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CREATING DIGITAL DATA

The creation of spatial data is a surprisingly underdeveloped topic in GIS literature.
Part of the problem is that it is a lot easier to talk about tangibles such as data as a
commodity, and digitizing procedures, than to generalize what ought to be the very
first step: an analysis of what is needed to solve a particular geographic question.
Social sciences have developed an impressive array of methods under the umbrella
of research design, originally following the lead of experimental design in the natural sciences but now an independent body of work that gains considerably more
attention than its counterpart in the natural sciences (Mitchell and Jolley 2001).
For GIScience, however, there is a dearth of literature on the proper development
of (applied) research questions; and even outside academia there is no vendorindependent guidance for the GIS entrepreneur on setting up the databases that offthe-shelf software should be applied to. GIS vendors try their best to provide their
customers with a starter package of basic data; but while this suffices for training or
tutorial purposes, it cannot substitute for in-house data that is tailored to the needs
of a particular application area.
On the academic side, some of the more thorough introductions to GIS (e.g.
Chrisman 2002) discuss the history of spatial thought and how it can be expressed
as a dialectic relationship between absolute and relative notions of space and time,
which in turn are mirrored in the two most common spatial representations of raster
and vector GIS. This is a good start in that it forces the developer of a new GIS database to think through the limitations of the different ways of storing (and acquiring)
spatial data, but it still provides little guidance.
One of the reasons for the lack of literature – and I dare say academic research –
is that far fewer GIS would be sold if every potential buyer knew how much work is
involved in actually getting started with one’s own data. Looking from the ivory
tower, there are ever fewer theses written that involve the collection of relevant data
because most good advisors warn their mentees about the time involved in that task
and there is virtually no funding of basic research for the development of new methods that make use of new technologies (with the exception of remote sensing where
this kind of research is usually funded by the manufacturer). The GIS trade magazines of the 1980s and early 90s were full of eye-witness reports of GIS projects
running over budget; and a common claim back then was that the development of the
database, which allows a company or regional authority to reap the benefits
of the investment, makes up approximately 90% of the project costs. Anecdotal
evidence shows no change in this staggering character of GIS data assembly
(Hamil 2001).
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KEY CONCEPTS AND TECHNIQUES IN GIS

So what are the questions that a prospective GIS manager should look into before
embarking on a GIS implementation? There is no definitive list, but the following
questions will guide us through the remainder of this chapter.
•
•
•
•
•
•
•
•
•
•

What is the nature of the data that we want to work with?
Is it quantitative or qualitative?
Does it exist hidden in already compiled company data?
Does anybody else have the data we need? If yes, how can we get hold of it? See
also Chapter 2.
What is the scale of the phenomenon that we try to capture with our data?
What is the size of our study area?
What is the resolution of our sampling?
Do we need to update our data? If yes, how often?
How much data do we need, i.e. a sample or a complete census?
What does it cost? An honest cost–benefit analysis can be a real eye-opener.

Although by far the most studied, the first question is also the most difficult one
(Gregory 2003). It touches upon issues of research design and starts with a set of
goals and objectives for setting up the GIS database. What are the questions that we
would like to get answered with our GIS? How immutable are those questions – in
other words, how flexible does the setup have to be? It is a lot easier (and hence
cheaper) to develop a database to answer one specific question than to develop a general-purpose system. On the other hand, it usually is very costly and sometimes even
impossible to change an existing system to answer a new set of questions.
The next step is then to determine what, in an ideal world, the data would look
like that answers our question(s). Our world is not ideal and it is unlikely that we
will gather the kind of data prescribed in this step, but it is interesting to understand
the difference between what we would like to have and what we actually get.
Chapter 3 will expand on the issues related to imperfect data.

1.1 Spatial data

In its most general form, geographic data can be described as any kind of data that
has a spatial reference. A spatial reference is a descriptor for some kind of location,
either in direct form expressed as a coordinate or an address or in indirect form relative to some other location. The location can (1) stand for itself or (2) be part of a
spatial object, in which case it is part of the boundary definition of that object.
In the first instance, we speak of a field view of geographic information because
all the attributes associated with that location are taken to accurately describe
everything at that very position but are to be taken less seriously the further we get
away from that location (and the closer we can to another location).
The second type of locational reference is used for the description of geographic
objects. The position is part of a geometry that defines the boundary of that object.

Albrecht-3572-Ch-01.qxd

5/7/2007

6:16 PM

Page 3

CREATING DIGITAL DATA

x,y

x,y
x,y x,y
x,y
x,y

Figure 1

x,y

x,y

x,y

x,y
x,y

3

x,y

x,y

34.9
43.0
36.1
33.0
35.1
31.2
36.2
41.8
34.6
33.5
32.7
33.1
40.8
32.6
33.6
31.1
30.4
31.2
30.6
32.3

x,y
x,y

Object vs. field view (vector vs. raster GIS).

The attributes associated with this piece of geographic data are supposed to be valid
for all coordinates that are part of the geographic object. For example, if we have the
attribute ‘population density’ for a census unit, then the density value is assumed to
be valid throughout this unit. This would obviously be unrealistic in the case where
a quarter of this unit is occupied by a lake, but it would take either lots of auxiliary
information or sophisticated techniques to deal with this representational flaw.
Temporal aspects are treated just as another attribute. GIS have only very limited
abilities to reason about temporal relationships.
This very general description of spatial data is slightly idealistic (Couclelis 1992). In
practice, most GIS distinguish strictly between the two types of spatial perspectives – the
field view that is typically represented using raster GIS, versus the object view
exemplified by vector GIS (see Figure 1). The sets of functionalities differ considerably depending on which perspective is adopted.

1.2 Sampling

But before we get there, we will have to look at the relationship between the realworld question and the technological means that we have to answer it. Helen
Couclelis (1982) described this process of abstracting from the world that we live in
to the world of GIS in the form of a ‘hierarchical man’ (see Figure 2). GIS store their
spatial data in a two-dimensional Euclidean geometry representation, and while even
spatial novices tend to formalize geographic concepts as simple geometry, we all
realize that this is not an adequate representation of the real world. The hierarchical
man illustrates the difference between how we perceive and conceptualize the world
and how we represent it on our computers. This in turn then determines the kinds of
questions (procedures) that we can ask of our data.
This explains why it is so important to know what one wants the GIS to answer.
It starts with the seemingly trivial question of what area we should collect the data
for – ‘seemingly’ because, often enough, what we observe for one area is influenced
by factors that originate from outside our area of interest. And unless we have
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complete control over all aspects of all our data, we might have to deal with boundaries that are imposed on us but have nothing to do with our research question (the
modifiable area unit problem, or MAUP, which we will revisit in Chapter 10). An
example is street crime, where our outer research boundary is unlikely to be related
to the city boundary, which might have been the original research question, and
where the reported cases are distributed according to police precincts, which in turn
would result in different spatial statistics if we collected our data by precinct rather
than by address (see Figure 3).
In 99% of all situations, we cannot conduct a complete census – we cannot interview every customer, test every fox for rabies, or monitor every brown field (former
industrial site). We then have to conduct a sample and the techniques involved are
radically different depending on whether we assume a discrete or continuous distribution and what we believe the causal factors to be. We deal with a chicken-and-egg
dilemma here because the better our understanding of the research question, the
more specific and hence appropriate can be our sampling technique. Our needs,
however, are exactly the other way around. With a generalist (‘if we don’t know anything, let’s assume random distribution’) approach, we are likely to miss the crucial
events that would tell us more about the unknown phenomenon (be it West Nile virus
or terrorist chatter).
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Most sampling techniques apply to so-called point data; i.e., individual locations
are sampled and assumed to be representative for their immediate neighborhood.
Values for non-sampled locations are then interpolated assuming continuous distributions. The interpolation techniques will be discussed in Chapter 10. Currently
unresolved are the sampling of discrete phenomena, and how to deal with spatial
distributions along networks, be they river or street networks.
Surprisingly little attention has been paid to the appropriate scale for sampling.
A neighborhood park may be the world to a squirrel but is only one of many possible hunting grounds for the falcon nesting on a nearby steeple (see Figure 4). Every
geographic phenomenon can be studied at a multitude of scales but usually only a
small fraction of these is pertinent to the question at hand. As mentioned earlier,
knowing what one is after goes a long way in choosing the right approach.
Given the size of the study area, the assumed form of spatial distribution and
scale, and the budget available, one eventually arrives at a suitable spatial resolution.
However, this might be complicated by the fact that some spatial distributions
change over time (e.g. people on the beach during various seasons). In the end, one
has to make sure that one’s sampling represents, or at least has a chance to represent,
the phenomenon that the GIS is supposed to serve.

1.3 Remote sensing

Without wasting too much time on the question whether remotely sensed data is primary or secondary data, a brief synopsis of the use of image analysis techniques as
a source for spatial data repositories is in order. Traditionally, the two fields of GIS
and remote sensing were cousins who acknowledged each other’s existence but
otherwise stayed clearly away from each other. The widespread availability of remotely
sensed data and especially pressure from a range of application domains have forced
the two communities to cross-fertilize. This can be seen in the added functionalities
of both GIS and remote sensing packages, although the burden is still on the user to
extract information from remotely sensed data.
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Figure 4

Geographic relationships change according to scale

Originally, GIS and remote sensing data were truly complimentary by adding context to the respective other. GIS data helped image analysts to classify otherwise
ambiguous pixels, while imagery used as backdrop to highly specialized vector data
provides orientation and situational setting. Truly integrated software that mixes and
matches raster, vector and image data for all kinds of GIS functions does not exist;
at best, some raster analytical functions take vector data as determinants of processing boundaries. To make full use of remotely sensed data, the GIS user needs to
understand the characteristics of a wide range of sensors and what kind of manipulation the imagery has undergone before it arrives on the user’s desk.
Remotely sensed data is a good example for the field view of spatial information
discussed earlier. For each location we are given a value, called digital number
(DN), usually in the range from 0 to 255, sometimes up to 65,345. These digital
numbers are visualized by different colors on the screen but the software works with
DN values rather than with colors. The satellite or airborne sensors have different
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sensitivities in a wide range of the electromagnetic spectrum, and one aspect that is
confusing for many GIS users is that the relationship between a color on the screen and
a DN representing a particular but very small range of the electromagnetic spectrum is
arbitrary. This is unproblematic as long as we leave the analysis entirely to the
computer – but there is only a very limited range of tasks that can be performed automatically. In all other instances we need to understand what a screen color stands for.
Most remotely sensed data comes from so-called passive sensors, where the sensor captures reflections of energy of the earth’s surface that originally comes from
the sun. Active sensors on the other hand send their own signal and allow the image
analyst to make sense of the difference between what was sent off and what bounces
back from the ‘surface’. In either instance, the word surface refers either to the topographic surface or to parts in close vicinity, such as leaves, roofs, minerals or water
in the ground. Early generations of sensors captured reflections predominantly in a
small number of bands of the visible (to the human eye) and infrared ranges, but the
number of spectral bands as well as their distance from the visible range has
increased. In addition, the resolution of images has improved from multiple kilometers to fractions of a meter (or centimeters in the case of airborne sensors).
With the right sensor, software and expertise of the operator we can now use
remotely sensed data to distinguish not only various kinds of crops but also their
maturity, response to drought conditions or mineral deficiencies. We can detect
buried archaeological sites, do mineral exploration, and measure the height of
waves. But all of these require a thorough understanding of what each sensor can and
cannot capture as well as what conceptual model image analysts use to draw their
conclusions from the digital numbers mentioned above. The difference between academic theory and operational practice is often discouraging. This author, for
instance, searched in vain for imagery that helps to discern the vanishing rate of Irish
bogs because for many years there happened to be no coincidence between cloudless days and a satellite over these areas on a clear day.
On the upside, once one has the kind of remotely sensed data that the GIS practitioner is looking for and some expertise in manipulating it (see Chapter 8), then the
options for improved GIS applications are greatly enhanced.

1.4 Global positioning systems

Usually, when we talk about remotely sensed data, we are referring to imagery – that
is, a file that contains reflectance values for many points covering a given rectangular
area. The global positioning system (GPS) is also based on satellite data, but the data
consists of positions only – there is no attribute information other than some metadata
on how the position was determined. Another difference is that GPS data can be collected on a continuing basis, which helps to collect not just single positions but also
route data. In other words, while a remotely sensed image contains data about a lot of
neighboring locations that gets updated on a daily to yearly basis, GPS data potentially
consist of many irregularly spaced points that are separated by seconds or minutes.
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As of 2006, there was only one easily accessible GPS world-wide. The Russian
system as well as alternative military systems are out of reach of the typical GIS
user, and the planned civilian European system will not be functional for a number
of years. Depending on the type of receiver, ground conditions, and satellite constellations, the horizontal accuracy of GPS measurements lies between a few centimeters and a few hundred meters, which is sufficient for most GIS applications
(however, buyer beware: it is never as good as vendors claim).
GPS data is mainly used to attach a position to field data – that is, to spatialize
attribute measurements taken in the field. It is preferable for the two types of measurement to be taken concurrently because this decreases the opportunity for errors in
matching measurements with their corresponding position. GPS data is increasingly
augmented by a new version of triangulating one’s position that is based on cellphone signals (Bryant 2005). Here, the three or more satellites are either replaced or
preferably added to by cellphone towers. This increases the likelihood of having a
continuous signal, especially in urban areas, where buildings might otherwise disrupt GPS reception. Real-time applications especially benefit from the ability to
track moving objects this way.

1.5 Digitizing and scanning

Most spatial legacy data exists in the form of paper maps, sketches or aerial photographs. And although most newly acquired data comes in digital format, legacy data
holds potentially enormous amounts of valuable information. The term digitizing is
usually applied to the use of a special instrument that allows interactive tracing of
the outline of features on an analogue medium (mostly paper maps). This is in contrast to scanning, where an instrument much like a photocopying or fax machine
captures a digital image of the map, picture or sketch. The former creates geometries
for geographic objects, while the latter results in a picture much like early uses of
imagery to provide a backdrop for pertinent geometries.
Nowadays, the two techniques have merged in what is sometimes called on-screen
or heads-up digitizing, where a scanned image is loaded into the GIS and the operator then traces the outline of objects of their choice on the screen. In any case, and
parallel to the use of GPS measurements, the result is a file of mere geometries,
which then have to be linked with the attribute data describing each geographic
object. Outsiders keep being surprised how little the automatic recognition of objects
has been advanced and hence how much labor is still involved in digitizing or scanning legacy data.

1.6 The attribute component of geographic data

Most of the discussion above concerns the geometric component of geographic
information. This is because it is the geometric aspects that make spatial data
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special. Handling of the attributes is pretty much the same as for general-purpose
data handling, say in a bank or a personnel department. Choice of the correct
attribute, questions of classification, and error handling are all important topics; but
in most instances, a standard textbook on database management would provide an
adequate introduction.
More interesting are concerns arising from the combination of attributes and
geometries. In addition to the classical mismatch, we have to pay special attention to
a particular geographic form of ecological fallacy. Spatial distributions are hardly
ever uniform within a unit of interest, nor are they independent of scale.

