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Abstract

We present an example of a simulated global climate model thatngeakéo stream real-time
NASA data into the geophysical and climate science and assessment coroweurifig next 5-
10 years. Itis known that the 3-D atmospheric wave structuregamgport physics interact
with spatially and time varying surface sources and sinks of @@l that this communication
between surface and atmosphere results in an exceedingly complicatete\ailatmospheric
CQO,in time and space. Data mining techniques may be applied to the furtletogi®ent this
4-D model by incorporating satellite-generated data sets for hundreds of geaplajisnate
variables into existing simulation structures. These data sets arel@f 100’s of Terabytes.
Data mining and knowledge acquisition contribute to the accurate determinatiba sburces
and sinks of atmospheric GO facilitating among other scientific discoveries, global treaty
verification.

1. Introduction

Intensive data mining and the advanced statistical asatystlimate model output and
satellite data is in its infancy. The two very diffat fields of data mining and climate/satellite
data manipulation and understanding have progressively beejingie@s a focused field of
research across disciplinary boundaries. A critagpect of regional and global climate
modeling is the need to develop regional assessmeniimate and consequences, including but
not limited to large regional hydro-meteorological changed extreme events; extreme stresses
on agriculture, ecology, key economic resources angrtheurement of same, critical societal
infrastructures and energy security.

From a geophysical/climate modeling standpoint, the Nortiercan terrestrial
biosphere is a net sink of atmospheric carbon dioxide narbarge, dominant fluxes of CO2
into the atmosphere stem from anthropogenic emissionsthe combustion of fossil fuels.
There is a concurrent net uptake of CO2 from the atnewsghto the ocean, although the exact
magnitude of the flux is uncertain and may be decreasiagtdh et al.). While a general
understanding of the global carbon cycle has been achideedxact fluxes of CO2 between the
surface of the Earth and the atmosphere cannot bellesvaiated because many, if not most,
regions are not well constrained by inversion studies usiaigpale surface carbon
measurements.



In this position/work in progress paper, we discuss regemterical 4-D simulations of
atmospheric CO2 in the Global Earth Observing System-5 &Ebased at NASA (Figure 1).
We present a calculation that is intended to replitaeype of data streams and 4-D redistions
of atmospheric CO2 that will emerge from the upcomindCBEDS NASA satellite mission.
The GEOS-5 atmospheric assimilation system will beéereled to ingest in-situ carbon
observations from land based, aircraft based and sataefiine measurement platforms.

2. Climate-CO2 Modeling

The issue of the sources and sinks of atmospheric COZitacal ¢o the understanding of
present and past climate as well accurate predictiofiglo® climate. Predictive models of
global change over the next century must include amdative carbon cycle. Current efforts at
coupled carbon-climate simulation differ by severaldred ppm in atmospheric G@ 2100,
leading to a range of simulated global mean temperatfieeattice among the models of more
than a 2 K. There must be a consistency betwedomraources and sinks derived from bottom-
up and top-down approaches incorporating observed satetiténtiathe evaluation and
prediction schemes extant in current climate mode¢s(@EOS-5 system in particular.

The GEOS-5 Data Assimilation System (DAS) is basetherGEOS-5 including the
Atmospheric General Circulation Model (AGCM) integrateth the Gridpoint Statistical
Interpolation (GSI) Analysis. The adoption of thel@8alysis was jointly developed with the
National Centers for Environmental Prediction (NCBRY employs a new set of physics
packages for the AGCM. This allows the Global Modelind Aassimilation Office (GMAO) to
take advantage of the developments, especially thad@ce assimilation, at NCEP and the
Joint Center for Satellite Data Assimilation (JCSDAhe GEOS-5 AGCM maintains the finite-
volume dynamics used for GEOS-4 [1] and is found to lex®¥e for transport in the
stratosphere [2]. This dynamical core is integrated watiious physics packages under the Earth
System Modeling Framework (ESMF) including the Catchmentl3urface Model (CLSM)
[3]. The GSI analysis is a new three-dimensionalatmmal (3DVar) analysis applied in grid-
point space to facilitate the implementation of anigotsanhomogeneous covariances.

This strategy of coupling the GEOS-5 system with ASCEN&i8lige measurements of
atmospheric CO2 will assist in the evaluation of the mlaysnodel and help to develop an
improved knowledge of the carbon cycle. This evolving resealan will involve bottom-up
source/sink estimates, which will be determined using biopalaind fossil-fuel models over
land and ocean biogeochemistry, constrained by satddliite(MODIS, primarily) and
atmospheric analyses. A detailed study of atmosphensgoat uncertainty is performed as part
of the model assessment. The system is used to conmlterésolved space-time estimates of
CO, exchanges between the atmosphere and underlying surfdt@ssaciated uncertainties
[4]. The goal of this project is to provide a robust model of cafloaes between the atmosphere and
the land/ocean surfaces using state-of-the-art asswnilatid inversion techniques with satellite and
other observations while also providing uncertaintynestes of the model's capabilities.



3. Data Mining

. The 4-D model simulations and satellite generated chiseng presented here comprise massive

records of hundreds of climate and geophysical variablesse represent new opportunities for
developing knowledge discovery and data mining applications,

Figure 1. Global atmospheric CO2 simulated with GEOS-5

including but not limited to descriptive analysis, predietmodeling and anomaly detection. However,
traditional methods in spatial and spatio-temporal oaténg need to be further developed for handling
the attributes of climate and geophysical data, spedyficadnlinear (even chaotic) data generation
processes, complex dependence structures including long-massagiations in time and long-range
relationships in space, as well as low-frequency (e¥@mwdriability or noise.

Our analysis with similar data sets have revealedwhéé naive applications of existing data
mining tools may offer some predictive insights, new sdieninderstanding and significant advances in
predictive modeling or anomaly analysis require data miaiggrithms tailored to the specific attributes
of climate data. The work-in-progress described heaenisvel combination of Terabyte scale data
streams from satellites merged with Terabyte volumedirohte output data streams.

4. Future work and Conclusions



Extant and future satellite missions will produce hundredsddbytes of data that relate to the
time-evolving 3-D atmospheric structure of hundreds obdgs. This position/in-progress
paper has described a subset of these data, atmospherimo@€entrations in particular, and
outlines a variety of data mining techniques involving sevetal skts that may be amenable to
real-time feedback and observation-modified predictiofisis physical climate/CO2 model will
incorporate existing models for land and oceanic carbon gges@and carbon species will be
added to the GEOS-5 atmospheric assimilation and an inmersthodology will be
implemented. One can envision a methodology wheredsgichl data mining techniques are
applied to the satellite data and climate model simuratio real time, thus allowing a
guantitative assessmenttacdaty verification at the national and internationaéle
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