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OBJECTIVE:  
Research involves analysis and field direction of AmeriFlux operations, and the PI 

provides scientific leadership of the AmeriFlux network. Activities include the 

coordination and quality assurance of measurements across AmeriFlux network sites, 

synthesis of results across the network, organizing and supporting the annual Science 

Team Meeting, and communicating AmeriFlux results to the scientific community and 

other users. Objectives of measurement research include (i) coordination of flux and 

biometric measurement protocols (ii) timely data delivery to the Carbon Dioxide 

Information and Analysis Center (CDIAC); and (iii) assurance of data quality of flux and 

ecosystem measurements contributed by AmeriFlux sites. Objectives of integration and 

synthesis activities include (i) integration of site data into network-wide synthesis 

products; and (ii) participation in the analysis, modeling and interpretation of network 

data products. Communications objectives include (i) organizing an annual meeting of 

AmeriFlux investigators for reporting annual flux measurements and exchanging 

scientific information on ecosystem carbon budgets; (ii) developing focused topics for 

analysis and publication; and (iii) developing data reporting protocols in support of 

AmeriFlux network goals.  

 

APPROACH:  

A strategic plan guides AmeriFlux research, and the PI is responsible for coordinating 

priority activities across the network. The approaches to these investigations include the 

following: Integrating micrometeorological and biological measurements to quantify and 

understand the carbon balance of terrestrial ecosystems; reduce uncertainties in flux 

measurements, improve data QA/QC and archiving standards, and require AmeriFlux 

sites to adhere to consistent measurement and data delivery standards; continue cross-site 

calibration of measurements using the "gold standard" roving instruments and software; 

conduct multiple measurements at AmeriFlux sites on CO2 flux variation, biometrics and 

carbon storage; measure atmospheric CO2 concentrations at selected sites, and use of the 



data for modeling atmospheric CO2 exchange; conduct intensive measurements of CO2 

exchange and biomass carbon along with physiological parameters for use in calculating 

NEP and NPP at AmeriFlux sites; improve knowledge of how processes regulate CO2 

and water vapor exchange, and improve the representations of respiration, phenology and 

disturbance in ecosystem carbon models; encourage expansion of flux sites as needed to 

fill critical gaps in biomes, disturbance gradients and climate space; conduct collaborative 

studies of scaling and integration of AmeriFlux results that include combinations of flux 

site data, cluster sites, remote sensing and modeling; organize the annual AmeriFlux 

Science Team meeting.  

 

RESULTS TO DATE:  

 

2012 

 

The AmeriFlux project was involved in several synthesis papers in support of the North 

American Carbon Program objectives. Highlights are listed below.  

 

We conducted an NACP synthesis on disturbance processes that modify ecosystem 

carbon dynamics that influence larger landscape-level dynamics. The synthesis 

highlighted case studies on characteristics of different types of disturbance, including the 

Pacific Northwest Metolius chronosequence of flux sites and landscape level ancillary 

plots.  The synthesis identified disturbance severity and history as key factors driving 

post-disturbance carbon source-sink dynamics across all disturbance types (drought, 

insects, fire, harvest). To further improve understanding and prediction of carbon 

dynamics in disturbance-prone forests, the study recommended analyses that use multiple 

lines of evidence, increased measurement capabilities, shared models and online data 

sets, and innovative numerical algorithms (Goetz et al. 2012). 

 

We evaluated 26 models and the uncertainty in simulated GPP using data from 39 flux 

towers in the US and Canada. None of the models simulated GPP within the observed 

uncertainty. In general, seasonality of GPP was not simulated well. The models 

overestimated GPP in autumn through spring and underestimated GPP in summer. The 

models also overestimated GPP under dry conditions and for temperatures below 0 C. 

The study suggested that improvements in simulated soil moisture and ecosystem 

response to drought or VPD stress would improve simulated GPP under dry conditions, 

and that adding a low-temperature response of GPP to temperature would reduce the 

overestimation of GPP in autumn through spring (and thus seasonal phenology). 

Comparisons of modeled and observed light-use efficiency (LUE; GPP per unit light 

absorbed)) indicated that the underestimation of GPP in summer was due to LUE.  

The study suggested that modeling should use better parameter values for predicting 

potential GPP (Vcmax, LUE) (Schaefer et al. 2012).   

 

CLM4 calculates Vcmax from several input parameters including foliage nitrogen, 

specific leaf area, temperature, soil water, nitrogen availability, and daylength.  In a 

separate study using CLM4 at flux sites in Oregon and Canada, we hypothesized that 

CLM4 uses nitrogen incorrectly to estimate N in Rubisco and thus Vcmax, and 



ultimately, maximum potential GPP.  We used site-specific foliage nitrogen content 

values and specific leaf area parameterize the model and we ran sensitivity tests with soil 

nitrogen availability at the mesic site.  Increase in N availability improved summer GPP 

estimates, but reduced model fidelity for the remainder of the months suggesting N 

availability alone does not improve GPP seasonality (Hudiburg et al. 2012). Improvement 

to Vcmax seasonality in CLM4 will require adjustment to other factors such as response 

to temperature and soil water in order to improve summer GPP. 

 

A study was conducted to guide development of CO2 atmospheric inversion modeling 

systems.  Using ORCHIDEE simulations as an example of prior information in 

combination with observations from 156 FLUXNET sites globally, we determined the 

mean, variances, and correlations of the prior errors at the site scale. Spatial correlations 

were confined to within the first few hundred kilometers, and separating out the plant 

functional types did not increase the spatial correlations, except for the deciduous broad-

leaved forests. Using the statistics of the flux measurements as a proxy for the statistics of 

the prior flux errors was shown not to be a viable approach. This study showed that as 

long as the biases of the prior fluxes are much smaller than their error standard 

deviations, there is no advantage to tune the prior correlations, and biases can be 

neglected in the inversion design (Chevallier et al. 2012). 

 

Surface albedo is a key parameter in the Earth’s energy balance.  Previously, we showed 

how different disturbances affect albedo and thus radiative forcing at flux sites 

(O’Halloran et al. 2011). Remote sensing of albedo can be used to determine implications 

of disturbance to radiative forcing at larger scales, however, the data products need to be 

evaluated with in situ observations.  To evaluate MODIS albedo, we use data from 53 

FLUXNET sites that met strict conditions of land cover homogeneity (large area with 

canopy closure) to deal with scale mismatch (1 km pixels vs flux tower point 

measurement). A good agreement between mean yearly MODIS albedo and in situ 

measurements was found (r2 = 0.82). The mismatch is correlated with spatial 

heterogeneity of surface albedo. Seasonal changes in MODIS albedo for different plant 

functional types showed extremely good correlations at the forest sites, but 

underestimated albedo at non-forested sites (grasslands, savannas, croplands) across 

seasons. The mismatch observed at grassland and cropland sites is likely due to the 

extreme fragmentation of these landscapes, as confirmed by geostatistical attributes 

derived from high resolution scenes (Cescatti et al. 2012). 

 

Other activities:  

 

Dr. Law updated DOE investigators on AmeriFlux activities, including the overall 

network strategy, organizational structure, steering committee composition, quality 

assurance and data management goals, synthesis activities, and thoughts on future 

directions.  

 

Dr. Law worked with LBNL on the transition of AmeriFlux management and science 

lead from OSU to LBNL, including vision for core sites, producing synthesis-ready data, 



improvements in data acquisition and reporting by core sites to LBNL, and QA transition 

(training, instrument package development for roving system, etc). 

 

 

2010-2011 

 

Noteworthy activities: 

 

To ensure international consistency of methods and integration of results, Dr. Law serves 

on: (1) The Global Terrestrial Observing System – Terrestrial Carbon Observtions 

(GTOS-TCO panel chair); (2) The Advisory Panel for the Integrated Carbon Observation 

System (ICOS) of Europe (2009-); (3) the Advisory Board of Carbon and Greenhouse 

Gas management in Europe (GHG-Europe, 2009-).  Law also testified before the House 

on AmeriFlux measurements (2009). 

 

Data management and FLUXNET synthesis – Law continues to serve on the steering 

group of FLUXNET, which determined Fair Use Policies for open access to all 

FLUXNET data for modelers and the greater scientific community, and reviews 

individual proposals for using the data to minimize redundant analyses. The data of 

interest are the Level 4 data that are gap-filled and additional quantities are computed 

(gross photosynthesis, ecosystem respiration). These data are on the AmeriFlux website, 

but we still rely on Europeans to process the Level 4 data. FLUXNET is a Research 

Coordination Network project funded by NSF; it ends in 2012 and there are no plans to 

continue processing AmeriFlux data beyond that point. Dr. Law encouraged AmeriFlux 

sites to submit the next round of data for the past year to be processed by the Europeans. 

She continues to work with CDIAC in discussing improvements to the AmeriFlux web 

site and data issues. 

 

Law participated in several AmeriFlux and Fluxnet synthesis activities that resulted in 

many high-profile publications (see ‘Research Synthesis Results’ and publications list 

below). Additional papers are in review. 

 

Annual AmeriFlux meeting – Law and O’Halloran planned the AmeriFlux meeting in DC 

with help of session chairs (2009). This was a joint meeting with the NACP, in which 

Law served on the planning committee to ensure the two meetings were complementary. 

This was the final AmeriFlux meeting with Dr. Law as the Science Chair of AmeriFlux.  

 

2010 

National Research Council Committee on Verifying Greenhouse Gas Emissions: 

Methods to Support International Climate Agreements (2009-10). A key recommendation 

relevant to AmeriFlux is: ‘An interagency group, with broad participation from the 

research community, should undertake a comprehensive review of existing information 

and design a research program to improve and, where appropriate, implement U.S. 

estimates of AFOLU emissions of CO2, N2O, and CH4. Key elements are likely to 

include continued research on the biogeochemical cycles of these gases, supported by 

observations from eddy covariance towers, other flux measurements for N2O and CH4, 



and ecosystem inventories of all of the major carbon pools and their trends in the United 

States. These observation systems will be necessary in a modeling framework (e.g., 

ecosystem biogeochemistry process modeling) to provide the accuracy needed for annual, 

spatially explicit assessments within countries. 

 

Law contributed to the GEO-Carbon Report and presented an overview at the ministry 

level meeting of the Group on Earth Observations (Washington, DC, 2009). The strategy 

in the report is integrated observation systems that include flux networks for model and 

remote sensing calibrations. 

 

Law serves on the Fluxnet Steering Committee that reviews proposals to use the Fluxnet 

data to ensure minimum overlap in synthesis efforts. 

 

Research Synthesis Results 2010-2011. 

 

Recent decline in the global land evapotranspiration trend due to limited moisture supply.  

The soils in large areas of the Southern Hemisphere, including major portions of 

Australia, Africa and South America, have been drying up in the past decade. These are 

findings from a Fluxnet synthesis on global evapotranspiration measured by investigators 

at AmeriFlux sites, and sites in other regional flux networks. Most climate models have 

suggested that evapotranspiration, which is the movement of water from the land to the 

atmosphere, would increase with global warming. The new research, published in Nature, 

found that’s exactly what was happening from 1982 to the late 1990s. But in 1998, this 

significant increase in evapotranspiration – which had been seven millimeters per year – 

slowed dramatically or stopped. In large portions of the world, soils are now becoming 

drier than they used to be, releasing less water and offsetting some moisture increases 

elsewhere. Due to the limited number of decades for which data are available, we can’t 

be sure whether this is a natural variability or part of a longer-lasting global change. But 

one possibility is that on a global level, a limit to the acceleration of the hydrological 

cycle on land has already been reached. Consequences could include reduced terrestrial 

vegetation growth, less carbon absorption, a loss of the natural cooling mechanism 

provided by evapotranspiration, more heating of the land surface, more intense heat 

waves and a “feedback loop” that could intensify global warming (Jung et al. 2010). 

 

Forest sector carbon accounting needs improvement. A synthesis of data from flux sites 

and inventories, and literature review aimed to provide ecologists, land managers and 

policy makers with a better understanding of important issues related to forest sector 

carbon management, measurement and verification, and policy related to mitigation and 

adaptation of forests to climate change.  The focus was on carbon sequestration 

processes, appropriate measurements for international, regional and local scale 

assessment of net ecosystem carbon balance, and life cycle analysis (LCA) with special 

attention to the concept of substitution of fossil fuel with bioenergy from forests.  Given 

the slow dynamic of forest carbon, LCA needs to account for preexisting forest 

conditions, as carbon neutrality (i.e. net ecosystem carbon balance of forests is zero) can 

take at least a century to achieve in many cases. The substitution of wood for more 

energy intensive materials has likely been overestimated compared to when additionality, 



permanence, and saturation of wood building stores are considered.  Greenhouse gas 

(GHG) emission policies will need to account for emissions associated with bioenergy, 

which is currently not considered internationally. Thus, GHG emissions resulting from 

substitution for fossil fuels will have to be more accurately represented if their true 

impact is to be understood (Law & Harmon 2011). 

 

Recommendation of improvements in Earth System Models on the effects of drought on 

terrestrial ecosystems.  Drought as an intermittent disturbance of the water cycle interacts 

with the carbon cycle differently than the ‘gradual’ climate change. During drought 

plants respond physiologically and structurally to prevent excessive water loss according 

to species specific water use strategies. This has consequences for carbon uptake by 

photosynthesis and release by total ecosystem respiration. After a drought,  disturbances 

in moisture availability, organic matter and nutrients in the soil, and carbohydrates in 

plants lead to longer-term effects in plant carbon cycling, and potentially mortality. 

Direct and carry-over effects, mortality and consequently species competition in response 

to drought are strongly related to the survival strategies of species. The paper reviewed 

the state of the art of the understanding of the relation between water drought and the 

ecosystem carbon cycle interactions and argued that plant strategies must be given an 

adequate role in global vegetation models if the effects of drought on the carbon cycle are 

to be described in a way that justifies the interacting processes (van der Molen et al. 

2011). 

 

Nitrogen deposition reduces forest soil respiration.  A synthesis of data from NitroEurope 

and flux data from AmeriFlux, CarboEurope, and ChinaFlux found that low to moderate 

levels of nitrogen deposition to terrestrial ecosystems lead to enhanced uptake of CO2 

from the atmosphere and reduced organic matter decomposition. In an earlier study, we 

found increased net carbon uptake across a set of sites, but the mechanisms were unclear. 

Here, we had ancillary data on soil processes to find that soil respiration was reduced 

with N deposition. The results were published in Nature Geoscience (Janssens et al. 

2010), and the results were highlighted on Nature’s home page. 

 

New methods are recommended for computing photosynthesis parameters for model 

inputs. Gu et al. (2010) compiled A-Ci (assimilation) curves from AmeriFlux sites and 

used the data to develop and demonstrate a model for computing Vcmax and Jmax from 

the data in a consistent manner. The paper also recommends methods for improved 

measurements of assimilation rates. The code for processing the A-ci curves is posted on 

the AmeriFlux web site. 

 

Albedo effects are significant relative to CO2 emission from forest disturbances.  The 

change to albedo from disturbing forest causes a radiative forcing that either enhances or 

reduces the net heating caused by CO2 release.  These findings result from a synthesis of 

AmeriFlux towers that have witnessed disturbances, including mortality of mangrove 

forest from hurricane damage in the Everglades and wildfire in boreal forests.   MODIS 

albedo data were also used to develop a case study of mountain pine beetle attack in 

western North America.  In the case of boreal fire, recovery of albedo took 100 years, 

while the forest was still a net carbon sink at 160 years.  This shows how the trajectory of 



recovery in albedo and carbon stocks after disturbance are not exactly coupled, which 

will complicate representing these processes in climate models.  Neglecting either the 

carbon or albedo component of the disturbance would lead to gross errors in representing 

the net climate effect of these processes.  (O’Halloran et al. 2011) 
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