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SUMMARY 
Across the sciences, data are being produced at an unprecedented and still accelerating rate.  Disciplines such 
as computational genomics are seeing their storage needs double every six months—causing unprecedented 
strains on local IT provision and community cyber-infrastructure!  Almost every research community is 
experiencing rapid data growth and along with it new challenges for designing, storing, analyzing and curating 
data holdings into the future.   

Within the geospatial domain, and the wider earth sciences, this complexity takes on an added and mostly 
unique dimension: the data that we collect—as well as being useful for our immediate needs—forms a natural 
history of the changing planet on which we live. The same cannot be said for computational chemistry, for 
example, since experiments can be conducted from any point in time and their order in time has little bearing 
on the content. And whereas many cyberinfrastructure communities have a goal of increasing data reuse, 
within the Earth Sciences the importance of this ongoing record of our planet’s ecosystems is more vital than 
the individual research investigations we each engage in.  To make things yet more challenging for us, we do 
not fully understand the kinds of questions that future researchers will need to ask about Earth’s systems via 
the data holdings and research we will leave behind: though we do understand that such questions will likely 
involve investing complex interactions between oceans, climate, society and ecology.  Geographers, Geologists 
and Earth Scientists have a very important role to play here, because as a community we value these 
interactions already, and can see their future importance.   

So how do these challenges manifest in the geo-cyber-infrastructure we should aspire to? 

INTEGRATION CHALLENGES 
Earth science datasets, although they can be studied in isolation, usually describe a single facet of a much 
more complicated picture.  The real benefits accrue when more of this picture can be revealed—in other words 
when data can be combined so that an integrated, synoptic model is created.  And since the number of distinct 
fields and academic disciplines involved in creating and using the data is large, the task of data integration is 
immense.  It does not help that earth science data, and data models, are often messy—reflecting the 
complexities we see in the world. 

Ontologies offer some hope in terms of a formal basis for describing datasets in terms of their domain content, 
but they are proving difficult to engineer, maintain and agree on(!) in practice.  Can emergent semantics and 
‘linked-data’ approaches help here?  One thing is certain: the approach used to describe datasets must be able 
to adapt to emerging themes—the producers of data will not anticipate all the future possible use-cases of their 
data, so we should not expect that any initial data description will remain useful over time.  It must instead 
adapt to show how the data are used in practice, which requires use-case analysis.   

ANALYSIS AND MODELLING CHALLENGES AND OPPORTUNITIES 
Some have called this data revolution a 4th paradigm in science [2], heralding as it does the opportunity of 
using data as a surrogate for theory: with enough data, models might be encouraged to ‘emerge’ from data, 
even in the absence of theory [3].  This creates new research challenges too, around the opportunity to mine 
out of data not just simple relationships, but complex interactions and multi-state models [4].  Although one 
might question whether the fourth paradigm is all that new1, it is abundantly clear that there is a real 
opportunity here because massive data creates new opportunities to ‘discover’ models that better predict the 
couplings and drivers in environmental and social systems.  So whereas in the past earth science predictive 
models tend to be theory-led, in the future there is every possibility to allow the data to lead us to discovering 
new predictive models, and perhaps also to uncover unknown couplings between the different facets of Earth’s 
true nature.  The White House recently (March 2012) announced a $200,000,000 initiative to develop 
computational systems that can ”…extract knowledge and insights from large and complex collections of 
digital data.”  In order to meet this enormous challenge, not only must data mining and model discovery 
algorithms scale way beyond current capabilities, but so must all of the data infrastructure and the data 
integration tools; even the capacity to visualise and summarise the outcomes of analysis are challenged in new 
ways.  

                                                             
1	  The ideas of being data-led and exploratory are actually commonplace in research, albeit at smaller scales.	  
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STORAGE AND CURATION CHALLENGES 
Massive datasets create an obvious need for massive storage, one that we cannot hope to keep up with using 
current technology and levels of funding.  And although there has been a slowing down recently of science-
directed remote sensing platforms, privately-funded missions more than compensate.   The availability of 
established forms of data, such as GIS coverages and fieldwork sampling is now increasingly augmented by 
volunteered geographical information [1] in various forms, such GPS traces and species identification and 
location.  This trend will continue as the smart devices we routinely carry become more capable and their data 
more amenable to analysis2.   

The biggest data challenges we face (in the author’s opinion) are: 

• acquiring enough well-managed storage to support current research projects;  
• creating a well-curated record for longer-term archiving; and 
• (hardest of all) deciding what data needs to be kept, and what can be discarded.   

The latter task is extremely challenging: if we were already certain of the information we needed to preserve, 
we could plan carefully for its curation by extracting the most important signals and then removing the raw 
data sources.  But we cannot assume that the most dominant signals in the data, nor the ones we currently 
extract, will be the most importance in the future.  Research is urgently needed here to develop techniques to 
preserve both local and global data trends in compressed data, and to evaluate what signals are (and are not) 
preserved with any archiving strategy that we adopt. 

GOVERNANCE CHALLENGES 
The data revolution also leads to challenges in terms of how we organize, describe, search and govern the 
massive collections of digital resources that will be produced in the future; all of these activities need to be re-
examined in the light of current and anticipated demands. Finding and understanding useful datasets will 
become more difficult as data holdings grow, so new means of locating and examining useful content will be 
needed.  

Data custodianship and governance present additional challenges. Geographical data often have an unclear or 
shared custodianship; for example, datasets are produced by agencies with constitutional or legal ownership 
and responsibilities, but they may be updated by regional or local institutions, or researchers, who may have 
better local knowledge.   How are such updates to be managed?  Who is responsible for their quality and 
consistency?  How do we ensure that we constantly improve the quality, making the best data available, with 
multiple contributors and unclear jurisdiction? 
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2	  For	  example	  the	  accelerometers	  in	  smart	  phones	  can	  be	  used	  to	  study	  earthquakes,	  creating	  a	  distributed	  seismic	  sensor	  
network:	  http://www.popularmechanics.com/technology/gadgets/news/earthquake-‐prediction-‐iphone-‐app	  	  


