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Background 
The need to quantify, monitor and 
understand natural and anthropogenic 
fluxes of carbon dioxide (CO2) has 
grown over the past decade. 
Observations from satellite systems are 
increasingly playing an important role in 
monitoring atmospheric CO2, providing 
data at spatial and temporal resolutions, 
and with spatial coverage, that are not 
possible using only a ground-based 
network (e.g. flux towers). 

Previous work by our collaborators 
(Michalak et al. 2004, Gourdji et al. 
2008, Mueller et al. 2008) has led to the 
development of a Geostatistical 
Inverse Modeling (GIM) framework 
that makes it possible to estimate fluxes 
of CO2 at fine spatial and temporal 
resolutions and to include ancillary data 
from satellite sensors without relying on 
assumptions about the prior flux 
distribution. Using a number of 
applications in which the GIM will be run 
under different scenarios and with 
different atmospheric and biospheric 
models, they are investigating (i) the role 
of existing satellite observations in 
monitoring the North American carbon 
cycle and (ii) the net carbon balance of 
the North American continent. 

In order to organize and efficiently 
share these results with the larger 
scientific community, we are 
developing a series of interconnected 
data visualizations and making them 
available on “the World Wide Web.” 
Recent advances in web-based 
geospatial software, from KML APIs to 
geospatial databases, have enabled 
distributed web visualizations with both 
spatial and temporal components easier 
to share. 

 http://spatial.mtri.org/flux/ 
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The GIM inversions will produce 
covariance matrices that describe the 
expected variance between the 
estimation regions for a given time 
interval. Each element of the covariance 
matrix represents a pairing of two 2D 
spatial regions, so that the total 
number of dimensions is five; four in 
space and one in time. The uncertainty 
data are conventionally viewed  through 
covariance or correlation matrices, 
however, such visualizations are neither 
spatially or temporally explicit. 
Techniques to reduce the dimensionality 
of the dataset for visualization are 
needed that do not sacrifice flexible and 
overall robustness. Domain experts and 
general public alike, though exploring 
the data through different visualizations, 
should be able to navigate the data in 
dimensional subsets with ease. 

Until recently, the web has not 
provided adequate support for more 
than two dimensions of visualization. 
Proprietary technologies, such as Java 
applets and Flash ®, relied on third-party 
libraries to be installed and updated and 
do not generally incorporate open web 
standards or allow easy access to the 
underlying data. 

 
 
 
 
 
 
 
 
 
 
We will be extending our efforts to 

incorporate these technologies in future 
visualizations. 

In contrast, the 
emerging WebGL 
standard will allow for 3D 
visualization natively in the 
browser. KML Documents 
have, for some time, already 
offered spatio-temporal 
visualization within Google 
Earth and in enabled web-
browsers. 
 

The R statistical programming environment was also tapped as an environment for producing 
spatio-temporal visualizations of carbon fluxes and uncertainty (above). We used R in conjunction 
with R Shiny, a plug-in enabling the publication of R graphics on the web, to create a rich user 
interface for data exploration. Users can view a spatial subset of the data as a covariance matrix and 
a histogram of covariances all within a spatially explicit context. 
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Non-spatial 
representations are also 
being investigated, 
particularly for time 
series and aggregated 
data, such as the daily 
mean flux (at right, top) and the hourly mean flux (at right, bottom). These plots show, 
respectively, the strong seasonal and diurnal trends in carbon flux. 
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