


Concept Of Spatial
Organization

R Spatial organization is the way a group or
phenomenon is arranged on the surface of the Earth.
Geographers like to split things into functional
regions or areas defined by business and economic
activities around a focal point or node.

R A spatial pattern of organization arranges
information according to how things fit together in
physical space i.e. where one thing exists in relation
to another. This pattern works well when a writer
wishes to create a mental picture of something which
has various parts distinguished by physical location.



R The four basic components of spatial organization
are points, lines ,areas and volumes. Spatial means
something that occupies space.

R There are three fundamental concepts of spatial
analysis:

R Space
R Location
R Distance.



Space

@ The human mind measures space in three ways:

&R Absolute space
® relative or topological space, and

R cognitive terms



Absolute space

&R Absolute space can be thought of as
mathematical space. It involves the
precise measurement of location and
space, suchasan X, Y, and Z Absolute space

coordinate. + Can'be thought

of as
mathematical
space

R Absolute space should provide an
unambiguous description of space.

For example, all the information v Hivolves fhe
coded on the topographic map precise
shown here, is stored and displayed measurement
as a representation of absolute of location

location in space. All locations and (%52)
features are all described using
precise measurements and
calculations.




Topological Space

R Topological space can be
thought of as relative space. T
Relative space deals with the |
definition of one location
based on the location of

* Can be thought
of as relative

another ob?ect. These Space

topological relationships

represent connectivit * Suchas the

between features of the e

world. In topological space, i "V VD
precise measurement of space N7
1s not as important as the ¢ “Motrorail

relative description of spatial
features.



R For example, this is a map of the Washington, DC Metro-
rail. This map shows all of the routes that the Metro-rail
takes. Notice that each stop is evenly spaced on this map.

@R As a writer of the Metro-rail, are you concerned with
how far apart the stops are, or the number of stops before
you exit the Metro.

R In the situation of being a passenger on the Metro-rail,
topological space is much more important than absolute
space as your only concern was getting from Point A to
Point B is how many times to the doors open before you
get off, not how many miles you travel before you exit the
Metro.



Cognitive space
R The third type of space is
Cof%nitive space. Cognitive space
reflects people’s beliefs,

experiences, and perceptions
about places.

&R For example, this is a drawing of
a university campus from a
student’s memory. A freshman Reflects people’s
student, may know the location of beliefs
the dorms, the student union, and experiences
the dining hall, very well, but not e
know the rest of campus at all.

@ Conversely, a senior, who lives
off campus, may know of the
location of every parking lot very
well, the locations of many
classrooms, locations of the
student union, but not be familiar
with the location of the dorms.

Cognitive space




‘R Location can be described in four ways:
&R absolute,

R relative,
@R cognitive,

- ®and nominal.
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R Absolute location is
considered an
unambiguous descriptor
of the location, typically
expressed as a coordinate,
such as latitude and
longitude. An absolute
location cannot be
confused with any other
location on earth.
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Relative Location

&R Relative location is expressed as
both the concept of the site, and a

situation.
R Site vs. Situation Site and  Situation
&R Site refers to the physical attributes | |

of the location, for example, the

terrain SOﬂ Vegetation water Physical attributes of a Location of a place

4 74 /4 5 v
: : 1 ltive to oth
source, built environment, and so P s EEnace
places and

on. human activities
&R The situation refers to the location of

a place relative to other places and E.g termain, sl E.g, 80 miles from

human aCtiVitieS. vegetation, water Atlanta, near raw

sources, built materials, far from job

& Knowledge of site and situation is
indispensable in the geography of
industrial location.

environment, etc. opportunities, etc.




Cognitive Location

@ Cognitive location refers to the
personal cognitive images of
places and regions compiled from
personal knowledge, experiences,
and impressions.

R For instance, Wakulla Springs was
considered an important fishing
ground and source of food for the
native inhabitants.

& Now, the same source of water is
seen as a recreational area. So
while this is the same physical
location, it is perceived differently
based on how it is experienced.

Location

*  Absolute - Latitude/longitude

* Relative — United States Public Land Survey
Metes and Bounds

* Cognitive - Place name

* Nominal - “Where were you when...?”




Nominal L.ocation

R A nominal location is a location that you remember
being at when you heard about an event that took
place at a different location.

R For instance, many people remember where they
were when they heard the news of the 9/11 attacks.
Even though they may not have been near the
attacks, the personal memory of the attacks is linked

to the location the person was at when they heard
the news.

R Therefore, the location where they heard the news is
the nominal location that is linked to the distant
location where the event took place.



Distance

Distance is described in absolute, relative, and
cognitive terms.

Absolute distance is a physical unit of measure,
for instance, number of miles between
downtown Houston, and downtown Toronto.

Relative distance is calculated measuring Distance
distance, using metrics such as time, effort, or
cost.

For instance, the distance of two cities maybe
2000 miles apart, which is an absolute e
description of distance, becomes the distance of * Relative - time, effort or cost
two cities measured in tanks of gas, or mileage
charge. + Cognitive - perceived
Last, the cognitive perception of distance. This
refers to an individual’s perception of how far
things are part.

For instance, to some, driving 200 miles between
Houston and San Antonio Texas is a reasonable
drive. However, for others, a 200 mile drive may
seem like a very, very far distance to travel if
they are not used to traveling such a distance
regularly.

+ Absolute - physical units of measure




Spatial structure and
arrangements

R play a fundamental role in spatial analysis, a field that focuses
on understanding the patterns and relationships of geographic
data. In spatial analysis, we examine how various elements,
such as locations, distances, and distributions, interact with
each other and contribute to the overall spatial organization of a
particular area. These spatial structures and arrangements are
crucial in diverse fields, including urban planning,
environmental studies, epidemiology, and transportation
planning.

R Spatial structure refers to the organization and configuration of
spatial features within a given %eographic space. It
encompasses both the physical layout of objects and the
relationships between them. Some key elements of spatial
structure include:



R Spatial Distribution: This refers to the way in which
objects or phenomena are spread across the geographic
area. Distributions can be uniform, clustered, or random.
For instance, the distribution of trees in a forest, or the
locations of disease outbreaks in a region.

R Spatial Density: Density measures the concentration of
objects or events within a specific area. It helps us
understand where features are most concentrated or
sparse. Urban planners use density analysis to identify
areas of high population density and plan infrastructure
accordingly.



R Spatial Proximity: Proximity refers to the closeness of
objects or events in space. Understanding the spatial
proximity between different features is crucial for
assessing accessibility and potential interactions. For
example, the proximity of schools to residential areas or
the distance between healthcare facilities in a region.

R Spatial Autocorrelation: Spatial autocorrelation measures
the degree to which similar values or attributes are
clustered together in space. It helps in identifying patterns
and determining if certain features are spatially
dependent or independent.



R Spatial arrangements, on the other hand, describe the
relationships and connections between different
spatial elements. It involves studying how the spatial
structure contributes to the overall pattern and
organization of a particular area. Key concepts
related to spatial arrangements include:



R Spatial Interactions: This focuses on how different
objects or features interact with each other based on
their spatial relationships. For instance, studying
how land use patterns impact traffic flow or how the
spread of information is influenced by spatial
proximity.

R Spatial Heterogeneity: Spatial heterogeneity refers to
the variation in spatial patterns and arrangements
across a region. It helps in understanding the
diversity and complexity of spatial phenomena.



&R Spatial Accessibility: Accessibility analysis involves measuring
the ease with which one location can be reached from another.
It is used in transportation planning to determine the best
locations for infrastructure development and service provision.

& Network Analysis: Network analysis examines the spatial
arrangement of interconnected elements, such as roads, rivers,
or utility lines. This ty}oe of analysis is valuable in
transportation and utility planning.

@R Spatial analysis methods, including Geographic Information
Systems (GIS), remote sensing, and spatial statistics, are used to
study spatial structure and arrangements. GIS, in particular,
provides powerful tools for visualizing, analyzing, and
interpreting spatial data, enabling researchers and decision-
makers to better understand the underlying patterns and
relationships in a geographic area.
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Straight Line Distance
(Euclidean Distance)

R The straight line distance, also known as Euclidean
distance, is the shortest distance between two points
in a two-dimensional space. It is the direct path that
a line would take to connect the two points, forming
a straight line. The Euclidean distance can be
represented mathematically as:

ad = V((x2 - x1)2+ (y2 - y1)?)
@ where (x1, y1) and (x2, y2) are the coordinates of the
two points.



R The straight line distance is intuitive and easy to
understand, making it a popular choice in various
applications. It is widely used in geographic
information systems (GIS) for measuring distances
between geographic features, such as cities,
landmarks, or ecological habitats. Additionally, it is
commonly employed in network analysis for
determining the proximity of nodes or locations in a
network.



Disadvantages

R Although it is a common distance measure, Euclidean
distance is not scale in-variant which means that distances
computed might be skewed depending on the units of the
features. Typically, one needs to normalize the data
before using this distance measure.

@ Moreover, as the dimensionality increases of your data,
the less useful Euclidean distance becomes. This has to do
with the curse of dimensionality which relates to the
notion that higher-dimensional space does not act as we
would, intuitively, expect from 2- or 3-dimensional space.



Use Cases

& Euclidean distance works great when you have low-
dimensional data and the magnitude of the vectors is
important to be measured. Methods like kNN and
HDBSCAN show great results out of the box if Euclidean
distance is used on low-dimensional data.

@ Although many other measures have been developed to
account for the disadvantages of Euclidean distance, it is
still one of the most used distance measures for good
reasons. It is incredibly intuitive to use, simple to
implement and shows great results in many use-cases.



Shortest Path Distance

R The shortest path distance, also known as network
distance or least-cost path, is the minimum distance that
must be covered to travel from one location to another,
considering the obstacles or barriers present in the
environment.

R Unlike the straight line distance, the shortest path
distance considers the terrain or road network and
identifies the most efficient route to reach the destination.
This measure is of significant importance in
transportation planning, logistics, and route optimization.

& To compute the shortest path distance, various algorithms
are used, such as Dijkstra's algorithm and A* algorithm,
which take into account the weights or costs associated
with traversing different edges or segments in the
network.

& These costs could represent travel time, distance, or any
other impedance.



Manhattan Distance
(Taxicab Distance)

&R The Manhattan distance, also known as taxicab distance
or city block distance, measures the distance between two
points in a grid-based system. It is named after the layout
of streets in Manhattan, where one can only travel along
orthogonal directions (up, down, left, and right).
1f\/[1a1thematically, Manhattan distance can be calculated as

ollows:

®Rd=[x2-x1| + |y2-y]]

@ The Manhattan distance is commonly used in urban
planning and computer science, particularly in algorithms
that require movement alon% a grid or discrete space. It is

also utilized in spatial data clustering and nearest-
neighbor analysis.



Disadvantages

& Although Manhattan distance seems to work okay
for high-dimensional data, it is a measure that is
somewhat less intuitive than euclidean distance,
especially when using in high-dimensional data.

& Moreover, it is more likely to give a higher distance
value than euclidean distance since it does not the
shortest path possible. This does not necessarily give
issues but is something you should take into account.



Use Cases

@ When your dataset has discrete and/or binary
attributes, Manhattan seems to work quite well since
it takes into account the paths that realistically could
be taken within values of those attributes. Take
Euclidean distance, for example, would create a
straight line between two vectors when in reality this
might not actually be possible.



Comparison of Distance
Measures

@R Straight line distance is simple to compute and works well
when obstacles or network information is not relevant.
However, it may not be the most practical measure in real-
world scenarios with complex terrains or transportation
networks.

&R Shortest path distance provides a more realistic representation
of travel distance, accounting for obstacles and network
constraints. It is invaluable in route planning and
transportation-related analyses. However, calculating shortest
paths in large networks can be computationally intensive.

&R Manhattan distance is highly efficient for grid-based systems
and scenarios where movement is restricted to orthogonal
directions. Nevertheless, it may not accurately represent real-
world distances in continuous space.



L.ocation

R Location is a fundamental aspect of spatial analysis,
serving as a key element in various disciplines.

R single points, multiple locations, and regions



Single Points

R Single points represent specific, individual locations
denoted by unique sets of coordinates. In geographic
information systems, these coordinates are often
expressed using latitude and longitude in geographic
coordinate systems or Cartesian coordinates in
projected coordinate systems. Single points serve as
the building blocks of spatial data and analysis,
providing the foundation for understanding the
spatial distribution of discrete events or phenomena.



Applications of Single
Points in Spatial Analysis:

@@ Geocoding: Geocoding involves the process of associating
addresses, place names, or any location descriptor with
their corresponding geographic coordinates on a map.
Geocoded gaoints enable efficient mapping and spatial
querying, facilitating the identification of specific places
and their spatial relationships.

R B. Point Pattern Analysis: Point pattern analysis is
employed to study the spatial arrangement and
distribution of individual events or phenomena across a
study area. Techniques like nearest neighbor analysis,
Ripley's K-function, and quadrat analysis help identify
clustering, dispersion, or randomness of points, unveiling
underlying patterns and processes.



& Location-Based Services: The proliferation of mobile
devices has led to the emergence of location-based
services (LBS), which provide information and
services tailored to the user's geographic location.
Examples include navigation apps, restaurant
finders, and real-time updates about nearby events
or facilities.



Multiple Locations

@ Multiple locations consist of sets of individual
points, each with its unique set of coordinates. These
collections of related points are instrumental in
spatial analysis as they allow for the examination of
interactions and patterns within a dataset. Multiple
locations are used to explore the connections and
relationships between various points, paving the
way for more comprehensive spatial analyses.



Applications of Multiple
Locations in Spatial Analysis:

R Spatial Clustering: Clustering analysis involves
identitfying groups of points that exhibit higher spatial
density or are closely related based on specific attributes.
Clusters can signify areas of similar characteristics or the
presence of underlying patterns, such as disease
outbreaks or retail hotspots.

& B. Network Analysis: Multiple locations become integral
in network analysis, where the focus is on understanding
how locations are connected within transportation, utility,
or social networks. Analyzing the network structure aids
in optimizing routes, identifying critical nodes, and
assessing accessibility



R C. Spatial Interpolation: Spatial interpolation is the
process of estimating values at unobserved locations
based on the values at nearby observed locations.
This technique is widely used in creating continuous
surfaces from point data, such as creating
temperature maps from weather station data.



Regions

R Regions, also known as polygons, are contiguous
spatial areas defined by boundaries that encompass
multiple points, lines, or other regions. Regions play
a crucial role in spatial analysis as they facilitate the
analysis of aggregated data and the identification of
spatial patterns at a larger scale.



Applications of Regions in
Spatial Analysis:

&R Choropleth Mapping: Choropleth maps are a popular
cartographic technique that uses regions to visualize
spatial patterns of attribute data. The regions are shaded
or colored based on the values of a specific attribute,
allowing for the visual representation of spatial
variations.

R B. Spatial Join: Spatial join is a process where data from
one dataset is combined with another based on their
spatial relationships with regions. This technique enables
the integration of attributes from ditferent data sources,
allowing for comprehensive analysis and decision-
making.



R Area-Based Spatial Analysis: Area-based spatial
analysis involves examining the characteristics and
patterns of regions in relation to their neighboring
areas. This approach is used to analyze phenomena
that have a spatial impact over larger geographic
extents, such as land-use planning or ecological
assessments.
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