
1



Rising CO2 is an issue but to understand trends in concentrations we must know the 
fluxes in and out of the atmosphere
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There is no simple or single method for studying atmospheric CO2. Each method 
has strengths for given time and space scales.
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This figure explicitly shows the time and space scales of each method



5



6



7



8



9



10



11



12



13



The art and science of making long term and continuous flux measurements is 
relatively new. Shashi Verma, my PhD mentor at Nebraska, was one of the first to 
make eddy covariance flux measurements over crops with a new open path infrared 
gas analyzers. And together in 1984 we made the first CO2 flux measurements over 
a deciduous forest. Wofsy at Harvard made the first year round flux measurements 
and then confidence was gained during the Boreas experiment in the early 1990s.  
Now hundreds of teams are active and thousands of site years of data have been 
collected.
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One does not have to have a flux tower on every spot on earth. In many respects 
information from a tower can represent broad climate and ecological areas.  Work 
by Hargrove and Hoffman formalized this type of analysis.
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Distribution of flux towers by landcover. Shows where they are plenty and scarce
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The network covers the world’s climate space fairly well.
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Active, emerging and defunct flux networks.  There is no single funding agency for 
a global flux network. It is a coalition of the willing and is an exercise in sharing 
and scientific and cultural collaborations. It works well to some degree, but fails on 
others.  Those who see the win win aspect of the network, contribute data willing.  
Others tend to be more users than contributors.
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Plot of hour by hour data over a year.  Look at degree of outliers and gaps, trends in 
uptake and respiration, role of pulses, following rain
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I’ve been compiling a record of published data on annual fluxes of Net and gross 
carbon fluxes. So far over 1400 site years are produced. The pdf gets smoother and 
smoother with time and the central tendency is about -154 gC m-2 y-1
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Can we detect trends in flux with time and a growing flux network?
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Repeat using Metropolis algorithm with climate database (like the random number 
generator I use)..this is the prior from fluxnet…adjust with global map of Tair and 
Rg…better yet repeat with Rg and ppt
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Net carbon exchange does not scale well with photosynthesis. R2 = 0.16. Though 
this may sound counter intuitive it is widely known by crop breeders and 
agronomists.  It is not all carbon assimilation, but how it is partitioned to define net 
fluxes. An important lesson
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On the other hand, respiration and photosynthesis are tightly coupled. Future 
models should evaluate respiration in terms of assimilation and the exudates and 
biomass that can result
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How does length of growing season affect carbon fluxes.  Across the network we 
see longer seasons produce more carbon uptake. This may not not hold at given sites 
as early seasons us more water and can lead to drought and less carbon uptake later.
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Interesting trends emerging in long term record
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After papale.

Extension of the harvard forest data record is now showing a reverse in the trend in 
increasing carbon uptake.  Another example of the surprises found when looking at 
longer and longer records.
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Spectra is another way to study the time series
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Time series analysis can tease out the various modes that modulate fluxes.
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Year to year changes in photosynthesis are Positively correlated with respiration. 
Hence factors that limit photosynthesis, like drought and heat spells, inhibit 
respiration, not promote it, as some models may suggest. Really important finding.
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Lags are important to tease out. We need longer time series to do it with confidence
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Ranking of fluxes by functional groups
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Evergreeness vs deciduousness. Here are two forests nearby at Duke.  We did a 
similar analysis with evergreen and deciduous oaks growing in CA, Italy, France 
and Portugal and found normalized fluxes were about the same
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Baldocchi et al 2010 Ecological Applications
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Canopy photosynthesis can become linearized as a function of Par under certain 
circumstances
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Light Use efficiency, LUE, is a strong function of diffuse light
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Temperature response function of photosynthesis acclimates
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Rain can drive large pulses in soil respiration by affecting microbial activity
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When does leaf out occur. Current phenology models are very empirical and are 
based on highly tuned growing degree day models. Our hypothesis is leaf out occurs 
when soil temperature matches mean annual air temperature. Leaf out too early and 
face frost and cold. Leaf out too late and shorten your growing season.
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Fluxnet provided new ways towards understanding phenology. We find that leaf out 
occurs when soil temperature crosses mean annual air temperature.  A simple, but 
powerful way to describe phenology.
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Partnership with MODIS improves spatial maps of carbon fluxes
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Daily integrals of flux measurements scale well with snap shots
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Bias errors in LUE based remote sensing models can be validated and 
parameterized
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Neural network models can be used to produce spatial maps of fluxes.  Discuss Pros 
and Cons
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Use of regression tree models produce alternative maps. Interesting anomalies are 
discovered 
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Data driven products using flux networks can improve estimates of global primary 
productivity
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Environmental response functions, determined with fluxnet data, can then be
spatialized to examine spatial patterns like phenology and time of greenup
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Carbon fluxes are a function of time since disturbance.  We must know land use and 
land use history to interpret fluxes
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Fluxnet is more than just carbon fluxes. It has much potential to address questions, 
models and theories in biogeochemistry, ecology, climate and weather modeling, 
hydrology, etc
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Fluxnet produces the first direct and long term measurements of annual ecosystem 
evaporation. In the past these budgets were inferred as RESIDUALS of water 
balances, with all their attendant assumptions and errors. Here is new information 
on the variation of ET among landscapes with with precipitation
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Three dimensional plots are powerful ways in teasing out variability in regressions. 
Many environmental problems are multifactorial and this needs to be explored. Also 
test for hysteresis, non linearity, thresholds and degree of variability
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Prior to the mid aughts, most/many model tests were model/model 
intercomparisons. The availability of Fluxnet data gave the modeling community 
new test beds for model validation, verification and refinement
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Physiological status of plants is not static. It is dynamic, changes with seasons and 
this dynamic needs to be incorporated into models
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Flux data are critical in testing model assumptions and their parameterization. In the 
past physiological parameters, like Vcmax, the maximum rate of carboxylation 
velocity for photosynthesis, were held constant. Our own leaf measurements 
showed strong seasonality. So what happens if this seasonality is incorporated into 
land-atmosphere models?  The fidelity of the flux computations improved greatly.
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According to this preliminary analysis more species decreases evaporation, 
normalized by energy? Does this make sense? Is it feasible, or not?
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Measurements across various locales enable us to test certain ecological theories 
like the role of biodiversity on water use. While we know trees of different species 
may transpire more or less than one another, what happens when they are assembled 
across a landscape?  Adding data from more sites increases the robustness of the 
findings.
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Concurrent measurements of soil moisture yield the potential to assess and evaluate 
ecohydrological theory.
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Interested in solar energy for biofuels and solar panels? Fluxnet provides an 
unprecedented global dataset of direct solar radiation measurements across the 
globe.  This figure gives one the range of MJ that are available with latitude.
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For climate slab models, the deep soil temperature is a lower boundary condition. 
How can we assess that? We find a strong correlation between annual air 
temperature and soil temperature (at 2 to 8 cm, depending on the site)
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For climate slab models, the deep soil temperature is a lower boundary condition. 
How can we assess that? We find a strong correlation between annual air 
temperature and soil temperature (at 2 to 8 cm, depending on the site)
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Carbon fluxes are a function of time since disturbance.  We must know land use and 
land use history to interpret fluxes
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