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Geographical information systems (GIS) offer methods for representing spatial data that
enable users to adopt conceptual models that closely mirror the three classes of models
previously discussed. Geographic information systems (GIS) are a specialized type of
information system where the database contains observations on spatially distributed features,
activities or events, which can be defined as points, lines or areas in space. GIS manages data
regarding these points, lines and areas, allowing for the retrieval and analysis of data for ad
hoc queries and other analytical purposes. (Sunil Pratap Singh, 2022).

Geospatial data has significantly different structure and function. It includes
structured data about objects in the spatial universe - their identity, location, shape and
orientation and other things we may know about them. Geographical data describe an
incredibly wide range of objects or business assets - roads, buildings, property lines, terrain,
infrastructure, hydrology and ecosystems. All these objects can be described in terms of
points, lines and polygons - and tables of these objects constitute the tabular portion of
geospatial data.

Spatial data are the foundation of a GIS. The unique capabilities that distinguish a
GIS from other analytical environments are based on the spatially explicit nature of this data.
Spatial data, also known as geospatial data, refers to information about the locations and
shapes of geographic features and the relationships between them. This data is typically
represented in a format that can be mapped, allowing for analysis and visualization. Layers
digitally represent features on, above or below the earth’s surface in a specialized storage
format. Spatial data models fall into two main categories.

1) Vector Data - (ArcInfo Coverages, ArcGIS Shape Files, CAD)
2) Raster Data - (ArcInfo Grids, Digital Elevation Models, generic raster datasets)
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Vector data model

Vector data, a type of spatial data used in geographic information systems (GIS), represents

geographic features through geometric constructs like points, lines and polygons, accurately

depicting their shape, size and location.

Points: Zero-dimensional objects with a single coordinate pair, representing discrete features

such as buildings, wells or power poles. Points only have the property of location. Unlike

points, nodes are topological junctions where lines or polygons intersect, and vertices are

bends along lines or polygon features that are not intersections.

Lines: One-dimensional features composed of multiple, explicitly connected points,

representing linear features like roads, streams or boundaries. Lines have the property of

length and can be referred to as chains, edges, segments or arcs when connecting two nodes.

Polygons: Two-dimensional features created by multiple lines that loop back to form a

"closed" feature, where the first and last coordinate pairs coincide. Polygons represent areas

such as city boundaries, geologic formations, lakes, soil associations or vegetation

communities, with properties of area and perimeter.

Advantages

e |t provides a clear and precise way to represent quantities with both magnitude and
direction.

e It simplifies calculation, making mathematical operations straightforward & visually
intuitive.

e Vectors are versatile for use in multiple dimensions, from 2D to 3D and beyond.

e Good representation of phenomenological data structure with accurate graphics

e Retrieval, updating and generalization of graphics and attributes are possible

Disadvantages

e Vector operations can become complex when dealing with higher-dimensional spaces.

Vector methods may not be as useful in purely algebraic contexts.

Spatial analysis and filtering within polygons are impossible.

Operations on large vectors can be intensive, requiring significant processing power.

Display and plotting can be expensive, particularly for high quality, colour

Raster data model

The term “raster" comes from the German word for screen, suggesting a series of

orthogonally oriented parallel lines. The raster data model is a widely adopted method for

storing geographic data and typically takes the form of a grid-like structure with values at

regularly spaced intervals across the raster. Alongside the vector data model, it is one of the

earliest and most extensively used data models in geographic information systems (GIS)

(Tomlin, 1990; Goodchild, 1992; Maguire, 1992). Raster data is commonly used to record,

analyze and visualize continuous data such as elevation, temperature or reflected and emitted

electromagnetic radiation. Digital rasters often appear as a regularly spaced grid pattern of

rows and columns, with each element referred to as a cell, pixel, or grid point. The raster is

sometimes called an image, array, surface, matrix, or lattice (Wise, 2000). Raster cells are

most often square but can also be rectangular or other shapes like triangles and hexagons that

can be tessellated. The size or extent of each cell, given in linear units of distance (e.g., feet,

meters, kilometers along one side of the cell) or in degrees or fractions of degrees of latitude

and longitude (e.g., one arc second, or one-third arc second), indicates the resolution of the

raster.

Advantages

e They are excellent for representing continuous data, such as elevation, temperature, and
rainfall, making them suitable for environmental and earth science applications.

e They allow for easy overlay and comparison of different datasets.

e Raster data is perfect for detailed imagery and high-resolution spatial information.

e It simplifies various kinds of spatial analysis as each spatial unit has same size & shape.
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The technology is cost-effective, energetically developed & well-suited for spatial
analysis.

Disadvantages

It requires a large amount of storage and processing demands for high-resolution images.
It can result in a loss of detail & precision, when representing linear features like roads.

It needs significant preprocessing and cleaning, which can be time-consuming.

It limits the ability to accurately represent small or complex features, affecting analysis.
They are less effective for representing discrete data, such as land parcels or
administrative boundaries, compared to vector methods.

Applications in Agriculture
Spatial data models are crucial in agriculture for enhancing productivity, sustainability, and
resource management. Here are some key applications:

1. Precision Farming: Spatial data models help in precision farming by enabling farmers to
apply the right amount of inputs (like water, fertilizers, and pesticides) at the right time
and place, optimizing crop yields and reducing waste.

2. Crop Monitoring: Using remote sensing technologies, such as drones and satellites,
spatial data models can monitor crop health, detect diseases and assess vegetation indices
to ensure timely interventions.

3. Yield Prediction: Advanced models, including machine learning and deep learning
techniques, analyze spatial data to predict crop yields, helping farmers make informed
decisions about harvest planning and market strategies.

4. Soil Management: Spatial data models assist in mapping soil properties and variability
across fields, guiding soil management practices to improve fertility and crop health.

5. Water Resource Management: By analyzing spatial data on rainfall, irrigation patterns
and soil moisture, these models help in efficient water resource management, ensuring
optimal use of water resources.

6. Pest and Disease Management: Al-driven systems, like GeoAgriGuard, integrate spatial
data with remote sensing to detect and manage pest and disease outbreaks, enhancing
crop protection and food security.
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