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ABSTRACT

In general, geospatial data can be divided into two formats, raster and vector formats. A raster consists of a matrix of
cells where each cell contains a value representing quantitative information, such as temperature, vegetation intensity,
land use/cover, elevation, etc. A vector data consists of points, lines and polygons representing location or distance or
area of landscape features in graphical forms. Many raster data are derived from remote sensing techniques using so-
phisticated sensors by quantitative approach and many vector data are generated from GIS processes by qualitative ap-
proach. Among them, land use/cover data is frequently used in many GIS analyses and spatial modeling processes.
However, proper use of quantitative and qualitative geospatial data is important in spatial modeling and decision mak-
ing. In this article, we discuss common geospatial data formats, their origins and proper use in spatial modelling and

decision making processes.
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1. Introduction

The common forms of geospatial data presented in GIS
analysis are either raster or vector. Many raster data are
derived from remote sensing techniques using sophisti-
cated sensors and many vector data are generated from
GIS processes such as point data collection from field
surveys, lines and polygons generated from secondary
conversion of heads-up/on-screen digitizing on paper
maps or high resolution satellite images. However, the
Light Emitting and Ranging (LiDAR) remote sensing
technique captures and stores the height in points. The
most frequently used forms of raster data are land use/
cover, Digital Elevation Model (DEM), surface tempera-
ture, vegetation index, etc. These remotely sensed data
are commonly known as quantitative data because they
represent the actual quantity of land surface characteris-
tics in each pixel. Among them, land use/cover data is
frequently used in GIS analysis and spatial modelling.
Another form of land use/cover is vector format (i.e.,
polygon) and thisis generally converted from paper maps
or heads-up/on-screen digitizing of high spatial resolution
satellite images. In this approach, each polygon represents
an area with the same land use properties or activeties or
ownership, and thisis assumed as qualitative data

Land use/cover data (both quantitative and qualitative)
are widely used in many real world applications such as
natural resource management, forest types mapping, hy-
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drological modelling, crop monitoring and precision
farming in agricultural, town and city planning, trans-
portation planning, public information services, etc. More-
over, land use/cover data is one of the primary data inputs
in many spatial modelling processes. For example, hy-
drologists use land use/cover data to estimate the evapo-
ration, transpiration, infiltration and surface water runoff.
Researchers use land use/cover data to model and assess
the influence of land cover changes by human activities,
and biophysical process, e.g., deforestation, land degra
dation, ecosystem vulnerability, watershed conditions, and
biodiversity [1-3]. Today, remotely sensed datain the form
of classified land cover are used to derive input variables
for a wide variety of environmental models, eg., hy-
drologic-response and wild life habitat models [4,5]. Na
tural resources managers use land use/cover data to esti-
mate forest, water and land resources. City and urban
planners use land use/cover data to identify built-up areas
inside the city. In this article, we will discuss common
geospatia data formats, their origins and proper use in
spatial modelling and decision making.

2. Quantitative ver sus Qualitative Geospatial
Data
2.1. Data Formatsand Origins

Raster format quantitative geospatial data are commonly
derived from medium resolution remote sensing images,
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and vector format geospatial data is derived from high
resolution aerial or satellite images by heads-up/on-
screen digitizing or other GIS processes. For example,
raster format land use/cover is quantitative data since the
data was classified or categorized by similar spectral
properties of each land category.

This process is also known as multispectral classifica-
tion in remote sensing. The classification can be done
either by computer (unsupervised classification) or by
human (supervised classification). Supervised classifica-
tion is a procedure for identifying spectrally similar areas
on an image by identifying “training” sites of known
targets and then extrapolating those spectral signatures to
other areas of unknown targets. Supervised classification
relies on the a priori knowledge of the location and
identity of land cover types that are in the image. This
can be achieved through field work, study of aerial photo-
graphs or other independent sources of information.
Training areas, usualy small and discrete compared to
the full image, are used to “train” the classification algori-
thm to recognize land cover classes based on their spec-
tral signatures, as found in the image. The training areas
for any one land cover class need to fully represent the
variahility of that class within the image (Figure 1).

Data or maps generated from this quantitative approach
answer the question “How much?’ because of their des-

Classify land cover

criptive information. In this approach, each pixel (known
as spatial resolution 10 m, 20 m, 30 m, etc.) represents an
actual amount or characteristic of land use/cover. Nor-
mally the generation of quantitative land use/cover is
cost- and time-effective and it is widely used for research
and scientific investigation purposes.

The vector format qualitative land use/cover data are
generated from high resolution aerial photos or satellite
images by heads-up/on-screen digitizing. In this approach,
each land use/cover polygon is grouped by the same
land-use properties, activities or ownership, the details of
which are hidden (Figure 2). Moreover, the generation
of qualitative land use/land cover istime, cost and labour
intensive work which requires image processing, heads-
up/on-screen digitizing, database creation and ground
truth validation. Therefore it cannot be updated fre-
guently and is only available for urban and its surround-
ing areas. This qualitative data is commonly used in
government and municipal offices for urban planning and
policy-making. Normally this kind of land use/cover map
answers “How nice or clear?’ because of its qualitative
approach. Therefore, the qualitative land use/cover data
is suitable to use in public information services and land
property assessment. Table 1 summarized the sources
and generation of quantitative and qualitative land use/
cover data.
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Figure 1. Quantitative land use/cover map derived from Landsat ETM+ (Enhanced Thematic M apper).
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2.2. Proper Usefor Spatial Modelling and
Decision Making

Raster format quantitative land use/cover data have been
widely used in GIS analysis and spatial modelling for-
more than three decades since the availability of space-
borne remote sensing data like Landsat MSS/TM/ETM.
The primary purpose of these Landsat seriesimagesis to
produce thematic maps like land use/cover. Due to the
descriptive information of raster format, the quantitative
land use/cover data has been mainly used by scientists,
researchers, hydrologists, biologists, natural resources
managers and other quantitative information users. These
guantitative data are suitable to use in the study of defor-
estation, forest types mapping, vegetation analysis, esti-
mation of surface water run-off, etc. The quantitative
land use/cover data is aso good for investigation of en-
vironmental phenomena by combining additional quanti-
tative data such as surface temperature derived from sat-
ellite images to study the spatial relationship between
land use/cover and surface temperature in order to under-
stand and visualize the urban heat island effect.

Land use zoning by
same land use type
activity and owership

QuaJitative Land Use Data

Vector format qualitative land use/cover data or maps
are commonly used in the public domain due to the “neat
and tidy” nature of the data, such as in city offices, mu-
nicipal departments and public information centres.
Moreover, from the urban planning and policy-making
point of view, city planners and policy-makers might
want to know how much of the land area is used for
educational, industrial or public facility purposes (i.e.,
which areas of land are used for what purposes), rather
than knowing about the descriptive information on bare
lands, grasslands, urban spaces, etc. This land use can be
changed at any time based on their planning and policy,
and it is also very difficult to distinguish between these
land categories in remote sensing data. For example, it is
very difficult to distinguish between residential, Indus-
trial or commercia land use types. Moreover, this quail-
tative land use/cover is useful for calculation of road
surface areas for estimation of road maintenance costs or
snow removal costs within the city that cannot be distin-
guished in remotely sensed data due to the complexity of
landscape structures, such as trees shading over the roads.
Table 2 summarized the quantitative and qualitative land
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Figure 2. Qualitative land use map (Sour ce: Geospatial Information Authority of Japan).

Table 1. Sourcesand gener ation of quantitative and qualitative land use/cover data.

Quantitative

Qualitative

Data sources MSS/TM/ETM, SPOT, ALOS AVNIR-2)

Multispectral classification

Grouped by similar spectral properties
Level | Classification (e.g. forest, water,
urban dense, urban sparse, agricultural land,
€etc.)

Generation method

e Medium resolution satellite image (e.g. Landsat e

High resolution aerial photos or satellite image and paper maps
(e.g. QuickBird, GeoEyes)

e Heads-up/on-screen digitizing on high resolution satellite image or
paper maps
e Grouped by same land use activities, properties and ownership

Level Il Classification (e.g. residential, commercial, industrial,
public facility, road, park, paddy field, etc.)
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Table 2. Summary of quantitative and qualitative data used in real world applications.

Quantitative

Qualitative

Monitoring of deforestation process
Vegetation analysis

Application
resources)

e Spatia relationship between land use/cover and

Land use change and environmental impact

Natural resources management (i.e., land, forest and water

Urban planning

Policy-making

Public information service
Housing and municipal planning

environmental phenomena such as surface temperature

use/cover dataused in real world applications.

Proper uses of both quantitative and qualitative geo-
spatial data are important in GIS analysis and spatial
modelling. For example, use of quantitative datain urban
planning and policy-making issues is not suitable, be-
cause urban planning cannot be done based on pixel by
pixel analysis, but rather looks at land use zone by zone
or within administrative boundaries. Also, the use of
qualitative data in environmental studies is not a proper
way to discuss environmental matters. In this case, quan-
titative land use data will be more appropriate, because
either one or two pixels of data can have an impact on
the environment, especially vegetation, water, bare land,
grassland and forest pixels. However, a combination of
guantitative and qualitative data is sometimes required,
for example, to address environmental issues in the urban
planning process. In order to build an eco-city, for exam-
ple, urban planners are required to identify green spaces
inside the city and then take into an account in their ur-
ban planning processes.

From a real-world applications point of view, GIS
based vector data alone cannot solve some spatial prob-
lems, especially in environmental issues that include dif-
ficulties in determining where the green spaces are, how
much of an area is forested, how much surface water
there is, etc. This is because the GIS based vector data
represent the world in a graphical form (i.e., roads are
represented as lines, buildings are represented as poly-
gons, bus stands are represented as points and so on). In
this representation scheme, geographic means “geo” plus
“graphic,” and, therefore, we can easily construct a data-
base for these graphics and manipulate them. Therefore,
GIS is a powerful tool to solve spatia problems. In con-
trast, remote sensing technology frequently referred to as
geoinformatics, use sensors and capture the world as real
information. However, due to the complex nature of the
landscape and the thousands of millions of pixels needed
to describe landscapes, it is difficult to construct a data-
base that could be used to extract information from the
pixels. By integrating the remote sensing and GIS infor-
mation, we can benefit spatial information users not only
by enhancing their graphical processing, but also by ena-
bling the processing of real-world information. For ex-
ample, to identify the shortest or greenest path, analysis
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in GIS is required to combine vegetation data derived
from remote sensing data and the GIS road network data
model [6].

Although many studies have used analysis of quantita-
tive land use changes (i.e., raster format) such as land use
change modelling, monitoring of deforestation processes,
vegetation changes analysis, urban expansion, etc., there
are only afew studies on qualitative change analysis (i.e.,
vector format). For example, some scholars have deve-
loped spatiotemporal analytical methods for vector for-
mat change analysis by introducing concepts and indices
such as the intersection concept, polygon events of gen-
eration and disappearance, expansion, shrinkage, union
and division, Stability Index (Sl) and Compactness [7-
10]. These methods are focused on the qualitative attrib-
ute and changed in feature geometric characteristics
which improved the understanding of land use change
processes in urban planning and policy making.

3. Conclusion

Quantitative and qualitative land use/land cover data are
widely used in spatial modelling such as land use change
analysis, hydrological modelling, health and environment,
ecological modelling, city and town planning, public
facility management and so on. Raster based Remote
Sensing technology provides real world information in
guantitative approach and while Geographic Information
Systems (GIS) provides theory and methods that have the
potential to facilitate the development of spatial analytic-
cal functions and various GIS data models. However,
correct use of land use/land cover data format in spatial
modelling is important for proper decision making. This
article aims to discuss formats of land use/cover, their
origin and the proper use for spatial modelling and the
decision making processin real world applications.
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