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1. Introduction 

The process of global change is altering in the Earth’s environment and 

climate. The implications of these changes for sustainability call for an approach 

that integrates the natural sciences and the human sciences. Scientists need to 

develop an understanding of the complexity of physical-ecological-anthropogenic 

systems. In this new paradigm, the Earth’s environment is seen as being influenced 

by the dynamic interaction of natural and social systems. 

One of the most important research questions today is then “How is the 

Earth’s environment changing and what are the consequences for human 

civilization?” The science areas necessary to address this question are so many that 

only a solid interdisciplinary approach can succeed. One of the attempts to 

understand Global Change in an interdisciplinary way is what is called today 

Sustainability Science. This new undertaking has recently gained space in the 

National Academy of Sciences, which has approved in 2006 a new section 

dedicated to Sustainability Science (Clark and Dickson 2003; Clark 2007). 

Sustainability science purports to understand, integrate, and model nature 

and society. Since most of the interventions on the environment are human 

choices, we need modeling tools that represent the world as seen and modified by 

human beings. Geographic Information Science (GIScience) is crucial for this 

purpose. In order to create Global Change models that include humans, we need 

GIScience. The key question for GIScience is whether it has the methods and 

techniques to support Global Change research.  

“Geographic Information Science (GIScience) is the basic research field that seeks to 

redefine geographic concepts and their use in the context of geographic information 



systems. GIScience also examines the impacts of GIS on individuals and society, and 

the influences of society on GIS. GIScience re-examines some of the most fundamental 

themes in traditional spatially oriented fields such as geography, cartography, and 

geodesy, while incorporating more recent developments in cognitive and information 

science. It also overlaps with and draws from more specialized research fields such as 

computer science, statistics, mathematics, and psychology, and contributes to 

progress in those fields. It supports research in political science and anthropology, 

and draws on those fields in studies of geographic information and society” (Mark 

2000). 

This article identifies the necessary key research questions in GIScience to 

support Global Change research. We discuss the main topics necessary for 

extending GIScience for it to be capable of understanding, representing and 

modeling global change, and to support public policies of adaptation and 

mitigation.  

2. GIScience research and sustainability science 

The challenges for GIScience regarding the support of sustainability actions 

can be understood as being part of a cycle. There is the need to improve our 

modeling skills, in order to face more complex systems and the interaction 

between human actions and natural systems. We also need to refine our data 

collection and data management tools, so that we can work in a globally 

distributed way, and manage increasingly large amounts of online data. Then, our 

knowledge discovery assets need to be revised towards working with such 

amounts of distributed data, in order to generate relevant and timely information. 

This information can then be used as a basis for policy making, and for simulations 

and other kinds of advanced studies. Whatever knowledge is gained in the process 

will probably indicate the need to improve our models and collect data again, thus 

forming a cycle of continuous improvement.  

The four main proposed topics for the new GIScience research agenda that 

will help the understanding of the process of Global Change involve modeling, data 

collection, knowledge discovery, and support for policy-making. These topics are 

briefly discussed next. 

2.1. Modeling 

A model is a construct that is developed to help us focus on what is 

important and relevant in our purpose to understand a system. Modeling tries to 

reduce the complexity of a real-world element or phenomenon to combinations of 

elements, such as a set of mathematical equations (mathematical modeling), a 

number of descriptive characteristics (database modeling), or a set of rules and 

behaviors (dynamic or predictive modeling). 

Scientists must use simplifications and approximations to model aspects of 

the reality. The inaccuracies that result from such simplifications need to be 

assessed, in order to check the validity of the model. One way to do so is to create 

simulations, in which the scientist uses the modeled elements and past data to 

verify how accurately the present conditions can be predicted. The insight on 

reality that can be obtained from such a process enables the formulation of 



forecasting models, by means of which trends and the effects of new policies can be 

anticipated. 

Modeling usually reflects a particular view on reality. Modelers must select 

and use elements from reality, as required to solve a specific range of problems, 

within that particular worldview. For a geographic information scientist, however, 

there is the additional challenge of creating representations of geographically 

located real-world elements that can be used by modeling efforts from scientists in 

other fields of expertise. Therefore, incorporating semantics to the models is an 

important requisite. Furthermore, semantic differences that result from modeling 

some real world elements in different representation scales are a challenge to 

GIScience, along with the creation of realistic and practical spatiotemporal 

modeling tools.  

In order to adequately support the needs of sustainability science, we must 

be able to do all of the above, and also to evolve our modeling tools and skills to the 

point where modeling the connections between society and nature becomes 

feasible. There must be ways for scientists to develop a better understanding of 

human actions and motivations, especially is situations affect the environment. 

This can only be done by making the various worldviews explicit, and making sure 

these conceptions can be adequately represented in computational tools such as 

geographic information systems. 

2.2. Data Collection 

Data collection has certainly improved in the last decade, to the point where 

concerns have shifted from availability to accessibility and discovery of data 

sources. The Internet has certainly helped, but a relative lack of universally 

accepted data transfer standards makes it hard to integrate data from several 

sources in a meaningful and practical way. 

Many research initiatives currently have the need to (1) collect and 

organize large amounts of data using various methods, (2) integrate data from 

several different and distributed sources, and (3) adapt data collected within 

different semantic frameworks to fulfill their needs. It is usually possible, although 

time-consuming and error-prone, to perform such tasks manually. Research and 

development on fields such as data warehousing and records linkage have 

managed to supply scientists with a few tools and techniques, but there is still 

much to do.  

Furthermore, when someone assembles a dataset from several different 

sources, chances are the data will become outdated soon. Therefore, some 

applications would rather count on ways to access data sources directly, instead of 

being caught in the extraction-transformation-load cycle. Current service-based 

architectures and content management technology can be combined and adapted 

to fulfill dynamic requests for data, thus enabling the creation of loosely-coupled 

information systems. Such systems require, fundamentally, that adequate sources 

of metadata are created and maintained. This is not a simple task, considering 

semantic concerns and the need to synchronize metadata and actual data, although 

some international metadata creation standards are available. 



Collecting data for models that integrate nature and society (implying 

distributed global data management) requires understanding the collaborative 

monitoring of the Earth. There is a definite need for technologies and services that 

allow combining data from various (dynamic, distributed) sources to improve our 

capacity of measuring the state of the planet and acting upon the results. 

2.3. Knowledge discovery 

Dealing with large amounts of distributed data, as explained in the previous 

section, is already very difficult. Trying to make sense of all that data, generating 

useful and meaningful information, is an even more complex task. There are 

currently data warehousing (DW), data mining (DM), and knowledge discovery 

from databases (KDD) techniques that are able to do so from centralized 

repositories, and even some initiatives that allow for decentralized data sources, 

thus creating distributed data warehousing. A range of DM techniques, geared 

towards mining data streams, can also be useful.  

The challenge for GIScience is to put together all kinds of knowledge 

discovery tools and techniques, adapting them wherever necessary to use the full 

potential of spatial and temporal information, in order to generate knowledge from 

observations, measurements, and other types of data available on the Internet. In 

the process, it is necessary to consider semantic frameworks to achieve 

integration, and to allow for ways to integrate without having to create centralized 

repositories or transferring large volumes of data across the globe. Ideally, data 

mining and KDD should be performed in a decentralized fashion, combining results 

at some location.  

In the case of global change, the challenges for knowledge discovery are 

even larger. It is necessary to combine and extract knowledge from spatial and 

temporal data. It is also important to understand that data representing human 

actions and data representing nature may have different behaviors and generate 

incompatible trends. In summary, the problem of knowledge discovery, which is 

already complicated enough, becomes more complex when it is applied to global 

change, understood as the result of society and nature interactions. 

There is also the technological challenge of mining data from streams of 

environmental measurements, then applying these data to models to be used to 

monitor environmental changes and also to support mitigation work. Therefore, 

we need to improve our capacity to discover new things in order to meet the 

demands of sustainable development. It is also necessary to find ways to share the 

new knowledge broadly and quickly. 

2.4. Support for policy-making 

The big question here is on how can we use the knowledge that we acquired 

with the previous processes to develop policies to act upon the dynamic 

interactions of nature and society. It is necessary to communicate the results from 

knowledge discovery to policy makers. They also need access to the data and to 

well-explained versions of the models. In case of global policies, we need also to 

explicit any cultural assumptions behind the data and the models.  

GIScience can be used in the support of the creation of new environmental 

policies. How can we take actions to preserve the environment now and keep 



growing economically in the long run? We need to create different ways of 

modeling, implement and study these models (possibly using simulation 

techniques), and use them to create and support policies that address sustainable 

development. During the current state of affairs, in which people are becoming 

aware of sustainability issues and starting to take immediate and long term 

actions, we need to monitor if our models, data and policies are correct. GIScience 

can help with the creation of sustainability indices to support our decision making 

and to measure its effectiveness (Kates, Clark et al. 2001). 

3. Connections between GIScience research and 

sustainability science 

In this section we list the core questions for sustainability science as 

mentioned in Science by Kates et al. (2001), and discuss their repercussions, from 

the point of view of GIScience. This discussion leads to new questions, this time 

specific to GIScience. Each new question is then related to one or more of the 

topics presented in section 2, namely modeling, data collection, knowledge 

discovery, and support for policy-making. 

Question 1. How can the dynamic interactions between nature and society – 

including lags and inertia – be better incorporated in emerging models and 

conceptualizations that integrate the Earth system, human development, and 

sustainability? 

This question poses, for GIScience and for other areas with an interest in 

modeling human behavior and its interactions with nature, a very big challenge. In 

short, it is about understanding how human societies shape and are shaped by 

nature, including cultural, political, social, and economic aspects. The broad scope 

of the question requires the capacity to generalize in a global scale, while 

considering local aspects and peculiarities. It also implies the need to cope with 

development policies and their impact on societies and on nature. 

 Modeling Data 

collection 

Knowledge 

discovery 

Support 

for 

policy-

making 

How do conceptualizations of sustainability vary 

across different cultures? 

X    

How do we represent human actions in computer 

systems? 

X   X 

What is the impact of human actions in different 

geographical scales? 

X  X  

How to deal with the variations in the perception of 

natural phenomena at various levels of detail? 

X    

How can we merge geographic and georeferenced 

data from heterogeneous sources? 

X X   



How to establish the trustworthiness of data 

sources? 

 X   

How can we generate knowledge without 

experimenting with nature? Can we integrate and 

use alternative sources of knowledge, such as data 

from the past? 

 X X  

How to assess and demonstrate the effects of 

development policies over natural systems? 

  X X 

Question 2. How are long-term trends in environment and development, including 

consumption and population, reshaping nature-society interactions in ways relevant 

to sustainability? 

This question is intrinsically related to the previous one, since knowing 

more about long-term trends requires more advanced modeling and 

conceptualization skills. However, it presents GIScience with the need for 

improvements on monitoring methods and tools, in order to assess the correctness 

of models and the effectiveness of policies for sustainability. Kates et al. (2001) 

suggest the creation of sustainability indicators. We observe that such indicators 

should be built upon adequate spatial and temporal reference granularities, and 

should probably be assembled from local data, in a bottom-up fashion. 

 Modeling Data 

collection 

Knowledge 

discovery 

Support 

for 

policy-

making 

How can we agree on a set of societal and 

environmental variables from which indicator 

components can be chosen? 

X X   

How can we establish firm goals and quantifiable 

objectives for the sustainability effort? 

X   X 

How can we collect relevant data for sustainability 

indicators at different spatial and temporal 

granularities? 

 X   

How can we generate time series of indicators that 

reflect the situation in the past, so we can detect 

tendencies for the immediate future? 

 X X  

How can we present indicators in a way that the 

general public can understand the evolution 

towards sustainability? 

  X X 

What kind of policies will accelerate and what kind 

will slow down the processes we want to control? 

   X 

 

 

 



Question 3. What determines the vulnerability or resilience of the nature-society 

system in particular kinds of places and for particular types of ecosystems and 

human livelihoods? 

Different societies and cultures may interpret and value differently 

vulnerability and environmental threats. Nevertheless, the actions of each society 

on the environment are shared by all. This is another example on how local 

activities affect the global environment, and on how a society (or all societies) 

should be held accountable for the consequences of its actions on the environment.  

There are examples of fragile ecosystems that are affected by human 

actions that take place not only directly over them, but elsewhere, as in the case of 

the Great Barrier Reef, in Australia. Recently, that ecosystem has been affected 

both by farming, which causes pesticide- and fertilizer-based pollution in nearby 

basins {Devlin, 2004 #2117}, and by warmer sea waters, that result from global 

warming {Great Barrier Reef Marine Park Authority, 2008 #2118}. Such an 

observation shows how, in several environmental issues, national borders become 

meaningless and the need to face problems becomes a global undertaking.  

Therefore, within a GIScience understanding, the challenge presented by 

this question is about reaching comprehensive agreements, first on data and 

models, then on policies and monitoring.  

 

 Modeling Data 

collection 

Knowledge 

discovery 

Support 

for 

policy-

making 

How do conceptualizations of vulnerability and 

resilience vary across different cultures? 

X    

How to express vulnerability and resilience 

spatially? 

X    

How can we overcome national boundaries when 

dealing with data collection? 

 X   

How can we propose and implement global 

standards for data collection, documentation, and 

distributed access? 

 X X  

How can we develop policies that are effective and, 

at the same time, fair to different cultures and 

lifestyles? 

  X X 

 

Question 4. Can scientifically meaningful “limits” or “boundaries” be defined that 

would provide effective warning of conditions beyond which the nature-society 

systems incur a significantly increased risk of serious degradation? 

In a way, this question touches again on the issue of indicators, and asks 

whether is there a “point of no return” in relation to human actions causing 



degradation. If this is the case, the question implies the existence of a monitoring 

system, from which early warnings could be issued and action could be taken 

before a threshold is reached. For GIScience, this constitutes the main challenge 

related to this question, even though we can imagine geographic information 

scientists being involved in the determination of the thresholds themselves.  

As a result, many demands to GIScience arise from the need to collect and 

analyze large amounts of data on nature-society systems, and to present results in 

a meaningful way. 

 Modeling Data 

collection 

Knowledge 

discovery 

Support 

for 

policy-

making 

How can we identify natural systems at risk, 

communities at risk, and cases of dependency 

between communities and natural systems? Which 

are the populations at immediate and long-term 

risk? 

X X X X 

What are the human inputs to global climate 

models (land use change, carbon cycle, water cycle, 

and atmospheric chemistry, for instance), and 

where are their sources? 

X X   

How can we demonstrate and present tendencies 

and predict degradation risk?  

  X X 

How to tap into and learn from the globally 

distributed efforts to monitor the environmental 

systems? 

  X  

How can we isolate facts that can be used as 

examples and arguments to demonstrate 

degradation risk? 

  X X 

How can we isolate causes of degradation so that 

more efficient action can be taken against them? 

  X X 

How can we support the creation of a global 

schedule or timetable for acting against sources of 

degradation? 

  X X 

Question 5. What systems of incentive structures – including markets, rules, norms 

and scientific information – can most effectively improve social capacity to guide 

interactions between nature and society toward more sustainable trajectories? 

Incentive systems are among the most interesting and cost-effective ways 

for public authorities to deal with environmental issues. In short, authorities must 

develop policies that make aggressions to the environment more costly than their 

prevention or compensation. There can be rewards for reducing impact, and/or 

penalties for causing degradation. In a best-case scenario, such rewards and 

penalties should be applied so that it becomes economically interesting, for the 

source of degradation, to invest in strategies and technologies to reduce impact it 



causes on the environment and on populations (National Center for Environmental 

Economics (NCEE) 2001).  

However, incentive systems alone cannot ensure that society learns about 

threats to itself or to the environment. There are numerous cases of litigation, 

either involving governments and corporations, or groups of citizens and 

corporations, in which reparation is sought in court for health or environmental 

damages. Awareness of such situations should be foremost in the agenda for 

sustainability. For that purpose, regulations and norms that require information 

transparency are becoming commonplace, but communicating complex data to the 

general public is still a big challenge.  

 Modeling Data 

collection 

Knowledge 

discovery 

Support 

for 

policy-

making 

What are the relations between markets and 

sustainability at various spatial scales? 

X X X  

How can economic factors for sustainability be 

expressed and viewed spatially? 

X  X  

How can we integrate structured and unstructured 

data for information transparency purposes? 

X X   

How does the spatial expression of markets 

contribute to public policies that promote 

sustainability? 

   X 

 

 

Question 6. How can today’s operational systems for monitoring and reporting on 

environmental and social conditions be integrated or extended to provide more 

useful guidance for efforts to navigate a transition toward sustainability? 

In our data-intensive era, numerous data collection efforts take place 

simultaneously, generating large volumes of measurement data. Considering the 

historical accumulation of such data, these volumes compound even more, to the 

point where the problem of data availability has become a problem of finding and 

getting access to relevant data.  

Naturally, if every environmental and social data source found a way to 

publish their data on the Internet, much of the access problem would be solved, 

but the data discovery problem would still remain. Furthermore, there are 

semantic aspects related to the paradigms that guided the data collection effort, 

that have to be considered when scientists need to decide whether the existing 

data fit their needs or not.  

Metadata, in this case, become fundamentally important. Standards for 

geographic metadata are in place, in the form of ISO 19115 (2003) (International 

Standards Organization (ISO) 2003), and projects such as INSPIRE (INSPIRE 2002) 

have already assembled searchable sources of geographic metadata. The current 



efforts can be extended to include alternatives to keyword-based searching, so that 

language becomes less of a hindrance and semantic aspects can be included. 

There is also the matter of integration of data sources. Metadata should be 

sufficient to allow a scientist to decide whether two datasets could be reasonably 

used together, but adequate (and possibly automatic) treatment of uncertainty, 

level of detail, and – once again – semantics is still pending. 

 Modeling Data 

collection 

Knowledge 

discovery 

Support 

for 

policy-

making 

How can we achieve interoperability between 

models that are created under different scientific 

paradigms? 

X    

How can we achieve interoperability between 

environmental monitoring systems? 

X X   

Can we build intelligent systems that work on the 

border between the environmental and the social 

worlds, joining data sources from both? 

X  X  

Can we quickly put together new systems based on 

multiple and distributed data sources? 

X  X X 

How can we create systems that help the design of 

policies and the evaluation of policies’ results? 

   X 

 

 

 

Question 7. How can today’s relatively independent activities of research planning, 

monitoring, assessment, and decision support be better integrated into systems for 

adaptive management and societal learning? 

The integration of scientific disciplines to promote research on 

interdisciplinary themes is often hard to achieve. Different worldviews, along with 

divergent research agendas and pigeonholed funding opportunities, constitute 

hurdles to groups of scientists that work on similar subjects and wish to develop 

integrated work. 

GIScience is known to be essentially interdisciplinary, and geography can 

many times provide a good basis for the integration of scientific work and data 

from several disciplines. Therefore, the answer to this question, from a GIScience 

point of view, implies continuing the search for more and better ways to integrate 

models, people and data, and for more and better ways to communicate results and 

act upon them.  

 

 



 Modeling Data 

collection 

Knowledge 

discovery 

Support 

for 

policy-

making 

How can we build interdisciplinary models that 

reach across different and sometimes incompatible 

fields of knowledge? 

X    

How can we integrate data coming from different 

sciences? 

 X   

How can we incorporate unstructured data coming 

from informal sources? 

X X   

How can we build geographical visualization 

systems that help public policy makers and societal 

stakeholders? 

  X X 

How do good GIS user interfaces help planners and 

decision makers? 

   X 

How can a planner build scenarios using spatial 

decision support systems? 

X X X X 

4. Spatial data sharing 

The creation and maintenance of geographic datasets is a complex and 

expensive undertaking. In the early days of GIS, activities such as data gathering 

and data conversion were foremost in the minds of administrators, for their impact 

on budgets and project timetables. Cooperation was seen as a means to achieve 

lower costs, since organizations interested in the same region could share efforts 

to generate basic data. However, reaching an agreement on cooperation was not 

the only hurdle to overcome, since technological support for data sharing was still 

in its infancy.  

Over time, the demand for data sharing and exchange grew to the point 

where data transfer standards were needed. Since each organization can 

potentially use a different GIS, neutral file formats were needed for data transfer 

purposes (Lima, Câmara et al. 2001). In practice, ad-hoc formats proposed by 

commercial GIS vendors achieved much more success than national standards. 

However, exchanging data by means of offline file transfers in an agreed-upon 

format was inconvenient and time-consuming, with the added disadvantage of 

having only syntactic concerns, overlooking semantic issues. Offline sharing also 

causes multiple copies of the same data to be available in different locations, 

causing serious synchronization problems. 

Spatial data clearinghouses were developed with the intention of facilitating 

and organizing access to data files and other geographic resources, thus creating 

referential repositories for shared data. Clearinghouses consist of a centralized 

repository or a web site, from which data originated at various sources can be 

found, along with some tools for searching, viewing, transferring, and ordering 

spatial data (Crompvoets, Bregt et al. 2004). Clearinghouses are a channel through 



which data providers can make their offerings known to users. User demands to 

know details on the data, including source, data capture process and reference 

time, created a widespread need for organized sets of metadata. Clearinghouses 

have been more recently described as a kind of Web portal, i.e., a site or a gateway 

through which commonly used services are offered (INSPIRE 2002). Even though 

in a clearinghouse it is usually possible to locate and obtain datasets of interest, 

semantic treatment of the metadata is still scarce, and the user is left with keyword 

and location-based search tools. 

5. Spatial data infrastructures 

Spatial Data Infrastructure (SDI) is a new approach to creation, distribution 

and use of geographic information that tries to address the shortcomings listed 

above. SDI tries to avoid the old view of GIS as an automated map distribution 

system, which focuses on map production and distribution of existing sources on 

an “as-is” basis. SDI is an enabler for understanding space. SDI does not simply 

deliver maps. It disseminates spatial data with associated quality control, metadata 

information, and semantic descriptions. The SDI user is someone who is able to 

combine spatial data from different sources to produce new information for a 

study area. In this view SDI can play an important role in the management of the 

environment and in the sustainable growth of our society.  

The expression SDI was initially used to describe a standardized way to 

access to geographic information (Maguire and Longley 2005). A SDI implies the 

existence of some sort of coordination for policy formulation and implementation, 

along with more complete and standardized metadata, possibly including means to 

provide online access to data sources. 

The first generation of SDI focused on granting a broad thematic scope, 

which is consistent with the current analogy between SDI and other types of 

infrastructure: fostering economic development by granting access to publicly-

available and multiple-use goods or services. Evolution from the first generation of 

SDI was made possible by the recent expansion of Web-based information systems. 

In the USA, the Geospatial One-Stop (GOS) Web portal was created to provide 

widespread access to geographic information, inaugurating the concept of 

geoportals (Maguire and Longley 2005; Tait 2005), currently viewed as SDI 

components. While an SDI is the overarching environment formed by the 

confluence of several geographic data providers, each of which granting data 

access through specific Web services, a geoportal provides means to give humans 

some level of interactive access to these data resources, including Web-based 

viewers and metadata-based discovery tools (Figure 1).  



 

Figure 1 - Geoportals and SDI 

The use of Web services to grant direct access to data is the most important 

distinction between first- and second-generation SDIs. In fact, the numerous 

possibilities that arise from using such services to encapsulate data from multiple 

sources, and thereby achieve interoperability, have led Bernard and Craglia (2005) 

to propose a new translation for the SDI acronym: Service-Driven Infrastructures. In 

fact, current SDIs include Web services as one of the possible data access channels, 

while maintaining links to downloadable data and existing Web applications. 

The most current view on spatial information infrastructures considers 

their evolution into the perspective of service-based distributed system 

architectures, which have been proposed as part of a strategy for developing 

complex information systems based on reusable components. One of the most 

interesting approaches in this field is the one of service-oriented architectures 

(SOA) (Papazoglou and Georgakopoulos 2003). Services, their descriptions and 

fundamental operations, such as discovery, selection, and binding, form the basis 

of SOA. SOA supports large applications with sharing of data and processing 

capacity, through network-based distributed allocation of applications and use of 

computational resources. In this architecture, services are self-contained, which 

means that information on the service’s description, including its capabilities, 



interface, behavior, and quality, can be obtained from the service itself, through a 

standardized set of functions. The Open Geospatial Consortium (OGC) has 

proposed many standards for Web service-based data access, such as the Web 

Feature Service (WFS), the Web Map Service (WMS), and several more, including 

some which are under evaluation at the time of this writing {Klopfer, 2005 #2119}.  

6. Research challenges 

We consider that SDIs can be a valuable asset to develop practical solutions 

for the huge challenges posed by sustainability science. By organizing existing data 

in an unobtrusive setting of multiple and distributed sources, scientists can 

discover and gain direct access to relevant data, avoiding the need for time-

consuming data transfer and translation. By “unobtrusive” we mean that data 

providers can keep their data collection and maintenance routines intact, based on 

the information technology tools of their choice, while being able to provide direct 

access to data in a timely and technologically-neutral way. 

The resulting framework points towards the idea of loosely-coupled GIS 

{Alves, 2007 #2000}, especially if the possibilities for developing and deploying 

more sophisticated processing and analysis services are considered. For instance, 

consider the existence of various separate sources of data on rainfall, temperature, 

soil types, and vegetation. From these data, a climate scientist needs to perform an 

analysis to determine evaporation averages. Algorithms to perform such an 

analysis can be documented with metadata and implemented as services. As a 

result, chaining selected data-provision services for the four sources to a selected 

analysis processing service, information can be generated without the need to 

transfer and install sophisticated tools at the scientist’s site, and can even dismiss 

the need for locally-available computing power. The scientist could, in principle, 

execute such an analysis in the field, equipped only with some sort of mobile 

computing device connected to the Internet. This is a form of cloud computing, a 

concept related to Web 2.0 in the direction of providing “software as a service” 

(SaaS) {Buyya, 2008 #2120}. Notice that selecting among various data and 

processing sources is an integral part of the task, and the scientist needs to have 

means to discern between such alternatives. This indicates the need for semantic 

discovery of services, meaning that simple metadata schemes with keyword-based 

searches may not suffice. 

 

7. Future trends and prospects 

The potential volume of data sources and the complexity of geospatial 

analysis algorithms pose interesting and important challenges for loosely-coupled 

GIS and cloud computing. Application requirements for large volumes of data 

transfer can be costly and time consuming, indicating that users might prefer to 

keep copies at more convenient (although also Web-based) locations, and 

therefore some kind of synchronization should take place. There is also the need 

for more research and development on services integration, chaining, and 

orchestration, with better and easier to use tools, along with the need for 

specialized services, designed to assist the use of geospatial cloud computing 



resources with temporary data storage and synchronization methods (Alves and 

Davis Jr 2007). Furthermore, more and better tools for mobile SDI-based 

geospatial computing need to be developed, including geospatial viewers 

specifically designed for small screens, and location-aware services, which can 

count on the growing availability of GPS receivers in cellular phones and other 

devices. 

There are also several concerns about computational performance, 

protection of sensitive data, and the security of partial results, although these 

concerns are shared by the general SOA and cloud computing development efforts. 
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