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Open-Source 
Tools

Open-Source GIS

Presenter Notes
Presentation Notes
Before we begin discussing QGIS specifically, I want to provide a broad overview of open-source software and data formats used in the geospatial sciences. That is the purpose of this opening module. 

https://commons.wikimedia.org/wiki/File:Earth_Western_Hemisphere_transparent_background.png#filelinks


Free

Royalty-free licensing

Accessible

Expandable

Rapid Updates

Access to source code

Redistribution

Open-Source?

Logos taken from software webpages 2

Presenter Notes
Presentation Notes
Why open-source? There are many reasons to consider working in an open-source environment. First, open-source software is free, which can greatly reduce the cost of implementing a project or operating a lab or consulting business. This also alleviates the need to manage and maintain commercial software licenses and increases the accessibility to the software. Open-source software is often expanded by user-generated modules, libraries, packages, or plugins. As a result, open-source software tools are generally updated rapidly. If you are a coder or would like to contribute, the source code is made freely available and there are less redistribution restrictions. However, there are some drawbacks. First, open-source software generally does not include customer support, which is commonly provided along with a commercial software license. This issue is partially alleviated by a large user base and online documentation. Using and troubleshooting the software will often involve searching or posting to help sites, such as Stack Exchange or Stack Overflow. Coding may be required to obtain the desired results. Fortunately, QGIS is well documented, has an easy-to-use user interface, and does not require coding knowledge except for the completion of complex task or to automate workflows, similar to ArcGIS Pro. 



Licensing with only limited restrictions on reuse and modification

Examples:
MIT
GNU GPL 

Open-Source Licensing

https://opensource.org/licenses/MIT

Copyright <YEAR> <COPYRIGHT HOLDER>
Permission is hereby granted, free of charge, to any person obtaining a copy of this software and associated documentation files (the "Software"), 
to deal in the Software without restriction, including without limitation the rights to use, copy, modify, merge, publish, distribute, sublicense, 
and/or sell copies of the Software, and to permit persons to whom the Software is furnished to do so, subject to the following conditions:
The above copyright notice and this permission notice shall be included in all copies or substantial portions of the Software.
THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO 
THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL 
THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF 
CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER 
DEALINGS IN THE SOFTWARE.

https://www.gnu.org/licenses/gpl-3.0.en.html
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Presenter Notes
Presentation Notes
Most open-source software is licensed under the MIT license or the GNU General Public License. These licenses generally provide free access to the software and allow the user to use, copy, modify, merge, publish, distribute, and/or sublicense the software under certain conditions. This slide provides example language from the MIT license specifically. 

https://opensource.org/licenses/MIT
https://www.gnu.org/licenses/gpl-3.0.en.html


OGC

Encourage development and 
implementation of open 
standards for geospatial 
content and services

More than 30 standards 
supported: 
SFS = Simple Features-SQL
WMS = Web Map Services
WMTS = Web Map Tile 

Services
WFS = Web Feature Services

Open Geospatial Consortium

https://www.ogc.org/
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Presenter Notes
Presentation Notes
The Open Geospatial Consortium (OGC) serves as a curator of open standards in the geospatial sciences. Commercial, government, nonprofit, and research organizations voluntarily collaborate to reach consensus on open standards. The slide lists some of the common standards used in the geospatial sciences. 

https://www.ogc.org/


OSGeo

Advocates for open 
software, data, 
education, science, and 
standards

The Open Source Geospatial Foundation

https://www.osgeo.org/
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Presenter Notes
Presentation Notes
The Open Source Geospatial Foundation supports and promotes collaborative development of open geospatial technologies and data. OSGeo is involved in many projects including QGIS, GRASS, GDAL, and PostGIS. 

https://www.osgeo.org/


API = Application Programming Interface

URLs that provide code and functions that can be used to complete a 
task

API?
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Presenter Notes
Presentation Notes
An Application Programming Interface, or API, is a URL or web link that provides code, functions, and procedures to support specific tasks. For example, the ArcGIS API for JavaScript and the Leaflet JavaScript API provide code and functions to generate interactive web maps. APIs have many uses. I think of them as libraries of code and tools that can be accessed to process data or generate content. APIs are one means by which open-source tools are made available and documented. 



Open-Source Software
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GUI

Integration with Python

Integration with GDAL, 
GRASS, SAGA, and 
PostgreSQL/PostGIS

Part of OSGeo Project

Version 1.0 released in 
2009

Available for multiple 
operating systems

QGIS

https://qgis.org/en/site/

8

Presenter Notes
Presentation Notes
In this course, we will primarily focus on QGIS, as this is one of the most common and heavily used open-source GIS software packages. It also does not have a steep learning curve, since most tasks can be completed without coding or scripting. QGIS has a graphical user interface (GUI) that is very intuitive. It is also available for use on multiple operating systems including Windows, Mac, and Linux. Further, QGIS allows for the use of other open-source tools within its interface, including GRASS, SAGA, and GDAL. 

https://qgis.org/en/site/


Geospatial Data Abstraction Library

Read and write vector and raster data

Convert between raster and vector data formats

Translate and process data

Most open-source geospatial software rely on GDAL 

Initially released in 2000

GDAL

https://gdal.org/
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Presenter Notes
Presentation Notes
Many open-source and commercial geospatial software packages make use of the Geospatial Data Abstraction Library (GDAL). GDAL provides data standards for vector and raster spatial data. The defined vector and raster data abstraction models allow for the use of data in a variety of formats and the conversion between data formats. 

https://gdal.org/


Formerly PROJ.4

Open-source software/library for performing conversions 
between cartographic projections/coordinate systems

Standard syntax for defining projections and coordinate systems

Most open-source geospatial software rely on PROJ

Example PROJ.4 Strings:

NAD83 UTM Zone 17N
+proj=utm +zone=17 +ellps=GRS80 +datum=NAD83 +units=m 

+no_defs

US Contiguous Albers Equal Area Conic
+proj=aea +lat_1=29.5 +lat_2=45.5 +lat_0=37.5 +lon_0=-96 
+x_0=0 +y_0=0 +ellps=GRS80 +datum=NAD83 +units=m 
+no_defs

PROJ

https://proj.org/
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Presenter Notes
Presentation Notes
PROJ (formerly PROJ.4) is also used in many open-source and commercial software libraries.It supports standards for defining geographic and projected coordinate systems and converting between specific systems. PROJ.4 strings offer a common text syntax for describing coordinate systems and their components, such as projection systems, datums, ellipsoids, origins, false eastings and northings, standard parallels and/or meridians, and units of measurement. Example PROJ.4 strings for the NAD83 UTM Zone 17 North and US Contiguous Albers Equal Area Conic projections are provide on the slide. 

https://proj.org/


Provides a numeric code that references a coordinate system/projection

European Petroleum Survey Group

NAD83 UTM Zone 17N

EPSG:26917

US Contiguous Albers Equal Area Conic

ESRI:102003

EPSG
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Presenter Notes
Presentation Notes
The European Petroleum Survey Group (ESPG) maintains a reference of geographic and projected coordinate systems. Along with a PROJ.4 string, coordinate systems are also assigned a unique EPSG code. 



Search for Projections/Coordinate Systems

http://spatialreference.org/

EPSG
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Presenter Notes
Presentation Notes
This slide provides a link to the Spatial Reference webpage that provides a standard resource for looking up and referencing different coordinate systems. 

http://spatialreference.org/


Geographic Resources Analysis Support System

Integrated with QGIS

Initially released in 1984

GRASS

https://grass.osgeo.org/
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Presenter Notes
Presentation Notes
The Geographic Resources Analysis Support System (GRASS) is integrated with QGIS and provides a variety of spatial analysis tools. Note that it can be used as a stand-alone application; however, we will only use it within QGIS in this course. 

https://grass.osgeo.org/


System for Automated Geoscientific 
Analysis

Integrated with QGIS

Wide variety of tools for raster analysis

Initially released in 2004

SAGA

http://www.saga-gis.org/en/index.html
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Presenter Notes
Presentation Notes
Similar to GRASS, the System for Automated Geoscientific Analysis (SAGA) software is also integrated with QGIS and expands the functionality. It is used extensively for raster analysis and processing. Similar to GRASS, it can be used in a stand-alone environment, which we will not explore here. 

http://www.saga-gis.org/en/index.html


PostgreSQL and PostGIS

https://www.postgresql.org/
https://postgis.net/

Open-Source Relational 
Database

PostGIS extends PostgreSQL 
for handling spatial data

Integrated with QGIS

Initially released 2001
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Presenter Notes
Presentation Notes
QGIS is well integrated with the free and open-source PostgreSQL relational database software. PostgreSQL is extended to handle geospatial data and processing using PostGIS. One of the original uses of QGIS was to interface with PostgreSQL. For example, new data can be digitized in QGIS and saved directly to a PostgreSQL database. 

https://www.postgresql.org/
https://postgis.net/


Over 440 tools for 
working with spatial data

Whitebox GAT has a GUI

WhiteboxTools accessed 
via QGIS, R, Python, or a 
command-line interface

Created by Dr. John 
Lindsay 
(Geomorphometry & 
Hydrogeomatics Research 
Group;  Geography, 
Environment & 
Geomatics; University of 
Guelph)

WhiteboxTools and Whitebox GAT

https://jblindsay.github.io/ghrg/Whitebox/

https://jblindsay.github.io/ghrg/index.html

https://jblindsay.github.io/wbt_book/intro.html
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Presenter Notes
Presentation Notes
WhiteboxTools and Whitebox Geospatial Analysis Tools (GAT) provide more than 440 tools for analyzing geospatial data, including tools for data preparation, vector analysis and overlay, raster and image analysis, geomorphometric analysis, hydrological analysis, and LiDAR processing. WhiteboxTools can be accessed in Python, R, QGIS, and via a command-line interface. They can also be accessed via a graphical user interface (GUI) known as Whitebox GAT. This toolset was developed by Dr. John Lindsay of the Geomorphometry & Hydrogeomatics Research Group at the University of Guelph. 

https://jblindsay.github.io/ghrg/Whitebox/
https://jblindsay.github.io/ghrg/index.html
https://jblindsay.github.io/wbt_book/intro.html


Statistical and data analysis software and language

Used extensively in data science

Many packages for working with spatial data

RStudio IDE

R

https://www.r-project.org/ https://rstudio.com/
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Presenter Notes
Presentation Notes
The R statistical and data analysis software and coding language is another powerful tool for geospatial professionals. We will not cover R in this course. However, West Virginia View offers another course on this topic: Open-Source Spatial Analytics (R), which is available on our webpage. Note that RStudio provides a nice integrated development environment (IDE) for R.There is some integration between QGIS and R, but we will not explore that topic in this course. 

https://www.r-project.org/
https://rstudio.com/


Python is used extensively in data 
science

Object-based coding language

Relies on libraries: NumPy, 
Pandas, SciPy, MatplotLib, 
Seaborn, PyTorch, Scikit-Learn, 
Plotly, etc. 

Can use Anaconda distribution

Many IDEs available: VS Code, 
IDLE, PyCharm, Spyder, Eclipse, 
PyDev, Atom, etc. 

QGIS and ArcGIS use Python

Python for Data Science

https://www.anaconda.com/

https://www.python.org/

https://www.spyder-ide.org/
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Presenter Notes
Presentation Notes
The Python object-based coding language is used extensively by data scientists and geospatial scientists. Python is integrated within ArcGIS Desktop and ArcGIS Pro via ArcPy. It can be used within QGIS via PyQGIS. Python’s data science capabilities rely on a variety of libraries including NumPy, Pandas, SciPy, and MatplotLib. Python is commonly installed using an Anaconda distribution, which allows for different environments to be established that contain different sets of libraries or even versions of Python. These data science libraries and Anaconda are also open-source and free. You can use Python in ArcGIS or QGIS via the embedded Python console. However, there are other integrated development environments (IDEs) available. I personally like Spyder, which can be installed as part of an Anaconda distribution. I also like VS Code. At the end of this course, we will explore using Python for data science and spatial analysis. We will explore a variety of libraries including: NumPy, Pandas, Matplotlib, GeoPandas, Rasterio, EarthPy, and WhiteboxTools. We will not investigate PyQGIS or ArcPy. 

https://www.anaconda.com/
https://www.python.org/
https://www.spyder-ide.org/


For viewing and working with LiDAR/point cloud data

CloudCompare

https://www.danielgm.net/cc/
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Presenter Notes
Presentation Notes
CloudCompare allows for free viewing and manipulation of point cloud data, such as light detection and ranging (LiDAR) data sets.

https://www.danielgm.net/cc/


Web map/app creation

JavaScript API

Some integration with QGIS and R

Leaflet

https://leafletjs.com/
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Presenter Notes
Presentation Notes
Leaflet allows for the production of web maps and web apps using a JavaScript API. It offers a free alternative to ArcGIS Online. There is some integration with QGIS and Leaflet, which we will explore in this course. Leaflet is explored in more detail in the West Virginia View Client-Side Web GIS course. 

https://leafletjs.com/


Open-Source Data

21

Presenter Notes
Presentation Notes
We will now discuss some common open-source  or non-proprietary data formats for geospatial data. 



CC0 = stands for “Creative Commons Zero.” Author places data or 
product in public domain to be used by anyone without permission. The 
author surrenders all rights to the data. 

Public Licensing and Open Data

https://creativecommons.org/licenses/
22

Presenter Notes
Presentation Notes
The next few slides describe common licensing options for data. CC0, or Creative Commons Zero, is the least restrictive license in which the data or products are placed fully in the public domain and the author(s) waive all rights. Read through the next few slides, which provide descriptions of Creative Commons licensing options that are increasingly more restrictive. Note that these licensing options could apply to data or graphics, such as generated maps. 

https://creativecommons.org/licenses/


Attribution = This license lets others distribute, remix, tweak, and build upon 
your work, even commercially, as long as they credit you for the original 
creation. Recommended for maximum dissemination and use of licensed 
materials

Attribution-ShareAlike = This license lets others remix, tweak, and build 
upon your work even for commercial purposes, as long as they credit you and 
license their new creations under the identical terms. This license is often 
compared to “copyleft” free and open source software licenses. All new works 
based on yours will carry the same license, so any derivatives will also allow 
commercial use. This is the license used by Wikipedia, and is recommended 
for materials that would benefit from incorporating content from Wikipedia 
and similarly licensed projects

Public Licensing and Open Data

https://creativecommons.org/licenses/
23

https://creativecommons.org/licenses/


Attribution-NoDerivs = This license allows for redistribution, 
commercial and non-commercial, as long as it is passed along 
unchanged and in whole, with credit to you

Attribuiton-NonCommercial = This license lets others remix, tweak, 
and build upon your work non-commercially, and although their new 
works must also acknowledge you and be non-commercial, they don’t 
have to license their derivative works on the same terms

Attribution-NonCommerical-ShareAlike = This license lets others 
remix, tweak, and build upon your work non-commercially, as long as 
they credit you and license their new creations under the identical terms

Public Licensing and Open Data

https://creativecommons.org/licenses/
24

https://creativecommons.org/licenses/


Attribution-NonCommercial-NoDerivs = This license is the most 
restrictive of the main licenses, only allowing others to download your 
works and share them with others as long as they credit you, but they 
can’t change them in any way or use them commercially

Public Licensing and Open Data

https://creativecommons.org/licenses/
25

https://creativecommons.org/licenses/


Georelational = stores geometries and attributes 
separately
Coverage
Shapefile

Object-Based Data Model = treats geospatial data as 
objects

Geodatabase

Vector Data Models
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Presenter Notes
Presentation Notes
Vector data models can be divided into two broad types: georelational and object-based. A georelational model stores the geometry or spatial information in a separate file from the aspatial or attribute information. Examples include coverages and shapefiles. In contrast, object-based models store the geometry or spatial information in the same file as the attribute information. Generally, the spatial or geometric information is stored in a special field in the table along with the attributes. Geodatabases are an example.



Nontopological

No files describe the spatial relationships among 
geographic objects

Components

.shp = geometry data

.prj = spatial reference/projection information

.dbf = attribute table/aspatial data

.shx = index file for geometry (helps with speed)

.sbn and .sbx = index file for features

.xml = metadata

Shapefiles
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Presenter Notes
Presentation Notes
The shapefile is a georelational model that is still commonly used. It was originally developed by ESRI but is now non-proprietary. Note that ESRI’s file geodatabase format is still proprietary. Shapefiles use a nontopological data model. Generally, nontopological data can display more rapidly on a computer than topological data. They can also be used across multiple software packages. Although this is a nontopological model, topological relationships can be calculated on-the-fly to perform analyses.The geometric information is stored in the .shp file while the .shx file provides an index of the geometry, which can speed up searching and display. The attribute or tabulated data are stored in the .dbf file. This is why this is a georelational model: geometry and attributes are stored in separate files. The .sbn and .sbx provide indices for the attributes, which can speed up queries. The spatial reference information is stored in the .prj file. This component is important because it tells the computer what the spatial reference is so that the data can be drawn at the correct location in the map space. If metadata are created, this additional information can be stored in the .xml component. 



JSON = JavaScript Object Notion

Used to store and exchange data

Text written with JavaScript object 
notation

GeoJSON = allows you to encode 
geographic structures

Used in web applications

One file can store multiple 
geometry types

GeoJSON

http://geojson.org/
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Presenter Notes
Presentation Notes
JSON stands for JavaScript Object Notation. JavaScript is capable of interacting with data provided in this format, which is useful since JavaScript is used extensively in web development.Since JavaScript is the primary client-side web programming language, JSON is often used to represent data on the web or transfer data between the client and server. GeoJSON expands JSON to include geographic features and spatial reference information. This is one means to work with spatial data on the web. Also, a JSON file can store multiple geometry types (points, lines, and polygons) in the same file. The next set of slides provide some examples. 

http://geojson.org/


GeoJSON: Point

{
"type": "FeatureCollection",
"name": "json_point2",
"crs": { "type": "name", "properties": { 
"name": "urn:ogc:def:crs:OGC:1.3:CRS84" } 
},
"features": [
{ "type": "Feature", "properties": { "id": 1, 
"attribute1": 1, "attribute2": "point1", 
"attribute3": 0.1111 }, "geometry": { "type": 
"Point", "coordinates": [ -96.437, 37.283 ] } }
]
}

29

Presenter Notes
Presentation Notes
The text on this page represents the GeoJSON code for the point shown on the map.This file contains a feature type, a file name, a coordinate reference system (CRS) definition, a list of attribute names and values, and the x- and y-coordinates representing the point. This structure makes use of JavaScript objects and arrays to define this geographic feature using text. 



GeoJSON Point

{
"type": "FeatureCollection",
"name": "example_point",
"crs": { "type": "name", "properties": { "name": 
"urn:ogc:def:crs:OGC:1.3:CRS84" } },
"features": [
{ "type": "Feature", "properties": { "id": 1, "attribute1": 1, 
"attribute2": "point1", "attribute3": 0.1111 }, "geometry": { "type": 
"Point", "coordinates": [ -96.437, 37.283 ] } },
{ "type": "Feature", "properties": { "id": 2, "attribute1": 2, 
"attribute2": "point2", "attribute3": 0.22222 }, "geometry": { 
"type": "Point", "coordinates": [ -83.006, 39.913 ] } },
{ "type": "Feature", "properties": { "id": 3, "attribute1": 3, 
"attribute2": "point3", "attribute3": 0.33333 }, "geometry": { 
"type": "Point", "coordinates": [ -115.666, 43.247 ] } },
{ "type": "Feature", "properties": { "id": null, "attribute1": null, 
"attribute2": null, "attribute3": null }, "geometry": { "type": 
"Point", "coordinates": [ -78.691, 40.501 ] } }
]
}
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Presenter Notes
Presentation Notes
This example is similar to the previous one except that this file now contains four points. For each point, attributes and x and y coordinates are provided. 



GeoJSON Line

{
"type": "FeatureCollection",
"name": "line_example",
"crs": { "type": "name", "properties": { "name": "urn:ogc:def:crs:OGC:1.3:CRS84" } },
"features": [
{ "type": "Feature", "properties": { "id": 1, "attribute1": 1, "attribute2": 1111, "attribute3": "line" }, "geometry": { 
"type": "MultiLineString", "coordinates": [ [ [ -118.903, 39.471 ], [ -112.086, 41.188 ], [ -105.957, 42.315 ], [ -
97.718, 41.237], [ -90.313, 39.030], [ -85.458, 36.234], [ -78.544, 38.883 ] ] ] } }
]
}
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Presenter Notes
Presentation Notes
This example represents GeoJSON code for a line. This is pretty similar to the code for point features, except that the line is now represented as a series of x- and y-coordinate pairs as opposed to a single coordinate. The attribute definition is the same as that for the point. 



GeoJSON Polygon

{
"type": "FeatureCollection",
"name": "polygon_example3",
"crs": { "type": "name", "properties": { "name": 
"urn:ogc:def:crs:OGC:1.3:CRS84" } },
"features": [
{ "type": "Feature", "properties": { "id": 1 }, 
"geometry": { "type": "MultiPolygon", 
"coordinates": [ [ [ [ -101.2, 43.051 ], [ -99.238, 
45.111 ], [ -99.238, 45.111 ], [ -93.697, 46.239 ], 
[ -89.332, 42.463 ], [ -88.254, 36.333 ], [ -
92.275, 31.429 ], [ -100.219, 32.312 ], [ -
107.183, 36.235 ], [ -105.809, 42.07 ], [ -101.2, 
43.051 ] ], [ [ -99.581, 40.354 ], [ -98.503, 
34.371 ], [ -93.501, 36.823 ], [ -92.128, 39.373 
], [ -95.364, 41.923 ], [ -99.581, 40.354 ] ] ] ] } 
}
]
}
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Presenter Notes
Presentation Notes
This final example is the result for a polygon feature. Similar to a line feature, this polygon is defined based on a set of coordinate pairs. The first and last coordinates are identical so that the feature is closed. This specific feature has an internal ring representing a hole. This hole is defined by coordinate pairs also. 



GeoJSON onversion

http://mapshaper.org/https://cran.r-
project.org/web/packages
/geojsonio/geojsonio.pdf 33

Presenter Notes
Presentation Notes
QGIS is my preferred method for converting other data formats to GeoJSON and will be demonstrated in this course. This slide provides examples for conversion methods in ArcGIS Pro, on the web, and using R. 

http://mapshaper.org/
https://cran.r-project.org/web/packages/geojsonio/geojsonio.pdf


Can export files to GeoJSON
format

Can create bounding box

Can set coordinate precision

QGIS can read and write many file 
types

GeoJSON in QGIS
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Presenter Notes
Presentation Notes
GeoJSON files are directly readable in the free and open-source QGIS software. Data can be read in and other data types can be saved to GeoJSON. You can specify a bounding box as an extent and also the coordinate precision.One benefit of QGIS is that it can read in and convert a wide variety of data types. I often use QGIS as a data conversion tool for this reason. 



Extension for SQLite

Stores data in a file-
based database

Not a true client-server 
database

Alternative to ESRI file 
geodatabase

Only for vector data

SpatiaLite

https://www.gaia-gis.it/fossil/libspatialite/index
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Presenter Notes
Presentation Notes
SpatiaLite files are similar to ESRI file geodatabases, in that they make use of a file-based database structure. File-based databases do not make use of true client-server database models. Currently, SpatiaLite files can only store vector data. Raster data cannot be stored. 

https://www.gaia-gis.it/fossil/libspatialite/index


Developed by the Open Geospatial 
Consortium

Store data in an SQLite database

File-based database structure

May see more support in the future

Supports vector and raster storage

Store tiled raster layers

Lightweight

GeoPackage

https://www.geopackage.org/
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Presenter Notes
Presentation Notes
Similar to SpatiaLite and ESRI file geodatabases, GeoPackages make use of a file-based database structure. In contrast to SpatialLite, they can store vector and raster data.They are also lightweight. I expect to see more use of GeoPackages in the future. This will be the primary data format used in this course. 

https://www.geopackage.org/


Allows spatial data to be stored 
in a PostgreSQL database
True client-server 

infrastructure
Spatial data are stored as 

tables
Geometry is stored in a 

column in the table
Open and free to use
Can be ran as a local host

PostGIS

https://postgis.net/
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Presenter Notes
Presentation Notes
PostGIS is an extension for the free and open-source PostgreSQL database software. In contrast to SpatiaLite, GeoPackages, and ESRI file geodatabases, PostGIS makes use of true client-server architecture, though it can also be set up to run using a local host. This is another example of a georelational model where spatial and tabulated data are stored together in tables. Although more complex to set up and use than file-based geodatabases, PostgreSQL and PostGIS can be a powerful solution for large-scale data management and allowing access to data through web apps. Full use of PostgreSQL and PostGIS will require knowledge of structured query language (SQL). A basic introduction to SQL is provided at the end of this course. 

https://postgis.net/


GPS Exchange 
Format

Uses Extensible 
Markup Language 
(XML)

Open data format

Store waypoints, 
tracks, and routes

GPX 

<?xml version="1.0"?>
<gpx version="1.1" creator="GDAL 2.2.4" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xmlns:ogr="http://osgeo.org/gdal" 
xmlns="http://www.topografix.com/GPX/1/1" xsi:schemaLocation="http://www.topografix.com/GPX/1/1 
http://www.topografix.com/GPX/1/1/gpx.xsd">
<metadata><bounds minlat="37.283000000000001" minlon="-115.665999999999997" maxlat="43.247000000000000" maxlon="-
78.691000000000003"/></metadata>               
<wpt lat="37.283" lon="-96.437">
<extensions>
<ogr:id>1</ogr:id>
<ogr:attribute1>1</ogr:attribute1>
<ogr:attribute2>point1</ogr:attribute2>
<ogr:attribute3>0.1111</ogr:attribute3>

</extensions>
</wpt>
<wpt lat="39.913" lon="-83.006">
<extensions>
<ogr:id>2</ogr:id>
<ogr:attribute1>2</ogr:attribute1>
<ogr:attribute2>point2</ogr:attribute2>
<ogr:attribute3>0.22222</ogr:attribute3>

</extensions>
</wpt>
<wpt lat="43.247" lon="-115.666">
<extensions>
<ogr:id>3</ogr:id>
<ogr:attribute1>3</ogr:attribute1>
<ogr:attribute2>point3</ogr:attribute2>
<ogr:attribute3>0.33333</ogr:attribute3>

</extensions>
</wpt>
<wpt lat="40.501" lon="-78.691">
<extensions>
</extensions>

</wpt>
</gpx>
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Presenter Notes
Presentation Notes
GPX stands for GPS Exchange Format. As the name implies, it is a format designed to store and transfer GPS data. GPX makes use of Extensible Markup Language, or XML, and is a tagged text format. In a GPX file, you can store waypoints, tracks, and routes.



Used in Google Earth

KMZ is a compressed 
version of a KML

Uses XML

Keyhole Markup Language (KML)

<?xml version="1.0" encoding="utf-8" ?>
<kml xmlns="http://www.opengis.net/kml/2.2">
<Document id="root_doc">
<Schema name="kml_example" id="kml_example">

<SimpleField name="id" type="int"></SimpleField>
<SimpleField name="attribute1" type="int"></SimpleField>
<SimpleField name="attribute2" type="string"></SimpleField>
<SimpleField name="attribute3" type="float"></SimpleField>

</Schema>
<Folder><name>kml_example</name>
<Placemark>

<ExtendedData><SchemaData schemaUrl="#kml_example">
<SimpleData name="id">1</SimpleData>
<SimpleData name="attribute1">1</SimpleData>
<SimpleData name="attribute2">point1</SimpleData>
<SimpleData name="attribute3">0.1111</SimpleData>

</SchemaData></ExtendedData>
<Point><coordinates>-96.4367880740894,37.2826128971961</coordinates></Point>

</Placemark>
<Placemark>

<ExtendedData><SchemaData schemaUrl="#kml_example">
<SimpleData name="id">2</SimpleData>
<SimpleData name="attribute1">2</SimpleData>
<SimpleData name="attribute2">point2</SimpleData>
<SimpleData name="attribute3">0.22222</SimpleData>

</SchemaData></ExtendedData>
<Point><coordinates>-83.0063918894116,39.9125142095311</coordinates></Point>

</Placemark>
<Placemark>

<ExtendedData><SchemaData schemaUrl="#kml_example">
<SimpleData name="id">3</SimpleData>
<SimpleData name="attribute1">3</SimpleData>
<SimpleData name="attribute2">point3</SimpleData>
<SimpleData name="attribute3">0.33333</SimpleData>

</SchemaData></ExtendedData>
<Point><coordinates>-115.666206923678,43.2471499787955</coordinates></Point>

</Placemark>
<Placemark>

<Point><coordinates>-78.690980893893,40.5009793452837</coordinates></Point>
</Placemark>

</Folder>
</Document></kml> 39

Presenter Notes
Presentation Notes
Keyhole Markup Language, or KML, is the dominant file type used in Google Earth. It was originally developed by the company Keyhole, Inc. that developed Google Earth before it was acquired by Google.KMZ files are just compressed version of KML files. Similar to GPX, it makes use of tagged text and Extensible Markup Language, or XML.



Open = JPEG, JPEG2000, PNG, TIFF, GeoTIFF, netCDF, ASCII

Proprietary = ArcInfo Grid, MrSID, IMG, BSQ, BIP, BIL, HDR

Open Raster Formats
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Presenter Notes
Presentation Notes
This slide provides a list of open and proprietary raster file formats commonly used in the geospatial sciences. We will primarily work with TIFF/GeoTIFF and IMG files in this course, which can be easily read and written using QGIS.
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