
Georeferencing Essentials,
Tips & Tricks

Georeferencing Training







Georeferencing

Process of assigning geocoordinates 
(latitude and longitude) and error of 
estimation (“uncertainty”) to a textual 
locality description





Latitude: 37.472612
Longitude: -
121.80839

Uncertainty: 3000



Why do we 
georeference?





USGS 2016 https://pubs.usgs.gov/circ/c1153/c1153_4.htm



Some

Georeferencing 
terminology



occurrence

event of a specimen being collected, represented 
by a single specimen

(for our purposes, occurrence = specimen)



locality
textual description of where the specimen was 

collected

(locality = location)











[Wikipedia]



 
 
  
  
 
 

  
  

 
  
  
  
 
  
 

  
  
 

 
 
  
 
  
 
 
  
 

   

   

   

   

   

   

   

   

   

  

   

   

   

   

   

   

   

   

   

        
         

                      

         
         

                                          

      
         

                               

         
         

                               

         
     

    

                              

      
         

                     

The length of a degree of longitude (east–west distance) depends only on the 
radius of a circle of latitude.

Length of one degree (black), minute (blue) & second (red) of latitude and longitude at 
a given latitude in WGS84. The green arrows show that Donetsk (green dot) at 48°N 
has a Δlong of 74.63 km/° and a Δlat of 111.2 km/° [Wikipedia] DJB = 101.38 km / °













latitude
angular distance that a location is north or south of 

the equator, measured along a line of longitude



Longitude
angular distance east or west of the prime 

meridian on the earth’s surface along a line of 
latitude



35.282752° , -120.659615°

Decimal degrees

Latitude Longitude



35°16'58'' N, 120°39'35'' W

DegreesMinutes
Seconds

Degrees, minutes, seconds

Latitude Longitude



UTM coordinates
• Universal Transverse Mercator
• Standardized coordinate system based on 

a metric rectangular grid system
• Earth divided into sixty 6° longitudinal 

zones



UTM coordinates

10N 662800E 3968600N

Zone Easting Northing



Township, Range, Section

• U.S. Public Land Survey System
• Divides land into sections (1 sq. mile), with 

36 sections per township.
• Range is the distance east or west of a 

defined meridian (units of 6 miles).



T10N R36W sec 33

Township Range Section

Township, Range, Section

NW 1/4



Uncertainty/error
estimation of the confidence we have in our 

assignment of latitude/longitude values to a given 
locality

error radius Error polygon



The Point-radius method in 
GeoLocate

(Latitude, Longitude) + Uncertainty Radius & Datum





The point-radius method

remember to play your CARDS right!

▪C – Classify the locality description

▪A – Assign geocoordinates by finding the 
locality

▪R – Determine the error radius for the 
estimated coordinates (or an error polygon, 
when appropriate)

▪D – Document the georeferencing rationale

▪S – Save your work!
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Locality types
▪ Bounded place (e.g., “Las Vegas”)

▪ Undefined area (e.g., “Hills south of Los Osos”)

▪ Street address

▪ Junction, intersection, crossing

▪ River, stream, road, path

▪ Mouth or headwaters of river, confluence of waterways, trailhead

▪ Near a named place (e.g., “Near the Hoover Dam”)

▪ Between two places (e.g., “between Arlington & Fort Worth”)

▪ Direction from a named place (e.g., “North of Tulsa”)

▪ Specified distance in an unnamed direction (e.g., “5 km outside 
Norman”)

▪ Specified distance in a named direction, no path given (e.g., 30 km E 
of Sacramento)

▪ Specified distance in a named direction, path given (e.g., 7 mi. W of 
Santa Barbara on 101)



Do not georeference

▪ Specimens with vague or inaccurate 
localities

▪ Cultivated (non-wild) specimens
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GeoLocate will try to do the job for 
you, but it’s not always accurate.

GeoLocate’s best guess

Explanation of why 
GeoLocate put this 

point here
All guesses listed here



Explanation of why GeoLocate 
put this point here



Two Vital Tools



• Click once to place a point.
• Double click to end the 

measurement



Examples by Category





























Default Geographic radial to Use per Feature Type

GBIF Quick Georeferencing Guide: 
https://docs.gbif.org/georeferencing-quick-reference-guide/1.0/en/

https://docs.gbif.org/georeferencing-quick-reference-guide/1.0/en/




More General Tips and Tricks

Regarding Accuracy: “The true value is not known, but only estimated; the 
accuracy of the measured quantity is also unknown. Therefore, accuracy of 
coordinate information can only be estimated.”  (Geodetic Survey Division 1998, 
quoted in Georeferencing Quick Reference Guide, Zermoglio, PF et al., 2002, 
Version 4ac9d96)

Basic Steps:
1) Determine what the “Feature” or “Named Place” is
2) Determine the “Radial” of the feature (formerly, the “extent”)
3) The uncertainty radius cannot be smaller than this radial

“Corrected Center”: the point within a location that minimizes the geographic 
radial that encloses the entire feature.

More often than not, original (provided) coordinates are used to find the 
general vicinity of the location on a map, after which the process of 
determining the corrected center provides the new coordinates.



General Tips and Tricks

Regarding GPS: “We recommend using a value that is at least TWICE the value 
given by the GPS unit at the time the coordinates were captured. If unknown, 
enter 100 m. for handheld units prior to 2000-05-01 (when Selective Availability 
was discontinued), or 30 m. (a conservative default value) after that date.

GPS coordinates do not substitute a good locality description.

Uncertainty radius should be large enough to ensure (95% ~ 100%) that the 
locality is located within. When in doubt, it’s better to be 
generous/conservative. (new georeferencers tend to make uncertainty radii too 
small).

“Try to get into the mind of the person who recorded the locality.” What is 
“reasonable”? “Assume nothing!” – but if you do, then document rationale in 
the georeferenceRemarks field.

Remember that different features on a map will be visible at different scales, 
and/or not all maps will show the same features. You may need to really zoom 
in to find what you're looking for.



General Tips and Tricks

For quality georeferences, prefer (in this order):
1) Original collector
2) Someone who is familiar with the locality and has boots-on-the-ground 

experience
3) Detailed field notes by the original collector
4) Label data, which tends to be scant

Quality of the georeferences will depend on:

1) Quality and amount of locality data available
2) Quality of resources (contemporary maps and field notes) available
3) How persevering/dogged the georeferencer is
4) How much time the georeferencer is willing/able to spend

“Sleuthing” will be required, but try not to spend too much time on a single 
locality (can “flag it” with controlled vocabulary and come back to it later).



General Tips and Tricks

Do not despair if you’re just starting to georeferenced localities in an area that is 
unknown to you. Georeferencing is a bit like putting together a jigsaw puzzle, 
and the more you “stare” at the map, the more you will become familiar with it, 
and the easier it will become (new localities will “click” in your brain, since 
you’ve seen them before).



Non-exhaustive list of resources

https://www.youtube.com/watch?v=h1JfJuSC-eg   (Georeferencing in CoGe, CCH2)
https://docs.gbif.org/georeferencing-quick-reference-guide/1.0/en/
https://docs.gbif.org/georeferencing-best-practices/1.0/en/

earth.google.com

nationalmap.gov  (GNIS)

earthpoint.us

gpsvisualizer.com

maps.lib.utexas.edu  (Perry-Castaneda Map Library at UT-Austin)

www.bl.uk/collection-guides/digital-mapping (British Library)

Tarrant County Plat Maps
https://tad.maps.arcgis.com/apps/webappviewer/index.html?id=89623a2c35ff41f5b
409d28a306e3b51

https://www.youtube.com/watch?v=h1JfJuSC-eg
https://docs.gbif.org/georeferencing-quick-reference-guide/1.0/en/
https://docs.gbif.org/georeferencing-best-practices/1.0/en/
http://www.bl.uk/collection-guides/digital-mapping
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Evaluation: Intersection over Union (used in Object Detection, 
Segmentation, and Tracking)



“Coordinate Precision,” https://xkcd.com/2170/



Meters/degree by Diego
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