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Foreword by the CI 2016 Workshop Chairs 
Climate informatics is an emerging interdisciplinary field that combines climate science with statistics, 
machine learning, and data mining.   The Climate Informatics workshop series is a yearly workshop 
which started in 2011.  The goal of the workshop series is to bring together researchers in these various 
areas, to stimulate discussion of new ideas, foster new collaborations, and thereby accelerate discovery 
across disciplinary boundaries. 

This year's workshop was held on September 21-23, 2016, at the National Center for Atmospheric 
Research (NCAR), Boulder, CO.  The workshop  consisted of a one-day Hackathon event on the topic of 
Northern Hemisphere Sea Ice Prediction organized by Balazs Kegl, Camille Marini, and Andrew Rhines 
(Wednesday, September 21), followed by two days of the main workshop event (September 22-23).  The 
main workshop had six invited talks from experts in both climate science and data science: Doug Nychka 
(National Center for Atmospheric Research), Pradeep Ravikumar (Carnegie Mellon University), Yulia Gel 
(University of Texas at Dallas), Jason Smerdon (Columbia University), Sudipto Banerjee (University of 
California at Los Angeles), and Allen Pope (National Snow & Ice Data Center). Furthermore, 34 peer-
reviewed short papers were selected for presentation at the workshop.  The short papers are included in 
these proceedings and were presented at the workshop as rapid fire spotlight presentations (2 minutes 
each) or spotlight presentations (10 mins each, papers by young scientists with strong positive reviews) 
and all papers were part of a 2-hour poster session with reception on Thursday, September 22 evening. 
The workshop also had a panel discussion focused on the Future of Climate Informatics on Friday, 
September 23, and a hiking event for community-building immediately following it.   

There were 75 registered participants for the event. Thanks to the support from a NSF grant, we were 
able to provide travel fellowships to a total of 25 young career scientists to help cover their travel 
expenses to attend the workshop. 

This workshop was made possible through the tireless work of the entire organizing committee.  We 
would like to thank the program committee chairs, Slava Lyubchich and Andy Rhines, for doing an 
amazing job in handling the review process, selecting the high quality papers for the workshop, and 
helping with organizational details. They often went outside their call of duty to take care of several 
aspects of the workshop planning and organization.  We thank Wei Ding, the publicity and publications 
chair, who has been extremely helpful in getting the word out about the workshop, handling general CI 
communications and for putting together these proceedings. With Wei’s help, word about the CI 
workshop reached several communities, and we had numerous first time attendees. We thank Eniko 
Szekely, the budget chair, who has handled the budget and travel scholarships. Eniko graciously handled 
the complexities of handling the budget, and made sure several of the workshop attendees get their 
travel scholarships. All the committee members have worked hard over the past year to create an 
exciting program.  Finally, we thank the steering committee, Imme Ebert-Uphoff, Claire Monteleoni, and 
Doug Nychka, for continually guiding us with various organizational aspects and for helping publish the 
CI2016 Proceedings. They have been extremely generous with their time and guidance, without which 
the workshop would not have been possible.  

The support team at NCAR, Kathy Peczkowicz and Cecilia Banner, under the guidance of Doug Nychka, 
made sure participants did not starve (coffee breaks and reception), and stayed awake (coffee!), made 
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sure they had a roof over their head (hotel) and transportation to and from the workshop (bus).  They 
put together the web page, the workshop hand-outs, and helped us with anything we needed.  We also 
thank Jennifer Phillips of NCAR for setting up the proceedings in the NCAR OpenSky repository. 

We thank all of our sponsors, The National Science Foundation, the National Center for Atmospheric 
Research, NVIDIA and STATMOS for their financial support. 

Last, but not least, we'd like to thank the most important group of people - the participants - for 
contributing to, participating, and continuing to advance the state-of-the-art in climate informatics.   

Arindam Banerjee
Jennifer Dy 
CI2016 Workshop Co-Chairs 
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Foreword by the CI 2016 Steering Committee 

Each passing day makes it more apparent that the threat of climate change is one of the greatest 
scientific and societal challenges of the 21st century. We are fortunate, however, that  the amount of 
observational and model-simulated climate data has grown at an accelerating rate. This wealth of data 
creates a unique opportunity for data scientists (broadly defined, as researchers in machine learning, 
data mining, and statistics) to partner with climate scientists in the development of new methods for 
interdisciplinary knowledge discovery.  
 
Climate Informatics is an emerging field at the interface of data science and climate science. In 2011, 
Claire Monteleoni and Gavin Schmidt launched the International Workshop on Climate Informatics, so 
that researchers from the fields of data science and climate science could learn from each other and 
start new collaborations. The first workshop was held at the New York Academy of Sciences and based 
on the initial success it rapidly evolved into an important annual event for this field. In 2012, the 
workshop  venue moved to the Mesa Laboratory at the National Center for Atmospheric Research 
(NCAR) in Boulder, Colorado. Doug Nychka, director of the IMAGe (Mathematics Applied to Geosciences) 
group, and his staff, have hosted the event at NCAR ever since. Overlooking the city of Boulder, and 
bordered by stunning cliffs, forests, and park land, this location has provided a wonderful setting for this 
workshop, reminding participants of the importance of protecting this planet.  Within the first 5 years, 
the workshop attracted participants from over 19 countries and 30 U.S. states.  
 

 
NCAR Mesa Laboratory in Boulder, CO 

Photo credit: Copyright University Corporation for Atmospheric Research (UCAR), licensed under a Creative 
Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) License, via OpenSky. 
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We feel very privileged to support the emerging climate informatics community and contribute to its 
growth. New collaborations have been formed and new ideas have taken flight, leading to new insights 
on climate change.  We are looking forward to future workshops and the impact of our interdisciplinary 
research community. 
 
The Climate Informatics Workshop Steering committee: 

• Claire Monteleoni, George Washington University (co-founder) 
• Doug Nychka, NCAR (2012-present) 
• Imme Ebert-Uphoff, Colorado State University (2013-present) 

 
 
 

Information about future workshops and other CI news can always be found on our website, 
www.climateinformatics.org. 
  

http://www.climateinformatics.org/


 x 

Organizing Committee 
 
Workshop Co-Chairs: 
Arindam Banerjee, University of Minnesota 
Jennifer Dy, Northeastern University 
 
Program Committee Co-Chairs:  
Slava Lyubchich, University of Maryland Center for Environmental Science (UMCES) 
Andrew Rhines, Harvard University 
 
Publicity and Publications Chair: 
Wei Ding, University of Massachusetts Boston 
 
Travel and Budget Chair: 
Eniko Szekely, New York University 
 
Steering Committee: 
Imme Ebert-Uphoff, Colorado State University 
Claire Monteleoni, George Washington University  
Doug Nychka, National Center for Atmospheric Research 
 
Local Administrative Support: 
Kathy Peczkowicz, NCAR 
Cecilia Banner, NCAR 
 
Program Committee Members: 
Arindam Banjeree, University of Minnesota 
Rich Caruana, Microsoft Research 
Timothy Delsole, George Mason University 
Wei Ding, University of Massachusetts Boston 
Julien Emile-Geay, University of Southern California 
Carlos Felipe Gaitan Ospina, University of Oklahoma 
Yulia Gel, University of Texas at Dallas, USA and University of Waterloo, Canada 
Vipin Kumar, University of Minnesota, Twin Cities 
Dong Liang, University of Maryland Center for Environmental Science 
Stefan Liess, University of Minnesota 
Vyacheslav Lyubchich, University of Maryland Center for Environmental Science 
Nikunj Oza, NASA 
Andrew Rhines, University of Washington 
Eniko Szekely, New York University 
Martin Tingley, Insurance Australia Group; Pennsylvania State University 
Suz Tolwinski-Ward, AIR Worldwide 



 xi 

List of Registered Participants 

First Name Last Name Affiliation 

Arindam Banerjee University of Minnesota 

Sudipto Banerjee University of California, Los Angeles 

Jon Barker NVIDIA 

Greg Behm Independent 

Gabe Bromley Montana State University- LRES 

Darin Comeau Los Alamos National Laboratory 

Chintan Dalal Rutgers University 

Wei Ding University of Massachusetts, Boston 

Constantine Dovrolis Georgia Tech 

Jennifer  Dy Northeastern University 

Imme Ebert-Uphoff Colorado State University 

Scott Farley University of Wisconsin, Madison 

David John Gagne National Center for Atmospheric Research 

Yulia Gel University of Texas, Dallas 

Cristina Gonzalez-Haro Telecom Bretagne 

Sulagna Gope Indian Institute of Technology Kharagpur 

Mohammad Gorji University of Arizona 

Yanira Guanche FSU Jena 

David M. Hall University of Colorado Boulder 

Dorit Hammerling NCAR IMAGe 

Alexander Heye Cray, Inc 

Lasse Holmstrom University of Oulu 

Whitney Huang Purdue University 

Nikola Jajcay Institute of Computer Science, CAS 

Mark Jenne Indiana University 

Xiaowei Jia University of Minnesota 

Arne Johanson Kiel University 

Anuj Karpatne University of Minnesota 



 xii 

Balazs Kegl CNRS-Paris France 

Hossein Keshavarz University of Michigan 

Vipin Kumar University of Minnesota 

Sai Kumar Popuri University of Maryland, Baltimore County 

Guangyu Li University of Southern California 

Yi Li Northeastern University 

Carlos Lima University of Brasilia 

Yunjie Liu Lawrence Berkeley Lab 

Slava Lyubchich University of Maryland 

Steve Mauget USDA-ARS 

Seth McGinnis NCAR 

Andrew Meijers British Antarctic Survey 

Adway Mitra International Center for Theoretical Sciences 

Claire Monteleoni George Washington University 

Balu Nadiga Los Alamos National Lab 

Guru Nayak University of Minnesota 

Doug Nychka NCAR 

Nikunj Oza NASA 

Arthur PAJOT LIP6, UPMC 

Emma Pierson Stanford University 

Allen Pope National Snow & Ice Data Center 

Stan Posey NVIDIA 

Vinay Ramakrishnaiah UWYO/NCAR 

Pradeep Ravikumar University of Texas, Austin 

Andrew Rhines Harvard University 

Melissa Rishel University of Northern Colorado 

Steve Sain The Climate Corporation 

Savini Samarasinghe Colorado State University 

Todd Sanford Climate Central 

Ethan  Schaeffer Penn State University 



 xiii 

Erich Seamon University of Idaho 

Bohar Singh George Mason University 

Joanna Slawinska Rutgers University 

Jason Smerdon Columbia University 

Erica Staehling WeatherTiger, LLC 

Eniko Szekely New York University 

Craig Tierney NVIDIA 

Suz Tolwinski-Ward AIR Worldwide 

Ryan Truchelut WeatherTiger, LLC 

Matthias Tuma World Climate Research Programme (WCRP) 

Nathan Urban Los Alamos National Laboratory 

Jorge R. Urrego-Blanco Los Alamos National Laboratory 

Qi Yu University of Southern California 

Tadesse Zemicheal Oregon State University 

Haozhe Zhang Iowa State University 

Zhengyuan Zhu Iowa State University 

Yong Zhuang University of Massachusetts, Boston 
 

 
  
 

 
 

 





 xv 

Hackathon and Workshop Agenda 

Hackathon, Wednesday, September 21, 2016 

9:30 Bus pickup at Marriott Courtyard 

9:45  Bus pickup at Millennium Harvest House (overflow lodging) 

10:05 – 10:45 Arrival at NCAR Mesa Lab: Registration, Coffee and Introduction 

10:45 – 12:30 Session 1 

12:30 – 1:30 Lunch and discussion of initial results 

1:30 – 3:00 Session 2 

3:00 – 3:15 Coffee Break 

3:15 – 5:00 Session 3 

5:00 – 6:00 Debriefing and closing 

6:00 Bus departs NCAR for Marriott Courtyard  

CI Workshop, Thursday, September 22, 2016 

7:45 Bus pickup at Marriott Courtyard to NCAR 

8:15 – 8:45  Registration and continental breakfast 

8:45 – 9:00 Opening Remarks 

9:00 – 10:00 Invited Talk - Doug Nychka: Extremes in Regional Climate: What to do with 8000 
Histograms? 

https://www2.cisl.ucar.edu/events/workshops/climate-informatics/2016/extremes-regional-climate-what-do-8000-histograms
https://www2.cisl.ucar.edu/events/workshops/climate-informatics/2016/extremes-regional-climate-what-do-8000-histograms
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10:00 – 10:30 Coffee Break 

10:30 – 11:30 Invited Talk - Pradeep Ravikumar: Poisson Graphical Models With Rich 
Dependence Structures 

11:30 – 12:00 Spotlight Presentations: 

Chintan Dalal: Covariance Structure Analysis of Climate Model Output 

Haozhe Zhang: Identifying Precipitation Regimes in China Using Model-Based 
Clustering of Spatial Functional Data 

Emma Pierson: Detecting and Predicting Beautiful Sunsets Using Social Media 
Data 

12:00 – 12:10 Group Photo 

12:10 – 1:30 Lunch (Cafeteria serves food from 11:30 am - 1:30 pm, cash only) 

1:30 – 2:30  Invited Talk - Yulia Gel: Where Statistics and Data Science Meet Climate Risk 
Insurance 

2:30 – 3:15 Poster Highlights, Part 1 

3:15 – 3:45 Coffee Break 

3:45 – 4:30 Poster Highlights, Part 2 

4:30 – 6:30 Reception and Posters 

6:30 Bus departs NCAR, return to Boulder Courtyard Marriott 

CI Workshop, Friday, September 23, 2016 

7:45  Bus departs Boulder Courtyard Marriott to NCAR 

8:15  – 8:30 Continental Breakfast 

https://www2.cisl.ucar.edu/events/2016/poisson-graphical-models-rich-dependence-structures
https://www2.cisl.ucar.edu/events/2016/poisson-graphical-models-rich-dependence-structures
https://www2.cisl.ucar.edu/events/2016/covariance-structure-analysis-of-climate-model-output
https://www2.cisl.ucar.edu/events/2016/identifying-precipitation-regimes-china-using-model-based-clustering-of-spatial-functional-data
https://www2.cisl.ucar.edu/events/2016/identifying-precipitation-regimes-china-using-model-based-clustering-of-spatial-functional-data
https://www2.cisl.ucar.edu/events/2016/detecting-and-predicting-beautiful-sunsets-using-social-media-data
https://www2.cisl.ucar.edu/events/2016/detecting-and-predicting-beautiful-sunsets-using-social-media-data
https://www2.cisl.ucar.edu/events/2016/where-statistics-and-data-science-meet-climate-risk-insurance
https://www2.cisl.ucar.edu/events/2016/where-statistics-and-data-science-meet-climate-risk-insurance
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8:30 – 9:30  Invited Talk - Jason Smerdon: Gigabytes, Megadroughts and Two Kiloyears of 
Climate History 

9:30 – 10:00  Coffee Break 

10:00 – 11:00  Invited Talk - Sudipto Banerjee: Bayesian Modeling and Inference for High-
Dimensional Spatial-Temporal Data 

11:00 – 12:00 Spotlight Presentations: 

Joanna Slawinska: Spatiotemporal Pattern Extraction with Data-Driven Koopman 
Operators for Convectively Coupled Equatorial Waves 

Yi Li: A Nonparametric Copula Based Bias Correction Method for Statistical 
Downscaling 

Guruprasad Nayak: Multiple Instance Learning for Burned Area Mapping Using 
Multi-Temporal Reflectance Data 

12:00 – 1:00 Lunch and Posters (Cafeteria serves food from 11:30 to 1:30pm, cash only) 

1:00 – 2:00 Invited Talk - Allen Pope: Snow and Ice from Space – how computing helps us 
harness Landsat 8 to study our cryosphere 

2:00 – 3:00 Panel Discussion 

Panelists: Sudipto Banerjee, Yulia Gel, Doug Nychka, Allen Pope, Jason Smerdon  

3:00 – 3:15  Concluding Remarks 

3:15 – 3:45  Coffee Break 

3:45 – 5:15  Community-Building via Hiking 

5:30 Bus departs NCAR, return to Boulder Courtyard Marriott  

 

https://www2.cisl.ucar.edu/events/2016/gigabytes-megadroughts-and-two-kiloyears-of-climate-history
https://www2.cisl.ucar.edu/events/2016/gigabytes-megadroughts-and-two-kiloyears-of-climate-history
https://www2.cisl.ucar.edu/events/2016/bayesian-modeling-and-inference-high-dimensional-spatial-temporal-data
https://www2.cisl.ucar.edu/events/2016/bayesian-modeling-and-inference-high-dimensional-spatial-temporal-data
https://www2.cisl.ucar.edu/events/2016/spatiotemporal-pattern-extraction-data-driven-koopman-operators-convectively-coupled-equatorial-waves
https://www2.cisl.ucar.edu/events/2016/spatiotemporal-pattern-extraction-data-driven-koopman-operators-convectively-coupled-equatorial-waves
https://www2.cisl.ucar.edu/events/2016/nonparametric-copula-based-bias-correction-method-statistical-downscaling
https://www2.cisl.ucar.edu/events/2016/nonparametric-copula-based-bias-correction-method-statistical-downscaling
https://www2.cisl.ucar.edu/events/2016/multiple-instance-learning-burned-area-mapping-using-multi-temporal-reflectance-data
https://www2.cisl.ucar.edu/events/2016/multiple-instance-learning-burned-area-mapping-using-multi-temporal-reflectance-data
https://www2.cisl.ucar.edu/events/2016/snow-and-ice-space-%E2%80%93-how-computing-helps-us-harness-landsat-8-study-our-cryosphere
https://www2.cisl.ucar.edu/events/2016/snow-and-ice-space-%E2%80%93-how-computing-helps-us-harness-landsat-8-study-our-cryosphere


Climate Informatics 2016 Hackathon

Balázs Kégl and Andrew Rhines

The Rapid Analysis and Model Prototyping Platform

The Rapid Analysis and Model Prototyping (RAMP) is a versatile management and software tool for
connecting data science to domain sciences, which is the main mission of the Paris-Saclay Center for
Data Science (CDS). It grew organically out of our experience with data challenges, and evolved through
the dozen iterations that we carried out in our research and training activities. The RAMP is developed
as an in-house tool at the CDS, in collaboration with the Center for Scientific Management (CGS) at
Ecole des Mines.

It was originally designed as a collaborative prototyping tool that makes efficient use of the time
of scientists in solving the data analytics segment of high-impact domain science problems. We then
realized that it is equally valuable for training novice data scientists, for networking, for communication,
and as a social science observatory. It has been rapidly becoming a standard educational tool, used in
three UPSaclay data science masters, but also in other programs in Paris and Lille. It has been used
six times at Saclay, and in five hackatons outside Saclay (Paris School of Economics; French National
Museum of Natural History; twice at NCAR, Colorado; Epidemium, Paris).

The RAMP is used in the following operational context. Similarly to a data challenge, the data
provider arrives with a prediction problem and a corresponding data set. An experienced data scientist
then cleans and curates the data and formalizes the problem. This process can take two weeks to six
months, and results in a starting kit, typically an ipython notebook that introduces the domain science
problem, describes the data, and shows a first untuned solution (benchmark). The problem is then set
up using the RAMP software, and a RAMP event is organized with 30-50 data scientists and domain
scientists. The RAMP event usually takes a single day to attract data scientists who do not wish to
engage for a longer period of time learning the domain problem. We have been experimenting with other
formats: data challenges usually take several months, and course projects can take several weeks. When
the data science problem requires the mastering of a specific tool, the RAMP event can be preceded by
a Training Sprint. Part of the Training Sprint can also be devoted to introducing the domain science
problem, otherwise this introduction takes place at the beginning of the RAMP.

In an ongoing project we will stabilize the software tool and gradually open it so RAMP events can
be organized also independently of the CDS core team. We will continue integrating the tool and the
format into training programs. The goal is to make the RAMP a standard tool in data science education.

Hackathon Topic: Predicting Arctic Sea Ice Cover

Arctic sea ice cover is one of the most variable features of Earth’s climate. Its annual cycle peaks at
around 15 million square kilometers in early spring, melting back to a minimum of about 6 million square
kilometers in September. These seasonal swings are important for Earth’s energy balance, as ice reflects
the majority of sunlight while open water absorbs it. Changes in ice cover are also important for marine
life and navigation for shipping.

In recent years, Arctic sea ice cover has declined rapidly, particularly during the September mini-
mum. These changes have outpaced the predictions of climate models, and forecasting extent remains a
formidable challenge. Typically, skillful predictions are limited to 2–5 months in advance, while idealized
experiments suggest that predictions up to two years in advance should be possible [2].

Better tools to predict ice cover are critical for seasonal and regional climate prediction, and would
thus address grand challenges in the study of climate change [1].
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Figure 1: Recent declines in Arctic sea ice cover, courtesy of the National Snow and Ice Data Center.

The CCSM4 simulator

As a surrogate for observational data, the Climate Informatics 2016 RAMP used output from a 1,300
year simulation of the NCAR CCSM 4.0 climate model. The model was run in fully-coupled mode
with interactive ocean, atmosphere, and sea ice. The simulation was also performed in an idealized
pre-industrial mode, where greenhouse gas concentrations and other external forcings are held fixed to
1850 CE levels. This allows us to access a stationary climate over a 1,000+ year period, which makes the
evaluation of the predictor more robust than if we used real measurements that are both non-stationary
and limited to several decades.

The data is a time series of maps, zt, consisting of different physical variables on a regular grid on
the Earth, indexed by lon(gitude) and lat(itude) coordinates. The variables made available are:

• ice area — the Northern Hemisphere sea ice area, in millions of squared kilometers.

• ts — surface temperature, most important over the oceans which have a very high heat capacity.

• taux — zonal (x-direction) surface wind stress. This is the frictional effect of winds on the sea
surface and sea ice.

• tauy — meridional (y-direction) surface wind stress.

• ps — surface pressure.

• shflx — Surface sensible heat flux, the amount of heat transferred from the surface to the atmo-
sphere.

• cldtot — Total cloud cover (fractional), which has strong effects on radiative energy balance at
the surface.
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We stress that these fields are a small subset of the variables that define the model state, representing a
conservative scenario where only certain features can be remotely observed in real time — primarily from
satellites and numerical weather prediction models that can accurately estimate the large scale pressure
and wind patterns. Notably, we excluded several important variables including sea ice thickness and the
temperature and stratification of the ocean mixed layer.

The fields are monthly averages for 1,300 years, giving a total of 15,600 time points. To be conservative
with respect to stationarity, the first 400 years were excluded as the deep ocean takes some time to fully
equilibrate in the model.

The prediction task

The goal was to predict the Northern Hemisphere sea ice area 4 months in advance. Since the most
important prediction is the minimum area in September, we also output the RMSE over predictions in
May, predicting that years (minimum) ice area in September.

The pipeline consists of a time series feature extractor and a predictor. Since the task is regression,
the predictor is a regressor, and the score to minimize will be the root mean square error. The feature
extractor will have access to the whole dataset. It will construct a classical feature matrix where each row
corresponds to a time point. You should collect all information into these features that you find relevant
to the regressor. The feature extractor can take anything from the past, that is, it will implement a
function xt = f (z1, . . . , zt). Since you will have access to the full data, in theory one could cheat (even
inadvertently) by using information from the future. We implemented a randomized test to find such
bugs, but it is still important to avoid this since it would make the results irrelevant.

Domain-knowledge, results, and lessons for future hackathons

Participants were free to explore any regression technique to improve the prediction. Since the input
dimension is relatively large (2000+ dimensions per time point even after subsampling to 5-degree spatial
resolution) sparse regression techniques were effective in limiting the subset of data that were used.
However, sparse methods also revealed that a surprisingly small subset of the variables were necessary
to obtain the best predictions, often with fewer than 50 dimensions contributing (i.e., 50 unique variable-
location combinations). Surface sensible heat flux in parts of the Arctic was often found to be a key
element, suggesting that it was being used in conjunction with surface temperature to ‘learn’ sea ice
thickness despite it not being provided as an input variable. Nevertheless, even predictions using more
complex methods did not improve substantially over an initial baseline set by simple sparse regression
methods and even a 1-D autoregressive model on sea ice extent alone. It appears likely that the provided
fields placed too stringent a limit on 4-month predictability.

A key goal of climate science is in connecting what is understood from simulations to real-world
observations, which are intrinsically limited to several decades or at most a few centuries. In this
hackathon we addressed predictability within the context of a perfect, stationary model, and it will be
useful to consider future hackathon problems in which generalizability between different climate models
— or from climate models to observations — can be tested.
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Doug Nychka, National Center for Atmospheric Research 
Extremes in Regional Climate: What to do with 8000 Histograms? 
Link to presentation 
 
Abstract: As attention shifts from broad global summaries of climate change to more specific regional 
impacts there is a need for the data sciences to quantify the uncertainty in regional predictions. A 
regional climate model (RCM) is a large and complex computer code based on physics that simulates the 
detailed flow of the atmosphere in a particular region from the large scale information of a global 
climate model. Part of the value of these simulations is to explore the potential extremes in weather 
that are due to natural variation and also to climate change. Here we present an application that 
combines logspline density estimates to discern tail behavior in a distribution with spatial methods for 
large data sets (LatticeKrig). This is applied to estimate return levels for daily precipitation from a subset 
of the North American Regional Climate Change and Assessment Program. Here the regional models 
comprise about 8000 grid locations over North America and so pose challenges for the statistical 
analysis of functional data. Besides efficient algorithms this application also explores using embarrassing 
parallel steps using the Rmpi package on the NCAR supercomputer (Yellowstone). 
 

 
Pradeep Ravikumar, University of Texas at Austin 
Poisson Graphical Models With Rich Dependence Structures 
Link to Presentation 
 
Abstract: Undirected graphical models, such as Gaussian, Ising, and discrete/multinomial graphical 
models, are widely used in a variety of applications for modeling distributions over a large number of 
variables. These standard instances, however, are ill-suited to modeling count data, which are 
increasingly ubiquitous in climate studies, and spatial incidence data, as well as other big-data settings 
such as genomic sequencing data, user-ratings data, and site visits. Existing proposals for distributions 
for multivariate count data have a crucial caveat: the dependence structures they model are largely 
restrictive, with solely negative or positive dependencies in some cases. 

Can we devise multivariate distributions that can capture rich dependence structures between count-
valued variables? We address this question via a series of multivariate extensions of the univariate 
Poisson distribution, providing a new class of Poisson graphical models. We also provide tractable 
schemes with guarantees for learning our class of Poisson graphical models from data, and demonstrate 
the performance of our methods by learning simulated networks as well as a network from microRNA-
Sequencing data. 

Joint work with Eunho Yang, Genevera Allen, Zhandong Liu, David Inouye, Inderjit Dhillon. 
 
  

https://www2.cisl.ucar.edu/events/workshops/climate-informatics/2016/extremes-regional-climate-what-do-8000-histograms
https://www2.cisl.ucar.edu/events/2016/poisson-graphical-models-rich-dependence-structures
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Yulia Gel, University of Texas at Dallas 
Where Statistics and Data Science Meet Climate Risk Insurance 
(Presentation not recorded) 
 
Abstract: Last few years were particularly volatile for the insurance industry in North America and 
Europe, bringing a record number of claims due to severe weather. According to the 2013 World Bank 
study, annual average losses from natural disasters have increased from $50 billion in the 1980s to 
about $200 billion nowadays. Adaptation to such changes requires early recognition of vulnerable areas 
and the extent of the future risk due to weather factors. Despite the well documented impact of climate 
change on the insurance sector, there exists a relatively limited number of studies addressing the effect 
of the so-called ``normal'' extreme weather (i.e., higher frequency, lower individual but high cumulative 
impact events) on the insurance dynamics. In this talk we discuss utility and limitations of statistical and 
machine learning procedures to address modelling and forecasting of such weather-related insurance 
losses and the potential impact of uncertainty quantification on the insurance sector and policy holders. 
 

 

Jason Smerdon, Columbia University 
Gigabytes, Megadroughts and Two Kiloyears of Climate History 
Link to Presentation 
 
Abstract: Paleoclimatology spans many different timescales and incorporates a vast array of natural 
archives that serve as proxies for past climate variability and change. Among the time periods of study, 
the Common Era (CE; the last two thousand years) contains the most abundant collection of high-
resolution (seasonal to annual) proxy records spread globally across land and sea. The CE is also 
becoming an increasingly common target for transient simulations using fully-coupled climate and earth 
system models. The abundance of proxy records and the growing number of climate simulations, in 
conjunction with the fact that the CE is a period when natural forcing occurred under background 
conditions that were not too different from today, make it a compelling and critical period of focus. 

A consequence of the large amounts of proxy archives and the expanding number of model simulations 
is the growing need for techniques that facilitate data inquiry, comparison and ensemble 
characterization across the large collection CE datasets. This talk will highlight two principal examples in 
the study of CE climate: 1) the reconstruction of hemispheric and global climate fields using a now large 
body of regression and missing data methods; and 2) data-model comparisons between spatiotemporal 
hydroclimate reconstructions and ensembles of coupled model simulations. These two examples will be 
explored in the context of how they have been approached to date and the opportunities that they offer 
for new approaches within climate informatics. 
 

  

https://www2.cisl.ucar.edu/events/2016/gigabytes-megadroughts-and-two-kiloyears-of-climate-history
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Sudipto Banerjee, University of California Los Angeles 
Bayesian Modeling and Inference for High-Dimensional Spatial-Temporal Data 
Link to Presentation 
 
Abstract: With the growing capabilities of Geographic Information Systems (GIS) and user-friendly 
software, statisticians today routinely encounter geographically referenced data containing observations 
from a large number of spatial locations and time points. Over the last decade, hierarchical spatial-
temporal process models have become widely deployed statistical tools for researchers to better 
understanding the complex nature of spatial and temporal variability. However, fitting hierarchical 
spatial-temporal models often involves expensive matrix computations with complexity increasing in 
cubic order for the number of spatial locations and temporal points. This renders such models 
unfeasible for large data sets. In this talk, I will present some approaches for constructing well-defined 
spatial-temporal stochastic processes that accrue substantial computational savings. These processes 
can be used as "priors" for spatial-temporal random fields. Specifically, we will discuss and distinguish 
between two paradigms: low-rank and sparsity and argue in favor of the latter for achieving massively 
scalable inference. We construct a well-defined Nearest-Neighbor Gaussian Process (NNGP) that can be 
exploited as a dimension-reducing prior embedded within a rich and flexible hierarchical modeling 
framework to deliver exact Bayesian inference. Both these approaches lead to algorithms with floating 
point operations (flops) that are linear in the number of spatial locations (per iteration). We compare 
these methods and demonstrate their use in a number of applications and, in particular, in inferring on 
the spatial-temporal distribution of air pollution in continental Europe using spatial-temporal regression 
models in conjunction with chemistry transport models. 
 

 

Allen Pope, National Snow & Ice Data Center 
Snow and Ice from Space – how computing helps us harness Landsat 8 to study our cryosphere 
Link to Presentation 
 
Abstract: The polar regions and the wider cryosphere are quickly evolving harbingers of worldwide 
change, driving shifts in water resources and global sea level rise. Therefore, it is important that we 
measure and monitor snow, glaciers, and ice sheets in a consistent and repeatable manner over time. 
The spatial, temporal, and radiometric resolution of Landsat 8 support a quantitative measure of polar 
change over decameter spatial scales and weekly to seasonal timescales. To date, Landsat 8 has 
collected over three years of imagery of exceptional data. In this presentation, I will provide a tour of 
various applications of Landsat 8 to study the cryosphere, each of which has been facilitated by 
cyberinfrastructure – in particular I will discuss dust deposition on snow in Colorado, supraglacial lake 
monitoring in Greenland, measurement of Antarctic-wide ice velocities, and progress on the building of 
a Landsat 8 mosaic of Antarctica. Each of these has been facilitated by new practices in research 
computing, opening a new world of cryospheric research.  

https://www2.cisl.ucar.edu/events/2016/bayesian-modeling-and-inference-high-dimensional-spatial-temporal-data
https://www2.cisl.ucar.edu/events/2016/snow-and-ice-space-%E2%80%93-how-computing-helps-us-harness-landsat-8-study-our-cryosphere
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