Geographic Information Systems

The spatial architecture of complex decision-making.




Unpacking the
Acronym:
Location Meets
Intelligence

The Core Function

GIS is an integrated suite

Geographic Information System designed to capture, store,
(Where it is) (What it is) manipulate, and analyze
spatial data.

The Difference

Traditional spreadsheets
store disconnected rows
and columns. GIS explicitly
ties every tabular record to
a physical coordinate
geometry.

System Unified GIS Interface
(How we analyze it) (Location + Intelligence)
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The Philosophy
of Layers

The Overlay Concept

Popularized by lan McHarg, GIS
refuses to view the world as a single,
chaotic map.

Thematic Isolation

The environment is broken down into
isolated thematic layers, stacked on a
shared coordinate reference system to
reveal hidden relationships.

Real World

Roads

Land Use

Hydrology

Elevation

Spatial Overlay &
Intersection Analysis




Everything is related to everything else, but
near things are more related than distant things.
Tobler’s First Law of Geography

¢ Spatial Autocorrelation

Elevation at a given peoint is mathematically
dependent on the pixels immediately
adjacenttoit.

Hydrological Proof

Rainfall in one headwater sub-catchment
directly impacts neighboring streams more
than streams in a distant basin.
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Geographic vs. Geometric Space

Geometric Systems (CAD)

AN

Rely on arbitrary, flat Cartesian grids. Perfectly
precise for a single building site, but fails regionally
because it ignores the curvature of the earth.

Geographic Systems (GIS)

Anchor every point to the Earth’s surface using
global coordinates. Allows flawless stitching of
adjacent maps without negative coordinate errors.
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The 5 Interconnected Components of a GIS
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CPUs/GPUs for algorithms;
cloud storage for imagery.
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Domain experts, analysts, _
and decision-makers. The mathematical rules
and spatial interpolations.
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Even the most advanced hardware and software are entirely useless without
the domain experts who translate physical reality into algorithms.
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The Analytical Landscape: Tool Comparison Matrix

Platform Primary Data Spatial Topology

Database Coupling | Scale

GIS Georeferenced features | High (strict spatial rules) = Tightly coupled

- High-precision

CAD Low (lines cross blindly)

' geometries

MIS (Databases) Structured alphanumeric None
I

Spreadsheets (Excel) | Flat tabular grids None

e 4

Loose text annotations

Maximum relational
constraints

Weak

Regional / Global

Site-specific / Millimeter

Enterprise

Personal calculator

Excel calculates the average discharge. CAD designs the concrete dam.
MIS manages the budget. GIS determines where the dam goes.
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The Discrete
Object Model

Represents the
world as distinct,
separate objects
with absolute,
sharp
mathematical
boundaries.

Spatial Representation Part 1: Vector Data

1. Points 2. Lines 3. Polygons

X,Y coordinates indicating Connected vertices Closed geometric loops

zero-dimensional locations. representing representing two-dimensional
one-dimensional flow. bounded areas.



N
Spatial Representation

Part 2: Raster Data

The Continuous Field Model

Represents phenomena that vary
seamlessly across space without
distinct boundaries (e.g., terrain
elevation, rainfall).

The Grid Structure

Consists of a matrix of identical
cells. Each pixel contains a specific
numerical value representing the
real-world condition at that exact
location.
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1. Elevation Surface (DEM)

A 4
2. Slope & Aspect Calculation ﬂ

A 4
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3. Flow Direction (D8 Algorithm) <
A 4

4. Flow Accumulation Grid %@
v

5. Stream Network Extraction 5%

Spatial Adjacency

Algorithms inspect a pixel and
its surrounding neighbors to
determine physical connectivity.

: N\
Automating Reality H
Complex physical processes,
like watershed delineation, are

calculated in seconds by
cascading spatial operations.
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The Transformative Journey: Data to Knowledge
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Stage 1: Raw Data Stage 2: Information Stage 3: Knowledge

Unanalyzed facts. Isolated Data mapped to coordinates Multi-layer intersection. By overlaying

rainfall measurements or a raw reveals spatial patterns. We see  patterns with environmental

spreadsheet of coordinates. where things happen, but not constraints, GIS uncovers hidden
why. causes and drives foresight.
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The Ultimate Output: Predictive Modeling R L
Systems

The main purpose of GIS is
to act as an engine to model
complex physical processes.

Simulating the
Future

By combining vector bounds,
raster terrain, and spatial
methods, we predict
phenomena—like severe
flood inundation—before a
drop of rain falls.
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Strategic Action

Empowering decision-makers
to choose the safest path in
the real world.
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