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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 |
make use of tools and technologies from a range of disciplines (plant physiology, ecology, geochemistry
meteorology and remote sensing).

| am currently studying ecosystem CO,, 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 CO,, 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. | 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 CO, and H,O
gases during photosynthesis, evapo-transpiration, and respiration. On seasonal and annual time scales,
changes in the stable isotope ratio of atmospheric CO, result from isotope effects that occur during these
ecosystem-atmosphere gas exchange processes. Monitoring shifts in the stable isotope ratio of
atmospheric CO, 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. | 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 | organized an international meeting, “Biological controls on the stable
isotope composition of atmospheric carbon dioxide, methane and nitrous oxide: processes and
applications”, and | 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
CO, 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 CO, 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. | have initiated studies of the controls on methane
exchange to complement my on-going studies of CO, 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.



2. List of Publications
A. Refereed Journal Publications

Yang, H., S.B. Rood, L.B. Flanagan. 2018. Controls on water-use and water-use efficiency: Insights from
a comparison between grassland and riparian forest in the northern Great Plains. Agricultural and
Forest Meteorology, submitted

Tai, X., D.S. Mackay, J.S. Sperry, P. Brooks, W.R.L. Anderegg, L.B. Flanagan, S.B. Rood, C. Hopkinson.
2018. Distributed plant hydraulic and hydrological modeling to understand the susceptibility of
riparian woodland trees to drought-induced mortality. Water Resources Research 54:
doi.org/10.1029/2018WR022801

Flanagan, L.B., J.E.M. Flanagan. 2018. Seasonal controls on ecosystem-scale CO, and energy exchange
in a Sonoran Desert characterized by the saguaro cactus (Carnegiea gigantea). Oecologia 187:
977-994

Qiu, C., D. Zhu, P. Ciais, B Guenet, G. Krinner, S. Peng, M. Aurela, C. Bernhofer, C. Brummer, S. Bret-
Harte, H. Chu, J. Chen, A.R. Desai, J. Dusek, E.S. Euskirchen, K. Fortuniak, L.B. Flanagan, T.
Friborg, M. Grygoruk, S. Gao, T Grunwald, B.U. Hansen, D Holl, E. Humphreys, M. Hurkuck, G.
Kiely, J. Klatt, L. Kutzbach, C. Largeron, F. Laggoun-Defarge, M. Lund, P.M. Lafleur, X. Li, I.
Mammarella, L. Merbold, M.B. Nilsson, J. Olejnik, M. Ottosson-Lofvenius, W. Oechel, F-J.W.
Parmentier, M. Peichl, N. Pirk, O. Peltola, W. Pawlak, C. Rebmann, D. Rasse, J. Rinne, G.
Shaver, H.P. Schmid, M. Sottocornola, R. Steinbrecher, T. Sachs, M. Urbaniak, D. Zona, K.
Ziemblinska. 2018. ORCHIDEE-PEAT (revision 4596), a model for northern peatland CO,, water
and energy fluxes on daily to annual scales. Geoscientific Model Development 11: 497-519
(https://doi.org/10.5194/gmd-11-497-2018)

Mezbahuddin, M., R.F. Grant, L.B. Flanagan. 2017. Coupled eco-hydrology and biogeochemistry
algorithms enable simulation of water table depth effects on boreal peatland net CO, exchange. .
Biogeosciences: 14: 5507-5531 (https://doi.org/10.5194/bg-14-5507-2017)

Huemmrich, K.F., P.P.K. Campbell, B-C. Gao, L.B. Flanagan, M. Goulden. 2017. ISS (International Space
Station) as a platform for optical remote sensing of ecosystem carbon fluxes: A case study using
HICO (Hyperspectral Imager for Coastal Ocean). IEEE Journal of Selected Topics in Applied
Earth Observations and Remote Sensing (J-STARS ) 10: 4360-4375
doi: 10.1109/JSTARS.2017.2725825

Flanagan, L.B., T.E. Orchard, G.S.J. Logie, C.A. Coburn, S.B. Rood. 2017. Water use in a riparian
cottonwood ecosystem: eddy covariance measurements and scaling along a river corridor.
Agricultural and Forest Meteorology 232: 332-348

Mezbahuddin, M., R.F. Grant, L.B. Flanagan. 2016. Modeling hydrological controls on variations in peat
water content, water table depth and surface energy exchange of a boreal western Canadian fen
peatland. Journal of Geophysical Research (Biogeosciences) 121: 2216-2242,
doi:10.1002/2016JG003501

Petrie, M.D., N.A. Brunsell, R. Vargas, S.L. Collins, L.B. Flanagan, N.P. Hanan, M.E. Litvak, A.E. Suker.
2016. The sensitivity of carbon exchanges in Great Plains grasslands to precipitation variability.
Journal of Geophysical Research (Biogeosciences) 121: 280-294, doi: 10.1002/2015JG003205

Hufkens, K., T.F. Keenan, L.B. Flanagan, R.S. Scott, C.J. Bernacchi, E. Joo, N.A. Brunsell, J. Verfaillie,
A.D. Richardson. 2016. Productivity of North American grasslands is increased under future
climate scenarios despite rising aridity. Nature Climate Change 6: 710-714



Flanagan, L.B., E.J. Sharp, J.A. Gamon. 2015. Canopy light absorption and the light-use efficiency model
of photosynthesis in a northern Great Plains grassland. Remote Sensing of Environment 168:
239-251

Xia, J., Y. Luo, S. Niu, P. Ciais, I. Janssens, J. Chen, C. Ammann, P.D. Blanken, A. Cescatti, D. Bonal, N.
Buchmann, P.S. Curtis, S. Chen, J. Dong, L.B. Flanagan, C. Frankenberg, T. Georgiadis, C.M
Gough, D. Hui, G. Kiely, J. Li, M. Lind, V. Magliulo, B. Marcolla, L. Merbold, L. Montagnani, E.
Moors, J.E. Olesen, S. Piao, A. Raschi, O. Roupsard, A. Suyker, M. Urbaniak, F. Vaccari, A.
Varlagi, T. Vesala, M. Wilkinson, E. Weng, G. Wohlfahrt, L. Yan. 2015. Joint control of annual
terrestrial carbon uptake by plant phenology and physiology. Proceedings of the National
Academy of Sciences USA 112: 2788-2793, doi: 10.1073/pnas.1413090112

Petrescu, A.M.R, A. Lohila, D. Baldocchi, A.R. Desai, T. Vesala, W.C. Oechel, N. Roulet, T. Friborg, A.J.
Dolman, J. Rinne, J. Hatala Matthes, L. Merbold, A. Meijide, B. Marcolla, G. Kiely, M.
Sottocornola, T. Sachs, D. Zona, A. Varlagin, D.Y.F. Lai, E. Veenendaal, F.J.W. Parmentier, J.P.
Tuovinen, U. Skiba, M. Lund, A. Henson, J. van Huissteden, L.B. Flanagan, N. Shurpali, T.
Grunwald, E. Humphreys, M. Jackowicz-Korczynski, M. Aurela, T. Laurila, C. Gruning, C.A.R.
Corradi, A.P. Schrier-Uijl, T.R. Christensen, M.P. Tamstorf, M. Mastepanov, P. Martikainen, S.B.
Verma, A. Cescatti. 2015. Carbon sink and methane source: the two-faced nature of wetlands
under anthropogenic perturbation. Proceedings of the National Academy of Sciences USA 112:
4594-4599, doi: 10.1073/pnas.1416267112

Kross, A.S.E., N.T. Roulet, T.R. Moore, P.M. Lafleur, E.R. Humphreys, J.W. Seaquist, L.B. Flanagan, M.
Aurela. 2014. Phenology and its role in carbon dioxide exchange processes in northern peatlands.
Journal of Geophysical Research (Biogeosciences) 119: 1370-1384, doi:10.1002/2014JG002666.

Flanagan, L.B., G.D. Farquhar. 2014. Variation in the carbon and oxygen isotope composition of plant
biomass and its relationship to water-use efficiency at the leaf- and ecosystem-scales in a
northern Great Plains grassland. Plant Cell and Environment 37: 425-438

Flanagan, L.B., E.J. Sharp, M.G. Letts. 2013. Response of plant biomass and soil respiration to
experimental warming and precipitation manipulation in a northern Great Plains grassland.
Agricultural and Forest Meteorology 173: 40-52

Peichl, M., O. Sonnentag, G. Wohlfahrt, L.B. Flanagan, D.D. Baldocchi, G. Kiely, M. Galvagno, D.
Gianelle, B. Marcolla, C. Pio, M. Migliavacca, M.B. Jones, M. Saunders. 2013. Convergence of
potential net ecosystem production among contrasting Cs grasslands. Ecology Letters 16: 502-
512

Chen, B., N.C. Coops, D. Fu, H.A. Margolis, B.D. Amiro, T.A. Black, M.A. Arrain, A.G. Barr, C.P.A.
Bourque, L.B. Flanagan, P.M. Lafleur, J.H. McCaughey, S.C. Wofsy. 2012. Characterizing spatial
representativeness of flux tower eddy-covariance measurements across the Canadian Carbon
Program Network using remote sensing and footprint analysis. Remote Sensing of Environment
124: 742-755

Andrews, S.F., L.B. Flanagan, E.J. Sharp, T. Cai. 2012. Variation in water potential, hydraulic
characteristics and water source use in montane Douglas-fir and lodgepole pine trees in
southwestern Alberta and consequences for seasonal changes in photosynthetic capacity. Tree
Physiology 32: 146-160, doi: 10.1093/treephys/tpr136

Sulman, B.N., A.R. Desai, N.M. Schroeder, D. Ricciuto, A. Barr, A. Richardson, D. Hollinger, L.B.
Flanagan, P.M. Lafleur, H. Tian, G. Chen, R.F. Grant, B. Poulter, H. Verbeeck, P. Ciais, P. Peylin,
B. Ringeval, I.T. Baker, K. Schaefer, Y. Luo, E. Weng. 2012. Impact of hydrological variations on
modeling of peatland CO, fluxes: results of the North American Carbon Program site synthesis.
Journal of Geophysical Research (Biogeosciences) 117, G01031, doi: 10.1029/2011JG001862.



Brimmer, C., T. A. Black, R.S. Jassal, N.J. Grant, D.L. Spittlehouse, B. Chen, Z. Nesic, B.D. Amiro, M.A.
Arain, A.G. Barr, C.P.-A. Bourque, C. Coursolle, A.L. Dunn, L.B. Flanagan, E.R. Humphreys, P.M.
Lafleur, H.A. Margolis, J. H. McCaughey, S.C. Wofsy. 2012. How climate and vegetation type
influence evapotranspiration and water use efficiency in Canadian forest, peatland and grassland
ecosystems. Agricultural and Forest Meteorology 153: 14-30, doi:10.1016/j.agrformet.2011.04.008

Flanagan, L.B., T. Cai, T.A. Black, A.G. Barr, J.H. McCaughey, H.A. Margolis. 2012. Measuring and
modeling ecosystem photosynthesis and the carbon isotope composition of ecosystem-respired
CO, in three boreal coniferous forests. Agricultural and Forest Meteorology 153: 165-176

Ryu, Y., D.D. Baldocchi, T.A. Black, M. Detto, B.E. Law, R. Leuning, A. Miyata, M. Reichstein, R. Vargas,
C. Ammann, J. Beringer, L.B. Flanagan, L. Gu, L.B. Hutley, J. Kim, H. McCaughey, E.J. Moors, S.
Rambal, T. Vesala. 2012. On the temporal upscaling of evapotranspiration from instantaneous
remote sensing measurements to 8-day mean daily-sums. Agricultural and Forest Meteorology
152: 212-222, doi:10.1016/j.agrformet.2011.09.010

Dietze, M.C., R. Vargas, A.D. Richardson, P.C. Stoy, A.G. Barr, R.S. Anderson, M.A. Arain, |.T. Baker,
T.A. Black, J.M. Chen, P. Ciais, L.B. Flanagan, C.M. Gough, R.F. Grant, D. Hollinger, R.C.
Izaurralde, C.J. Kucharik, P. Lafleur, S. Liu, E. Lokupitiya, Y. Luo, J.W. Munger, C. Peng, B.
Poulter, D.T. Price, D.M. Ricciuto, W.J. Riley, A.K. Sahoo, K. Schaefer, A.E. Suyker, H. Tian, C.
Tonitto, H. Verbeeck, S.B. Verma, W. Wang, E. Weng. 2011. Characterizing the performance of
ecosystem models across time scales: A spectral analysis of the North American Carbon Program
site-level synthesis. Journal of Geophysical Research (Biogeosciences) 116, G04029, doi:
10.1029/2011JG001661.

Hanesiak, J.M.,Stewart, R.E., Bonsal, B.R. (and 39 other authors including L.B. Flanagan). 2011.
Characterization and summary of the 1999-2005 Canadian prairie drought. Atmosphere-Ocean
49: 421-452.

Flanagan, L.B., A.C. Adkinson. 2011. Interacting controls on productivity in a northern Great Plains
grassland and implications for response to ENSO events. Global Change Biology 17: 3293-3311
doi: 10.1111/j.1365-2486.2011.02461.x

Flanagan, L.B., K.H. Syed. 2011. Stimulation of both photosynthesis and respiration in response to
warmer and drier conditions in a boreal peatland ecosystem. Global Change Biology 17:
2271-2287, doi: 10.1111/j.1365-2486.2010.02378.x

Adkinson, A.C., K.H. Syed, L.B. Flanagan. 2011. Contrasting responses of ecosystem CO, exchange to
variation in temperature and water table depth in two peatlands in northern Alberta, Canada.
Journal of Geophysical Research (Biogeosciences) 116, G01004, doi: 10.1029/2010JG001512.

Chen, B., N.C. Coops, H.A. Margolis, B.D. Amiro, A.G. Barr, T.A. Black, M.A. Arrain, C.P.A. Bourque, L.B.
Flanagan, P.M. Lafleur, J.H. McCaughey, S.C. Wofsy. 2011. Assessing eddy-covariance flux
tower location bias across the Fluxnet-Canada Research Network based on remote sensing and
footprint climatology modeling. Agricultural and Forest Meteorology 151: 87-100

Coburn, C.A., E. Van Gaalen, D.R. Peddle, L.B. Flanagan. 2010. Anisotropic reflectance effects on the
sensitivity of spectral indices for estimating ecophysiological parameters using a portable
goniometer system. Canadian Journal of Remote Sensing 36: S355-S364.

Gamon, J.A,, C. Coburn, L.B. Flanagan, K.F. Huemmrich, C. Kiddle, G.A. Sanchez-Azofeifa, D. Thayer, L.
Vescovo, D. Gianelle, D. Sims, A.F. Rahman, G. Zonta-Pastorello. 2010. SpecNet Revisited:
Bridging flux and remote sensing communities. Canadian Journal of Remote Sensing 36: S376-
S390.



Schwalm, C.R., C.A. Williams, K. Schaefer, R. Anderson, M.A.Arain, |.Baker, A. Barr, T. A. Black, G.
Chen, J.M. Chen, P. Ciais, K.J. Davis, A. Desai, M. Dietze, D. Dragoni, M.L. Fischer, L.B.
Flanagan, R. Grant, L. Gu, D. Hollinger, R.C. Izaurralde, C. Kucharik, P. Lafleur, B.E. Law, L. Li,
Z. Li, S. Liu, E. Lokupitiya, Y. Luo, S. Ma, H. Margolis, R. Matamala, H. McCaughey, R.K. Monson,
W.C. Oechel, C. Peng, B.Poulter, D.T. Price, D.M. Riciutto, W. Riley, A. Kumar Sahoo, M.
Sprintsin, J. Sun, H. Tian, Tonitto, H. Verbeeck, S.B. Verma. 2010. A model-data intercomparison
of CO, exchange during large-scale droughts: Results from the North American Carbon project
site synthesis. Journal of Geophysical Research (Biogeosciences) 115, GOOHO5,
doi: 10.1029/2009JG001229.

Zha, T., A.G. Barr, G. van der Kamp, T.A. Black, J.H. McCaughey, L.B. Flanagan. 2010. Interannual
variation of evapotranspiration from forest and grassland ecosystems in western Canada in
relation to drought. Agricultural and Forest Meteorology 150: 1476-1484.

Sulman, B.N., A.R. Desai, N.Z. Saliendra, P.M. Lafleur, L.B. Flanagan, O. Sonnentag, D.S. Mackay, A.G.
Barr, G. van der Kamp. 2010. Carbon fluxes at northern fens and bogs have opposite responses
to inter-annual fluctuations in water table. Geophysical Research Letters 37, L19702,
doi:10.1029/2010GL044018.

Yi, C, D.M. Ricciuto, R. Li, et al. (145 additional authors including L.B. Flanagan). 2010. Climate control of
terrestrial carbon exchange across biomes and continents. Environmental Research Letters 5:
034007, doi 10.1088/1748-9326/5/3/034007

Cai, T., L.B. Flanagan, K.H. Syed. 2010. Warmer and drier conditions stimulate respiration more than
photosynthesis in a boreal peatland ecosystem: Analysis of automatic chambers and eddy
covariance measurements. Plant Cell and Environment 33: 394-407

Long, K.D., L.B. Flanagan, T. Cai. 2010. Diurnal and seasonal variation in methane emissions in a
northern Canadian peatland measured by eddy covariance. Global Change Biology 16: 2420-
2435, doi:10.1111/j.1365-2486.2009.02083.x

Lund, M., P.M. Lafleur, N.T. Roulet, A. Lindroth, T.R. Christensen, M. Aurela, B.H. Chaojnicki, L.B.
Flanagan, E.R. Humphreys, T. Laurila, W.C. Oechel, J. Olejnik, J. Rinne, P. Schubert, M.B.
Nilsson. 2010. Exchange of carbon dioxide across twelve northern peatland and tundra sites.
Global Change Biology 16: 2436-2448, doi: 10.1111/j.1365-2486.2009.02104.x

Letts, M.G., L.B. Flanagan, K.E. Van Gaalen, D.R.E. Johnson. 2009. Interspecific differences in
photosynthetic gas exchange characteristics and acclimation to soil moisture stress among
shrubs of semi-arid grassland. EcoScience 16: 125-137

Sims, D.A., A.F. Rahman, V.D. Cordova, B.Z. El-Masri, D.D. Baldocchi, P.V. Bolstad, L.B. Flanagan, A.H.
Goldstein, D.Y. Hollinger, L. Mission, R.K. Monson, W.C. Oechel, H.P. Schmid. S.C. Wofsy, L.
Xu. 2008. A new model of gross primary productivity for North American ecosystems based solely
on the enhanced vegetation index and land surface temperature from MODIS. Remote Sensing of
Environment 112: 1633-1646

Cai, T., L.B. Flanagan, R.S. Jassal, and T.A. Black. 2008. Modeling environmental controls on
photosynthesis and the carbon isotope composition of ecosystem respired CO, in a coastal
Douglas-fir forest. Plant Cell and Environment 31: 435-453

Van Gaalen, K.E., L.B. Flanagan and D.R. Peddle. 2007. Photosynthesis, chlorophyll fluorescence and
spectral reflectance in Sphagnum moss at varying water contents. Oecologia 153: 19-28
doi 10.1007/s00442-007-0718-y



Grant, R.F. and L. B. Flanagan 2007. Modeling stomatal and nonstomatal effects of water deficits on CO,
fixation in a semiarid grassland. Journal of Geophysical Research (Biogeosciences) 112, G03011,
doi:10.1029/2006JG000302

Alstad, K.P., C-T. Lai, L.B. Flanagan, J.R. Ehleringer. 2007. Environmental controls on the carbon isotope
composition of ecosystem respired CO, in contrasting forest ecosystems in Canada and USA.
Tree Physiology 27: 1361-1374

Sims, D.A., A.F. Rahman, V.D. Cordova, B.Z. EI-Masri, D.D. Baldocchi, L.B. Flanagan, A.H. Goldstein,
D.Y. Hollinger, L. Mission, R.K. Monson, W.C. Oechel, H.P. Schmid. S.C. Wofsy, L. Xu. 2006. On
the use of MODIS EVI to assess gross primary productivity of North American ecosystems. Journal
of Geophysical Research (Biogeosciences) 111, G04015, doi 10.1029/2006JG000162

Richardson, A.D., B.B. Braswell, D.Y. Hollinger, P. Burman, E.A. Davidson, L.B. Flanagan, J.W. Munger,
K. Savage, S.P. Urbanski, S.C. Wofsy. 2006. Comparing simple respiration models for eddy flux
and dynamic chamber data. Agricultural and Forest Meteorology 141: 219-234

Schwalm, C.R., T.A. Black, B.D. Amiro, A.M. Arain, A.G. Barr, C.P-A. Bourque, A.L. Dunn, L.B. Flanagan,
M-A. Giasson, P.M. Lafleur, H. Margolis, H. McCaughey, A. Orchansky, S. Wofsy. 2006.
Photosynthetic light use efficiency of three biomes across an east-west continental-scale transect
in Canada. Agricultural and Forest Meteorology 140: 269-286

Syed, K.H., L.B. Flanagan, P.J. Carlson, A.J. Glenn, K.E. Van Gaalen. 2006. Environmental control of net
ecosystem CO, exchange in a treed, moderately rich fen in northern Alberta. Agricultural and
Forest Meteorology 140: 97-114, doi: 10.1016/j.agrformet.2006.03.022

Glenn, A.J., L.B. Flanagan, K.H. Syed, P.J. Carlson. 2006. Comparison of net ecosystem CO, exchange
in two peatlands with contrasting dominant vegetation, Sphagnum and Carex. Agricultural and
Forest Meteorology 140: 115-135, doi: 10.1016/j.agrformet.2006.03.020

Humphreys, E.R., P.M. Lafleur, L.B. Flanagan, N. Hedstrom, K.H. Syed, A.J. Glenn, R. Granger. 2006.
Summer carbon dioxide and water vapour fluxes across a range of northern peatlands. Journal of
Geophysical Research (Biogeosciences) 111, G04011, doi:10.1029/2005JG000111.

Ometto, J.P.H.B., L.A. Martinelli, T. Domingues, G.B. Nardoto, E.A. Mazzi, N. Higuchi, J.A. Berry, L.B.
Flanagan, J.R. Ehleringer. 2006. The stable carbon and nitrogen isotopic composition of
vegetation in tropical forests of the Amazon Basin, Brazil. Biogeochemistry 79: 251-274

Preston, C.M., J.A. Trofymow, L.B. Flanagan. 2006. Decomposition, §*3C, and the “lignin paradox”.
Canadian Journal of Soil Science 86: 235-245

Preston, C.M., J.S. Bhatti, L.B. Flanagan, C. Norris. 2006. Chemistry of dead organic matter and its
sensitivity to climate change along the Canadian Boreal Forest Transect Case Study in central
Canada. Climatic Change 74: 223-251, doi 10.1007/s10584-006-0466-8

Ponton, S., L.B. Flanagan, K.P. Alstad, B.G. Johnson, K. Morgenstern, N. Kljun, T.A. Black, A.G. Batrr.
2006. Comparison of ecosystem water-use efficiency among Douglas fir forest, aspen forest and
grassland using eddy covariance and carbon isotope techniques. Global Change Biology 12: 294-
310

Coursolle, C., H.A. Margolis, A.G. Barr, T.A. Black, B.D. Amiro, J.H. McCaughey, L.B. Flanagan, P.M.
Lafleur, N.T. Roulet, C.P-A. Bourque, M.A. Arain, S.C. Wofsy, A. Dunn, K. Morgenstern, A.L.
Orchansky, P.Y. Bernier, J.M. Chen, J. Kidson, N. Saigusa, N. Hedstrom. 2006. Late-summer
carbon fluxes from Canadian forests and peatlands along an east-west continental transect.
Canadian Journal of Forest Research 36: 783-800



Richardson, A.D., D.Y. Hollinger, K.J. Davis, L.B. Flanagan, G.G. Katul, J.W. Munger, P.C. Stoy, S.B.
Verma, S.C. Wofsy. 2006. A multi-site analysis of uncertainty in tower-based measurements of
carbon and energy fluxes. Agricultural and Forest Meteorology 136: 1-18

Heinsch, F.A., M. Zhao, S.W. Running, J.S. Kimball, R.R. Nemani, K.J. Davis, P.V. Bolstad, B.D. Cook,
A.R. Desai, D.M. Ricciuto, B.E. Law, W.C. Oechel, H. Kwon, H. Luo, S.C. Wofsy, A.L. Dunn, J.W.
Munger, D.D. Baldocchi, L. Xu, D.Y. Hollinger, A.D. Richardson, P.C. Stoy, M.B.S. Siqueira, R.K.
Monson, S.P. Burns, L.B. Flanagan. 2006. Evaluation of remote sensing based terrestrial
productivity from MODIS using regional tower eddy flux network observations. IEEE Transactions
on Geoscience and Remote Sensing 44: 1908-1925

Flanagan, L.B., B.G. Johnson. 2005. Interacting effects of temperature, soil moisture and plant biomass
production on ecosystem respiration in a northern temperate grassland. Agricultural and Forest
Meteorology 130: 237-253

Sims, D.A., A.F. Rahman, V.D. Cordova, D.D. Baldocchi, L.B. Flanagan, A.H. Goldstein, D.Y. Hollinger, L.
Mission, R.K. Monson, H.P. Schmid. S.C. Wofsy, L. Xu. 2005. Midday values of gross CO, flux
and light use efficiency during satellite over passes can be used to directly estimate eight-day
mean flux. Agricultural and Forest Meteorology 131: 1-12

Gilmanov, T.G., L.L. Tieszen, B.K. Wylie, L.B. Flanagan, A.B. Frank, M.R. Haferkamp, T.P. Meyers, J.A.
Morgan. 2005. Integration of CO, flux and remotely sensed data for primary production and
ecosystem respiration analyses in the Northern Great Plains: Potential for quantitative spatial
extrapolation. Global Ecology and Biogeography 14: 271-292

Zhang, Y. R.F. Grant, L.B. Flanagan, S. Wang, D.L. Verseghy. 2005. Recent developments and testing of
a carbon-coupled Canadian land surface scheme in a water-stressed northern grassland.
Ecological Modelling 181: 591-614

Ometto, J.P.H.B., L.B. Flanagan, L.A. Martinelli, J.R. Ehleringer. 2005. Oxygen isotope ratios of waters
and respired CO, in Amazonian forest and pasture ecosystems. Ecological Applications 15: 58-70

Li, T., R.F. Grant, L.B. Flanagan. 2004. Climate impact on net ecosystem productivity of a semi-arid
natural grassland: modeling and measurement. Agricultural and Forest Meteorology 126: 99-116

Conte, M.H., J.C. Weber, P.J. Carlson and L.B. Flanagan. 2003. Molecular and carbon isotopic
composition of leaf wax in vegetation and aerosols in a northern prairie ecosystem. Oecologia
135: 67-77

Pataki, D.E, J.R. Ehleringer, L.B. Flanagan, D.Yakir, D.R. Bowling, C. Still, N. Buchmann, J. Kaplan, J.A.
Berry. 2003. The application and interpretation of Keeling plots in terrestrial carbon cycle
research. Global Biogeochemical Cycles, Vol. 17, No. 1, 1022, doi: 10.1029/2001GB001850

Ometto, J.P.H.B., L.B. Flanagan, L.A. Martinelli, M.Z. Moreira, N. Higuchi, J.R. Ehleringer. 2002. Carbon
isotope discrimination in forest and pasture ecosystems of the Amazon Basin, Brazil. Global
Biogeochemical Cycles, Vol.16, No. 4, 1109, doi: 10.1029/2001GB001462

Flanagan, L.B., L.A. Wever, P.J. Carlson. 2002. Seasonal and interannual variation in carbon dioxide
exchange and carbon balance in a northern temperate grassland. Global Change Biology 8: 599-
615

Wever, L.A., L.B. Flanagan, P.J. Carlson. 2002. Seasonal and interannual variation in evapotranspiration,
energy balance, and surface conductance in a northern temperate grassland. Agricultural and
Forest Meteorology 112: 31-49



Ehleringer, J.R., D. Bowling, L.B. Flanagan, J. Fessenden, B. Helliker, L.A. Martinelli, J. Ometto. 2002.
Stable isotopes and carbon cycle processes in forests and grasslands. Plant Biology 4:181-189

Swanson, R.V. and L.B. Flanagan. 2001. Environmental regulation of carbon dioxide exchange
at the forest floor in a boreal black spruce ecosystem. Agricultural and Forest Meteorology 108:
165-181

Ehleringer, J.R., N. Buchmann and L.B. Flanagan. 2000. Carbon isotope ratios in belowground carbon
cycle processes. Ecological Applications 10: 412-422

Johnsen, K.H., L.B. Flanagan, D.A. Huber and J.E. Major. 1999. Genetic variation in growth, carbon
isotope discrimination and foliar N concentration in Picea mariana: analyses from a half-diallel
mating design using field grown trees. Canadian Journal of Forest Research 29: 1727-1735

Rochette, P., D.A. Angers and L.B. Flanagan. 1999. Maize residue decomposition measurement using
soil-surface CO, fluxes and natural abundance of 13¢. Soil Science Society of America Journal 63:
1385-1396

Rochette, P., L.B. Flanagan and E.G. Gregorich. 1999. Separating total soil respiration into plant and soil
components using analyses of natural abundance of 3C. Soil Science Society of America Journal
63: 1207-1213

Flanagan, L.B., D.S. Kubien and J.R. Ehleringer. 1999. Spatial and temporal variation in the carbon and
oxygen stable isotope ratio of respired CO, in a boreal forest ecosystem. Tellus 51B: 367-384

Williams, T.G. and L.B. Flanagan. 1998. Measuring and modelling environmental influences on
photosynthetic gas exchange in Sphagnum and Pleurozium. Plant, Cell and Environment 21:
555-564

Brooks, J.R., L.B. Flanagan and J.R. Ehleringer. 1998. Responses of boreal conifers to climate
fluctuations: indications from tree-ring widths and carbon isotope analyses. Canadian Journal of
Forest Research 28: 524-533

Flanagan, L.B. and J.R. Ehleringer. 1998. Ecosystem - atmosphere CO, exchange: interpreting signals
of change using stable isotope ratios. Trends in Ecology and Evolution 13: 10-14

Flanagan, L.B., J.R. Brooks and J.R. Ehleringer. 1997. Photosynthesis and carbon isotope discrimination
in boreal forest ecosystems: a comparison of functional characteristics in plants from three
mature forest types. Journal of Geophysical Research 102: 28861-28869

Flanagan, L.B., C.S. Cook and J.R. Ehleringer. 1997. Unusually low carbon isotope ratios in plants from
hanging gardens in southern Utah. Oecologia 111: 481-489

Brooks, J.R., L.B. Flanagan, N. Buchmann and J.R. Ehleringer. 1997. Carbon isotope composition of
boreal plants: functional grouping of life forms. Oecologia 110: 310-311

Rochette, P. and L.B. Flanagan. 1997. Quantifying rhizosphere respiration in a corn crop under field
conditions. Soil Science Society of America Journal 61: 466-474

Flanagan, L.B., J.R. Brooks, G.T. Varney and J.R. Ehleringer. 1997. Discrimination against c*®o™o
during photosynthesis and the oxygen isotope ratio of respired CO, in boreal forest ecosystems.
Global Biogeochemical Cycles 11: 83-98

Berry, S.C., G.T. Varney and L.B. Flanagan. 1997. Leaf 8"C in Pinus resinosa trees and understorey
plants: variation associated with light and CO, gradients. Oecologia 109: 499-506



Brooks, J.R., L.B. Flanagan, G.T. Varney and J.R. Ehleringer. 1997. Vertical gradients in photosynthetic
gas exchange characteristics and recycling of respired CO, within boreal forest canopies. Tree
Physiology 17: 1-12

Flanagan, L.B., J.R. Brooks, G.T. Varney, S.C. Berry and J.R. Ehleringer. 1996. Carbon isotope
discrimination during photosynthesis and the isotope ratio of respired CO, in boreal forest
ecosystems. Global Biogeochemical Cycles 10: 629-640

Williams, T.G., L.B. Flanagan and J.R. Coleman. 1996. Liqht and humidity effects on photosynthetic gas
exchange and discrimination against **CO, and C™®0*°0 in tobacco plants modified by an
antisense construct to have low chloroplast carbonic anhydrase. Plant Physiology 112: 319-326

Williams, T.G. and L.B. Flanagan. 1996. Effect of changes in water content on photosynthesis,
transpiration and discrimination against ¥Cc0, and C**0™0 in Pleurozium and Sphagnum.
Oecologia 108: 38-46

Flanagan, L.B. and G.T. Varney. 1995. Influence of vegetation and soil CO, exchange on the
concentration and stable oxygen isotope ratio of atmospheric CO, within a Pinus resinosa
canopy. Oecologia 101: 37-44.

Flanagan, L.B. and K.H. Johnsen. 1995. Genetic variation in carbon isotope discrimination and its
relationship to growth under field conditions in full-sib families of Picea mariana. Canadian Journal
of Forest Research 25: 39-47.

Flanagan, L.B., S.L. Phillips, J.R. Ehleringer, J. Lloyd and G.D. Farquhar. 1994. Effect of changes in leaf
water oxygen isotopic composition on discrimination against C'**0*°0O during photosynthetic gas
exchange. Australian Journal of Plant Physiology 21: 221-234.

Farquhar, G.D., J. Lloyd, J.A. Taylor, L.B. Flanagan, J.P. Syvertsen, K.T. Hubick, S.C. Wong and J.R.
Ehleringer. 1993. Vegetation effects on the oxygen isotopic composition of atmospheric CO,
Nature 363: 439-443.

Flanagan, L.B., J.D. Marshall and J.R. Ehleringer. 1993. Photosynthetic gas exchange and the stable
isotopic composition of leaf water: comparison of a xylem-tapping mistletoe and its host. Plant,
Cell and Environment 16: 623-631.

Flanagan, L.B., J.R. Ehleringer and J.D. Marshall. 1992. Differential uptake of summer precipitation
among co-occurring trees and shrubs in a pinyon-juniper woodland. Plant, Cell and Environment
15: 831-836.

Flanagan, L.B., J.F. Bain and J.R. Ehleringer. 1991. Stable oxygen and hydrogen isotope composition
of leaf water in C; and C,4 plant species under field conditions. Oecologia 88: 394-400.

Flanagan, L.B. and J.R. Ehleringer. 1991. Effects of mild water stress and diurnal changes in temperature
and humidity on the stable oxygen and hydrogen isotope composition of leaf water in Cornus
stolonifera L. Plant Physiology 97: 298-305.

Flanagan, L.B. and J.R. Ehleringer. 1991. Stable isotope composition of stem and leaf water:
Applications to the study of plant water-use. Functional Ecology 5: 270-277.

Flanagan, L.B., J.P. Comstock and J.R. Ehleringer. 1991. Comparison of modelled and observed
environmental influences on the stable oxygen and hydrogen isotope composition of leaf water in
Phaseolus vulgaris L. Plant Physiology 96: 588-596.

Ehleringer, J.R., R.F. Sage, L.B. Flanagan and R.W. Pearcy. 1991. Climate change and the evolution of
C, photosynthesis. Trends in Ecology & Evolution 6: 95-99.



Flanagan, L.B. and R.L. Jefferies. 1989. Effect of increased salinity on CO, assimilation, O, evolution and
the 5"°C values in leaves of Plantago maritima L. developed at low and high NaCl levels. Planta
178: 377-384.

Flanagan, L.B. and R.L. Jefferies. 1989. Photosynthetic and stomatal responses of the halophyte,
Plantago maritima L., to fluctuations in salinity. Plant, Cell and Environment 12: 559-568.

Flanagan, L.B. and R.L. Jefferies. 1988. Stomatal limitation of photosynthesis and reduced growth of the
halophyte, Plantago maritima L., at high salinity. Plant, Cell and Environment 11: 239-245.

Flanagan, L.B. and J.F. Bain. 1988. Biological Flora of Canada: 8. Aralia nudicaulis L. Canadian Field-
Naturalist 102: 45-59.

Ross, M.S., L.B. Flanagan and G.H. La Roi. 1986. Seasonal and successional changes in light quality and
guantity in the understorey of boreal forest ecosystems. Canadian Journal of Botany 64: 2792-
2799.

Flanagan, L.B. and W. Moser. 1985. Pattern of **C assimilate distribution in a clonal herb, Aralia
nudicaulis Canadian Journal of Botany 63: 2111-2114.

Flanagan, L.B. and W. Moser. 1985. Flowering phenology, floral display and reproductive success in
dioecious, Aralia nudicaulis L. (Araliaceae). Oecologia 68: 23-28.

B. Edited Books

Flanagan, L.B., J.R. Ehleringer, D.E. Pataki, (Editors). 2005. Stable isotopes and biosphere-atmosphere
interactions: processes and biological controls. Elsevier-Academic Press, San Diego, California.
ISBN: 012088447X
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Pendall, E., D. Bachelet, R. Conant, B. El Masri, L.B. Flanagan, A.K. Knapp, J. Lui, S. Lui, S. Schaeffer.
2018. Chapter 10. State of carbon in North American grasslands. In Second State of the Carbon
Cycle Report (SOCCR-2), Ed. N. Cavallaro, R. Birdsey, M. Mayes, R. Najjar, S. Reed, P. Romero-
Lankao. USA Global Change Research Program, pp. 380-412

Flanagan, L.B. 2014. Interacting controls on ecosystem photosynthesis and respiration in contrasting
peatland ecosystems. In Photosynthesis of bryophytes and early land plants (Advances in
Photosynthesis and Respiration Volume 37), Ed. D.T. Hanson, S.K. Rice. Springer, New York, pp.
253-267. (doi 10.1007/978-94-007-6988-5)
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of ecosystem processes: Applications in global change research. Ed. Asko Normetts Springer,
New York, pp. 169-186

Flanagan, L.B. 2005. Introduction: stable isotopes and earth system science. In Stable isotopes and
biosphere-atmosphere interactions: processes and biological controls. Ed. L.B. Flanagan, J.R.
Ehleringer, D.E. Pataki. Elsevier-Academic Press, San Diego, California, pp. 1-5

Flanagan, L.B. 2005. Ecosystem CO, exchange and variation in the §'°0 of atmospheric CO,. In Stable
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Ehleringer, J.R., T.E. Cerling and L.B. Flanagan. 2001. Global changes and the linkages between
physiological ecology and ecosystem ecology. In Ecology: Achievement and Challange. Ed.
M.C. Press, N. Huntly, and S. Levin. Blackwell Science, Oxford, UK, pp. 115-138

Flanagan, L.B. 1998. Oxygen isotope effects during CO, exchange: from leaf to ecosystem processes. In
Stable isotopes: integration of biological, ecological and geochemical processes. Ed. H.
Griffiths. BIOS Scientific Publishers, Oxford, UK, pp. 185-201.

Buchmann, N., J.R. Brooks, L.B. Flanagan and J.R. Ehleringer. 1998. Carbon isotope discrimination in
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geochemical processes. Ed. H. Griffiths. BIOS Scientific Publishers, Oxford, UK, 203-221.
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isotopic composition of leaf water. In: Stable isotopes and plant carbon/water relations. Eds. J.R.
Ehleringer, A.E. Hall and G.D. Farquhar. Academic Press, San Diego, California. pp. 71-90.
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in plant nutrition, soil fertility and environmental studies. International Atomic Energy Agency,
Vienna, pp. 533-541.

Tyree, M.T., L.B. Flanagan and N. Adamson. 1987. Response of trees to drought. In The Effects of
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Hutchinson and K. Meema. Springer-Verlag, Heidelberg, pp. 201-216.

D. Non-Refereed Contributions

Margolis, H.A., L.B. Flanagan, B.D. Amiro. 2006. (Preface to Special Journal Issue) The Fluxnet-Canada
Research Network: Influence of climate and disturbance on carbon cycling in forests and
peatlands. Agricultural and Forest Meteorology 140: 1-5, doi: 10.1016/j.agrformet.2006.08.013

Flanagan, L.B., J.R. Ehleringer and T.E. Dawson. 1992. Water sources of plants growing in woodland,
desert and riparian communities: evidence from stable isotope analysis. In Proceedings -
Symposium on Ecology and Management of Riparian Shrub Communities. Intermountain
Research Station, Forest Service, U.S. Department of Agriculture, General Technical Report,
INT-289, pp. 43-47.

Flanagan, L.B. 1987. Effects of long-term and transient changes in salinity on photosynthesis, leaf
demography and growth in Plantago maritima L. In Progress in Photosynthesis Research. Ed. J.
Biggins. Martinus Nijhoff, Dordrecht, Vol. IV.4. pp. 197-200.

4. Other Evidence of Impact and Contributions

A. Invited Lectures
Major Research Seminars Presented

| 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.

| 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.

| 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.

| presented one of the keynote addresses at the 5th International Carbon Dioxide Conference in
Cairns, Australia, September 8-12, 1997.

| 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.
| 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

| was a member of the editorial review board of Global Change Biology during 2011-2013.
| 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 (GSCO03). | 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).

| 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.

| 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. | was the senior editor of a book based on
presentations made at the meeting.



| 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.

| 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.

| 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.



