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G
lobal climate change and its impact on natural resources, infrastructure, and population health are 
some of the greatest 21st century challenges. Although the scientific evidences of anthropogenic 
climate change are overwhelming,1 greater uncertainties remain as to how ecosystems, infrastruc-
ture, and global water-food-energy security will respond to a dramatically altered climate.2,3

Evolving Fields
The fields of climate science and climate change impacts rely heavily on computationally-intensive simula-
tions as well as troves of data from Earth observations. Thus, virtually every aspect of computing has a 
timely opportunity to help tackle this global challenge. The computer science community is beginning 
to engage climate science in notable ways, and there’s increasing interest at the intersection of computing 
and climate. For example, the US National Center for Atmospheric Research (NCAR) has developed 
an open source Earth system model, with millions of lines of software code, known as the Community 
Earth System Model (CESM) to simulate various Earth system processes.4 

Additionally, in 2010, the US National Science Foundation’s largest grant for basic computer science re-
search—the Expeditions in Computing program (www.nsf.gov/news/news_summ.jsp?cntn_id=117560)—
funded a multi-institution grant led by the University of Minnesota to develop new data science methods 
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to better understand climate change and its impacts 
(http://climatechange.cs.umn.edu). We’re also see-
ing nascent computer science communities form-
ing around climate change such as the Climate 
Informatics workshop, now in its fifth installment 
(https://www2.cisl.ucar.edu/events/ci2015), and 
the Computational Sustainability research tracks in 
some of the largest computer science conferences 
such as the Association for the Advancement of 
Artificial Intelligence (AAAI; www.aaai.org/Confer-
ences/AAAI/2016/aaai16computational.php) and 
the International Joint Conferences on Artificial 
Intelligence (IJCAI; http://ijcai-15.org/index.php/
computational-sustainability-track).

In This Issue
Given the momentous challenge of climate 
change, this special issue showcases several in-
novations at the intersection of computing and 
climate as well as notable research opportunities. 
The articles we present here focus specifically on 
data-driven research, given that climate science 
is experiencing rapidly growing data and present-
ing unique challenges to traditional data science 
methods.5

The first article, “Climate Computing: The 
State of Play” by V. Balaji, provides a concise tuto-
rial of global climate models to a broad computer 
science audience, with an emphasis on the major 
challenges facing these simulations.

The second article, “A Guide to Earth Science 
Data: Summary and Research Challenges” by 
Karpante and Liess, introduces the computer sci-
ence community to the rich types of climate sci-
ence data available for data-driven research. The 
article also provides data resources to help getting 
started with climate research. Finally, the authors 
highlight data-centric opportunities that future re-
search could address.

In “Scalable Multivariate Time-Series Models 
for Climate Informatics,” Yan Liu demonstrates 
how scalable multivariate time-series models can 
be used for a wide range of climate applications. 
The author demonstrates several data-driven mod-
els such as Granger graphical models and low-rank 

tensor learning on significant climate science ques-
tions with a goal of developing predictive analytics 
toolboxes for climate science.

The next three articles focus on machine 
learning applications to climate data. In “Iden-
tifying Physical Interactions from Climate 
Data: Challenges and Opportunities,” Imme 
Ebert-Ubhoff and Yi Deng highlight a new re-
search direction of tracking information flow in 
climate data by learning the structure of proba-
bilistic graphical models directly from the data. 
The authors provide a general overview and dis-
cuss some challenges and opportunities for this 
emerging area. In “A Multitask Learning View 
on the Earth System Model Ensemble,” André 
Ricardo Gonçalves, Fernando Von Zuben, and 
Arindam Banerjee present a machine learning 
application to analyzing Earth system model en-
sembles. The majority of climate change studies 
rely on mathematical simulations that are sensi-
tive to parameters and initial conditions. To ad-
dress such sensitivity, projections are based on 
an ensemble of realizations of (the same or dif-
ferent) Earth system models. However, there’s 
no consensus on how to combine such models. 
The authors present a promising method based 
on multitask learning to combine the output of 
these ensembles. In “Can Topic Modeling Shed 
Light on Climate Extremes?,” Cheng Tang and 
Claire Monteleoni demonstrate a potential use of 
a traditional machine learning method—proba-
bilistic topic models—to automatically identify 
extreme climate events, such as droughts and 
floods, in data.

Finally, in “Climate Adaptation Informatics: 
Water Stress on Power Production,” Auroop Gan-
guly and his colleagues highlight a case study of 
climate adaptation by looking at water stress on 
US thermoelectric power production. To properly 
manage energy production, we must better under-
stand how stressors such as water availability will 
evolve in a changing climate. The authors high-
light some of the major difficulties in projecting 
future water availability as well as ways to infer 
future water stress on US power production.

The fields of climate science and climate change impacts rely heavily 
on computationally-intensive simulations as well as troves of data from 
Earth observations. Thus, virtually every aspect of computing has a 
timely opportunity to help tackle this global challenge.



Guest Editors’ Introduction

8	 � November/December 2015

This special issue on computing and climate can 
be viewed as a call to action for the broader 

computer science community to get involved in 
this very exciting area of societal importance. Al-
though the issue focuses primarily on data-driven 
opportunities for computer science contributions, 
we hope that future research will broaden this 
scope. For example, specialized computer archi-
tectures could be developed to improve the per-
formance of complex climate simulations or novel 
software engineering practices could be introduced 
to handle the uncertain and stochastic nature of 
the earth system.
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unprecedented opportunities to big data analytics research for understanding 
the Earth’s physical processes. But Earth science datasets exhibit some unique 
characteristics (such as adherence to physical properties and spatiotemporal 
constraints) that present challenges to traditional data-centric approaches.
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data analysis, such as climate change attribution, spatiotemporal analysis, and extreme 
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35	 A Multitask Learning View on the Earth System Model Ensemble
André Ricardo Gonçalves, Fernando J. Von Zuben, and Arindam Banerjee
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of climate models to gain better accuracy and reduce uncertainty. A multitask 
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43	Can Topic Modeling Shed Light on Climate Extremes?
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climate patterns from data. Recent work extracts global climate patterns from 
multivariate climate data, modeling relations between variables via latent topics 
and discovering the probability of each climate topic appearing at different 
geographical locations.
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