systems; (3) basic meteorological and site (soil, vegetation) parameters to enable linkage with similar Ameriflux sites.  

Table 1. Selected land measurement variables and scale of measurement.
	Example

Variable
	Tier 1

Remote Sensing
	Tier 2

Extensive Inventory
	Tier 3

Condition Sample
	Tier 4

Intensive Site

	Land cover
	X
	X
	X
	X

	Leaf area
	X
	X
	X
	X

	Disturbance
	X
	X
	X
	X*


	Live biomass
	 
	X
	X
	X

	Litterfall
	 
	 
	X
	X

	Soil CO2 flux
	 
	 
	X
	X

	Methane flux
	 
	 
	X
	X

	DOC
	 
	 
	X
	X

	NEE 
	 
	 
	 
	X


Tier 3 sites will be sampled more frequently than typical land inventory (tier 2) sites for variables such as litterfall that vary during the year, and can become sites where special studies can be conducted to fill in data gaps for estimating ecosystem C flux, such as decay rates of downed dead wood.  The new sites will have value for parameterizing or validating the predictions of ecosystem process models.  The new sites may also be useful as sites where the impacts of natural disturbances or management activities on ecosystem processes can be studied relative to a previously established baseline C budget.

Tier 3 Workshop

A workshop was held in Portsmouth, New Hampshire, June 2003, to develop the sampling design and variable list for forest carbon monitoring at research sites (“tier 3” sites).  The 40 participants represented a cross section of government agencies, academia, and nonprofit research organizations, and included some of the leading experts in carbon measurements for the U.S., Canada, and Mexico.  

Two outputs of the workshop are a detailed list of candidate variables and their measurement protocols, and a list of network design issues that must be considered in developing the overall strategy for selecting tier 3 sample locations.  The list of variables is the starting point for development of a manual for field measurements, which will be authored by many of the workshop participants.  The list of sampling design issues is the starting point for a journal article that will describe the hierarchical sampling system for the North American Carbon Program, also authored by workshop participants.  These two products are under active development – drafts are expected before January 2004. 

Some methods development will be required to adapt technology currently used at intensive sites or to develop new technology, so that it can be deployed efficiently over a large number of sites.  Methods should be inexpensive and reliable.  Protocols will need development and application testing for deployment over a variety of site conditions.

A design for selecting tier 3 sample locations, and a sample plot design that can be linked with tier 2 in the U.S., Canada, and Mexico has been proposed. The criteria for site selection include randomness for unbiased large-scale estimates, representation of landscape characteristics, existing sites where basic measurements may already be taken or site history is known, potential to fill in significant gaps in observations from other sample tiers, and issues such as site security, landowner tenure, and landowner permission to collect and distribute information. The proposed design consists of a 1-km2 area surrounding a flux tower or other significant feature of an intensive research site, over which a grid of sample plots is located (figure 1).  The basic sample plot is identical to that of tier 2, with enhancements to add the new variables for extending the intensive measurements to the landscape.   An important question to be answered through pilot testing is the degree to which the design and even the variable list can be modified to suit specific landscape characteristics, yet still produce comparable and consistent estimates of carbon stocks and flux.
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Fig. 1. Proposed Tier-3 sampling design for the U.S. using 16 FIA inventory plots.  The exact number of sample plot locations will be determined by variability of the landscape and number of sampling strata. The cross represents a flux or meteorological tower.

 The Pilot Studies
The workshop began the process of designing an efficient and effective sampling protocol for implementing tier 3.  The workshop products will guide three pilot studies to be implemented during 2004 and 2005.  The pilot studies will test the application of the recommended design and variable list, and based on the results of the tests, modify the design and variable list for future applications.  Pilot studies will be sponsored by the Global Change Program of the USDA Forest Service.  Currently, 3 pilot study proposals are in peer review.  The three proposed studies are located to test the proposed design and variable list in a variety of landscapes (Figure 2). 
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      Figure 2. Locations of proposed pilot studies for enhanced forest land measurements.
The three proposals selected for the pilot studies are briefly summarized below. 

“Understanding carbon pools and processes in peatland watersheds” – Forest Service and University of Minnesota.  This study is located at the Marcell Experimental Forest in Northern Minnesota.  In addition to testing the measurement protocols, it features measurements of CO2 and CH4 gas fluxes as well as hydrologic transport of C in a northern landscape of bogs and fens.  Hydrologic and atmospheric data has been collected for about 40 years.  There has been a clear signal of climate warming over this time period of +1 degree C.  There is no flux tower at this site.  Measurements will be made at two distinct watersheds, one a forested bog and one a forested fen (Figure 3).  These watersheds are typical of many watersheds in the western Great Lakes area.  
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Figure 3. Watersheds of the proposed Northern Minnesota pilot study.
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“Scaling field and flux measurements using a tiered remote sensing approach” – Forest Service and University of New Hampshire.  This study will take place at the Bartlett Experimental Forest in central New Hampshire (Figure 4).  In addition to testing measurement protocols, this study will investigate methods for scaling from intensive sites to landscapes using tiered multi- and hyper-spectral remote sensing , the PnET ecosystem process model, and extensive networks of field plot data.  The site has been actively monitored for 70 years, and includes a variety of forest management treatments that represent typical activities of the region.  The investigators are installing a new flux tower at the site at the same time as this study begins.
“Regional estimate of carbon pools, fluxes, and storage in the subalpine Rocky Mountains” (Forest Service and University of Colorado).  This study involves three alpine/subalpine Experimental Forests in the Rocky Mountains, two of which are AmeriFlux sites (Niwot and GLEES) and another site without a tower (Fraser).  The area is characterized by high landscape variability in elevation, slope, and aspect (Figure 5).  This will provide a rigorous test of the measurement protocols and sampling design in a variety of conditions.  In addition the investigators will determine how well fluxes at intensive sites represent landscape conditions. 
[image: image6.png]


[image: image7.png]S-2 Bog and Watershed

S Station Headquartrs
A Weir

' Groundwater Well
Soi Water Tubes
Rain Gauges
Bogwell

AirTemp Site

Main Roads

‘South Unit Boundary
Lakes

[ Wetland Boundary
[ Watershed Boundary

04 o 01 02 Miles
— e mm—



[image: image8.png]@) NADP Site
@ Groundwater Wells
Soil Water Tube
Rain Gauges
© Bogwel
Main Roads
77 Minor Roads
Streams
Lakes
= South Unit Boundary
5] Wetland Boundary
] Watershed Boundary.





Timeline for NACP “Tier 3” Initial Activities
Workshop #1








June 25, 2003

Workshop report







Sept 17, 2003

Pilot study proposals due






Oct 20, 2003

Proposal peer review complete





Dec 19, 2003

First draft of manual v 1.0 and journal article



Dec 31, 2003

Pilot project initiation and PI meeting




Jan 13, 2003

Initiate fieldwork







Apr 1, 2004

Publish manual v 1.0







Apr 15, 2004

Workshop #2








Jan 2005

Review and revise manual






Feb 2005

Synergistic Activities and Outcomes
The pilot studies and eventual full implementation of an enhanced land measurement program provides a crucial link between operational land monitoring activities: remote sensing, inventories, and process studies.  This linkage will facilitate application of knowledge from process studies at intensive sites to landscapes (scaling up).  Conversely, an organized network of intensive land observations will facilitate the use of remote sensing in characterizing landscape-scale processes (scaling down).  The multi-tier approach and enhanced ability to provide consistent estimates of carbon stocks and fluxes at a variety of scales will (1) reduce uncertainty in the magnitude of carbon exchange between the land, atmosphere, and oceans; and (2) quantify the relative magnitude of the various human and natural causes of changes in the rate of carbon exchange.  This information feeds into development and implementation of policies for managing the carbon cycle, and eventual validation of the effectiveness of carbon management programs. 
Full Implementation of Tier 3 for Forests
At present, funding to implement tier 3 on a continuing basis is unavailable.  At a cost of $100,000/site/yr, and an expected need for approximately 50 sites in the U.S. alone, the total cost is likely to be at least $5,000,000 annually.  Some of the funding may come from initiatives in future budgets of the Forest Service or other agencies, and it may be that funding from ongoing or new intensive sites (tier 4 sites) will support tier 3 measurements at some sites.  In fact it is often the case that existing tier 4 sites already include measurements that are comparable to those proposed for tier 3, and so the incremental funding need may be less than the estimated full amount of $5,000,000.  
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Figure 4.  Location of  a.) regional forest ecosystem monitoring sites in the northeastern U.S.; b.) the Bartlett Experimental Forest  (BEF) within the White Mountain National Forest; and c.) long-term and eddy covariance monitoring sites at the BEF in relation to forest species distribution and topographic relief.
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Figure 5a.  Proposed km2 Tier 3 sampling area in Fool Creek Watershed, Fraser Experimental Forest
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Figure 5b.  Proposed km2 Tier 3 sampling area surrounding the Niwot Ameriflux eddy covariance tower in Niwot Ridge LTER.
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Figure 5c.  Proposed km2 Tier 3 sampling area surrounding the GLEES Ameriflux eddy covariance tower.
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