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Abstract. The internet is changing the way we exchange information. Exchange is becoming more 
efficient and more anonymous. For geo-data, one can observe often long geo-data user chains from producer 
to end-user. For example a dataset is produced by the producer, then handed to the salesperson/data manager, 
next it is received by the data managers of various other organizations. Internally, the receiving data manager 
may place the geo-dataset on an internal server. Anyone within the organization has access to this internal 
server. In the end, one has not a clue of who is actually using the dataset. From various perspectives this can 
be undesirable. Producers are less well informed about users’ needs. Users are less well informed about data 
quality and other users’ experiences. User surveys and user conferences may overcome these problems, but 
often their response rate is very low. As a result, one does not know whether these surveys accurately 
represent the user community. In this paper, we present the results of a research in which we aimed to 
identify and classify all users in the population. Differences between organizations are analyzed. We 
investigate which fractions of users give feedback to the producer and whether these users are representative 
for their community. And we investigate the importance of printed metadata relative to personal contacts. To 
our knowledge, this is the first effort ever to identify the complete user population of a geo-dataset. We 
conclude the paper with a vision on a new research agenda on geo-data user chains  
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1. Introduction 
This paper starts with a brief example of one geo-data chain. One or more surveyors or image interpreters 
produce a geo-dataset. These persons pass the dataset on to their data distributor. Possibly but not necessarily 
the data distributor asks people accessing the dataset to register. The receiver does not necessarily use the 
dataset himself. He may be a data manager who places the dataset on the internal server for “real” users 
within his organization. There are tens or hundreds of datasets on this internal server and the server is 
accessed by tens or hundreds of people. It is impossible to know which person is accessing a particular 
dataset. A large organization may have a sub department with its own internal data manager. Within this sub 
department the dataset is used in a project by one team of GIS experts. It is passed on between the team 
members, each conducting its own particular GIS operations on it. Possibly at this stage geo-data sets are 
combined, thus merging a number of (geo-) data chains into a new chain. Based on the GIS output the team 
leader writes the policy recommendation. The team leader has not actually handled the dataset. The policy 
maker who uses the report to makes his decision is probably unaware of which specific input data were used. 
Chains like the one in this example together form a network of nodes and links (Masser 2006, Omran and 
van Etten 2007). Nodes can be people, user organizations and websites. Data managers and geoportals are 
hubs in the network, with many outgoing links. Each node is part of at least the geo-data network (linkage: 
producer -> user) and may also be part of the geo-people network (user -> producer & user -> user).  

The geo-data network is used to transfer data from producer to users, links are directed only in that 
direction. A consequence of this directed nature is that it is almost impossible to find users, while it is very 
easy to find the hubs and the data producer (Barabasi 2003: 166). Based on the example above it is easy to 
imagine how a user would contact his data manager or the producer, while it is very difficult for the producer 
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to identify the end-users and it is very difficult for end-users to identify other users of the same data. 
Potentially such a network has some serious disadvantages: 

• for producers it is impossible to find out and respond to their users’ needs 
• data managers don’t know whether or not a new update should be ordered, because they do not know 

who within the organization is using the data  
• where data managers cannot tell if a dataset is actually used, overall funding of the production itself 

may come at risk 
• end-users cannot share amongst each other interesting ideas, innovations and concerns 

The links in the geo-people network may mitigate the disadvantages listed above. People collaborate 
while working with a dataset. If necessary, they contact the producer for help. The geo-people network links 
users to each other. The directed nature of the links in the geo-data network and the anonymous nature of 
exchange of geo-data over the internet and intranets make it practically difficult to map the two networks. 
The only feasible option is to build on the geo-people network. We ask users to name all the other users and 
so forth. Very little is known empirically about the two networks. The main research question explored in 
this paper is: what do geo-people networks look like? We present an extensive empirical research into the 
geo-people networks of two geo-datasets. We look into different user classifications, the extent to which 
users are giving feedback to the producer, differences between organisations and the importance of 
documented metadata relative to personal contacts as a source of metadata. 

2. Materials & methods 

2.1. User definition 
The definition of the term “user” determines the extent of the user population. We propose the following 
classification (all were invited to fill in the survey): 

• Intermediary = data manager, buyer/salesperson 
• GIS / graphic user = I work directly with the geo-dataset 
• Higher level user = I do not work directly with the geo-dataset. But I do know the dataset and it is 

used in processes in which I am involved 
• Ex-user = did at one time but not over the past year use the dataset 

This is a list of user roles. One person can have multiple roles. In the survey, we allowed persons to tick 
multiple roles. For the two datasets (§2.2), 18% and 15% of the respondents indicated they had 2 or more 
roles. One could say that a user type is a combination of one or more of these roles.  

Unaware users 
We envisage a whole network of actors in the decision-making arena, almost all of them unknowingly 
connected to our network of conscious users (Masser et al 2008). Reports, websites, presentations and 
personal contacts are used to transfer images, graphs and tables to unaware users. As a second classification, 
we propose to classify users according to how frequently they produce images / graphs / tables for unaware 
users: frequently, sometimes or never. 

2.2. Survey procedure and datasets 

Survey procedure 
We started by mining user registrations provided by the producers and their salespersons, using registrations 
from January 2004 to August 2007. Each respondent was requested to name other users. To these we also 
sent the survey. This iterative procedure stopped when no more new names were coming in (Hanneman and 
Riddle 2005, Marsden 2005).  

Geo-datasets 
The two datasets analyzed were actually two product families. LGN is the national land cover database of the 
Netherlands. It is a product family, comprising the following geo-datasets: LGN1, LGN2, LGN3, LGN3plus, 
LGN4 and LGN5 (LGN6 is currently in production). These geo-datasets form a time series, starting with the 
experimental product LGN1 in 1986 and updated every 3-5 years. LGN is a 25m resolution raster dataset 
with 5 main and 39 sub land cover classes. LGN is used in a wide range of environmental applications. User 
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conferences have been organized to receive feedback from users. There is extensive documentation and 
several scientific publications. Metadata is delivered to users when buying the dataset.  
HGN is the historical land cover database of the Netherlands. It is a product family, comprising the following 
geo-datasets: GIS datasets: HGN1900, HGN1960 and HGN1990; scanned historical topographical maps 
(georeferenced, 1850-1935) and more recent topographical maps (1:25.000, 1940 - 1994). First HGN 
products were delivered in 2004. In comparison with LGN, the user community is smaller. There have been 
no user surveys or conferences thus far. People buying HGN receive a report describing in detail the 
production method.  

Statistical analysis 
We did no statistical hypothesis testing. Either we have captured the complete population, or we are 
completely in the dark of the unchartered parts of the population. In both cases, sampling based statistical 
tests are not applicable. One could consider the networks in this study as samples from the larger national 
Spatial Data Infrastructure (SDI), but making statistical inferences on the NSDI based on the networks of 
only two geo-datasets is too speculative. 

3. Results 

3.1. Response 
From September 2007 to February 2008 we compiled a list of 341 email addresses of people named as LGN 
user and 89 names of people who might be HGN user. Table 1 shows their status. In total we have 94 (LGN) 
and 36 (HGN) real users. In the following subsections we will proceed the assumption that those who did not 
respond after 3 requests are or are not real users. 

Table 1 Response status 

 LGN HGN 
open (= no response after 3 requests) 156 33 
closed, filled in survey  
with ex-users 108 39 
without ex-users 94 36 
does not consider him/herself a user 49 11 
bounced, no new e-mail 17 6 
does not want to fill in 9  
bought the dataset, but not yet using it 2  
Total 341 89 

 
Results indicate that both datasets are being used in many different organizations (table 2) and that for many 
of the organizations in our list not a single person responded to the survey (LGN: 41%, HGN: 33%). For 
both datasets Wageningen University and Research Centre is the major LGN/HGN using organization 
covering ca 45% of the entire user population. Circa 80% of the LGN/HGN using organizations have 3 or 
less users. 

Table 2. LGN/HGN using organisations 

 LGN HGN 
Total mentioned 54 18 
Total with 1 or more real users 32 (59%) 12 (67%) 
# organisations with 3 or less users  27 (84%) 9 (75%) 
# organisations with 1 or less users 20 (63%) 8 (67%) 
Major LGN / HGN using organisations % of population 
Wageningen UR 44% 46% 
Water boards (14 in total) 25%  
National Forestry Agency 13% 
Netherlands Environmental Assessment Agency 8% 15% 
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3.2. User types 
The two classifications of users of user roles and reporting to unaware users are uncorrelated which means 
that they can really be used as different, complementary classifications, to be used when appropriate. A 
comparison with names of people who help with accessing data or metadata was not possible due to high 
non-response to the applicable survey questions. Table 3 shows distributions of LGN/HGN user types. The 
distribution is similar, with LGN having relatively more users with the higher level role and HGN having 
more users with the GIS/graphic role. Furthermore, LGN users report relatively more frequently to unaware 
users. This indicates that LGN is more strongly embedded in decision-making processes and/or models. This 
could be explained from the age of the datasets - LGN exists longer so it has had more time to become 
embedded. Also a more specialised product like HGN (historical land cover) may require more time to find 
its way into applications. 

Table 3. User types 

  Q2: user roles* Q4 reporting to unaware users 
 Inter-

mediary 
GIS / 
graphic 

Higher 
level 

Sum frequently sometimes never Sum 

LGN 29 61 31 121 12 55 40 107 
 0.24 0.50 0.26 1.00 0.11 0.51 0.37 1.00 
HGN 11 24 5 40 1 17 20 38 
 0.28 0.60 0.13 1.00 0.03 0.45 0.53 1.00 

* note: Q2 is counting the roles. Note that one person may have multiple roles, therefore the sum is larger 
than the total number of users (LGN 94, HGN 36 table 1).  

 
Considering the high number of organizations with less than three LGN / HGN users (table 2) a comparison 
between organizations in terms of user types was impossible. For LGN the population was large enough to 
categorize organizations (table 4). The organization Wageningen UR as a single user has a fraction of 
intermediaries of 0.13 as opposed to around 0.33 for most organization categories. It suggests that this 
organization has an effective SDI in place. Possibly this is related to the size of the organization. Water 
boards have relatively much GIS users and relatively few higher level users. This is in line with the more 
operational role of these organizations in Dutch land use planning and water management. Provinces have a 
more coordinating role, as an intermediary between national policies and implementation at municipal / 
water board level. The relatively high fractions of intermediaries and higher level users are in line with this 
role. For the other categories, the number of respondents seems too low to draw conclusions. 

Table 4. User roles per organization category for LGN 

 N intermediaries
GIS / 

graphic 
higher 
level 

Wageningen UR (WUR) 50 0.13 0.53 0.34 
Education / research (excl. WUR) 15 0.29 0.57 0.14 
Waterboards 27 0.33 0.55 0.12 
Provinces 10 0.36 0.27 0.36 
Ministries 4 0.33 0.50 0.17 
Private companies 4 0.25 0.25 0.50 
Municipality 1 0.50 0.50 0.00 

3.3. Feedback to the producer 
Of the respondents 34% or 42% has at one point in time given feedback to the producer (table 5). It is mostly 
the small LGN/HGN using organizations and the higher level users who are not giving feedback. The 18 out 
of 32 (56%) LGN using organizations with not a single person giving feedback cover 25% of the user 
population, 15 out of 18 have only 1 or 2 users. The 7 out of 12 (58%) HGN using organizations with not a 
single person is giving feedback cover 32% of the user population, 6 out of 7 have only 1 or 2 users.  
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Table 5. Feedback to the producer 

 LGN HGN 
Respondents  34% 42% 
LGN/HGN using organisations*  44% 42% 
intermediary user role 53% 50% 
GIS / graphic user role 47% 63% 
higher level user role 18% 17% 
Frequently reporting to unaware users 43%  
Sometimes reporting to unaware users 39% 56% 
Never reporting to unaware users 29% 38% 

* a LGN/HGN using organisation was considered to give feedback if at least one person from the organisation gave 
feedback 

3.4. The human factor 
An organization where many people need help with accessing data and metadata is vulnerable – loss of 
personnel would make data and metadata at least temporarily lost. Also, where such help is often required 
there may be potential for cost saving through SDI technology, standards and policies. The same rationale 
applies to the fraction of intermediaries within an organization. Comparison of individual organizations in 
terms of the human factor was impossible due to the very low number of LGN / HGN users per organization. 
Overall the fractions of people who did and who did not need help with access are remarkably similar for 
LGN and HGN (table 6). So are the fractions of intermediaries per organization category (table 4). Table 7 
indicates that the metadata report and website of LGN / HGN are by far the most important sources of 
metadata for users. The LGN website contains much more metadata than the HGN website; this is reflected 
in the importance of website relative to metadata report.  

Table 6. Help with data access 

 LGN HGN 
NO help needed 52% 53% 
YES help needed 35% 39% 
don't remember 13% 8% 

Table 7. Prime source of metadata 

Q9 LGN HGN 
Metadata report 0.40 0.73 
www.lgn.nl / www.hgnnederland.nl 0.34 0.16 
search engine (e.g. Google) 0.05 0.00 
first ask another person 0.19 0.11 
other, namely 0.03 0.00 

3.5. Network analysis 
Figure 1 shows the geo-people network of LGN. The figure of HGN is very similar (though smaller) and is 
not shown here. Similarities in both networks: 

• The majority (87%) mentions less than 3 other users. The exceptions, central nodes in the network, 
are the producer (left blue node) and salesperson (right blue node). 

• Most users mention only users within their own organization (LGN 81%, HGN 50%). 
• Even within the own organization, many users mention no other users (LGN 45%, HGN 47%). 
• External links are relatively often handled by intermediaries 
• In the majority of cases, there is only one external link, namely between LGN/HGN using 

organization and producer organization. There are virtually no links between different LGN/HGN 
using organizations. 
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Figure 3. Sociogram of the LGN geo-people network, only the real users, organisations in different colours, 
intermediaries as squares, non-intermediaries as circles. 

4. Discussion 
To our knowledge this paper represents the most extensive geo-people network analysis ever presented. 
Nevertheless, the high non-response (table 1) calls for further research into the (in)completeness of our 
network mapping. If non-response is due to people who are not real users, then we should further look into 
the (in)accuracy of users response. 

Apart from the study by Omran and van Etten (2007), there are no other social network analyses 
specifically for geo-data with which we can compare our results. A marked similarity with the network 
described by Omran and van Etten is the power law distribution of the number of links per person (Barabasi 
2003), i.e. there are one or two nodes with a very high number of links and the majority of people have just 
one or two links. There are three marked differences with their network: 

• They studied only one organization plus its external links. We worked with a narrower definition of 
spatial data and studied a larger group of organizations.  

• The people who handle the external links are different: only higher level users (Omran and van Etten) 
vs. mostly intermediaries and GIS/graphic users. Possibly this difference can be explained from 
organizational and cultural variables.  

• The links studied differed. Their definition was narrower (transferring spatial data) than ours (name 
as many other users as possible). We aimed to identify all the links without being specific on what 
was transferred over the links. 

5. Conclusion & further research 
User and producers have knowledge of the quality of their spatial data sets. While working with the data, 
users may identify errors or issues that are not covered in producer supplied metadata. They may come up 
with innovations to cope with these errors. Informing the producer and other users about errors and 
innovations is beneficial to all. Such sharing starts with knowing how to contact each other. We studied three 
categories of linkages:  
(1) producer -> user  
(2) user -> producer 
(3) user -> user  
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Currently the energy of Spatial Data Infrastructure (SDI) programs goes mainly to increasing the 
efficiency and effectiveness of (1). SDI technologies, standards and policies are improving the efficiency of 
the transfer of data/metadata, so that users find it increasingly easy to find and access data and metadata 
(Groot and McLaughlin 2000, Williamson et al 2003, Masser 2005). This is reflected in our results where a 
large fraction of users required no help in accessing data (52%) or metadata (ca 80%). The flow from user to 
producer is also present: ca 35% of the users has at one point in time given feedback to the data producer. 
What is really absent is the links among users. For two datasets we have shown that the majority of users 
(87%) can only directly name less than 3 real other users and that there are virtually no links between 
different LGN/HGN using organisations at the level of these datasets. The intriguing question is whether 
users would or would not like to have more links to other users. Are they unaware of the possible benefits or 
is it their perception that the benefits are not worth the effort? In any case, what we have found here is that 
even if they would want to have more links to other users, they would not be able to establish these without 
the help of the two central nodes in the network: the data producer and his salesperson(s). 

The work presented in this paper also has implications for monitoring SDI programmes (Georgiadou et 
al 2006, Harvey and Tulloch 2006, Masser 2006). In theory the method presented is reproducible, for a 
clearly demarcated user group of which the population (the people) is allowed to change over time. The 
method works at the level where benefits of SDI are experienced (individual people, all user types) and 
allows for scaling up from there, thus reducing the sensitivity to non-representative individual responses. For 
example, a reduction of the fraction of people requiring help with access could be interpreted as improved 
efficiency. Growth of the network could be interpreted as increased effectiveness. Despite the potential, there 
remain some issues that need to be resolved before the method can actually be used for SDI monitoring. We 
need to know how the results are affected by the incomplete mapping of the user population. And we should 
look into extensions of the current method that may yield a more complete map (e.g. Brewer 2000, Marsden 
2005). For SDI-like comparisons between organisations, we recommend working with datasets other than 
LGN/HGN, datasets with more users per organisation.  

For further research we recommend mapping more geo-data networks to better understand their diversity. 
We hypothesise that the network topology will differ depending on cultural and organisational factors (De 
Vos 2007, Omran and van Etten 2007, Harvey and Tulloch 2007) and that it will differ depending on 
whether the data are shared either completely anonymous over the internet to users all over the world or less 
anonymous such as for commercial datasets with the user community confined to the borders of a small 
country. We recommend research into extensions of the current method that may yield a more complete 
mapping of geopeople networks (Brewer 2000, Marsden 2005). For monitoring SDI, we recommend to 
select a number of datasets and map their networks at regular intervals in time. And finally, we need to find 
out more about users’ perceived benefits of user-to-user linkages. If such benefits are clearly perceived, they 
should be followed by efforts of setting up users’ organisations. 
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