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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

Q Open-Source

“*Free
“*Royalty-free licensing

s* Accessible

“*Expandable
“*Rapid Updates

s+ Access to source code

**Redistribution
A" SAGA

I SystemiorAulomated

- GeoscientificAnalyses



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. 


Q Open-Source Licensing

< Licensing with only limited restrictions on reuse and modification
“*Examples:

3\%1¢)

“GNU GPL


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

Q Open Geospatial Consortium

2 OGC
“*Encourage development and | T
implemen e i open , % Coronavirus Resources
- > % s Geospatial resources related t~
standards for geospatial < Tk 8wl . W | ihe COVID-19 pandemic
content and services I,
’:‘More than 30 Standards The ‘l atioTechnogyInnovati andCoIIaboration Upcoming Events
Support e d: Your Global Resource for Geospatial Information and Standards e
% SFS = Simple Features-SQL
o = Web Map Services
“*WMTS = Web Map Tile
Services

+*WFS = Web Feature Services


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/

Q The Open Source Geospatial Foundation

+*0OSGeo

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

The Open Source
Geospatial
Foundation


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/

@ Arr )

“+API = Application Programming Interface

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


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

— — = —— = -



@ ocIs

“GUI
“*Integration with Python

“*Integration with GDAL,
GRASS, , and

/
“*Part of OSGeo Project

s*Version 1.0 released in
2009

“*Available for multiple
operating systems


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/

“*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


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:
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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/

@ crsc )

“*Provides a numeric code that references a coordinate system/projection

“*European Petroleum Survey Group
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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. 


welcome

Home | Upload Your Own | List user-contributed references | List all references

Find your references in any nhumber of formats!

+ See Existing EPSG Codes: 4326, 2805

= Browse a list:
o 4362 EPSG references
o 447 ESRI references
o 2380 IAU2000 references
o 2717 spatialreference.org references

Recently Viewed
NTF (Paris)_/ France III + NGF IGN69, 2643 views, 0 comments

Lisboa Hayford Gauss IGeoE, 7892 views, 0 comments
NAD83(NSRS2007)_/ Vermont, 1909 views, 0 comments

Last update: 2013
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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/

@ GRASS

“*Geographic Resources Analysis Support System

“*Integrated with QGIS

“*Initially released in 1984
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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/

@ saca

“+System for Automated Geoscientific
Analysis

Ly (7]

X Integrated with QGIS )/ SystemforAutomated
" GeoscientificAnalyses

“*Wide variety of tools for raster analysis

< Initially released in 2004
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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

Q PostgreSQL and PostGIS

“*Open-Source Relational
Database

“*PostGIS extends PostgreSQL
for handling spatial data

“*Integrated with QGIS

“Initially released 2001
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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/

Q WhiteboxTools and Whitebox GAT

Il Whitebox GAT 3.4 ‘Montreal

’:‘ Over 440 tOOlS for File Data Layers View Cartographic Tools Help
working with spatial data BEESERSERIEILENER

Tools |ayers Features

**Whitebox GAT has a GUI '.';. gﬁ“ﬂ: Ii.";' o

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

-
I+I | Raster ( Fi"n:ltl n

“*Created by Dr. John © o st alvss
Llndsay ----- 'i Mew Fe ntun- Fn-':|un-' t.
(Geomorphometry & (8 B Run g nParale
Hydrogeomatics Research
Group; Geography,
Environment &

Geomatics; University of
Guelph)

WhiteboxTools
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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

@ r

*Statistical and data analysis software and language
% Used extensively in data science

“*Many packages for working with spatial data
“+RStudio IDE
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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/

Q Python for Data Science

“*Python is used extensively in data
science

“*Object-based coding language

“*Relies on libraries: NumPy,
Pandas,
Seaborn PyTorch Scikit- Learn
Plotly, etc.

+*»Can use Anaconda distribution

“*Many IDEs available: VS Code,
IDLE, PyCharm, : :
PyDev, Atom, etc.

“*QGIS and ArcGIS use Python
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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/

Q CloudCompare

“*For viewing and working with LiDAR /point cloud data

© ompan
[ File Edit

oMy ~ v
default point size
default line width

Properties

Property State/Value

france

Object ID:
3D View 1
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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
“sJavaScript API
“*Some integration with QGIS and R

an open-source Javascript library

for mobile-friendly interactive maps

Tutorials Docs Download Plugins Blog
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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



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


Q Public Licensing and Open Data

< CCo = stands for “Creative Commons Zero.” Author places data or
nroduct in public domain to be used by anyone without permission. The

PU
DOM

autror surrenders all rights to the data.
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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/

Q Public Licensing and Open Data

X = This license lets others distribute, remix, tweak, and build upon

your work, even commercially, as long as they credit you for the original
©memion. Recommended for maximum dissemination and use of licensed
materials

“» Attribution-ShareAlike = This license lets others remix, tweak, and build

unon your work even for commercial purposes, as long as they credit you and
@FXAse 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
commerclal 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
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https://creativecommons.org/licenses/

Q Public Licensing and Open Data

«» Attribution-NoDerivs = This license allows for redistribution,
commercial and non-commercial, as long as it is passed along
@¥eIshanged 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
@¥ersks must also acknowledge you and be non-commerecial, they don't
have to license their derivative works on the same terms

\/

o . = This license lets others

gjess X, tweak, and build upon your work non-commercially, as long as
uiey credit you and license their new creations under the identical terms
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https://creativecommons.org/licenses/

Q Public Licensing and Open Data

o = This license is the most
rectrictive of the main licenses, only allowing others to download your
@O0 : :
wurks and share them with others as long as they credit you, but they

can’t change them in any way or use them commercially
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https://creativecommons.org/licenses/

Status
character v

ACTIVE NEST
INACTIVE L(
ACTIVE NEST

ACTIVE NEST

b | ACTIVE MEST

7 4999999990 ACTIVE NEST 47 | 010100

“*Georelational = stores geometries and attributes
separately

Shapetfile

o5 = treats geospatial data as
objects

Geodatabase
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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.



Q Shapetfiles

“* Nontopological

< No files describe the spatial relationships among
geographic objects

Components

.shp = geometry data

.prj = spatial reference/projection information
= attribute table/aspatial data

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

.sbn and .sbx = index file for features

.xml = metadata

|| public_land.shp
| | public_land.shx
|| public_wells.dbf

|| public_wells.pr

|| public_wells.sbn
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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

GEOJSON

%+ Used to store and exchange data

+»»Text written with JavaScript object GeoJSON is a format for encoding a variety of geographic data
notation structures.

%*GeoJSON = allows you to encode o e
geographic structures "geometry™: {

"type": "Point",
"coordinates”: [125.6, 1@.1]

< Used in web applications )

3
properties™: { ) .
"name”: "Dinagat Islands”

“*One file can store multiple
geometry types
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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/

Q GeoJSON: Point
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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. 


Q GeoJSON Point
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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. 


Q GeoJSON Line



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. 


Z
O
7P
o)
o
O
O
)
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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. 


Features To JSON

QOutput to Ge

JSON To Features

Input JSON

put Feature C

Package ‘geojsonio’

March 30, 2018
Title Convert Data from and to 'GeoJSON’ or "TopoJSON’

Description Convert data to 'GeoJSON' or TopoJSON' from various R classes,

including vectors, lists, data frames, shape files, and spatial classes.
'genjsonio’ does not aim to replace packages like 'sp’, 'rgdal’, ‘rgeos’,
but rather aims to be a high level client to simplify conversions of data
from and to 'GeoJSON" and "TopoJSON’,

Version 0.6.0
License MIT + file LICENSE
URL https://github.com/ropensci/geojsonio

BugRupurts https://github. com/ropensci/geojsonio/issues
LazyData true

VignetteBuilder knitr

Depends R (>=2.10)

Imports methods, sp, sf (>= 0.6), rgdal (>= 1.1-1), rgeos, httr (>=
1.1.0), maptools, jsonlite (>= 0.9.21), magrittr, readr (>=
0.2.2), V8, geojson (>=0.2.0), jqr

Suggests gistr, testthat, knitr, leaflet

Enhances RColorBrewer

RoxygenNote 6.0.1

X-schema.org-applicationCategory Geospatial

X-schema.org-keywords geojson, topojson, geospatial, conversion, data,
input-output

X-schema.org-isPartOf https://ropensci.org

NeedsCompilation no

Author Scott Chamberlain [aut. cre].
Andy Teucher [aut]

Maintainer Scott Chamberlain <myrmecocystus@gmail.com>
Repository CRAN
Date/Publication 2018-03-30 06:36:23 UTC

C' | ® mapshaper.org

mapshaper

Mapshaper is an editor for map data

Drop files here or|select |from a folder
Shapefile, GeoJSON, TopoJSON, DBF and CSV files are supported
Files can be loose or in a zip archive

Quick import
Drop files here to import with default settings

Yo

wiki | GitHub



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

@ GeoJSON in QGIS

(=Jd Save Vector Layer as...

“*Can export files to GeoJSON
format

CRS EPSG:4326 - WGS 84 %

“+*Can create bounding box

i “*Can set coordinate precision

types

| Geometry type Automatic | ‘:‘QGIS Can read and Write many file

L. |
P COORDINATE_PRECISION |15 H
WRITE_BBOX NO

Cancel Help
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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. 


Q SpatiaLite

SpatiaL.ite

Home Timeline Files Branches
Help

SpatialLite is an open source library
intended to extend the SQLite core to
support fully fledged Spatial SQL
capabilities.

SQLite is intrinsically simple and
lightweight:

« a single lightweight library
implementing the full SQL engine
standard SQL implementation:
almost complete SQL-92
no complex client/server
architecture
a whole database simply
corresponds to a single monolithic
file (no size limits)
any DB-file can be safely
exchanged across different
platforms, because the internal
architecture is universally portable

= no installation, no configuration

SpatiaLite is smoothly integrated into

Not logged in
Tags Tickets Wiki Login

Closely related projects:
e FreeXL
spatialite-tools
spatialite_gui
librasterlite2
back to the Gaia-SINS home
page

Sources: current version is 4.3.0a
(released on 2015-09-07)

» download libspatialite-
4.3.0a.tar.gz (tarball, .tar.gz)
download libspatialite-
4.3.0a.zip (zipfile, .zip)

= browse older versions

Development Sources: testing
version is 5.0.0-betal (released on
2018-08-02)
« download libspatialite-5.0.0-
betal.tar.gz (tarball, .tar.gz)
« download |ibspatialite-5.0.0-
beta0.zip (zipfile, .zip)

SpatiaLite portings for Android: old
3.01 current 4.3.0

“»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
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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

Q GeoPackage

: oGC
“*Developed by the Open Geospatial
Consortium GeoPackage
+Store data in an SQLite database
An Open Format for Geospatial Information

N/ ° _ ";-vw GeoPackage i , standards-based, platform-independent, portable, self-
“*File-based database structure A e e et .

The GeoPackage Encoding Standard describes a set of conventions for storing the following within an SQLite
database:

“*May see more support in the future

« tile matrix sets of imagery and raster maps at various scales
« attributes (non-spatial data)
+ extensions

“*Supports vector and raster storage
“*Store tiled raster layers
< Lightweight


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/

Q PostGIS

“*Allows spatial data to be stored
in a PostgreSQL database

“*True client-server
infrastructure

Home Download Documentation Development Support

“*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
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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/

@ crx

<GPS Exchange
Format

“+Uses Extensible
Markup Language
(XML)

“*Open data format

“*Store waypoints,
tracks, and routes


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.


Q Keyhole Markup Language (KML)

“+Used in Google Earth

“*KMZ is a compressed
version of a KML

*Uses XML
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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.


Q Open Raster Formats

Open = JPEG, JPEG2000, PNG, TIFF, : , ASCII
Proprietary = , , IMG, BSQ, BIP, ,
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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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