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Research Program  

 
1. Research Program and Objectives 
 
The Earth is being influenced by environmental changes such as elevated atmospheric trace gas 
concentrations and associated shifts in climate. There is much uncertainty about the consequences of 
these changes for ecosystem function and for potential feedbacks to the climate system. Terrestrial 
ecosystems, in particular, present a significant problem for analyzing global change because of the great 
diversity among ecosystems in species composition, physiological properties, physical structure and 
environmental conditions. A major objective of my research program is to further understand the 
fundamental processes that occur during terrestrial ecosystem-atmosphere interactions. In my research I 
make use of tools and technologies from a range of disciplines (plant physiology, ecology, geochemistry 
meteorology and remote sensing). 
 
I am currently studying ecosystem CO2, water vapor and energy exchange using the eddy covariance 
technique in grassland and peatland ecosystems in Alberta as part of the Fluxnet-Canada and Ameriflux 
research networks. These long-term measurement programs contribute in a number of ways to better 
understand ecosystem response to global environmental change. First, collection of empirical information 
is necessary for the development, assessment and improvement of mechanistic models of ecosystem 
physiology that can be used to predict response to future environmental changes. In collaboration with 
Canadian colleagues, measurements of ecosystem-level CO2, water and energy exchange at my research 
sites have been used to test and evaluate the ecosys and CLASS models. Both the ecosys and CLASS 
models are being used to support studies of carbon accounting and management. In addition, the CLASS 
model is used as a component in the Canadian Regional and Global Climate models. Second, long-term 
measurements at a specific location may be directly relevant to large areas with similar vegetation and 
climate. In this way the measurements can be used to monitor and document changes as they occur in 
specific ecosystems or geographic regions. Third, comparison of ecosystem processes and physiological 
properties across a range of ecosystem types in coordinated, multi-site analyses can lead to new insights 
and ideas about the functioning of ecosystems. I have participated in a number of national and 
international synthesis projects that make use of information collected at my research sites in order to 
better understand the functioning of terrestrial ecosystems and their role in continental and global carbon 
and water cycles. 
 
Interaction and feedback between vegetation and the atmosphere occurs via exchanges of CO2 and H2O 
gases during photosynthesis, evapo-transpiration, and respiration. On seasonal and annual time scales, 
changes in the stable isotope ratio of atmospheric CO2 result from isotope effects that occur during these 
ecosystem-atmosphere gas exchange processes. Monitoring shifts in the stable isotope ratio of 
atmospheric CO2 can potentially be used as a tool to study large-scale ecosystem-atmosphere 
interactions. Such an application requires, however, a detailed understanding of the mechanisms causing 
the isotope effects. A long-term objective of my research program is to determine the physiological 
mechanisms causing stable isotope fractionation during photosynthesis, transpiration, and respiration at 
both the leaf and ecosystem levels. We have recently developed a mechanistic, ecosystem-scale model 
of stable carbon isotope effects that occur during photosynthesis and respiration. This model is currently 
being applied and tested with empirical measurements made during the Fluxnet-Canada program at 
several research sites across the country. We have also recently completed a synthesis study involving 
our stable isotope measurements in Canada in comparison with similar measurements made at Ameriflux 
sites in the USA. I have also served on the steering committee of the Biosphere-Atmosphere Stable 
Isotope Network (BASIN), which was a core project of Focus 1 (Ecosystem Physiology) of the Global 
Change and Terrestrial Ecosystems project of the International Geosphere Biosphere Program during 
2000-2005. As part of this network I organized an international meeting, “Biological controls on the stable 
isotope composition of atmospheric carbon dioxide, methane and nitrous oxide: processes and 
applications”, and I was the senior editor of a book based on presentations made at the meeting. 
 
Remote sensing of biophysical properties of the land surface combined with climate data potentially allows 
calculation and extrapolation of ecological and physiological characteristics of ecosystems to larger spatial 
scales. The MODIS sensor on the Aqua and Terra satellites launched by NASA collects surface 



reflectance data and uses this data in conjunction with ecosystem models to calculate a variety of 
physiological and ecological attributes of ecosystems on a global basis. Testing of the relationships 
between the reflectance characteristics of vegetation and associated physiological changes is an 
important aspect of current research being conducted to evaluate the performance and quality of 
information provided by the MODIS sensor. My grassland research site is one of a select number of 
research sites chosen for testing and evaluating the MODIS calculations used to convert reflectance 
measurements into ecosystem physiological and ecological information. We have been able to show that 
the light-use efficiency parameters for grassland ecosystems, currently used by the MODIS calculations of 
photosynthesis rates, are too low and need to be revised to improve accuracy. We are currently 
conducting additional leaf- and canopy-level reflectance measurements in association with our ecosystem 
CO2 and water vapor exchange measurements. The primary objective of these measurements is to test 
our ability to obtain physiologically significant signals from reflectance measurements of plant canopies. 
Shifts in plant pigment concentration and water content associated with changes in physiological function 
should cause changes that can be observed in absorption and reflectance spectra. However, important 
changes in absorption/reflectance spectra maybe confounded by interactions among illumination, view 
angle and the three-dimensional structure of the vegetation canopy. Further research is required to 
determine the magnitude of the errors and to determine whether it is possible to correct for these potential 
complicating factors.  
 
Canada has between 40-50% of the world’s peatlands and they cover approximately 10-12% of Canada’s 
land surface. Peatland ecosystems are very tightly coupled to climate and the hydrological cycle, and are 
very susceptible to the effects of climate change. Relatively small changes in soil moisture and 
temperature can dramatically alter carbon cycling in peatlands. For example, warmer temperatures and a 
lowering of the water table may increase the release of CO2 and convert these ecosystems from a net sink 
to a net source of carbon dioxide to the atmosphere. Shifts in the water table may also influence the 
production and release of methane to the atmosphere. I have initiated studies of the controls on methane 
exchange to complement my on-going studies of CO2 and water vapor exchange in peatlands in northern 
Alberta. Our studies make use of a tunable diode laser to measure ecosystem-level methane fluxes using 
the eddy covariance technique. These experimental studies are associated with high precision 
measurements of atmospheric methane concentration being made at my peatland research site in 
collaboration with colleagues in the Environment Canada Greenhouse Gas Measurement Lab. The high 
precision atmospheric measurements will be used in model calculations of the sources and sinks of 
methane on a regional basis in western Canada as part of research conducted in the Canadian Carbon 
Program, a national research network that continues and extends work initiated in the Fluxnet-Canada 
Research Network. 
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A. Invited Lectures 
 Major Research Seminars Presented 
 

I was invited to present a paper (and act as discussion session moderator) at an international 
workshop, “Partitioning of fluxes between the biosphere and atmosphere across spatial scales”, 
sponsored by SIBAE of the European Science Foundation, held at Interlaken, Switzerland, March 
31 – April 3, 2004. 
 
I was invited to act as discussion leader/moderator at an international workshop session on the 
use of stable isotopes to partition component processes contributing to whole ecosystem carbon 



dioxide exchange. This meeting, “Fluxnet Synthesis Workshop 2002”, was held at Orvieto, Italy, 
June 19-21, 2002. The meeting was sponsored by: NASA/Fluxnet, GCTE/BASIN, and 
CarboEuroFlux programs. 

 
I was invited to present a paper at an international workshop, “Biosphere - Atmosphere Stable 
Isotope Network (BASIN)”, sponsored by the Global Change in Terrestrial Ecosystems (GCTE) 
project of the International Geosphere-Biosphere Programme (IGBP), held at Salt Lake City, 
Utah, Dec. 7-10, 1997.  

 
 I presented one of the keynote addresses at the 5th International Carbon Dioxide Conference in   
 Cairns,  Australia, September 8-12, 1997. 
 
 I was invited to present a paper at an international conference, "Stable Isotopes and the 
 Integration of Biological, Ecological and Geochemical Processes", held in Newcastle upon Tyne,   
 July 9-11, 1996. 
 

I was invited to present a paper at the Fifteenth Annual Symposium in Plant Physiology, 
University of California, Riverside, January 9-11, 1992. Meeting Topic: Perspectives on Plant 
Carbon and Water Relations from Stable Isotopes.  

  
B. Journal Editorships 
 
Current member of the editorial review board of: 
   
 Plant Cell and Environment  January 2010 – present 
 
I was a member of the editorial review board of Global Change Biology during 2011-2013.  
I was a member of the editorial review board of Oecologia during 1998-2005. 
 
Guest Editor for Special Journal Issue of Agricultural and Forest Meteorology November 2006: 

Fluxnet-Canada Special Issue: The influence of climate and disturbance on ecosystem-
atmosphere exchange of Canadian forests and peatlands (Volume 140, Issues 1-4) 

 
C. National and International Committees  
 
Member (2016) of the NASA Terrestrial Ecology Peer Review Panel for grant proposals for the AboVE 
(Arctic-Boreal Vulnerability Experiment) Airborne Campaign. 
 
Member (2014-16) of the NSERC RTI evaluation group committee for Biological Systems and Functions 
(EG1502). 
 
Member (2006-2008) of the NSERC Discovery grant selection committee for Plant Biology and Food 
Science (GSC03). I was chair of this committee during 2007-08. 
 
Member of the Science committee of the Canadian Carbon Program Research Network (2007-2010). 
 
Member of the Science committee of the Fluxnet-Canada Research Network (2002-2007). 
 
I was invited to participate in a planning committee organized by the International Atomic Energy Agency 
(Vienna) for a new global network to measure stable isotopes in plant and atmospheric water. The first 
meeting of this committee was held in Vienna on November 17-19, 2003. 
 
I was the host and lead organizer for an international meeting, “Biological controls on the stable isotope 
composition of atmospheric carbon dioxide, methane and nitrous oxide: processes and applications”. This 
meeting was held at the Banff Centre during May 12-14, 2002. I was the senior editor of a book based on 
presentations made at the meeting. 



 
I was a member of the six-person steering committee for the Biosphere-Atmosphere Stable Isotope 
Network (BASIN), a core project of Focus 1 (Ecosystem Physiology) of the Global Change and Terrestrial 
Ecosystems project of the International Geosphere Biosphere Program during 2000-2005. 
 
I was asked to review and write a report on a joint Environment Canada/Forestry Canada/Parks Canada 
program - BOREAL ECOSYSTEM RESEARCH AND MONITORING SITES (BERMS) Program.  
 
I was a member of a committee that planned a workshop to further develop the Canadian participation in 
the GLOBAL CLIMATE OBSERVING SYSTEM (GCOS). A proposal to the Climate Change Action Fund 
was accepted to further develop Canadian involvement in GCOS. A report based on the workshop (with 
contributions from me) was submitted to federal agencies. 


