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Glossany

Accuracy — a measure of how well data represent true values
Cadastre— a register that defines boundaries of publidangrivate land.
Cadastral map— a map showingadastre(g.v.) boundaries

Coordinates— a sequence of numbers designating the posifiarpoint in n-dimensional
space [ISO 19111]. Examples of two-dimensional dimatte systems are
Latitude/Longitude and Universal Transverse Menc@td M).

Coordinate reference system— a reference system that relates a sequence diersror
coordinates(g.v) to the real world via datum(g.v.).

Coordinate system— a system used to denote direct or relative mostbycoordinates
(9.v).

Data Quality — described ‘fitness for use’ (Juran 1964, 1994rjdhan 1991, Chapman
2005a) of data. As a collector, you may have agnitiéd use for the data you collect but
data have the potential to be used in unforesegs;wlaerefore, the value of your data is
directly related to the fitness of those data fengety of uses. As data become more
accessible, many more uses become apparent (Ch&faan).

Datum — a parameter or set of parameters that serveefer@nce or basis for the calculation
of other parameters [ISO 19111]. A datum definespbsition of the origin, the scale, and
the orientation of the axes of a coordinate systeatum may be a geodetic datum, a
vertical datum or an engineering datum. In thisuthoent, the terndatumgenerally refers
to ageodetic datun{q.v).

Decimal degrees— degrees expressed as a single real number{82)343456) rather than
as a composite of degrees, minutes, seconds, eediodin (e.g., 7° 54' 18.32" E). Note that
minus (-) signs are used to indicate southern astesn hemispheres.

Decimal latitude — the latitude coordinate (in decimal degreeshatcenter of a circle
encompassing the whole of a specific locality. Gartion holds that decimal latitudes north
of the equator are positive numbers less than walgq 90, while those south are negative
numbers greater or equal to —90.

Example —42.5100 degrees (which is roughly the same &8@236" S).

Decimal longitude— the longitude coordinate (in decimal degreeshaftcenter of a circle
encompassing the whole of a specific locality. Dedilongitudes east of the Greenwich
Meridian are considered positive and less thargaakto 180, while western longitudes are
negative and greater than or equal to —180.

Example —122.4900 degrees (which is roughly the same2a8 29' 24" W).

Digital Elevation Model (DEM) — a digital representation of the elevatidiazations on the
land surface of the earth, usually representeldarfdrm of a rectangular grid.

Easting and Northing— within a coordinate reference system (e.g., agiged by a GPS or
a map grid reference systergpsting are the vertical grid lines running from top totoat
(North to South) which divide a map fragast to West anNorthingsare the horizontal
lines running from left to right (East to Wesdiyiding the map from North to South. The
squares formed by intersecting eastingsramthings are called grid squares. On 1:100,000
scale maps each square represents an afi€#) dfectares or one kilometer square.

Elevation — the elevation of a geographic location is itghéabove mean sea level or some
other fixed reference pointf( vertical datun). Elevation may be a negative number in
those parts of the earth where the land surfabelsv mean sea level. Elevation may be
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Gleossarny,

recorded on maps in the form of contour lines higkpoints of uniform elevation, or as spot
heights atrig points (g.v) — usually at the summits of mountains, and raa¢lpw points.
Elevation is used when referring to points on thele whereas altitude is used for points
above the surface of the earth, such as the atibfidn aircraft, and depth for positions
below the surface (of a lake, sea, etc.).

Extent — the geographic range, magnitude, or distance wdickcation may actually
represent. With a town, the extent is the polydat encompasses the area inside the
town’s boundaries. In this document, we usuallgred the linear extent — the distance
from the geographic center of the location to tmhiest point in the representation of the
location.

False Precision —eoccurs when data are recorded with a greater nuoflsecimal places
than implied by the original data. This often oscfallowing transformations from one unit
or coordinate system to another, for example freet fo meters, or from degrees, minutes,
and seconds to decimal degrees. In general, pypagisinnot be conserved across metric
transformations; however, in practice it is oftenarded as such. For example, a record of
10° 20’ stored in a database in decimal degree$0s3°. When exported from some
databases, however, it will result in a value aBB33333333 with a precision of 10
decimal places rather than 1, leading to a metrgertainty of around 0.02 mm instead of
the real uncertainty of ~15 km. This is not a fpuecision as it relates to the original data,
but a false precision as reported from the database

Feature —a natural or anthropogenic object or observatiah tan be represented spatially.
The term “feature” may refer to categories of otjewrfeature typege.g., mountains,
roads, or cities) or to specifieature instancege.g., Mount Everest, Interstate 25, or San
Fransisco), which are also sometimes referred toased places.”

Feature Name— a proper name applied tdeature (q.v); the name of a named place.

Footprint — a spatial representation ofeature (q.v.) as an area. The extent and shape of a
footprint may comprise the actual boundaries @aure, the uncertainty around a point
representation of a feature, or some combinaticana#stimate of the boundaries of a
feature and the uncertainty associated with thosedaries.

Gazetteer —a geographic dictionary or index f@fature names(q.v)., usually also including
an indication of position on the earth’s surfaceg®ne of severajeographic coordinate
systemgq.v), but most generalliatitude (q.v) andlongitude(q.v).

Geocode— the process of determining the coordinates foreestddress. It is also
sometimes used as a synonymdepreferencing(q.v.).

Geodetic datum —a model of the earth used for geodetic calculatidngeodetic datum
describes the size, shape, origin, and orientati@coordinate system for mapping the
surface of the earth (NAD27, SAD69, WGS84, eta)this document, we use the term to
refer to thehorizontal datum(g.v) and not thevertical datum(g.v,).

Geodetic datums are often recorded on maps anazettgers, and can be specifically set
for most GPS devices so the waypoints match theashdatum. Use "not recorded” when
the datum is not known.

Geographic coordinate system —the net or graticule of lines of latitude (par&jenumbered
0° to 90° north and south of the equator, and lofdengitude (meridians) numbered 0°
t0180° east and west of the international zero digniof Greenwich, used to define
locations on the Earth's surface (disregardingagien) with the aid of angular measure
(degrees, minutes and seconds of'arc)

! Glossary of Terminology.http://www.ngi.be/NL/glossary/glossang-inf.l#m
Best Practices for Georeferencing
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Glossany,

This is the traditional global coordinate systeradabon latitude and longitude.

Geographic center —the geographic center of a shape is the mean @ixinemes of latitude
and longitude of that shape. If the result is nbiw the shape itself, choose instead the
point in the shape nearest to the calculated gpbgraenter.

Georeference —to translate a locality description into a mappableresentation of feature
(g.v) (verb); or the product of such a translation fmou

GPS (Global Positioning Systern}- a satellite-based navigation system that providelsdir
three-dimensional position, velocity and time imf@tion to suitably equipped users (i.e.,
users with a GPS receiver) anywhere on or neasutface of the Earth. See discussions on
accuracy elsewhere in this document.

Heading —the direction from a starting location, givenlire form of points of the compass
such as E, NW, or N15°W, etc. Usually used in coctjion withoffset(g.v) to give a
distance and direction from a named place. Seesigan on true and magnetic north in the
Recording Headingssection of this document.

Horizontal datum — that portion of alatum(qg.v) which refers to the horizontal positions of
mapped features with respect to parallels and magsdor northing and easting grid lines on
a map as opposed to thertical datum(q.v).

Latitude — describes the angular distance that a locasioith or south of the equator,
measured along a line lingitude (g.v).

Locality — a) the position of a feature in space; b) Thdbakrepresentation of this position
(i.e., thelocality descriptior).

Location — a position on the earth’s surface or in geogmappace definable lyoordinates
(g.v) or some other geographic referencing system, aachstreet address, offset, etc.

Longitude — describes the angular distance east or wespdfree meridiand.v) on the
earth's surface along a linelafitude (g.v).

Map projection — a method of representing the earth's three-dirnaaksurface as a flat
two-dimensional surface. This normally involves atihematical model (of which there are
many) that transforms the locations of featuretherearth's surface to locations on a two-
dimensional surface. Such representations distertoo more parameters of the earth's
surface such as distance, area, shape, or direction

Maximum uncertainty estimate — the numerical value for the upper limit of thetdige
from the coordinates of a locality to the outeremntity of the area (often a circle) within
which the whole of the described locality must lie.

Maximum uncertainty units — the units of length in which the maximum uncertain
estimate is recorded (e.g., mi, km, nm, m, ft). Wreeximum uncertainty distance should be
recorded using the same units as the distance negasnts in the locality description.

Meridian — the intersection in one hemisphere of the eagh‘face with a plane passing
through the poles, usually corresponding to adihlengitude (g.v).

Named place —used to refer not only to traditionf@atures(q.v.), but also to places that may
not have proper names, such as road junctiongnsteenfluences, highway mile pegs, and
cells in grid systems (e.g., townships).

Northing — SeeEasting and Northing
Offset — a displacement from a reference point, named ptaoather feature. Used here as
the distance from a named place using the locatidhe named place as the starting point.

Usually used in conjunction witheading(g.v) to give a distance and direction from a
named place.
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Precision —with measurements and values, it describes tlestfumit of measurement used
to express that value (e.g., if a record is repbitethe nearest minute, the precision is
1/3600" of a degree; if a decimal degree is reported todacimal places, the precision is
0.01 of a degree). It is important to always calteithe precision from the original data and
units of measurement. See alalse precision(q.v.).

Prime meridian — a meridian from which longitude east and west ¢koaed, the most
recent standard for which passes through Greeniohland.

Spatial fit — a measure of how well the geometric representatiatthes the original spatial
representation. See discussion elsewhere in tlcisndent.

Trig point — a surveyed reference point, often on high poinsl@fation (mountain tops,
etc.) and usually marked by a small pyramidal stmegcor a pillar. The exact location is
determined by survey triangulation and hence tmeeni@igonometrical point or
triangulation point.

Uncertainty —a “measure of the incompleteness of one’s knowleddgeformation about an
unknown quantity whose true value could be estabtisf a perfect measuring device were
available” (Cullen & Frey 1999). Uncertainty ipeoperty of the observer's understanding
of the data. Throughout this document we Meximum uncertainty estimatég.v) as the
way of recording and documenting uncertainty.

UTM (Universal Transverse Mercates) a standardized coordinate system based on a metric
rectangular grid system and a division of the egtit sixty 6-degree longitudinal zones.
Zones are numbered consecutively with Zone 1 betw88 and 174 degrees west
longitude. UTM only covers from 84° N to 80° S. &ulciting UTM coordinates, it is
essential that the UTM Zone also be recorded.

Vertical datum — that portion of alatum(q.v) that refers to the vertical position of mapped
features with respect to a base measurement oiclh @s mean sea level at a location) and
from which all elevations are determined (e.g., AHDhe Australian Height Datum;
NAVDS88 — North American Vertical Datum). See comnsenn accuracy under the section
on GPS accuracy in this document.

WGS84 (World Geodetic System 1984) —eaordinate reference syste(q.v,) in common
use globally to fit the shape of the entire Eaglaecurately as possible using a single
ellipsoid. Other ellipsoidsdatum3 are commonly used locally to provide a bettetdithe
Earth in a local region.
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Introduction

Introduction

One of the outputs from tH&oGeomanceproject is a document on best practice for
georeferencing biological species (specimen andrebtonal) data. Several projects
(MaNIS, MapSteD| INRAM, GEOLocateNatureServeCRIA, ERIN, CONABIO, etc.) have
previously developed guidelines and tools for glwesmcing, and these provide a good
starting point for such a document.

The document provides guidelines to the world’'s pesctice for georeferencing such data,
but it is important that organisations and insiig then produce their own internal document
that incorporates the practices outlined in thiswhoent into their own working environment.

The document presents examples of how to georefer@mnange of different location types,
and provides information and examples on how terd@he the extent and maximum
uncertainty distance for locations based on therin&tion provided.

1. Definition

“The term best practice generally refers to thethEsssible way of doing something;
it is commonly used in the fields of business mamant, software engineering, and
medicine, and increasingly in government. [...] Tdnealified] term, ‘best current
practice’, often represents the meaning in a maeusate way, showing the
possibility for future developments of ‘better piee’.” (Wikipedia: Best Practic®

2. Principles of Best Practice

» Accuracy — a measure of how well the data represent trluesa It is good practice to
quote a percentage area or an uncertainty in metets draw an uncertainty polygon.

With georeferencing — this is currently mostly an uncertainty radius, however
uncertainty polygons are beginning to be used in some circumstances. Uncertainty
probability surfaces are also under consideration.

» Effectiveness- the likelihood that a work program achieveslisired objectives.

With georeferencing — this is the percentage of records for which the latitude and
longitude can be accurately identified through use of BioGeomancer or in some
other way.

» Efficiency — the ratio of output to input.

With georeferencing — this is the amount of effort that is needed to produce an
acceptable output. It also refers to the amount of input data the user has to obtain
to produce an acceptable result (e.g., gazetteers, collectors’ itineraries, etc.).

* Reliability — related to accuracy, and refers to the congigtesith which results are
produced.

With georeferencing — it refers to the repeatability with which a georeference can
be produced by the user for the same locality.

* Accessibilty— how accessible are the results to the usersicpatr.

With georeferencing — this is the ease with which users, other institutions, etc., can
access the information for a particular locality that has already been
georeferenced.

2 Wikipedia: Best Practicehttp://en.wikipedia.org/wiki/Best_practize
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Introduction

» Transparency— an annunciation of the procedures for collectaralysis, reporting and
update.

With georeferencing — this refers to the quality of the metadata and methodology
by which a georeference was obtained for a particular locality.

» Timeliness— relates to the frequency of data collectiontéfsorting and updates.

With georeferencing — it largely refers to how often gazetteers are updated, or
when the records are georeferenced and made available to others.

 Relevance- the data collected should meet the needs afgbe- i.e., should fulfill the
principle of “fitness for use”.

With georeferencing — it refers to the format of the output (i.e., does it include good
metadata on the above topics).

In addition, an effective best practices documbaougd:
« Align the vision, mission, and strategic plans tinimstitution to policies and
procedures and gain the support of sponsors ataponanagement.
* Use a standard method of writing (writing format)produce professional policies and
procedures within the institution.
« Satisfy industry standards.
» Satisfy the scrutiny of management and externalinal auditors.

This list is by no means exhaustive, but does cowast of the elements in identifying best
practice.

Best Practices for Georeferencing
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Backgreund

Background

A number of projects have been working for manyry@am the development of guidelines and
tools for improving the georeferencing of primaigdiversity data. This document largely
draws on those initiatives and attempts to brirgrésults of all this previous work into one
comprehensive best practices document. Withoutbtiekground work, such a document
would not be possible. For link locations see unidey Documents and Links’ at the end of
this Chapter.

BioGeoMancer Classic

The originalBioGeoMancer Classiwas developed by Reed Beaman, now at Yale Untyersi
This tool provides a georeferencing service fotembrs, curators and users of natural history
specimensBioGeoMancer Classican parse English language place name descrigiuhs
provide a set of latitude/longitude coordinate®arged with that description. It provides
offset calculations for when a collection is geereficed a given distance and cardinal

direction from the nearest named place. For motalden how it works — see “What it does
31!

MaNIS

With support from the National Science Foundatg®venteen North American institutions
and their collaborators developed MammalNetworked! nformationSystem The original
objectives oMaNIS were to 1) facilitate open access to combinedispatdata from a web
browser, 2) enhance the value of specimen collesti®) conserve curatorial resources, and 4)
use a design paradigm that could be easily addptedher disciplines with similar needs.

The MaNIS network has developed a numbepofs and guidelinefor assisting the
georeferencing of collections in the MaNIS netwdrkese documents and tools have been
heavily drawn upon in this document.

MapSTeDI

The Mountains and Plains Spatio-Temporal Datalafeerhatics Initiative aPSTeD) was a
collaborative effort between the University of Q@ldo Museum, Denver Museum of Nature
and Science, and Denver Botanic Gardens to cothairtseparate collections into one
distributed biodiversity database and researckkiioior the southern and central Rockies and
adjacent plains. Unlike MaNIS or other projecthjeh have strong taxonomic focus and a
distributed database federation outcome, MaPSTablaregional focus and a distributed GIS
mapping system outcome. Like other projects lisieak, georeferencing was the essential
first step in MaPSTeDl, providing the data thatl Wwé eventually analyzed spatially and
temporally on the MaPSTeDI online GIS. The MaPSITgject also developed detailed
guidelines and toolsuch as thit1aPSTeDI Georeferencing ProtocaisdGuide to
Georeferencingand these have been heavily relied upon in tisichent.

INRAM

Thelnstitute of Resource Analysis and ManagenftdRAM) sought to increase the value of
New Mexico museum specimen data by supporting famtébd georeference New Mexico
specimen localities. Data that are georeferencptdrardly are of little use to science, so the
first goal of the INRAM Georeferencing Team wasl&velop a detailed, comprehensive
protocol describing how best to determine the cimatds and uncertainty estimate to apply to

3 BioGeoMancer Classic — What it does .httg://130.132.27.130/yu/bgm-docs/what-it-does.html
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a given locality. The INRAM team started by evaingtthe protocol used by tidammal
Networkedl nformationSystem (MaNIS)in which the Museum of Southwestern Biology
(MSB) mammal division was participating, and detieved that there were many ways it could
be improved. In particular, INRAM created a moetailed list of locality types with a
specific rule set for each as to how to determomdinates and uncertainty. INRAM also
sought to maximize the efficiency and accuracyhefdgeoreferencing process. With help from
the New Mexico Natural Heritage Program and the édns of Southwestern Biology,

INRAM developed a combined GIS and database sytahmade implementing the protocol
much easier for the students doing the work. Tegethe INRAM protocol and
georeferencing software system allowed a semi-aat®ingeoreferencing process which
provided accurate, rapid data capture and whiclaldetailed record of the methods and
assumptions used to georeference each specimen.

GEOLocate

In March of 1995, Dr. Henry L. Bart received fungliftom the U.S. National Science
Foundation to computerize and georeference then€uliversity Museum of Natural History
Fish Collection. Georeferencing was accomplishethbnually plotting each locality
description on hardcopy USGS topographic maps amjwa digitizing tablet to register the
maps and determine coordinates. Where possibhel-platted, hardcopy maps were
compared to electronic versions of the same mag&@Jdigital line graphs), allowing the
technician to use a mouse to electronically captueecoordinates. Using this method, 15,000
locality descriptions for nearly 7 million specinsawere georeferenced by one technician over
a period of 18 months.

In Febuary of 2002, Dr. Bart and Nelson Rios reegifunding from the the U.S. National
Science foundation to develop a software packadgcititate georeferencing of natural
history collections data, using the Tulane Fishi€iion as a testbed. The result was
GEOLocatea tool for comprehensive automated georeferenmifdprth American locality
descriptions. Ongoing development involves expamdbverage to the entire world, multi-
lingual support, user-defined pattern recognitenmd collaborative georeferencing.
GEOLocate is also being developed as a websemwidategration into the current
development oBioGeomancer

ERIN

The Environmental Resources Information NetworkI{fRvas established in the Australian
Department of the Environment in 1989 and begadifghthe databasing and georeferencing
of Australia’s museum and herbarium collectiongsitablished methods for assisting
georeferencing, including the linking of recorddtigital Elevation Models to determine
elevation, and sophisticated methods for data ¢hgand validation by searching for outliers
in environmental space using niche modeling teasq These have recently been upgraded
in conjunction with the Centro de Referéncia eforimacdo Ambiental (CRIA) and Robert
Hijmans, the author of the DIVA-GIS software.

Key Documents and Links

« Best Practices Guidelines for GPS Survey (NLWRAs#aiia)
http://www.nlwra.gov.au/toolkit/10/10-2.html

* BioGeoMancer Classic
http://classic.biogeomancer.org

* Centro de Referéncia em Informacdo Ambiental (CRIA)
http://www.cria.org.br

 DIVA-GIS
http://www.diva-gis.org
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e Environmental Resources Information Network (ERIN)
http://www.deh.gov.au/erin/index.html

« Examples of Good and Bad Localities
http://mvz.berkeley.edu/Locality Field Recordingaeples.html

¢ GEOLocate — University of Tulane
http://www.museum.tulane.edu/geolocate/

» Institute of Resource Analysis and Management (IINRA
http://biodiversity.inram.org/

» INRAM Protocol for Georeferencing Biological MuselBpecimen Records
http://www.inram.org/modules/UpDownload/store fal@®cuments/INRAM_ Bio
diversity Georeferencing_Project/Georeferencing délines INRAM-

V1.3 2004-03-01.pdf

* Mammal Networked Information System (MaNIS)
http://manisnet.org/

« MaNIS Documents
http://manisnet.org/Documents.html

* MaNIS/HerpNet/ORNIS Georereferencing Guidelines
http://manisnet.org/manis GeorefGuide.html

* Manual de Procedimientos para Georeferenciar, CORABRO04. An internal
georeferencing manual produced by the Comisiondytipara el Conocimiento y
Uso de la BiodiversidadONABIO), Mexico.

e The Mountains and Plains Spatio-Temporal Datalbafeerhatics Initiative -
MaPSTeDI
http://mapstedi.colorado.edu/index.html

» MaPSTeDI Georeferencing Protocols
http://mapstedi.colorado.edu/georeferencing-prdtlatml

« MaPSTeDI Guide to Georeferencing
http://mapstedi.colorado.edu/georeferencing-howital. h

* Museum of Vertebrate Zoology Informatics (MVZ) —iMersity of California,
Berkeley
http://mvz.berkeley.edu/Informatics.html

 MVZ Guide for Recording Localities in the Field:
http://mvz.berkeley.edu/Locality Field Recording t&moks.html

* Reasons Why it is Important to Take Good Localigtdd(MVZ2)
http://mvz.berkeley.edu/Locality Field Recordingpmntant.html

* OGC Recommendations Document Pointer
http://www.opengeospatial.org/specs/?page=recomatmd
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Collecting and Recording Data in the Field *

Collecting data in the field sets the stage fordygeoreferencing procedures. Many new
technigues now exist that can lead to quite acelyrgeoreferenced locations; however it is
important that the locations be recorded correatlyrder to reduce the likelihood of error. We
recommend that all new collecting events use a féPfcording coordinates wherever
possible, and that the GPS be set to a relevantrd@gee below).

1. The Importance of Good Locality Data Recording

Good locality descriptions lead to more accurateferences with smaller uncertainty values
and provide users with much more accurate anddnglity data. When recording data in the
field, whether from a map or when using a GP$; ifmportant to record locality information
as well as the georeferences, so that later vadidaan take place if necessary.

One purpose behind a specific locality descripisoto allow the validation of coordinates, in
which errors are otherwise difficult to detect. Teheent to which validation can occur depends
on how well the locality description and its sphtiaunterpart describe the same place. The
highest quality locality description is one withfas sources of uncertainty as possible. By
describing a place in terms of a distance alongth, @r by two orthogonal distances from a
place, one removes uncertainty due to imprecisdihga. Choosing a reference point with
small extent reduces the uncertainty due to treedizhe reference point, and by choosing a
nearby reference point, one reduces the potewptiarfor in measuring the offset distances.

To make it easy to validate a locality, use refeegpoints that are easy to find on maps or in
gazetteers. At all costs, avoid using vague teumhb 8s “near” and “center of” or providing
only an offset without a distance such as “Wesklbluquerque”.

In any locality that contains a named place thatlmconfused with another named place of a
different type, specify the feature type in pares#s following the feature name.

Examples:

Locality example using distance and heading along a path:
E shore of Bolinas Lagoon, 3.1 mi NW via Hwy. 1 from intersection of Hwy. 1 and
Calle del Arroyo in Stinson Beach (town), Marin Co., Calif.

Locality example using two cardinal offset distances from a re ference point:
ice field below Cerro El Plomo, 0.5 km S and 0.2 km W of summit, Region
Metropolitana, Chile.

2. Recording Localities

Provide a descriptive locality, even if you havegmaphic coordinates. The locality should be
as specific, succinct, unambiguous, complete, arataurate as possible, leaving no room for
uncertainty in interpretation.

Localities used as reference points should beestabk., places (towns, trig points, etc.) that
will remain for a long time after the collectionests. Do NOT use temporary locations or
waypoints as the key reference location. You masehmade an accurate GPS recording for
the temporary location and then referenced futalections from that point (e.g., 200 m SE
of the Land Rover), and that may make perfect strghat series of collections. It is

* See also Museum of Vertebrate Zoology, Berkelejifd®aia (2006)MVZ Guide for Recording
Localities in Field Noteshttp://mvz.berkeley.edu/Locality Field Recording t&moks.htn#
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meaningless, however, when those collections &ee lteoken up and placed in a museum
under a taxonomic arrangement, and no longer héin& & where the ‘Landrover’ was.

If recording locations along a path (road, rivec, )t is important to also record whether the
distances were measured along the path (‘by raadi} a direct line from the origin (‘by air").

Hint: The most specific localities are those described by a) a distance and heading
along a path from a nearby and well-defined intersection, or b) two cardinal offset
distances from a single persistent nearby feature of small extent.

3. Recording Coordinates

Coordinates are a convenient way to define a Iyctidat is not only more specific than is
otherwise possible with a description, but thatls® readily usable in GIS applications.
Always include as many decimals of precision aggilby the coordinate source. A
measurement in decimal degrees given to five ddqitaaes is more precise than a
measurement in degrees minutes seconds to thesheacend, and more precise than a
measurement in degrees decimal minutes given ¢e tihecimal places (see Table 4). Some
new GPS receivers now provide for recording dateitimal seconds and this (to two decimal
places) provides a precision comparable to thdeoimal degrees.

Whenever practical, provide the coordinates ofidksation where collecting actually occurred
(seeExtent, below). If reading coordinates from a map, useshme coordinate system as the
map. The datum is an essential part of a coordihedeription; it provides the frame of
reference. When using both maps and GPS in tiek 8et the GPS datum to be the same as
the map datum so that your GPS coordinates wiltm#tose on the map. Be sure to record
the datum used.

Specific projects may require particular coordirgtstems, but we find geographic
coordinates in decimal degrees to be the most coanesystem for georeferencing. Since this
format relies on just two attributes, one for ladié and the other for longitude, it provides a
succinct coordinate description with global ap@itity that is readily transformed to other
coordinate systems as well as from one datum tthendy keeping the number of recorded
attributes to a minimum, the chances for transicnipérrors are minimized (Wieczorek al.
2004).

Hint: Decimal degrees are preferred when reading coordinates from a GPS, however
see Note under Using a GPS, below.

Hint: If using UTM coordinates, always record the UTM Zone.

4. Using a GPS

GPS (Global Positioning System) technology usesgpilation to determine the location of a
position on the earth’s surface. The distance tatied is the range between the GPS receiver
and the GPS Satellites (Van Sickle 1996). As th& G#tellites are at known locations in
space, the position on earth can be calculatedindmam of four GPS satellites is required to
determine the location of a position on the earthidace (McElroyet al. 1998, Van Sickle

1996). This is not generally a limitation today cae can often receive seven or more satellites
in most locations on earth, however, historicdllg humber of satellites receivable was not
always sufficient. Prior to May 2000, most GPS sinised by civilians were subject to
“Selective Availability”. The removal of this sighdegradation technique has greatly

improved the accuracy that can generally be exddoben GPS receivers (NOAA 2002).

To obtain the best possible accuracy, the GPSweceiust be located in an area that is free
from overhead obstructions and reflective surfaceshave a good field of view to the horizon
(for example, they do not work very well under aweforest canopy). The GPS receiver must
be able to record signals from at least four GR&8Igas in a suitable geometric arrangement.
The best arrangement is to hawaé satellite directly overhead and the other thegeally
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spacedaround the horizoh(McElroy et al. 1998). The GPS receiver must also be set to an
appropriate datum for the area, and the datum resaded (Chapmaet al. 2005a).

GPS accuracy:Most GPS devices are able to report a theordtmatontal accuracy based on
local conditions at the time of reading. For higbpecific localities, it may be possible for the
potential error in the GPS reading to be on theesarder of magnitude as the extent of the
locality. In these cases, the GPS accuracy can malka-trivial contribution to the overall
uncertainty in the position given by the coordisate

Prior to the removal of Selective Availability, taecuracy oHand-held GPS3eceivers as

used by most biologists and observers in the figld around 100 meters or worse (McEleby
al. 1998, Van Sickle, 1996, Leick 1995). Since thewever, the accuracy of GPS receivers
has improved and today, most manufacturers of ehdl-GPS units promise errors of less
than 10 meters in open areas when using four oe satellites. The accuracy can be improved
by averaging the results of multiple observations single location (McElrogt al. 1998), and
some modern GPS receivers that include averaggayitims can bring the accuracy down to
around five meters or maybe even better. NOAA (2@0ihgests that GPSs without
differential (see below) may be as accurate asSldters, depending on the receiver being
used, satellite configuration and atmospheric doorah, but that this is at the better end of the
scale.

The use oDifferential GPSDGPS) can improve the accuracy considerably. DGES
referencing to a GPS Base Station (usually a suteayrol point) at a known location to
calibrate the receiving GPS. This works throughBhse Station and hand-held GPS
referencing the satellites’ positions at the same &nd thus reduces error due to atmospheric
conditions. In this way, the hand-held GPS apjiliesappropriate corrections to the
determined position. Depending on the quality eftceivers used, one can expect an
accuracy of between 1 and 5 meters. This accuraciedses as the distance of the receiver
from the Base Station increases. Again, averagamgfarther improve on these values
(McElroy et al. 1998). For examplaghe U.S. Coast Guard’s DGPS has a stated horizontal
accuracy of = 10 meters (95%). In other wordsp&&ent of the time a position determined
using DGPS will be within 10 meters of its true itios on the earth. Under certain conditions,
mariners may observe better than 10-meter accyNOAA 2001).

The Wide Area Augmentation System (WAAS) is a GRSdd navigation and landing system
developed for precision guidance of aircraft (FatAwriation Administration 2004). WAAS
uses ground-based antennae with precisely knoveitos to provide greater positional
accuracy for GPSs. Similar technologies such asll&ea Augmentation System (LAAS)
are also being developed to provide even finerigigt

Even greater accuracies can be achieved using &##-time Differential GPEVICEIroy et
al. 1998) orStatic GPSMcEIroy et al. 1998, Van Sickle 1996%tatic GPSuses high
precisioninstruments and specialist techniques and is giyeraployed only by surveyors.
Surveys conducted idustralia using these techniques reported acclgatithe centimeter
range. These techniques ardikely to be extensively used with biological oed collection
due to the cost and general lack@&duirement for such precision.

Note! Set your GPS to report locations in decimal degrees rather than make a
conversion from another coordinate system as it is usually more precise, better and
easier to store, and saves later transformations which may introduce error.

Note2! An alternative where reference to maps is important, and where the GPS
receiver allows it, is to set the recorder to report in degrees, minutes, and decimal
seconds.

Best Practices for Georeferencing
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5. Recording Datum

Except under special circumstances (the polegxXample), coordinates without a datum do
not uniquely specify a location. Confusion abowt datum can result in positional errors of
hundreds of meters.

When using a GPS, it is important to set and rettedatum being used. See discussion
below undelCalculating Uncertainties.

Note! If you are not basing your locality description on a map, set your GPS to report
coordinates using the WGS84 datum. Record that fact in all your documentation.

6. Recording Elevation

Supplement the locality description with elevatinformation if this can easily be obtained. It
is preferable to use a barometric altimeter if dé. Alternatively, obtain the elevation from

a Digital Elevation Model (usually done retrospeely in the laboratory), or by using the
contours and spot height information from a suéeaddale map of the area. Record the method
used in Remarks.

Note! “Elevation markings can narrow down the area in which you place a point. More
often than not, however, they seem to create inconsistency. While elevation should not
be ignored, it is important to realize that elevation was often measured inaccurately
and/or imprecisely, especially early in the 20th century. One of the best uses of
elevation in a locality description is to pinpoint a location along a road or river in a
topographically complex area, especially when the rest of the locality description is
vague.” (MaPSTeDI 2004)

Under normal conditions, GPS devices are muchdessrate for recording elevation than
horizontal distances, and they do not report ttiridinal accuracy. It is important to note that
the height displayed by a GPS receiver is actub#yheight in relation to an ellipsoid as a
model of the Earth’s surface, and not a heightdasemean sea level, or to a standard height
datum such as the Australian Height Datum. In Aalisty for example, the difference between
altitudes reported from a GPS receiver and meaieselcan vary from —35 to +80 meters
and tends to vary in an unpredictable manner (Chammal. 2005, McElroyet al. 1998, Van
Sickle 1996).

If elevation is a defining part of the locality deption, be sure to use a reliable source for this
measurement (barometric altimeter, trustworthy noaigital Elevation Model at suitable
scale), and specify the source under referencesntit recommended that elevation be
determined using a GPS.

Hint: A barometric altimeter, when properly calibrated, is much more reliable than a
GPS for obtaining accurate elevations. It is not recommended that elevation be
determined using a GPS. See remarks above under Using a GPS about the error
inherant in using a GPS to determine elevations.

7. Recording Headings

It is important when using a compass to record ingad that adjustments be made to record
True North and not Magnetic North. The differenbesveen True North and Magnetic North
vary in different parts of the world, and in sonleges can vary greatly across a very small
distance. The differences also change over timeekample, in an area about 250 km NW of
Minneapolis in the United States, the anomolousinkioon changes from 16.6° E to 12.0° W
across a distance of just 6 km (Goulet 2001).
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The National Geophysical Data Center (NGDC) int8A has an on-line calculafahat can
calculate the anomolous or magnetic declinatiorafor place on earth and at any point in
time. If you need to make adjustments, we sug@pstyiou use this calculator to determine the
declination for the area in question. Otherwisedrine your heading using a reliable map.

8. Recording Extent

The extent is a measure of the size of the ardd@nwithich collecting events or observations
occurred for a given locality. Assuming the logalit recorded as a coordinate, the extent is
the distance from that point to the furthest poihere collecting or observations occurred in
that locality. Extent has not traditionally beecarded with collecting activities, but can be
important where activities have taken place ovemall range, along a transect, or over an
area (for example it is common to record bird obsgons over a 2 ha area).

Collecting events or observations often take pia@n area described collectively by a single
locality (e.g., within 1 km of the place descriiadhe recorded locality). Without a measure
of the potential deviation from the point providedjser of the data usually has no way of
knowing how specific the locality actually is. Taetent is a simple way to alert the user that,
for example, all of the specimens collected or olzg@®ns made at the stated coordinates were
actually within an area of up to 0.5 miles fromttpaint. It can be quite helpful at times to
include in your field notes a large-scale map efltital vicinity for each locality, marking the
area in which the collecting and observations aeclr

Hint: A 1 km linear trap line for which the coordinates refer to the center has an extent
of 0.5 km. A 2ha area where the coordinates are given at the center of a circle has an
extent of ~80 m.

9. Recording Year of Collection

The year a collection was made can often affecgdweferencing of a location. Towns,
roads, counties, and even countries can changesnamieboundaries over time. Rivers and
coastlines can change position, billabongs andaw{akes can come and go, localities (such
as towns) can change size and shape, and areaseopastine environment may become
farmland or urban areas. Dated maps may no lorgeesent the current situation. The date is
an important characteristic of the collection angstrbe taken into account when determining
a georeference.

Example: “Collecting localities along the Alaska Highway are frequently given in
terms of milepost markers; however, the Alaska Highway is approximately 40 km
shorter than it was in 1942 and road improvements continue to re-route and shorten it
every year. Accurate location of a milepost, therefore, would require cross-referencing
to the collecting date. To further complicate matters, Alaska uses historical mileposts
(calibrated to 1942 distance), the Yukon uses historical mileposts converted to
kilometers, and British Columbia uses actual mileage (expressed in kilometers)”.

(From Wheeleet al. 2001).

10. Documentation

Record the sources of all measurements. Minimadlude map name and scale, GPS model,
the datum, the source for elevation data, the UTdneZif using UTM coordinates, and the
extent of the location or collecting event.

® National Geophysical Data Center. 20B4timated Value of Magnetic Declination
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Using a GPS For the best accuracy of a location determine@B$ it is important to
document:

e The coordinates obtained from the GPS

e The datum

* The accuracy reported by the GPS

» Make of GPS receiver used

Note! Most GPS devices do not record accuracy with the waypoint data, but provide it
in the interface showing current satellite conditions.

Note!: The accuracy reported by most GPS recorders is only a relative accuracy for
the instrument on which it is read and not real accuracy. For many GPS recorders, the
accuracy reported is almost always smaller than warranted.

Example:

Locality: “Modoc National Wildlife Refuge, 2.8 mi S and 1.2 m i E junction of Hwy.
299 and Hwy. 395 in Alturas, Modoc Co., Calif. ”

Lat/Long/Datum: 41.45063, —120.50763 (WGS84)
Elevation: 1330 ft
GPS Accuracy: 24 ft
Extent: 150 ft
References: Garmin Etrex Summit GPS for coordinates and accuracy, barometric
altimeter for elevation.
(From MVZ Guide for Recording Localities in Field Notes)

11. Recording Data for Small Labels

An issue that often arises with insect collectimnthe problem of recording locality
information on small labels. This should not bémsa problem as previously because new
technologies allow for linking information on thebkel to a database (through bar codes, etc.)
with the recording of basic information on the lalgee Wheeleet al. (2001) on guidelines

for preparing labels for terrestrial arthropodsg, lnear in mind the principles laid out in this
document when preparing data for insect labels@alty the recording of datums, etc., which
are not covered in that document.

12. New Technologies

A number of new technologies are beginning to nd&kta recording in the field a lot easier.
For example, a number of companies have receridgsed Personal Digital Assistants
(PDASs) with built-in GPS receivers that can, depegan the type, record to a relatively high
degree of accuracy. While these are excellentdooding locality information in the field for
later transfer to the database and for the praparaf labels, many do not include an exterior
aerial for receipt of the satellite data and thikkiely to reduce the accuracy of the recorded
information. The lack of an exterior aerial makies heed for clear line of site for the satellites
more important.

The use of Globally Unique Identifiers (GUIDs) famiquely identifying individual objects
and other classes of data (such as collection®bservations) are under discussion. We
recommend that these be followed once a stablersyistimplemented. Further information
can be found on the TDW@nd GBIF websites.

8 http://www.tdwg.org/TDWG_GUID.htm
7 http://www.gbif.org
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Beginning the Georeferencing Process

1. Introduction

A number of issues must be addressed before oniedeggeoreference. It may appear to be
a daunting task at the beginning, however thereraey ways the process can be simplifed
and made more practical.

Managers and curators are sure to ask many obtlesvfng questions and more:

« How hard is this going to be?

« How long is it going to take?

«  What proportion of my collection is already digad?

« What is the current condition of the collection?

« What are the advantages and disadvantages of gemmeing the collection?
« How will the georeferenced data be used and by vhom

« What kind of expertise am | going to need?

« What supervision will be needed and who will do it?

« To what extent will I have to, or want to change daya model?

« How much is it going to cost and what resourcesaaeglable for georeferencing?
« What tools exist to help me?

« Can I trust what comes out of these tools?

« How many data entry staff will | need?

«  What training will | need to give my data entryff2a

« How much of the established best practices dollyraaed to follow?

This document will not answer all these questi@ssnany are institution specific, however, it
should provide the answer to some, and providendans of determining the others.

The first issue that will need to be addressetdesfatabase management system:

*  Will my current database cope or do | need to liawvedified?

* How will I need to modify my user interface to makeasier for data entry operators
to georeference?

 What is the most efficient way to go about datayembcluding the georeferencing?

This document does not cover methods of generalatdty. There are many ways that this
may be conducted. These include direct entry fioenabel with the specimen or ledger
brought to the computer; use of PDA’s where the mater is brought to the specimen; the use
of scanning or photographic (still or video) equ@mto capture the label information so that
the data entry operator can enter the informatiomfa screen; or use of handwriting and OCR
tools to capture the data, etc. Some of theseadstare only just becoming practical, but you
should make an active decision on the method tsttduits your institution.

The next section will help you decide if your datab will need modifying or not, and to what
extent. Itis often tempting to just include figltbr the georeferenced coordinates and ignore
any additional fields; however, you (or those wblhoiw after you) are sure to regret taking
such an option further down the line. The assediatformation on methods used to
determine the georeference, and on the extenteeettainty associated with the
georeference, are very important pieces of infoiondbr the end user. Additionally, these are
very important pieces of information for managimgl amproving the quality of your
information.

Good examples of production systems that are veellichented are thdountains and Plains
Spatio-Temporal Database Informatics InitiatfiaPSTeDI) program and tidammal
Networked Information SysteiMaNIS). It is worth looking at the processes thprojects go
through for georeferencing data.

Best Practices for Georeferencing
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2. The Resources Needed

Each institution will have needs for different resmes in order to georeference their
collections. The basics, however, include:

* A database and database software (we do not recodithe use of spreadsheets)

» Topographic maps (electronic, paper or both)

» Access to a good gazetteer — (many are availaddevia the Internet, either for
downloading, or via on-line searching)

» Preferably internet access (as there are manyneessoan the Internet that will help in
georeferencing and locating places)

e Suitable computer hardware

Further information on some of these requiremeatsh®e found on the MaPSTeDI site under
“What you Need

3. Fields to Include in your Database
One of the key aspects to efficient georeferenisrggtting up a database correctly.

Some georeferencing projects (eMaPSTeD) use a separate working database for data
entry operators so that the main data are not neoddsind day-to-day use of the database is not
hindered. The data from the working database cathbeked for quality, and then uploaded to
the main database from time to time. Such a waypefating is institution dependant, and
may be worth considering.

a. Determine what fields you need °®

This step seems self-explanatory but it is sunpgisiow often a database is created and
finalized before it is determined exactly what taabase is supposed to hold. The supervisors
for the georeferencing process should be consbkéate the database is created to ensure the
required georeferencing fields are included indag model from the outset. Be sure not to
lump together dissimilar data into one field. Alvgagtomize the data into separate fields where
possible. For instance, if you are collecting laté and longitude, your database should at least
have a separate field for each. Finally, it is @ppropriate to use this discussion to decide
which fields the data entry operators should seenwhey are georeferencing. Fields such as
date of collection, collector, specimen ID, andotaomy are very helpful for georeferencing
operators to see along with the more obvious lcdhta.

Note! When you are atomizing data on entry, always include a field or fields that
record verbatim the original data so that atomization and other transformations can
later be revealed and checked.

b. Locality fields

What are the fields you need in your database sodiere georeferencing information? This
can perhaps best be divided into two parts, tisé dire those fields associated with the locality
description. Many institutions are currently brisgkdown locality descriptions into their
component parts, i.e., location name, distanced@edtion, etc., and include this information
in separate fields in their databases. With theeld@ment of thé&ioGeomancetoolkit,

however, and its automated parsing of natural lagguocality descriptions, this is now
becoming redundant and unnecessary (see furthrrsdion, below). If this break-up of
locality information is done, it is important nat iteplace the free-text locality field (the data as

8 Modified from the MaPSTeDI Guidelines
<http://mapstedi.colorado.edu/GuideToGeoreferen@eateferencingl-
3_SettingUpYourDatabase.html
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written on the label or in the field notebook), batadd additional fields, as the written format
of the description is often important, and thigoral information should never be over-written
or deleted.

Other fields that may be important and useful tbiaigeoreferencing are:
» date last modified
* township/section/range/Local Government Area/coisidye/country
* elevation
» date of collection
* remarks.

A reference worth checking before developing youn @ata base system is tHerbarium
Information Standards and Protocols for Interchamdéata(Conn 1996, 2000), which
although set up for herbaria, is applicable to nmmastiral history collection data.

c. Georeferencing fields

The second set of fields are those fields actuwedociated with the georeference, and the
georeferencing process. It is recommended, forfrestice in georeferencing, that the
following fields’ be added to your database as a minimum. These adglitional to other

fields your database may already have, such attatiDegrees, Latitude_Minutes,
Latitude_Seconds, etc. Some databases include intextace to the database that allows data
to be entered as degrees, minutes, second, butrérestates it to decimal degrees on entry into
the database. If this is the case, then both $epsaveferences should be stored, with the
decimal degrees used for data exchange. See al§etspatial Element Definitions

Extension to Darwin CoréTDWG 2005).

Field Comments

Decimal Latitude | SeeGlossaryfor definition. Positive numbers are north of drpiator
and are less than or equal to 90, while negatileegaare South of the
Equator and are greater or equal to —90.

Example —42.5100 degrees (which is roughly the same 83@236"
S).

Decimal Longitude | SeeGlossaryfor definition. Positive values are East of the&rwich
Meridian and are less than or equal to 180, negatues are West off
the Greenwich Meridian and greater than or equall&0.

Example -122.4900 degrees (which is roughly the same2@8 29' 24"
W).

Geodetic Datum The geometric description of a geodetic surfaceeh@eg., NAD27,
NAD83, WGS84). Datums are often recorded on magsran
gazetteers, and can be specifically set for mo& @d¥vices so the
waypoints match the chosen datum. Use "not recOndldn the datum
is not known. [See separate discussion on datutissiiocument].

Maximum The upper limit of the distance from the giventlate and longitude
Uncertainty describing a circle within which the whole of thesdribed locality
Estimate must lie.

Maximum The unit of length in which the maximum uncertaiigtyecorded (e.g.,

Uncertainty Unit mi, km, m, and ft). Express maximum uncertaintytaiise in the same
units as the distance measurements in the locgription.

Verbatim The original (verbatim) coordinates of the raw dagéore any
Coordinates transformations were carried out.

° From the Museum of Vertebrate Zoology GeoreferanGnidelines
<http://manisnet.org/GeorefGuide.html
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Verbatim The coordinate system in which the raw data wererded. If data are
Coordinate System| being entered into the database in Decimal Degfeesxample, the
geographic coordinates of the map or gazetteer stsedad be entered
(e.g., decimal degrees, degrees-minutes-secongi®etedecimal
minutes, UTM coordinates).

Georeference A categorical description of the extent to which georeference and
Verification Status | uncertainty have been verified to represent thation and uncertainty
for where the specimen or observation was colledibe element
should be vocabulary-controlled. Examples: ‘recuirerification’,
‘verified by collector’, ‘verified by curator’, ‘nbverified’, etc.

Georeference Shows what validation procedures have been condactehe
Validation georeferences — for example various outlier detegirocedures,
revisits to the location, etc. Relates to VerifioatStatus.
Georeference A reference to the method(s) used for determinrggcbordinates and
Protocol uncertainty estimates (e.g., “MaNIS Georeferen@adgulator”).
Georeference The reference source (e.g., the specific map, ggredr software)
Sources used to determine the coordinates and uncertair8iesh information

should provide enough detail so that anyone caatdoihe actual
reference used (e.g., name, edition or versiom)yktap scales should
be recorded in the reference as well (e.g., USGSded Quad map
1:24000, 1973).

Spatial Fit A measure of how well the geometric representatiaiches the
original spatial representation and is reportethasatio of the area of
the presented geometry to the area of the origipaiial representation
A value of 1 is an exact match or 100% overlapsThia new concept
for use with biodiversity data, but one that we r@mmending here.
[See section on Spatial Fit later in this document]

Georeference The person or organization making the coordinatelarcertainty
Determined By determination.

Georeference The date on which the determination was made.

Determined Date

Georeference Comments on methods and assumptions used in dategmi
Remarks coordinates or uncertainties when those methodssirmptions differ

from, or expand upon, the methods referenced iGeé@reference
Protocol field.

d. Ecological data

The georeferencing portion of an ecological datkection should be treated in a similar way

to specimen and observation data. Often ecolodita are recorded using a grid, or transect,
etc., and may have a starting locality and an enlticality as well as start time and end time.
Sometimes the center of the transect is used dedhlty, and half of the length of the

transect used for the extent. The uncertaintigés talculated as for other data. If the data are
recorded in a grid, then the locality is recordedhee center of the grid, and the extent from
that position to the furthest extremity (i.e., twner) of the grid. These data should be in
addition to the recorded locality data, especialhere many different fields are used to record
the original data. See comments in Appendix.

e. Applying constraints

One of the key ways of making sure that data aess and accurate as possible is to assure
that data cannot be put in the wrong field and ¢timly data of a particular type can be put into
each field. This is done by applying constraintgtendata fields — for example, only allowing
values between +90 and —90 in the decimal_latifiedé. Many of the errors found when
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checking databases are needless errors — erroshihiald not be allowed to occur if the
database had been set up correctly in the firsimes.

With ecological or survey data etc., one couldsseindary limits between the starting locality
and ending locality. For example, if your methadpyl always uses 1 km or shorter transects,
then the database could include a boundary liraitflagged whenever an attempt was made
to place these two points more than 1 km apart.

4. User Interfaces

Good user-friendly interfaces are essential to ng@eferencing efficient and fast, and to cut
down on operator errors. The layout should be fiigreasy to use, and easy on the eyes.
Where possible (and the software allows it) a nunolbéifferent views of the data should be
presented. These views can place emphasis onetiffaspects of the data and help the data
entry operator’s efficiency by allowing differenays of entering the data and by presenting a
changing view for the operator, thus cutting dowrboredom.

In the same way, macros and scripts can help wiibnaated and semi-automated procedures,
reducing the need for tedious (and time-consumiapgtition. For example, if data are being
entered from a number of collections by one calledaken at the same time from the same
location, the information that is repeated fromorelcto record should be able to be entered
using just one or two key strokes.

5. Using Standards and Guidelines

Standards, standard methodologies, and guidelareselp lead to consistency throughout the
database and cut down considerably on errors. Afsgandards and guidelines should be
established at the start of the process and baforgeoreferencing begins. They should
remain flexible enough to cater for new data arahgles in processes over time. Standards
and guidelines in the following areas can imprdweduality of the data and the efficiency of
data entry. It is hoped that this document will\pde guidelines for many of these. They
include:

« Units of measure. Use a single unit of measuraterpreted fields. For example, do
not allow a mixture of feet and meters in elevatiow depth fields. Irrespective of
this, the original units and measurements shouletzeéned in a verbatim field.

« Methods and formats for determining and recordingeutainty and extent.

- Degree of accuracy in determining points where kmaiwor much legacy data, this
will not be determinable).

« Fields that must be filled in (i.e. required fields

« Format for recording coordinates (i.e., for latipdegrees/minutes/seconds,
degrees/decimal minutes, or decimal degrees).

« Original source(s) of place names.

» Dealing with typos and other errors in the existilagabase.

« Number of decimal places to keep in decimal numbers

« How to deal with “null” values as opposed to zeatues (some databases have
problems with this).

« How to deal with mandatory fields that cannot tlediin immediately (for example,
because a reference has to be found). There magdakfor something that can be put
in the field that can allow the database to belfdad closed, but that flags that the
information is still required.

- What data validation is to be carried out beforea@rd can be considered complete?

Determining these standards and documenting tharhe&lp you to maintain them as well as
assist you in training and data quality recordiflgey should form part of the institution’s own
georeferencing best practice manuals.
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6. Choosing a Methodology

Institutions and many experienced georeferencerslde their own preferences for the order
in which they georeference. This may be determinethe nature of the data, the way
specimens are stored or documented or on the dgmefarence of the operator.

The MaPSTeDI project makes the following recomménda. Note that these will not suit
every institution, but may provide a guide:

Georeferencing Procedures

Step 1 - Locate and plot the locality point
The actions involved in this step are described in Finding Coordinates.

Step 2 - Assign a confidence value to the locality
The actions involved in this step are described in Assigning Confidence Values.

Step 3 - Record the georeferenced locality data

This is an important but often under-appreciated step. Most of the mistakes in georeferenced
data come from incorrectly recorded data. It is important that all required database fields be
filled in as completely as possible in the correct format. The database administrator should
place constraints upon some fields to force correct format.

Step 4 - Document the georeferencing rationale for each record

This step is critical because it documents the decision making process for each georeferenced
record. For problem records, as well as confusing or detailed records, this information is very
important to permit quality checking personnel and museum database users to understand the
rationale behind the locality point and confidence value selection. This information also serves
as a daily log which permits georeferencing personnel to communicate ideas and report
problems. This documentation should be databased with the georeferenced data. If databasing
this information is not possible due to database software limitations, it should be kept in
electronic documents.

Step 5 - Mark record for further review, if necessary

If the locality cannot be found or is confusing, it should be marked for review by quality
checking personnel. This can occur in the database itself or however it is most convenient, but
the georeferencer should attempt to complete the record if possible to expedite the quality
checking process. The georeferencer should also collect as much relevant locality data as
possible to aid the quality checker.

FromMaPSTeDI (2004).

a. Sorting records for batch georeferencing

Another set of questions revolves around whetharare best georeferencing each record as
you enter the data into the database or if it tsebéo georeference in a batch after the
information on the label has been entered. Therauments for each method, and again the
circumstances of your institution should dictate flest method for you. If your data are stored
taxonomically and not geographically (as is theedaghe majority of instances) it is often

best to georeference in a batch mode by sortingpttadity data electronically, and in this way
you can deal with many records on one map shesearat a time and not be jumping back
and forth between map sheets. In other cases, meyde less wear and tear on collections,
you may wish to database collections as they asived and before distributing duplicates, or
sending on loan, or there may be other good pedagasons to georeference as you go. One
advantage of georeferencing as you go is that yaylme able to do all the collections of one
collector at a time, and virtually follow his/heatp, thus reducing errors from not knowing
which of several localities may be correct.

Often there is value in georeferencing in batcblécuch agioGeomancerwork better this
way) or in collaboration (MaNIS and MaPSTeDI fouhdt collaborative georeferencing
resulted in great efficiency gains), but then reftgy the records using collector and date, or
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looking at the records taxonomically to check fatliers, and other such data quality flags,
afterwards. It usually boils down to what is theto@ethod for your institution, but first, you
should consider each of the alternatives beforeaerwhich to use.

The data, once entered into the database, mayrtegl asing the locality field itself, or some
other field such as region, state, nearest nanaamkpétc. You may be able to sort the data
into:

« map squares (C-squateeften used for marine data, map sheets, UTM zaies),
e geographic regions (country, state, local goverriraegn, etc.)

* named place (town, river)

* collector, collector number, and date of collection

Note! Major efficiency gains can usually be made by georeferencing in batch mode.
Consider also, georeferencing collaboratively with other researchers or institutions with
similar goals and complementary resources.

b. Using previously georeferenced records

It may be possible to use a look-up system thatkea the database for similar localities that
may have already been georeferenced. For examplay have a record with the locality “10
km NW of Campinas”, you can search the databasallfoecords with locality “Campinas”
and see if any records that mean the same thififdden NW of Campinas” have been
georeferenced previously.

An extension of this method could use the benefits distributed data system such as the
Global Biodiversity Information FacilityGBIF) Portal. A search could be conducted toitee
the locality had already been georeferenced byhandtstitution. At present, we quite often
find that duplicates of the one collection haverbgiwen different georeferences by different
institutions. The problem is knowing which of theseral georeferences may be the correct
one, and one needs to put a lot of faith in andtistitution’s georeferencing methodologies
and accuracy determination. This gives strength@éarguments for good documentation with
georeferencing, collaboration, and the recordinmakimum uncertainty.

Care! This method can add error, if a mistake was made the first time, it will be
perpetuated through all later instances.

c. Using BioGeomancer

The BioGeomancer Consortium has developed an owamkbench, web services, and
desktop applications that will provide georeferaegdior collectors, curators and users
of natural history specimens, including softwar@gtdo allow natural language
processing of archival data records that were c@tein many different formats and
languages. The BioGeomancer Workbench will be laaddn September 2006 and is
founded on the pioneering efforts of four existagplicationsBioGeoMancer Classic
GEOLocateDIVA-GIS, and theMaNIS Georeferencing Calculai@as well as a
number of innovations such as machine learningjapata editing, data validation
and outlier detection.

BioGeomancer allows the submission of locality dgsions, either singly or in batch
mode, and reports back the georeference, alonginfghmation on uncertainty. It
also passes the data (and other data submittdtehyser) through a number of
validation tests to check for possible errors neadly georeferenced data and to
provide further information where several optiorsefrom the locality information.

10 c-squares kttp://www.marine.csiro.au/csquares/about-csquiatres.
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7. Data Entry Operators

The choice and training of data entry operatorsmake a big difference to the final quality of
the georeferenced data. As mentioned earlier, ribdgpon of good guidelines and standards
can help in the training process and allow for datity operators to reinforce their training
over time. One of the greatest sources of geonmetarg error is the data entry process. It is
important that this process be made user-frieraiig, be set up so that many errors cannot
occur (e.g., through the use of pick lists, fietshstraints, etc.).

Best Practices for Georeferencing
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Georeferencing Legacy Data

By far the most difficult issue in georeferencirmipgary species occurrence data is the massive
amount of legacy data held in the world’s museumasharia, universities, etc. Most modern
collectors are now using GPSs or large scale nmjosate their collection events, and thus
most of the new data entering institutions alreiadjude georeferences. Most museums
beginning to database their collections, howewerfaced with the massive task of
georeferencing the huge backlog of data in thdlections, much of it with very little or

vague location information. This document aimsdsist these institutions with georeferencing
their legacy data.

Wieczoreket al. (2004) identified five key steps to georeferencifigese have been modified
slightly here to include:

Classify Locality Description
Determine Cnnrditates and Extents
Calculate Uri:ertainties
Detarmine Cnmbﬁed Uncarainties
Diocument Geure‘lfrerencing Frocess

Note! These steps should be considered in conjunction with the Appendix to this
document.

Refer to the original document for a detailed emption. We have extracted key points and
elaborated on those below.

1. Classifying the Locality Description

Locality descriptions of primary species occurredatga encompass a wide range of content in
a vast array of formats, but mostly are cited &s@text description. There are a limited
number of categories that locality descriptions lsaiplaced into for georeferencing purposes.
The locality type determines the best method afudating coordinates and uncertainties (see
Appendix).

A locality description can contain multiple clausesl can match more than one category. If
any one of the parts falls into one of the fouegaties, dubious ‘ cannot be locatéd
‘demonstrably inaccurateor ‘captive or cultivated(see Appendix), then the locality should
not be georeferenced. Instead, an annotation steutdade to the locality record giving the
reason why it is not being georeferenced.

If the locality description does not fall into ookthose four categories, the most specific part
of the locality description should be used for géerencing. For example, a locality written as

‘bridge over the St. Croix River, 4 km N of Somerset’

should be georeferenced based orbttidge rather than oisomersets the named place with
an offset at a heading. The locality should be #atad to reflect that the bridge was the
locality that was georeferenced. If the more spepidirt of the locality cannot be
unambiguously identified, then the less specifid pathe locality should be georeferenced
and annotated accordingly.

Best Practices for Georeferencing
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2. Finding the Latitude and Longitude

As discussed elsewhere in this document, geograploiclinates can be expressed in a
number of different coordinate systems (decimaleleg, degrees minutes seconds, degrees
decimal minutes, UTM, etc.). Conversions can beaenaddily between coordinate systems,
but decimal degrees provide the most convenientiaaates to use for georeferencing for no
more profound a reason than a locality can be destmvith only two attributes - decimal
latitude and decimal longitude (Wieczorek 2001)ciD®l Degrees are also the coordinate
system used in most Geographic Information Sys{&ifS).

The first step in determining the coordinates ftocality description is to identify the most
specific named place within the description. Cowaitis may be retrieved from gazetteers,
geographic name databases, maps, or from othdityodescriptions that have coordinates.
We use the ternfeéaturée to refer to not only traditional features, bus@lto places that may
not have proper names, such as road junctionssteenfluences, highway mile pegs, and
cells in grid systems (e.g., townships). The sewmd precision of the coordinates should be
recorded so that the validity of the georefereroedlity can be checked. The original
coordinate system and the geodetic datum shouddb@secorded. This information helps to
determine sources and degree of maximum uncertaspecially with respect to the original
coordinate precision.

3. Using Offsets

An offset is a displacement from a reference peiaimed place, or other feature, and is
generally accompanied by a direction (or headiSgjne locality descriptions give a method
for determining the offset (‘by road’, ‘by rivery air’, ‘up the valley’, etc.). In such cases,
follow the path designated in the description usingap with the largest available scale to
find the coordinates of the offset from the namkdt@. It is sometimes possible to infer the
offset path from additional supporting evidenceéhia locality description. For example, the
locality

‘58 km NW of Haines Junction, Kluane Lake’

suggests a measurement by road since the finadlicades by that path are nearer to the lake
than going 58 km NW in a straight line. At othendis, youmay have to consult detailed
supplementary sources, such as field notes, cot&dtineraries, diaries, or sequential
collections made on the same day, to determingrifismation.

4. Finding the Extent

Every named place occupies a finite space, or reéxt€he extent is usually measured as the
distance from the geographic center of the shagtedfines the feature, to the furthest
extremity of that shape.

If the locality described is an irregular shapg.(ea winding road or river), there are two ways
of calculating the coordinates and determiningetktent. The first is to measure along the
vector (line) and determine the mid point as thwatimn of the ‘named place’. This is not
always easy, so the second method is to deterfminggographic center (i.e., the midpoint of
the extremes of latitude and longitude) of the npiace. This method describes a point
where the uncertainty due to the extent of the mhph&ce is minimized. The extent is then
determined as the distance from the determinedipogo the furthest point at the extremes of
the vector. If the geographic center of the shapesed and it does not lie within the locality
described (e.g., the geographic center of a segafientiver does not actually lie on the river),
then the point nearest the geographic centeritwmwlithin the shape is the preferred reference
for the named place and represents the point frbimnhwthe extent should be calculated.

Many localities are based on named places that tizaeged in size over time; current maps
might not reflect the extents of those places wépatimens were collected. If possible,
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extents should be determined using maps contempwaiitlr the events. In most cases, the
current extent of a named place will be greaten itehistorical extent.

5. Calculating Uncertainties

Calculating uncertainties in georeferenced dataiges a key provision in determining the
data’s fitness for use and thus their quality. €reme many methods of determining maximum
uncertainty; however most of these are complicatéficult to simply record in most current
natural history databases, and are often more stiqgated than necessary for the level of data
being used. Over time, it is likely that the redogdof uncertainty will be by way of
geographic polygons; however, at this stage wemeoend the use of a simple point-radius
method (see Wieczorek al. 2004) to record the error. The point-radius metisadesigned to
not underestimate the true error. The introductibpolygons will allow, for example,

clipping a circle where it overlaps the ocean &rdstrial data, and thereby provide a much
more accurate representation of the locality.

Whenever subjectivity is involved, it is preferabbeoverestimate the maximum error or
uncertainty. The following six sources of uncertgiare the most common encountered and
these are elaborated below and in the Appendix:

» the extent of the locality

* unknown datum

» imprecision in distance measurements

» imprecision in direction measurements

* imprecision in coordinate measurements
 map scale.

a. Calculating uncertainties due to an unknown datu m

Seldom do natural history collections have geogapbordinates recorded together with
geodetic datum information. Even with modern cditats using a GPS to record coordinates,
the geodetic datum is typically ignored. A missitagum reference, however, introduces
ambiguity, which varies geographically and addstyeto the error inherent in the
georeferencing.

It is important to record the datum used for therdmate source (GPS, map sheet, gazetteer)
if it is known, or to record the fact that it istlaown.

Differences between datums may cause an errounénldcation from a few centimeters to
around 1000 meters (US Nawmydat), or even, in some extreme instances, up to X&52
(Wieczoreket al.2004). Some known average and/or maximum diffeaefetween datums
are cited in Table 1. Note that the difference leefvdatums is not a linear relationship and
they do not always vary in the same direction. &@mple, the difference between NAD27
and WGS84 in the conterminous USA varies betweand)104 m (Wieczoregt al. 2004).
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Datum from Region or Location Datum to Difference
AGD66 Australia AGD84 Max = 0-5 m
AGD66/84 Australia GDA9%4 Max = 200 m
AGD66/84 Australia WGS84 Max £ 200 m
GDA9%4 Australia WGS84 Max £ <1 m
NAD 1983 North America WGS84 Max £ <1 m
NAD27 North America WGS84 Max = 200 m
NAD 27 Contiguous USA WGS84 Max = 105 m
NAD 27 Aleutian Islands, Alaska WGS84 Max = 235 m
NAD 27 Hawaii WGS 84 ~500m
TOKYO Japan WGS84 Max = 750 m
ED-50 Europe WGS84 Max =175 m
ARC-50 Africa WGS84 Max = 265 m
INDIAN 1975 Bangkok, Thailand WGS84 ~405m
INDIAN 1956 Delhi, India WGS84 ~135m
INDIAN 1956 Mumbai, India WGS84 ~120m
HONG KONG 1973 Hong Kong WGS84 ~ 320 m
LUZON Manila, The Philippines WGS84 ~225m
TOKYO-KOREA Seoul, South Korea WGS84 ~380 m
KERTAU 1948 Singapore WGS84 ~190 m

Table 1: Shows the maximum differences over total rangepmroximate differences at a
location for a number of common datums. Data ddrivem US Navy . dat), Srivastava and
Ramalingam (2006) and Wieczorekal. (2004). All except the very small values have been
rounded to the nearest 5 m.

b. Calculating uncertainty from distance

Precision can be difficult to gauge from a locatigscription as it is seldom, if ever, explicitly
recorded. Further, a database record may not teflemay reflect incorrectly, the precision
inherent in the original measurements, especiftlyei locality description in the database has
undergone normalization, reformatting, or secondaterpretation of the original description.

There are a number of ways of calculating uncegtdiom distances. In this document, we
have taken a conservative approach. The form iclwhidistance is written can often give an
indication of the precision and hence the uncefai@ne method is to use half of the precision
(for example, 10.5 mi N of Bakersfield could reasioly be expected to mean 10% mi and thus
be between 10.25 and 10.75 mi N, or 10.5 £0.25 rof Rakersfield). The uncertainty in the
measurement is thus 0.25 mi.

A second method, and that recommended here, ipropesed by Wieczoredt al. (2004) and
assumes that many records have undergone a cantainnt of interpreptation or
transformation when being entered into the datalzas®thus a record of 10% mi may be
entered into the database as 10.25 mi. The pradisiplied in the value 10.25 is thus a false
precision (see glossary) and should not be asstunes between 10.24 and 10.26. The
method of Wieczorelt al.(2004) bases the estimate of uncertainty on thetidrzal part of
the distance — i.e. calculated by dividing 1 byftlaetional denominator. Thus:

» for 9 km, the fraction is 1/1 and thus the uncettaestimate is 1 km;
» for 9.5 km, the fraction is ¥2 and the uncertairgireate 0.5km;

» for 9.25 km, the fraction is ¥ and the uncertaggfimate 0.25 km;

» for 9.6 km, the fraction is 1/10 and the uncertagdtimate 0.1 km.
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For distance measurements which are positive infggeers of 10, the uncertainty estimate is
based on 0.5 times ten to that power (see Table 2).

A third method, suggested by Frazatral. (2004), is for distances that are given as mubsiple
of 10, or fractions of 100 such as 25 and 75. Tieshod recommends using 15% of the
distance as the uncertainty. Thus, for 10 km, tieertainty would be 1.5 km; and for 75 km it
would be 11.25 km. This gives a smaller uncertaihfyn recommended by Wieczorekal.

for distances between 10 and 30 km, and a greabee Yor distances between 40 and 90 km

(Table 2).

Example Uncertainty Uncertainty
(Wieczorek et | (Frazier et al.
al. 2004) 2004)

10.6 km N of Bakersfield 0.1 km

10.5 mi N of Bakersfield 0.5 mi

10 km N of Bakersfield 5 km 1.5 km

30 km N or Bakersfield 5 km 4.5 km

140 mi N of Bakersfield 5mi 21 mi

200 mi N of Bakersfield 50 mi 30 mi

2000 m N of Bakersfield 500 m 300 m

Table 2. Calculating uncertainy using the precision in statice recording.

Precision can also be masked or lost when measuaterae converted, such as from feet to
meters, or from miles to kilometers.

Care! Be careful that the value you are using for precision when calculating the
uncertainty is a true precision and not a false precision. For example, converting a
collector’s recording of 16 miles (with a precision of 1 mile) to 25.6 km (with a precision
of 0.1 km) leads to a level of precision that is more than 10 times as precise as the
original.

Note! Further details of calculations used to determine uncertainties from distance
precision can be found in Wieczorek (2001) and Wieczorek et al. (2004)

c. Calculating uncertainties from extents of locali ties

The extents of named places are an important safincecertainty. Points of reference for
named places may change over time — post offic@€anrthouses are relocated, towns
change in size, the courses of rivers changeMaeiteover, there is no guarantee that the
collector paid attention to any particular conventwhen reporting a locality as an offset from
a named place. For example,

‘4 km E of Bariloche’

may have been measured from the post office, the giaza, or from the bus station on the
eastern edge of town, or anywhere else in Barilodfteen calculating an offset, we generally
have no way of knowing where the collector stattetheasure the distance.

We recommend uncertainty be determined by measthiadistance from the point marked by
the coordinates to the point in the named pladddégt from those coordinates. The magnitude
of the uncertainty will be smallest if the coordiemmark the geographic center of the named
place and the maximum uncertainty is then the nitgtdrom that point to the furthest point in
the locality. In most cases, the current exterst nhmed place will be greater than its historical
extent and the uncertainty may be somewhat overatd if current maps are used. When
documenting the georeferencing process, it is recented that the named place, its extent,
and the source of the information all be recorded.
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d. Calculating uncertainty from direction

The calculation of uncertainty from the precisiarwihich a direction is recorded depends on
distance from the reference point. The uncertaillyincrease as one moves further from the
source. For simple calculations of precision duditection — see Table 3.

Note! The uncertainty due to directional imprecision increases with distance, so it can
only be calculated from the combination of distance and direction (see below).
Precision Interpretation Example Directional
Uncertainty
N Between NW and NE 10.6 km N of Bakersfield 45°
NE Between NNE and ENE 10.5 mi NE of Bakersfield 22.5°
NNE Between N of NNE and E 10 km NNE of Bakersfield 11.25°
of NNE

Table 3. Calculating uncertainy using the precision of theorded direction (derived from
Wieczoreket al. 2004).

N

NNE

R R e
|
|
|
|
|
)
o
R

) d__— |
Fig. 1. A simple diagram showing directional precision véhe
x =d cosB), y = d sing), x' =d cos§’), and y' = d sirfl).

From Wieczorelet al. (2004).

Using the example
‘10 km NE of Bakersfield

if we ignore distance imprecision, the uncertaihti to the direction imprecision (Figure 1) is
encompassed by an arc centered 10d&nfrém the center of Bakersfield (gty) at a heading
of 45 degreedd), extending 22.5 degrees in either direction ftbat point. At this scale the
distance €) from the center of the arc to the furthest extdribe arc (ak',y') at a heading of
22.5 degreed)) from the center of Bakersfield can be approximdtg the Pythagorean
Theorem.

le=sqrt( (x'-x) * + (y-y) ) the uncertainty in the above example is 3.90 km |

This shows just one simple example. For detailsfandulae for calculating more
complicated uncertainties, sééeczorek (2001and Wieczorelet al.2004. Because of the
complicated nature of these calculations, it isothest to use thdaNIS Georeferencing
Calculator- see discussion below.
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e. Calculating uncertainty from coordinate precisio n

Geographic coordinates should always be recordied as many digits as possible; the
precision of the coordinates should be capturedra¢gly from the coordinates themselves,
preferably as a distance, which conserves its mgaeigardless of location and coordinate
transformations. Recording coordinates with insigfit precision can result in unnecessary
uncertainties. The magnitude of the uncertaingy fisnction of not only the precision with
which the data are recorded, but also of the damdithe coordinates themselves. This is a
direct result of the fact that a degree does noespond to the same distance everywhere on

the surface of the earth.

Table 4 shows examples of the contributions to tac#y for different levels of precision in
original coordinates using the WGS84 referencesiid. Calculations are based on the same
degree of imprecision in both coordinates and arengfor several different latitudes.
Approximate calculations can be made based orighle, however, more accurate
calculations can be obtained using ih&NIS Georeferencing Calculatsee further

discussion, below).
From Table 4, it can be seen that an observaticorded in degrees, minutes, and seconds

(DMS) has a minimum uncertainty of between 32 athdnéters.

Precision 0 degrees 30 degrees 60 degrees 85 degreed
Latitude Latitude Latitude Latitude
1.0 degree 156,904 m 146,962 m 124,605 m 112,209 m
0.1 degree 15,691 m 14,697 m 12,461 m 11,211 m
0.01 degree 1,570 m 1,470 m 1,246 m 1,121 mj
0.001 degree 157 m 147 m 125 m 112 m
0.0001 degree 16 m 15m 13 m 12m
0.00001 degree 2m 2m 2m 2m
1.0 minute 2,615 m 2,450 m 2,077 m 1,869 mj
0.1 minute 262 m 245 m 208 m 187 m
0.01 minute 27 m 25m 21m 19m
0.001 minute 3m 3m 3m 2m
1.0 second 44 m 41 m 35m 32m
0.1 second 5m 5m 4 m 4 m
0.01 second 1m 1m 1m 1m

Table 4. Table showing metric uncertainty due to precisibnoordinates based on the

WGS84 datum at varying latitudes. Uncertainty valbave been round up in all cases. From

Wieczorek (2001)

Care! False precision can arise when transformations from degrees minutes seconds
to decimal degrees are stored in a database (see Glossary for expanded discussion).

Never use precision in a database as a surrogate for the coordinate uncertainty;
instead, record the uncertainty explicitly, preferably as a distance.

Note! Details of calculations used to determine uncertainties in coordinate precisions
can be found in Wieczorek (2001) and Wieczorek et al. (2004).
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Example :
Lat: 10.27° Long: —123.6° Datum: WGS84
In this example, the lat/long precision is 0.01 degrees. Thus, latitude error =

1.1061 km, longitude error = 1.0955 km, and the uncertainty resulting from the
combination of the two is 1.5568 km.

f. Calculating uncertainty by reading off a map

One of the most common methods of finding coordisdor a location is to estimate the
location from a paper map. Using paper maps cgrdi@ematic and subject to varying
degrees of inaccuracy. Unfortunately, the accucdeypany maps, particularly old ones, is
undocumented. Accuracy standards generally exphaiphysical error tolerance on a printed
map, so that the net uncertainty is dependent®@mtp scale. Map reading requires a certain
level of skill in order to determine coordinatesaately, and different types of maps require
different skills. Challenges arise due to the cowmte system of the map (latitude and
longitude, UTM, etc.), the scale of the paper nthe line widths used to draw the features on
the maps, the frequency of grid lines, etc.

The accuracy of a map depends on the accuracy aftipinal data used to compile the map,
how accurately these source data have been tregtsfento the map, and the resolution at
which the map is printed or displayed. For exampl®GS maps of 1:24,000 and 1:100,000
are different products. The accuracy is expligithpendent on scale but is due to the different
methods of preparation. When using a map, thermsst take into account the limitations
encounted by the map maker such as accuity ofryisibographic processes, plotting
methodologies, and symbolization of features (&rge,widths) (NOAA 2001)

With paper topographic maps, drawing constraintg reatrict the accuracy with which lines

are placed on the map. A 0.5 mm wide line depicéimgad on a 1:250,000 map represents 125
meters on the ground. To depict a railway runniegjde the road, a separation of 1-2 mm
(250-500 meters) is needed, and then the linehtordilway (another 0.5 mm or 125 meters)
makes a total of 500-750 m as a minimum representdf one uses such features to

determine an occurrence locality, for example, ttimémimum uncertainty would be in the

order of 1 km. If thicker lines were used, thenrappiate adjustments would need to be made
(Chapmaret al. 2005).

Note! A digital map is never more accurate than the original from which it was derived,
nor is it more accurate when you zoom in on it. The accuracy is strictly a function of
the scale and digitizing errors of the original map.

Table 5 shows the inherent accuracy of a numberagfs at different scales. The table gives
uncertainties for a line 0.5 mm wide at a numbetifferent map scales. A value of 1 mm of
error can be used on maps for which the standaedsa published. This corresponds to about
three times the detectable graphical error andldismive well as an uncertainty estimate for
most maps.
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Scale of Map Map NIMA NIMA

Map Horizontal Horizontal Product Product
Uncertainty | Uncertainty Accuracy (US
(Geosciences (USGS?)
Australia™)

1:1000 0.5m 2.8 ft

1:10,000 5m 28 ft

1:25,000 125 m 70 ft | City Graphic >50m

1:50,000 25m 139 ft Topo 50 m

1:75,000 Nautical

1:100,000 50 m 278 ft
1:250,000 160-300 m
1:500,000
1:1 million

JOG 250 m
TPC 1,000 m
ONC 2,000 m

2,777 ft

Table 5. Horizontal uncertainty and accuracy associated &i®.5 mm line on
maps of different scales.

The table uses data from several sources. The TOBRORIap series is the finest resolution
mapping that covers the whole of the Australiantioemt. It is based on 1:250,000
topographic data, for which Geoscience Austral@@) defines the accuracy ast more

than 10% of well-defined points being in error bgremthan 160 meters; and in the worst case,
a well defined point is out of position by 300 m&teThe USGS Map Horizontal Uncertainty
is calculated from US Bureau of Budget (1947) whitdies thatfor maps on publication
scales larger than 1:20,000, not more than 10 petroé the points tested shall be in error by
more than 1/30 inch, measured on the publicati@esdor maps on publication scales of
1:20,000 or smaller, 1/50 inchThese values need to be taken into account wlleégrmining
the uncertainty of your georeference. The thirdo§etlues was obtained from the US Navy
with reference to various NIMA (US National Image and Mapping Agency) products.

If you are using phenomena that do not have distinandaries in nature to determine a
locality (such as soils, vegetation, geology, tinibes, etc.) then err vastly on the side of
conservatism when determining an uncertainty vakisuch boundaries are seldom accurate,
often determined at a scale of 1:1 million or wased would have a minimum uncertainty of
between 1 and 5 km. Also be aware that coastlingsgreatly at different scales (see
Chapmaret al. 2005) and rivers are often straightened on smsdlele maps, and can thus
include uncertainties far greater than are generatiorded on maps whose accuracies are
determined from “well-defined” points such as bintgs, road intersections, etc. In addition,
coastlines and river paths can change greatly tomer(Bannerman 1999) and thus the date of
the map needs to be taken into account when detegrgniincertainty.

For elevation where contours are drawn on a niegpyértical uncertainty is usually described
as being half of the contour interval.

1 Based on 0.5mm of accuracy per unit of scale, gfoe the 1:250,000 map series where the figure
supplied with the data has been used.

12 Derived from United States National Map Accuratgrards (US Bureau of Budget 1947)
http://rockyweb.cr.usgs.gov/nmpstds/acrodocs/nnd&(8647.PDF

13 Navigator of the Navittps://www.navigator.navy.mil/navigator/accurac00.ppt

14Us National Image and Mapping Agency (NIMAJtp://erg.usgs.gov/nimamaps/
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Care! Care must be used when using a digital map that records the scale in the form
of text (1:100,000, etc.) rather than by using a scale bar, as the resolution of the
computer screen, and the level of zooming will change the apparent scale of the map
being viewed. (It does not change the scale at which the map was prepared). This also
applies to maps printed from a digital map. When preparing digital maps, always
include scale as a scale bar and do not just record scale in textual form (e.qg.,
1:20,000).

g. Calculating combined uncertainties

When combining uncertainties from different souréeis not as simple as taking the average
or adding them together. Uncertainties inherethénlocation of the named place, in its extent,
in the direction of the offset, and the distancéhefoffset, are just four sources that need to be
combined to get an overall uncertainty. A detadestussion of the calculations involved can
be found inWieczorek (2001and Wieczorelet al. (2004), and for a practical way of
calculating uncertainties in locations, we recomdese of théMlaNIS Georeferencing
Calculator In the Appendix to this document, we provide anbar of examples.

h. Using the MaNIS Georeferencing Calculator

TheMaNIS Georeferencing CalculatdfFigure 2), is a java applet created as a toaldadn
the georeferencing of descriptive localities sushh@se found in museum-based natural
history collections. It was specifically designed fne Mammal Networked Information
System MaNIS) Project and has been adopted as well by BetipNet ORNIS, and other
collaborative database initiatives.

The application makes calculations using the mettms$cribed in th&eoreferencing
Guidelines(Wieczorek 2001). We recommend its use generallglbnatural history
institutions to calculate uncertainty in locaticata without the need for a detailed
understanding of the complicated underlying alhong. The more institutions that use this
one method, the more consistent will be the qualitgata across and between institutions,
making it easier for users to evaluate the qualitthe data. We recommend reading both
Wieczorek (2001and theMaNIS Georeferencing Calculator Manif#ieczorek 2002) for an
understanding of the calculations involved and aheustanding of how the calculator works.

The algorithms developed for the Georeferencing@ator have also been incorporated in the
the uncertainty calculations used in the BioGeoraageoreferencing tools. This too will
serve to standardize the determination of this ntao attribute of data quality documentation.

5 MaNIS Georeferencing Calculatoh#p://www.manisnet.org/gc.htesl
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Version 020411 Georeferencing Calculator

Calculation Type ICnnrdinates and error - enter the LatlLong for the named place or starting point j

Laocality Type IDistance at a heading (e.g., 10 mi E (by air) Bakersfield) j

Step 3) Enter all of the parameters for the locality.

Coordinate Source |USGS map: 1:24,000 -]

Coordinate System Idegrees minutes seconds j Offset Distance I 1a
Latiwge | 35 %] 22 |24 v = Extent of Named Place | 3
LDngitudel 119 I:ll 1 II 4 "y | Distance Linits Imi "l
Daturm | (NAD27) North American 1927 = Distance Precision [1 mi |
Coordinate Precisinnlnearestsecnnd j Direction IE j

Decimal Latitude Decimal Longitude Waximum Error Distance
| 35.37333 | -118.84068 | 0.930 | mi _

I degrees minutes secondsOnearest second01 mi035.373330-118.840680(NAD27) North American

|Georef Calculator

Fig. 2. A snap shot of the MaNIS Georeferencing Calculatmwing maximum uncertainty
calculation for the locality:10 mi E (by air) BakersfieldFrom Wieczorek (2002).

6. Determining Spatial Fit

Spatial fit is a new georeferencing concept deslgnallow for a measure of how well a
given geometric representation matches the origipatial representation. This is useful when
spatial transformations change the way a locditgpresented, either to mask its detail, or to
match an agreed upon schema for data sharing éufitting locations to a grid cell).

A spatial fit with a value of 1 is an exact matetL00% overlap. If the geometry given does
not completely encompass the original spatial igar&ation, then the spatial fit is zero (i.e.,
some of the original is outside the transformedioer, which we interpret as not being a fit).

If the transformed shape does completely encontpassriginal spatial representation, then
the value of the spatial fit is the ratio of theaof the transformed geometry to the area of the
original spatial representation. Special casendfdriginal spatial representation is a point and
the geometry presented in not a point, then th8ad it is undefined. The range of values of
spatial fitis 0, 1, greater than 1, or undefined.

An example of the applicability of the spatialifitwhere a point representing a terrestrial
collection lies close to the coast, and the catedlancertainty radius encompasses some
marine area. In this case the Spatial Fit wouldreater than 1 as it represents an area greater
than the real uncertainty.
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Fig. 3. A diagram iIIustratiﬁg the spatial fit of a numbmdr
locations that can be described by a polygon,@ gria point.

Figure 3 illustrates a few examples of the defimitof spatial fit and these are elaborated
below:

1) Suppose the original spatial representation otality was given by theed polygon with
areaA.

The spatial fit of theellow circle would be (PI*r /A
The spatial fit of thgreen bounding boxwould be (2% A)IA
The spatial fit of thdlack circle (r;) would be (PI*r 1%)/A
The spatial fit of theed polygonwould be 1
The spatial fit of th@oint C would be 0

2) Suppose the original spatial representation otality was given as thgreen bounding
box with area2*r ,2.

The spatial fit of thezellow circle would be (PI*r 9)/( 2*r5?)
The spatial fit of thgreen bounding boxwould be 1
The spatial fit of thédlack circle (r;) would be 0
The spatial fit of theed polygonwould be 0
The spatial fit of thg@oint C would be 0

3) Suppose the original spatial representation otality was given as thielack circle with
areaPI*r %

The spatial fit of therellow circle would be ro20r %
The spatial fit of thgreen bounding boxwould be 0
The spatial fit of thévlack circle (r;) would be 1
The spatial fit of theed polygonwould be 0
The spatial fit of th@oint C would be 0

4) Suppose the original spatial representationlo€ality was given as thgoint C.
The spatial fit of therellow circle would be Undefined
The spatial fit of thgreen bounding boxwould be Undefined
The spatial fit of thdlack circle (r;) would be Undefined
The spatial fit of theed polygonwould be Undefined
The spatial fit of thgoint C would be 1
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Maintaining Data Quality

Data that have been incorporated into the datadnadgeoreferenced need to be maintained
and checked for quality. The quality checking psxinvolves a number of steps, including
receiving feedback from users, providing feedbacg&dilectors, and running various
validation tests. For more information data qualityand what it means for primary species
collection data see Chapman (2005b). Two majorcipies associated with data quality and
data cleaning are:

» Error prevention is preferrable to error correction
» The earlier in the information chain that you catedt an error, the cheaper it wil
be to correct it.

1. Feedback to Collectors

Maintaining the quality of the data may requireigg/feedback to others. For example, if you
find that a particular collector is not recordirig bollection information correctly (e.g., not
recording the datum with the georeference inforamgtithen you need to provide feed back to
him so that future records have a lower level ofreand thus a higher quality. See the earlier
chapter orCollecting and Recording Data in the FielKey issues that may require feedback
to collectors include:
¢ Making sure the datum is recorded with all GPS ireg=l
« Encouraging consistent use of a standard coordsyatem (e.g., encourage collectors
to use decimal degrees wherever possible)
* Recording localities in a consistent and clear reann
0 Using nearest named place and offsets
0 Recording ‘by road’ or ‘by air’
¢ Using a barometric altimeter for recording elevati

2. Accepting Feedback from Users

Feedback from users can be one of the most valuasdeirces for maintaining the quality of
one’s collections. For this to work, however, thstitution needs to set up a good feedback
mechanism. There needs to be a process wherelegdback related to quality are checked
and the results documented (see Chapman 2009&drjback may be be from other
institutions holding duplicates of some of yourlections, from users who are carrying out
analyses on large amounts of data and find recbedsare either wrongly georeferenced, or
wrongly identified, or from users who are carrymg data quality checking on related
records. All feedback is important, and shouldb®tgnored. Checks carried out should also
always be documented so that the same ‘error’'ti€mecked over and over again.

3. Data Checking and Cleaning

An important but often overlooked aspect to anyrgiwencing project is the checking of the
georeferenced data that goes into the databasea$pect is often ignored because of lack of
funds or personnel. However, because the pointbyfy@oreferencing project is to produce
geographic coordinates linking a specimen to agptaca map or environmental data, it is
important that the coordinates chosen are trulyjodst ones for the location. Not only does it
improve the quality of data, but it also identiftesnds and habits in georeferencing that may
need to be corrected. Often a graduate assisté®tnj or someone with more experience will
do most of the quality checking.
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a. Data entry

One of the major sources of error in georeferenidraj the stage of data entry. Errors can be
reduced by the establishment of good data entrggghares — use of pick lists, field
constraints, etc., to reduce the possibility oberHowever, once these are in place and
working, then regular checks need to be carriecbauhe data entry operators and on the
process of data entry. Quality checking can takersé¢ forms, but we recommend that it use
the following two taken from thBlapSTeDI Georeferencing Guidelines

The first is to check the accuracy of the georefeirey. This process involves checking a
certain number of each georeferencer's recordedBas various trials, it is recommended that
the first 200 records that a new georeferencer ¢etegpbe checked for accuracy. Not only is
this initial checking beneficial to the accuracytloé data, but also it is essential to allow the
georeferencer to improve and learn from makingakiss. If significant problems still exist
after the initial 200 records, an additional baa€00 records should be checked. After the
guality checker, usually a highly experienced giwencer, is satisfied with the new
georeferencer's abilities, the quality checkingeduced to 10 randomly selected records out of
every 100 completed. If more than two records avad to be incorrect within that 10, an
additional 20 records should be checked. The gqueliecker may ask the georeferencer to
redo the entire 100 if enough problems exist. Adtgreriod of few mistakes, the checking is
reduced to five records for every 100 or at thdityuehecker's discretion.

To summarize:

« Initial 200 records should be checked. If probleamain, check groups of
100 until satisfied with georeferencer's abilities.

* Regular checks of 10 randomly selected recordevery 100

- If more than 2 incorrect records, quality checkerdd check 20 more records
and can ask georeferencer to redo entire 100.

» After awhile, the regular checks can be reducesinecords for every 100.

The second purpose of quality checking is to alimereferencers to refer difficult or
confusing records to the quality checker for helpdvice. The quality checker will then
resolve these ‘problem records’ as well as possiieecking problem records can be like
detective work. Historical records often have ldgadescriptions with named places that do
not appear on modern maps or gazetteers. To fegktlocalities, it is often necessary to
consult several different sources of informatiohe3e sources include, but are not limited to
catalog books, field notes, other records with simocalities, other collections, scientific and
other publications, websites, online databasesjapegazetteers, and historical maps. Bits of
information from several places can often be usezbktablish the correct coordinates for a
historical locality. In addition, some problem ret® do not make sense because of
contradictions or missing or garbled informatioag$ocality type categories in Appendix).
These problem records may be the result of mistakdata entry made in either the paper
catalog or the database. It may also be necessagnsult the curatorial staff or even the
original collector.

b. Data validation

Data validation (checking for errors) can be a totpasuming process, however, it is one of
the most important processes you can carry outyuaitht data. It is not practical to check
every record individually, so the use of batch pssing techniques and outlier detection
procedures, etc. are essential. Fortunately, a auoflthese have been developed and are
available in software products or on-line. Mostltése are elaborated in the document
Principles and Methods of Data Cleaning. Primare8ps and Species Occurrence Data
published by GBIF (Chapman 2005b) and the inforomatherein will not be repeated here.
We recommend that you download and use that dodusisesm adjunct to this one.

There are many methods of checking for errors oreferenced data. These can involve
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e using external databases (collector’s itineriegetiaers, etc.),

« checking against other fields in your own datal{asaking sure the georeference falls
within the correct state, country, region, etc.),

e using a GIS to look for records that fall outsiaddygon boundaries such as bioregions,
local government areas,

* using statistical methods such as box plots, reviakknifing, cumulative frequency
curves, and cluster analysis to identify outlier&iitude or longitude,

* using modelling software in conjunction with statial analysis to identify outliers in
environmental (e.g., climate) space.

Some of these techniques will shortly be availabidine through th&BIF Portal and the
BioGeomancewebsite, and yet others are available througtstiied-alone GIS software
DIVA-GIS (Hijmanset al.2005).

c. Making corrections

When making corrections to your database, we slyaegommend that you always add and
never replace or delete. For this to happen yoluusilally require additional fields in the
database. For example, you may have ‘originalverbatim’ georeference fields in addition to
the main georeference fields. Additionally, theath@ise may require a number of ‘Remarks’
fields. Fields that can be valuable are thosedbatribe validation checking that has been
carried out — even (and often especially) if tHetaking has led to confirmation of the
georeference. These fields may include informadionvhat checks were carried out, by
whom, when and with what results.

d. Truth in labelling

‘Truth in Labelling’ is an important consideratiaith respect to documenting data quality.
This is especially so where data are being madéaalato a wider audience, for example,
through the GBIF data nodes. We recommend thatrdentation of the data and their quality
be up-front and honest. Error is an inescapableacker of any dataset, and it should be
recognized as a fundamental attribute of those dditdatabases have errors, and it is in no-
one’s interest to hide those errors. On the contravealing data actually exposes them to
editing, validation and correction through usedfegck, while hiding information almost
guarantees that it remain dirty and of little Iciegm value.

4. Reponsibilities of the Manager

It is important that the manager maintain good settocumentation (guidelines, best practice
documents, etc.), ensure that there are good fekdabachanisms in place, and ensure that
data quality procedures are maintained, are umte;@&nd are being implemented. For further
responsibilities, we refer you to the documeriticiples of Data QualityfChapman 2005a)
which should be read as an adjunct to this document

5. Responsibilities of the Supervisor

The georeferencing supervisor has the principleaesibility for maintaining the quality of
the data on a day-to-day basis. Perhaps theirdsgonsibility is to supervise the data-entry
procedures (selBata Entry above), and the data validation, checking andnitey processes.
This role is the key role in any georeferencingcpss, along with that of the data entry
operators. It is important that the duties andoasjbilities be documented in the institution’s
best practice manuals and guidelines.
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6. Training

Training is a major responsibility of any instituti beginning or conducting the georeferencing
of their collections. Good training can reducelthesl of error, reduce costs and improve data
quality. A Georeferencing and Data Cleaning Trairifit is being planned, and hopefully will
be developed over the next couple of years. THisaid institutions in training their data entry
operators and supervisors in all aspects of theefemcing and data quality control processes.

7. Performance Criteria

The development of performance criteria is a goagl of ensuring a high level of

performance, accuracy and quality in the datatRedormance criteria can relate to an
individual (data entry operator, supervisor, edc.Jo the process as a whole. It can relate to the
number of records entered each week, but we waalohnmend that it relate more to the
quality of entry. Where possible, performance datshould be finite and numeric so that
performance against the criteria can be documeigahe examples may include

e 90% of records will undergo validation checkinghint6 months of entry,

e any suspect records identified during validatioocgdures will be checked
and corrected within 30 working days,

« feedback from users on errors will be checked hediser notified of the
results within two weeks,

e all documentation of validation checks will be cdetpd and up-to-date.

8. Index of Spatial Uncertainty

An Index of Spatial Uncertainty may be developed dacumented for the dataset as a whole
to allow for overall reporting of the quality ofaltataset. This index would supplement a
similar index of other data in the database, sschinaindex of Taxonomic Uncertainty and
would generally be for internal use. Currently,sugh universal index exists for primary
species occurrence data, but institutions may densieveloping their own and testing its
usefulness. Such indexes should, wherever posbiblgenerated automatically and produced
as part of a data request from the database akagead with the metadata as part of the
request. Such an index could form the basis fquihglusers determine the quality of the
database for their particular use. The authothisfdocument would be interested in any
feedback from institutions that develop such amindThe index should form an integral part
of the metadata for the collection and may inclimehe georeferencing part of the database:

1. Completeness Index

» percentage of records with georeference fieldshhaé values

« percentage of records with extent fields that halaes

« percentage of records with uncertainty fields tieate values

* percentage of records with coordinate-precisiolddiavith a value

e percentage of records with datum fields that hakecavn datum value
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2. Uncertainty Index

* average and standard deviation of ‘uncertaintyugdbr those records that
have a value

e percentage of records with a maximum uncertainlyevan each class

<100 m

100-1,000 m

1,000-2,000 m

2,000-5,000 m

5,000-10,000 m

>10,000 m

g. not determined

~ooooTw

3. Currency Index

e time since last data entry
* time since last validation check

4. Validation Index

» percentage of records that have undergone valittgit x

* percentage of records that have undergone validégit y, etc.
« percentage of records identified as suspect usalidation tests
e percentage of suspect records found to be actraaker

9. Documentation

Documentation is one of the key aspects of anyajemncing process. Documentation
involves everything from record-level documentatsuch as
* how the georeference was determined,
* what method was used to determine the extent and er
* what modifications were made (for example, if aerapor edits a point on the screen
and moves it from point ‘a’ to point ‘b’ it is begtactice to document "why" the point
was moved and not just record that location wasaddkom point ‘a’ to point ‘b’ by
the operator),
» any validation checks that were carried out, by mvfamd when,
» flags that may indicate uncertainy, etc.
through to the metadata related to the collect®a wwhole which may include:
» the overall level of data quality,
» the general checks carried out on the whole data se
» the units of measurement and other standards atjopte
» the guidelines followed,
» the Index of Uncertainty (see earlier discussibis, thapter).

A second set of documentation relates to
* the institution’s ‘Best Practice’ document which reeommend should be derived
from this document and tailored to the specificdseef the institution,
* training manuals,
+ standard database documentation,
e guidelines and standards.

We recommend that documentation be made an intpgrabf any georeferencing process.
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Software and on-line Tools

* BioGeomancer
http://www.biogeomancer.org/

* BioGeoMancer Classic
http://biogeomancer.org/

« DIVA-GIS
http://www.DIVA-GIS.org/
« GeoCalc

http://www.geocomp.com.au/geocalc/
e GeolLoc - CRIA
http://splink.cria.org.br/geoloc?&setlang=en
e GEOLocate
http://www.museum.tulane.edu/geolocate/
» MaNIS Georeferencing Calculator
http://manisnet.org/gc.html
* NGDC Magnetic Declination Calculator
http://www.ngdc.noaa.gov/seg/geomag/jsp/strutsibadtination

Gazetteer Look-up Services

» Alexander Digital LibraryGazetteer Server Client
http://middleware.alexandria.ucsb.edu/client/gdzfadex.jsp

e Fuzzyg — Fuzzy Gazetteer
http://tomcat-dmawebl.jrc.it/fuzzyg/query/

* Global Gazetteer
http://www.fallingrain.com/world/

* GEOnet Names Server
http://gnswww.nga.mil/geonames/GNS/index.jsp
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Appendix: Guidelines for Georeferencing Locality Ty pes

FEATURE (NAMED PLACE)

Definition:

The simplest locality descriptions consist of only a named place, which is often a
feature listed in a standard gazetteer and can probably be located on a map of the
appropriate scale. Feature categories include:

» town, suburb, populated place, or homestead

» spring, bore, tank, well, or waterhole

» island, reef, or cay

* port, bay, gulf, or harbor

» airport, buoy, dock, or jetty

e point, cape, or peninsula

* cave

» dam, or lock

» hill, peak, pass, or mountain

e trig point

» park, reserve, or forestry zone

* junction of two paths (roads, rivers, contour lines, boundaries, etc.)

Despite how they might be presented in a gazetteer or on a map, features are not
points; they are areas that have a spatial extent, though the extent may not always
be obvious. In a very few cases (such as a trig point), the extent is very small as it is
an accurately surveyed point. The important thing is to try to capture the information
not only for where the feature is, but also how specific it is (i.e., how big is the extent
of the feature).

Some features (e.g., river and road junctions, bridges) may not have gazetteer
entries, while others (e.g., properties) may not appear on standard map series. These
types of features can be a challenge to locate, and are therefore among the least
efficient georeferences to produce. Nevertheless, additional resources, such as
internet searches and field notes can often reveal these tricky places

Examples:

Example 1 : "Bakersfield”

Example 2 : “Point Lookout”

Example 3 : “Bennetts Waterhole”

Example 4 : “Isla Tiburon”

Example 5: “Lorne Reef”

Example 5 : “Yosemite National Park”

Example 6: “Mt Hypipamee”

Example 7 : “Junction of Dwight Avenue and Derby Street”

Example 8 : “State Forest Reserve 607"

Example 9 : “Where Dalby Road crosses Bunya Mountains National Park Boundary”
Example 10 : “confluence of Labarge Creek and South Labarge Creek”
Example 11 : “At 100 m contour line on Black street”

Example 12 : “junction of Rio Claro and Rio La Hondura”

Example 13 : “Victoria River Station” [Northern Territory, Australia]

Georeferencing Procedure:

Features with an obvious spatial extent — use the geographic center (i.e., the
midpoint of the extremes of latitude and longitude) for the coordinates. If the
geographic center does not fall inside the shape of the shaded area, then pick the
nearest point to the center that lies within the shape (see Figure 4). Use the distance
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from the coordinates to the furthest point within the named place as the extent. Some
gazetteers give bounding boxes to describe the extents of large places and you can
use these to determine the extent by measuring them from a map or by using a
geographic distance calculator such as the Perpendicular Distance Calculator™ from
the Center for Biodiversity and Conservation (CBC).

Features without an obvious spatial extent — some features do not have a shaded
boundary or a topographic symbol for buildings shown on the map (especially for
non-USA locales). Some of these features may have large, but indistinct extents
(mountains, trap lines). Other features may be relatively small (springs, junctions),
with no apparent extent on a map. Use and document your judgment when placing
the coordinates and estimating the extent of large features, and use a standard
extent for small features based on the feature type. The extent of road junctions, for
example, cannot be measured on maps, so use the following extent
recommendations from Frazier et al. (2004):

« For 2-lane city streets and 2-lane highways, the extent is 10 m.

e For 4-lane highways, the extent is 20 m.

< For large highways with medians, the extent is 30 m.

e If unknown, use 15 m.

It is worthwhile to create a feature type extent table as part of your institutional best
practices document so that there is consistency in extents for features whose size
cannot be measured without ground-truthing.

‘Exact’ locations — if the locality appears to be ‘exactly at’ the locality cited (GPS
reading) use the accuracy of the GPS as the extent.

In some cases — for example, an accurately recorded trig point — the extent and the
uncertainty may be identical, however, collections are seldom made at the exact
locality cited (e.g., right on top of the trig point), so the extent is usually much larger
than a literal reading might suggest.

If you choose to use a gazetteer to obtain coordinates, keep in mind that they may
not be at the geographic center of the feature. For example, the coordinates of a
populated place may be at the main post office or the courthouse (if that place is a
county seat). Coordinates for rivers and streams are usually at the mouth. For this
reason, it is a good idea to use the gazetteer coordinates to find the feature on a
map, and then use the map to find the geographic center of the feature.

When recording the method of determination of the coordinates and uncertainty in
the remarks, use "measured from the main post office" or "measured from the
geographic center of Bakersfield", etc.

Care! Some older gazetteers reference the bottom left hand corner of the position
where the name is to appear on a printed map rather than the actual location of the
feature. Most gazettteers have been fixed in recent years, but care should be taken
when using an unfamiliar gazetteer. Always check the map, which you will need to do
in any case to calculate the extent.

" I ‘: iKlIumetres LEX . . -
Flg 4 Calculatlon of the geographlc center and extent for Norseman, Western
Australia. Background map from Geosciences Australia (2005).

18 perdendicular Distance Calculatdrttp://geospatial.amnh.org/open_source/pdc/indetzht
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Subdivisions of a feature — such as “N part of Mono Lake” calculate the extent
based only on the subdivision and proceed as you would with a location consisting of
a named place with a spatial extent.

Properties (ranches, farms, stations, etc.) — if you are unable to locate them in
gazetteers or on regular maps, you may have to use a cadastral map, or carry out a
search to see if you can locate them in relation to nearby cities or other geographic
entities. If you are unable to find the boundaries, and thus determine the geographic
center, then use the coordinates of the homestead or major property buildings and
estimate the size of the property from the location of other buildings not on that
property.

Caves — use the coordinates of the entry to the cave. This will usually be the
location given in a gazetteer or on a regular map.

Uncertainty:

Use the MaNIS Georeferencing Calculator  (http://manisnet.org/gc.html) to
determine “Maximum Uncertainty Distance”.

e For Calculation Type use:
“Error — enter Lat/Long for the actual locality”

» For Locality Type use:
“Named place only”.

See Example 1, below

Example 1.

Locality: “Bakersfield”
Suppose the coordinates for Bakersfield came from the GNIS database (a
gazetteer) and the distance from the center of Bakersfield to the furthest city limit
is 3 km.

Coordinate System: degrees minutes seconds
Latitude: 35°22'24" N

Longitude: 119°1'4"W

Datum: not recorded; 79 m uncertainty
Coordinate Precision: nearest second; 40 m uncertainty
Coordinate Source: gazetteer

Extent of Named Place: 3 km

Distance Units: km

Decimal Latitude: 35.37333

Decimal Longitude: -119.01778

Maximum Uncertainty Distance: 3.119 km
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NEAR A FEATURE

Definition:

A locality given without an exact position, but with “near”, “in the vicinity of”, “adjacent
to”, or some similar relation to a feature cited.

These locality descriptions imply an offset from a named place without definitive
directions or distances.

Examples:

Example 1: “Near Las Vegas“

Example 2 : “vicinity of Tumbarumba“

Example 3 : “Big Bay vicinity”

Example 4 : “near MS 117 on Dalton Hwy”

Example 5 : “near Bend 43 on Great Western Hwy”

Example 6 : “vicinity of bridge over Condamine River on Warrego Highway*
Example 7 : “adjacent to railway underpass on Smith Street”

Example 8 : “area of confluence of Black and Oshetna Rivers”

Georeferencing Procedure:

In these cases use the geographic center of the named place for the geographic
coordinates.

If you are unable to determine the exact coordinates of the locality, then use the
coordinates as near as possible to the referenced locality (and on the path if
appropriate).

Extent:

The extent should be calculated as the greater of 2km or 200% of the extent of the
named place. Clearly there is a measure of subjectivity involved here and you should
use your judgement and evidence from other sources. Let common sense prevail and
document the assumptions made.

Uncertainty:

Calculate the same as for ‘Feature’ but note the increase in extent.
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BETWEEN TWO FEATURES

Definition:

A locality cited as ‘between’ two features or named places.
Examples:

Example 1 : “between Point Reyes and Inverness”

Image

Fig. 5. The diagram above illustrates the general case of a
locality description of the type "Between A and B.

Georeferencing Procedure:

Find the coordinates of the midpoint between the centers of the two named places
(the point e in Figure 5).

Extent:
Use one-half the distance between the centers of A and B.

Uncertainty:

Calculate the same as for ‘Feature’.
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STREET ADDRESS

Definition:

Locality is a street address — usually with a number, a street name, and a feature

name.

In some places, street numbers in rural areas represent a metric distance from the
start of the road.

Examples:

Example 1:
Example 2:

Example 3:
Example 4:

“1 Orchard Lane, Berkeley, CA*

“21054 Baldersleigh Road, Guyra, NSW* (indicates that the locality is
21.054 km from the beginning of Baldersleigh Road).

“Backyard of 593 West Street, Louisville, Boulder County, Colorado”
“Greenhouse at 20th and Broadway, Boulder, Boulder County,
Colorado”

Georeferencing Procedure:

Addresses are sometimes given when specimens are collected in cities or towns.
When possible, plot the point at the indicated spot with the aid of a local road map or
a mapping product such as Google Maps®, Maporama® or Mapquest®, White or
Yellow Pages directory, or a GPS. If the exact address cannot be found, estimate the
location as well as possible. Remember that many addresses reflect a grid system of
labeling addresses. For instance, addresses between 12th Street and 13th Street
would lie between 1200 and 1300. Be aware, however, that street names often
change over time. To your best ability, locate this area on the map or map software
you are using to get the coordinates, if the electronic gazetteer does not display them
automatically.

Building names are often given to clarify the location within a town or city. Rarely are
these buildings given coordinates in a gazetteer; however, they can sometimes be
located using a Yellow Pages directory, which may be available via the Internet.
Unlike natural features, most buildings change names or even disappear over time,
so verify that the building named in the record existed in that location at that time.

Extent:

Use as the extent the smallest area that is identifiable and that cannot be any other
address. If you cannot determine the location and size of an address within a block,
use half the length of the city block for the extent and make note of this in the
georeferencing remarks.

Uncertainty:

Calculate the same as for ‘Feature’.
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PATH

Definition:

The locality is a linear feature such as a road, trail, boundary, river, or contour line.
The locality may also refer to part (or subdivision) of the path (see Examples 5-7).
Localities that are given without an exact position, but are cited as “near”, “in the
vicinity of”, “adjacent to”, a path such as a road, river, etc. (see Examples 8 and 9)
are treated in the same manner as any other path, but with perhaps a wider footprint
— see also under ‘Near a Feature’, above.

Note! A path clause in a locality description is often meant to be read in combination
with another clause. The relationship between the path clause and other clauses in
the same description is important, because the resulting shape will be affected. For
example, a description with a path followed by an offset from a feature at a heading
(“Hwy 101, 2 mi N Santa Rosa) should actually be calculated as a clause of the type
“offset from a feature at a heading along a path” rather than as the intersection of a
path and a clause of the type “offset from a feature at a heading”

Examples:

Example 1: “Hwy 1”

Example 2 : “Nepean River”

Example 3 : “along 100 m contour line”

Example 4: “N. Boulder Creek, 1.3 miles above Boulder Falls”
Example 5 : “mouth of Goodpaster River”

Example 6 : “head of Mooney Creek”

Example 7 : “Eastern part of Logan Motorway”

Example 8 : “vicinity of Uyamitquaq CKk.”

Example 9 : “adjacent to eastern boundary of Foz do Iguacu Park”

Georeferencing Procedure:

Roads — a path may be defined with reference to a named place (see Note above).
This may influence where one places the coordinates. If there is no further
refinement, then treat the road similarly to a river, as explained below. If there is
reference to an offset or a position on the path, then treat the location as any other
feature and refer to the appropriate sections, such as ‘Offset’, or ‘Feature’.

Rivers — if you are unable to traverse the length of the river to find the geographic
center, then make a straight line from the mouth of the river to the head of the river
(or the extreme points within the county, state, etc. you are concerned with). Find the
center of this line, and place your coordinate point closest to the center of the line on
the river itself (see Figure 6). This method may lead to large errors in rivers that have
large changes in direction. Use your common sense to determine the most
appropriate point, bearing in mind the suggested methods above.

The mouth of a river is not always easy to determine, but is usually taken to be
formed by a straight line across the river at the position where the river joins a larger
body of water (sea, bay, lake, another river, etc.). In some rare cases, it may refer to
the downstream end where the river changes its name. It is the position of lowest
elevation of the river.

Similarly, the head of a river (where the river begins) can also be difficult to
determine. Though the head is always the highest point on the part of the river
bearing the same name, it may begin in a mountain, canyon, or lake, and may need
to be estimated because it has become too fine or broken up into smaller streams to
accurately identify on a map.

Sometimes the terms ‘above’, ‘below’, ‘left bank’, or ‘right bank’ are used with rivers
instead of cardinal directions (see Example 4, above). ‘Above’ is used when referring
to upstream of the feature while ‘below’ refers to downstream. The direction a river
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flows can be easily determined on a topographic map by looking at the contour lines
and elevation. The contour lines will always point upstream as they cross the river.
The terms left and right bank refer to the side of the river when facing downstream.

‘Mouth of River’ (Example 5) and ‘head of River’ (Example 6) are usually best treated
as you would a ‘Feature’.

Care! When using older maps, be aware that rivers may have changed course and
may have been in a different location at the time the collection was made, compared
with the position drawn on the map at a different time. In addition, the apparent
position of the mouth of a river can be strongly influenced by the scale of the map
being used.

Note! Do not use the coordinates given by gazetteers, as these points usually
correspond to the mouth of the river, not the geographic center.

Contour Lines — If the contour line has ends within the area of interest, treat it the
same as you would a river. If the contour line is closed (i.e., forms a polygon around
a hill or mountain, etc.), then treat the enclosed area the same as you would a
‘Feature * and use the geographic center of the polygon for the geographic
coordinates.

Subdivisions of a Path — where a subdivision of a path still describes a path,
continue to treat it as a road, river or contour line as above. In Example 7, for
instance, you may take the midway point on the Logan Motorway as the western limit
of the subdivision meant by the ‘eastern part’. Use that limit as the basis to determine
both the coordinates and the extent.

Image:

Coordinates  Extent 440km

14471, -30.68

Plad mum
uncertainty
using radius

Fig. 6. An example of determining coordinates and extent for a path (in this
case the Darling River in New South Wales, Australia). Use of an uncertainty
polygon would give a more accurate representation for maximum uncertainty
than the point-radius method.

Extent:

The extent is the distance from the point nearest the geographic center of the path to
the point on the path furthest from that center point. Make sure to base the center
point on only that portion of the path within the boundaries of interest.

Uncertainty:

Calculate the same as for ‘Feature’.
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BETWEEN TWO PATHS

Definition:

A locality cited as being between two paths (two roads, two rivers, a road and a river,

etc.).

Examples:
Example 1 : “between Tanama R. and Clearwater Ck.”

Example 2 : “between Aldersley and Bridge Streets” (i.e., two streets that don’t

intersect)
Example 3 : “on Hwy 14, between highway and adjacent fence”

Georeferencing Procedure:

Create a polygon from the two paths and the end points of each of the paths — for
example, the state boundary, where the river joins another river or changes names, a

road intersection, etc. (see Figure 7.)

Once the polygon is drawn — then the coordinates are determined in the same

manner as for a ‘Feature’, above.
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Fig. 7 An example of determmmg coordinates and extent for a Iocatlon between
two paths (in this case “between the Bruce Highway and the Railway line, West of
Plain Creek and before the Railway crossing on the Highway”). Background map
from Geosciences Australia (2005).
Extent:

Once the polygon has been drawn as above, then the extent is determined in the

same way as for a ‘Feature’.

Uncertainty:
Calculate the same as for ‘Feature’.
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OFFSET DISTANCE

Definition:
Locality consists of an offset from a named place without any direction specified.

Offsets without a direction are often the result of errors by the collector when
recording the locality. Occasionally, these localities are data entry errors. Try to view
the original collection catalogs or labels, as there may be more information in them.

Examples:

Example 1: “5 km outside Calgary*
Example 2 : “15 km from Recife”

Image:

oordinate
Position

Fig. 8. An example of determining coordinates and extent for a location
with offset distance only (in this case “5 km from Lake Vattern, Sweden”).
The coordinates are 14.56°, 58.30°. Offset distance is 5 km, extent of the
named place (Lake Vattern) is 61.2 km. These values are then used in
the MaNIS Georeferencing Calculator to determine maximum uncertainty.

Georeferencing Procedure:

Record the geographic coordinates of the center of the named place, as you would
for a normal ‘Feature’.

Sometimes offset information is vague either in its direction or in its distance. If the
direction information is vague, record the geographic coordinates of the center of the
named place and include the offset distance in the determination of the maximum
uncertainty (see figure 8).

Extent:
Use the extent of the named place.

Uncertainty:

Use the MaNIS Georeferencing Calculator  (http://manisnet.org/gc.html) to
determine “Maximum Uncertainty Distance”.

e For Calculation Type use
“Error — enter Lat/Long for the actual locality”
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e For Locality Type use
“Distance only (e.g., 5 mi from Bakersfield)”.

Example 1.

Locality: “5 mi from Bakersfield”
Suppose the coordinates for Bakersfield came from Topozone® with the map
coordinates reprojected in NAD27. Suppose also that the distance from the
center of Bakersfield to the furthest city limit is 2 mi.

Coordinate System: decimal degrees
Latitude: 35.373

Longitude: -119.018

Datum: NAD27; no uncertainty

Coordinate Precision: 0.001 degrees; 0.089 mi uncertainty
Coordinate Source: gazetteer

Offset Distance: 5 mi

Extent of Named Place: 2 mi

Distance Units: mi

Decimal Latitude: 35.373

Decimal Longitude: -119.018

Maximum Uncertainty Distance: 8.089 mi

Example 2.
Locality: “5 km from Lake Véattern, Sweden” (see Figure 8).

Coordinate System: decimal degrees
Latitude: 58.30

Longitude: 14.56

Datum: unknown

Coordinate Precision: 0.001 degrees, 1520 m uncertainty
Coordinate Source: gazetteer

Offset Distance: 5 km

Extent of Named Place: 61.2 km

Distance Units: km

Decimal Latitude: 58.30

Decimal Longitude: 14.56

Maximum Uncertainty Distance: 68.559 km

NB! See discussion on “Estimating Uncertainty from Distance” earlier in this
document. The Georeferencing Calculator uses the method for estimating uncertainty
given in Wieczorek et al. (2004).
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OFFSET DIRECTION

Definition:
Locality consists of a direction from a named place without any distance specified.
Examples:

Example 1: “N Palmetto”
Example 2 : “W of Jondaryan"

Image:

Fig. 9. An example of a locality description of the type "At a heading from B". In
this diagram the specific example is "West of B". The area corresponding to
"West of B" is encompassed by the bright yellow triangle connecting the three
points b, i, and g. The orange triangle would be interpreted as "East of A" and the
green triangle would be interpreted as "South of A”.

There are a number of ways one might calculate the coordinates, extent, and
uncertainty for this complicated scenario, some of which are described below using
the values shown in Figure 9.
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Alternative 1:

Coordinates: Place the coordinates at the pdinvhich is at a distance
r/cos(alpha) W from the center of B, where r is ba# the distance
between the centers of A and B and alpha is thiedsgween west and
the direction from the center of B to the centeAof

Extent: The radius of', which is r/cos(alpha).

Disadvantage:This alternative leaves out some of the trianglg)(

Advantages:

1. The center of the uncertainty radius is the fpdire W furthest from
the center of B within the triangl©if).
2. This is the simplest of the three alternatiwesdiculate.

Alternative 2:

Coordinates: Place the coordinates at the pdirds in Alternative 1.

Extent: The radius of", which is the extent of B plus
r*sqrt(2)/(2*cos(alpha)*sin(theta-alpha)), where tingle theta is based
on the direction uncertainty (45 degrees for West).

Disadvantage:The radius of uncertainty is larger than it netedse to cover
the area that might reasonably be called ‘West of B

Advantage:

1. This alternative leaves out none of the triarigig).
2. It has its center on the point furthest due thefcenter of B within
the triangle Big).

Alternative 3:

Coordinates: Place the coordinates at the pginwvhich is half-way between
the points andg. The coordinates for this point is beyond theighdf a
georeferencer to discern.

Extent: The radius of , which is the extent of B plus r*(tan”2(theta-
alpha)+1)/(2*tan(theta-alpha)), where theta isdinection uncertainty (45
degrees for West).

Disadvantage:

1. This alternative leaves out none of the triarfigig).

2. The coordinates of the pointannot be determined readily from a
map; they have to be calculated.

3. The uncertainty for this alternative is the mamhplex to calculate

4. The center of the uncertainty is not due W efdbnter of B.
Advantage:

1. This alternative leaves out none of the triarfigig).

2. The size of the uncertainty radius is as snsail @an be and still
encompass the whole triangled).
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Alternative 4:

NoGeorefBecauseno offset distance given".
Disadvantage:

1. No georeference is produced.
Advantage:

1. This alternative avoids all of the subjectivigguired to interpret
this vague description.

Georeferencing Procedure:

When only an offset is given with no distance, it is virtually impossible to
georeference with certainty without additional information. For example, if we have a
location ‘East of Albuquerque’ with no other information, there is no clear indication of
how far one should go ‘East’ to find the location — to the next nearest named place;
the next nearest named place of equivalent size, or just keep going? In reality, such
a description could describe half of the Earth’s surface. It is for this reason that we
recommend using Alternative 4 above.

Seldom is such information given alone; there is usually some supporting information.
For example, the locality may have higher-level geographic information such as ‘East
of Albuquerque, Bernalillo County, New Mexico’. This gives you a stopping point (the
county), and should allow you to georeference the locality.

Uncertainty:

The MaNIS Georeferencing Calculator (http://manisnet.org/gc.html) does not
explicitly calculate coordinates and uncertainty for this locality type. Nevertheless, the
uncertainty can be calculated for any of the first three alternatives given above if one
first determines the coordinates and extent. The Georeferencing Calculator can be
used in two steps to georeference using Alternative 1, above. For the first step,

determine the coordinates for the point f:

e For Calculation Type use
“Coordinates and error”

e For Locality Type use
“Distance at a heading”.

Fig. 10. Extract from TOPO250K digital map
showing Jondaryan, Queensland, Australia.
Map from Geosciences Australia (2005).
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Example 1. (see Figure 10)

Locality: “W of Jondaryan”
Suppose the coordinates for Jondaryan came from a gazetteer using the
Australian Geodetic Datum 1984 (AGD84). Malu is the next populated place in a
westerly direction from Jondaryan at a distance of 3.65 and a heading of 305°.
The scale of the map is 1:250,000 and the metadata for the map indicates an
uncertainty of ~160 m (see Table 5).

Coordinate System: degrees, minutes, seconds

Latitude: 27° 21’ 50” S (for Jondaryan)

Longitude: 151° 34’ 59" E (for Jondaryan)

Datum: AGD 84; no uncertainty

Coordinate Precision: 1 second

Offset distance: 4.46 km (r/cos(alpha) where r = 3.65 km and alpha is the difference
between the heading 305° and west 270°, or 35°).

Direction: W

Decimal Latitude: -27.36389 (for point f)

Decimal Longitude: 151.53797 (for point f)
Maximum Uncertainty Distance: 1.592 km

For the second step, determine the maximum uncertainty distance from the point f:

e For Calculation Type use
“Error — enter Lat/Long for the actual locality”

e For Locality Type use
“Named place only”.

Example 1. Step 2.

Coordinate System: degrees, minutes, seconds

Latitude: 27°21’'50” S

Longitude: 151° 32’ 16.69” E (based on the Decimal Longitude from Step 1)
Datum: AGD 84; no uncertainty

Coordinate Precision: 1 second

Coordinate Source: non-USGS map: 1:250,000; 0.16 km uncertainty.
Extent of Named Place: 4.46 km (radius of f' in Figure 9)

Distance Units: km

Distance Precision: 1/100 km

Decimal Latitude: -27.36389

Decimal Longitude: 151.53797

Maximum Uncertainty Distance: 4.751 km

Best Practices for Georeferencing
Aug. 2006 59



Appendix:- Locality Types

OFFSET AT A HEADING

Definition:

The locality contains a distance in a given direction from a feature or named place.
There are several variations on such localities.

Localities that have one linear offset measurement from a named place, but do not
specify how that measurement was taken (see Example 1, below), are open for case-
by-case judgment. The judgment itself must be documented in the remarks for the
determination (e.g., ‘Assumed “by air” — no roads E out of Yuma’, or ‘Assumed “by
road” on Hwy. 80"). In this case, the remark should be something like ‘Uncertainty
encompasses both distance by air and distance by road on Hwy. 80).

In Example 2, the locality is on the east side of the river, in lllinois, rather than on the
west side, in Missouri. In this example, the 16 miles were assumed to be ‘by air’ — but
see similar example under in the next Locality Type: Offset along a Path .

The addition of an adverbial modifier to the distance part of a locality description,
while an honest observation, should not affect the determination of the geographic
coordinates or the maximum uncertainty. In Example 3, below, treat the locality as if it
read "25 km WNW of Campinas”

Examples:

Example 1: “10.2 mi E of Yuma”

Example 2: “16 mi from St Louis on left bank of the Mississippi River — downstream*
Example 3 : “about 25 km WNW of Campinas”

Example 4: “10 mi E (by air) Bakersfield"

Georeferencing Procedure:

Use the geographic coordinates of the named place (see ‘Feature’, above) as a
starting point. Sometimes the locality description gives a method for determining the
offset (e.g., ‘by road’, ‘by river’, ‘by air’, ‘up the valley’, etc.) For all cases except ‘by
air’ (see Example 4), use the next Locality Type: ‘Offset along a Path’ , below.

Where the method of determining the offset cannot be determined from the locality
description or additional information and there is no obvious major path that can be
followed in the rough direction and distance given, assume the collector measured
the distance by air.

If there is no clear best choice between ‘by road’ or ‘by air’, you may wish to use the
midpoint between the two possibilities as the geographic coordinate and assign an
uncertainty large enough to encompass the coordinates and uncertainties of both
methods.This choice is not recommended here for two reasons. First, the resulting
coordinates will not match either of the two possible interpretations. Second, it will
take about three times as long to calculate since the two interpretations have to be
made, followed by the determination that encompasses them both. Since the offset at
a heading “by air” will usually encompass the alternative by road anyway, this is the
recommended option. You can increase the maximum uncertainty to encompass the
other possible choice. Once again, this recommendation applies if you don’t have a
compelling reason to use the offset along a path.

To calculate the coordinates, use the geographic coordinates of the center of the
named place as a starting point (in the Example 1 above, use the center of Yuma)
and enter its coordinates and extent in the MaNIS Georeferencing Calculator __ using
the Calculation type: ‘Coordinates and Error’ . Enter the distance and direction given
— (make sure relevant parameters are filled in or selected, such as datum, direction,
offset distance, distance units and precision, and coordinate source, system, and
precision,) and push “Calculate.” The new coordinates that appear at the bottom of
the calculator are the ones you can now enter in your database. They should be
different from the coordinates you entered in the ‘Latitude’ and ‘Longitude’ spaces — if
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they are not, check to make sure you have chosen the correct Calculation Type. You
should also check the resulting locality coordinates on a map (or for the USA, in
Topozone.com) to make sure they make sense. Be sure to choose the same datum
as the original coordinates when viewing the result.

Extent:

The extent is the extent of your starting point - usually a named place such as a city
or a junction.

Uncertainty:

Use the MaNIS Georeferencing Calculator  (http://manisnet.org/gc.html) to
determine “Maximum Uncertainty Distance”.

e For Calculation Type use
“Coordinates and error”

e For Locality Type use
“Distance at a Heading".

Example 1.

Locality: “10 mi E (by air) Bakersfield”
Suppose the coordinates for Bakersfield came from the GNIS database (a
gazetteer), the coordinates of the locality were calculated to the nearest second,
and the distance from the center of Bakersfield to the furthest city limit is 2 mi.

Coordinate System: degrees, minutes, seconds

Latitude: 35°22'24" N

Longitude: 118°50' 56" W

Datum: not recorded; 0.049 mi uncertainty

Coordinate Precision: nearest second; 0.024 mi uncertainty
Coordinate Source: gazetteer (for which the datum is unknown)
Offset Distance: 10 mi

Extent of Named Place: 2 mi

Distance Units: mi

Distance Precision: 1 mi

Direction Precision: E (45 degrees precision — between NE and SE)
Decimal Latitude: 35.37333

Decimal Longitude: -118.67179

Maximum Uncertainty Distance: 16.588 mi

Example 2.

Locality: “10 mi ENE (by air) Bakersfield”
Suppose the coordinates for the locality were interpolated to the nearest second
from the USGS Gosford 1:24,000 Quad map and the distance from the center of
Bakersfield to the furthest city limit is 2 mi.

Coordinate System: degrees, minutes, seconds

Latitude: 35°24'21"N

Longitude: 118°51' 25" W

Datum: NAD27; no uncertainty

Coordinate Precision: nearest second; 0.024 mi uncertainty
Coordinate Source: USGS map: 1:24,000; 0.008 mi uncertainty
Offset Distance: 10 mi

Extent of Named Place: 2 mi

Distance Units: mi

Distance Precision: 10 mi

Direction Precision: ENE (11.25 degrees either side of ENE)
Decimal Latitude: 35.46134

Decimal Longitude: -118.69326

Maximum Uncertainty Distance: 12.379 mi
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OFFSET ALONG A PATH

Definition:
Locality describes a route from a named place.

If the distance was along a linear feature such as a road or river, measure along the
feature for the distance and in the direction cited, rather than use a straight line.
There is no uncertainty due to direction imprecision.

Examples:

Example 1:"7.9 mi N Beatty, on US 95”

Example 2: "13 mi E (by road) from Bakersfield”

Example 3: "18 km W of Guyra, on Baldersleigh Road"

Example 4: "2km downstream from Wallaman Falls”

Example 5: "3 km above Anita Grande on Rio Jimenez”

Example 6: "left bank of the Mississippi River, 16 mi downstream from St. Louis"

Georeferencing Procedure:

If ‘by road’ is specified in the locality description, or if there is an obvious major road
that can be followed that complies to the direction and distance exactly, you can
assume that the collector traveled by road. If there is a choice between multiple roads
that fit the description, choose one of them as the basis for the georeference and
increase the error to encompass the other possible choices.

Use the center of the starting point (in the Example 1, above, use the center of
Beatty), and use the measuring tool found in Terrain Navigator®'’ (USA only), or
your own appropriate application, to follow the road until you have gone the distance
cited. Take the coordinates from this ending point. Be sure to make a note of the
name of the road you followed in the Remarks if it is not already in the locality
description.

Extent:

The extent is the extent of your starting point - usually a named place such as a city
or a junction.

Uncertainty:

Use the MaNIS Georeferencing Calculator  (http://manisnet.org/gc.html) to
determine “Maximum Uncertainty Distance”.

e For Calculation Type: use
“Error — enter Lat/Long for the actual locality”

e For Locality Type: use
“Distance along a Path”.

Y Terrain Navigatd®, <http://www.maptech.com/land/index.cfm>.
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Example 1.

Locality: “13 mi E (by road) Bakersfield”
Suppose the coordinates for this locality were interpolated to the nearest 1/10th
minute from the USGS Taft 1:100,000 Quad map and the distance from the
center of Bakersfield to the furthest city limit is 2 mi.

Coordinate System: degrees, decimal minutes

Latitude: 35°26.1' N

Longitude: 118°48.1'W

Datum: NAD27; no uncertainty

Coordinate Precision: 0.1 minutes; 0.148 mi uncertainty
Coordinate Source: USGS map: 1:100,000; 0.032 mi uncertainty
Extent of Named Place: 2 mi

Distance Units: mi

Distance Precision: 1 mi

Decimal Latitude: 35.43500

Decimal Longitude: -118.80167

Maximum Uncertainty Distance: 3.180 mi

Best Practices for Georeferencing
Aug. 2006 63



Appendix:- Locality, Types

OFFSET IN ORTHOGONAL DIRECTIONS

Definition:

Locality consists of a linear distance in each of two orthogonal directions from a
named place (Figures 11 and 12).

Examples:

Example 1:“2 mi E and 1.5 mi N of Bakersfield"
Example 2: “6 km N and 4 km W of Welna“
Example 3: “2 miles north, 1 mile east of Boulder Falls, Boulder County, Colorado“

Georeferencing Procedure:

Where localities have two orthogonal measurements in them, it should always be
assumed that the measurements are ‘by air’ unless there is a reference that indicates
otherwise.

Use the center of the starting point (e.g., in the Example 2, above, use the center of
Welna), and enter its coordinates and extent in the MaNIS Georeferencing
Calculator_ using the Calculation Type: "Coordinates and Error" Enter the distances
and directions given, and push "Calculate." The new coordinates that appear at the
bottom of the calculator are the ones you can now enter in your database. They
should be different from the coordinates you entered in the ‘Latitude’ and ‘Longitude’
spaces — if they are not, check to make sure you have chosen the correct Calculation

Type.
Figures:
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Fig. 11. Example of calculating maximum uncertainty using
distance imprecision for two orthogonal offsets from the
center of a named place. From Wieczorek (2001).
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O Uncertainty due to distance imprecision plus extent of named place

Fig. 12. Calculating maximum uncertainty from the combination of
distance imprecision and extent. From Wieczorek (2001).

Extent:
Extent is the extent of your starting point - usually a city or a junction.
Uncertainty:

Use the MaNIS Georeferencing Calculator  (http://manisnet.org/gc.html) to
determine “Maximum Uncertainty Distance”.

e For Calculation Type use
“Coordinates and error”

e For Locality Type use
“Distance along Orthogonal Directions”.
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Example 1.

Locality: “2 mi E and 3 mi N of Bakersfield”
Suppose the coordinates for Bakersfield (the named place) came from the GNIS
database (a gazetteer), the coordinates of the locality given to the nearest
second, and the distance from the center of Bakersfield to the furthest city limit is
2 mi.

Coordinate System: degrees, minutes, seconds
Latitude: 35° 254" N

Longitude: 118°58' 54" W

Datum: not recorded; 0.049 mi uncertainty
Coordinate Precision: nearest second; 0.024 mi uncertainty
Coordinate Source: gazetteer

North or South Offset Distance: 3 mi

North or South Offset Direction: N

East or West Offset Distance: 2 mi

East or West Offset Direction: E

Extent of Named Place: 2 mi

Distance Units: mi

Distance Precision: 1 mi

Decimal Latitude: 35.4621

Decimal Longitude: -118.94623

Maximum Uncertainty Distance: 4.337 mi
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OFFSET FROM TWO DISTINCT PATHS

Definition:

Locality consists of orthogonal offset distances, one from each of two different paths.
This is a more unusual situation, but it does occur.

Examples:
Example 1: “1.5 mi E of LA Hwy. 1026 and 2 mi S of U.S. 190"

Georeferencing Procedure:

Locating the coordinates of a position like this is tricky. To do so, you have to draw a
path parallel to, and at the appropriate distance and heading from, each of the
reference paths. The place where they intersect (hopefully there is only one) is the
coordinate.

Extent:

Use the extent of the wider of the two paths from which you are measuring. The
uncertainty from the width of the wider highway will completely encompass the
uncertainty from the narrower one. In Example 1, above, Interstate 190 is a big four-
lane highway and LA 1026 is a two-lane highway. Since the measurements are
orthogonal to each other and to the roads in this case, each extent would be half of
the width of the respective highways. Since | 190 is the larger of the two, its extent
would completely encompass the extent from LA 1026.

For standard extents of roads, use the values described under Locality Type:
Feature, above.
Uncertainty:

Use the MaNIS Georeferencing Calculator  (http://manisnet.org/gc.html) to
determine “Maximum Uncertainty Distance”.

e For Calculation Type use
“Error — enter Lat/Long for the actual locality”

e For Locality Type use
“Distance along Path”. Note: this isn’t actually the locality type, but it
gives you all of the parameters you need to calculate the correct

uncertainty.
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LATITUDE AND LONGITUDE COORDINATES

Definition:

The locality consists of a point represented by coordinate information in the form of
latitude and longitude. Information may be in the form of

* Degrees, Minutes and Seconds (DMS),

* Degrees and Decimal Minutes (DDM), or

e Decimal Degrees (DD).

Records should also contain a hemisphere (E or W and N or S) or, with Decimal
Degrees, minus (-) signs to indicate western and/or southern hemispheres.

Examples:

Example 1:“36° 31' 21.4" N; 114° 09' 50.6" W* (DMS)

Example 2: “36° 31.4566'N; 114° 09.8433'W”" (DDM)

Example 3:“36.524276° S; 114.164055° W” (DD)

Example 4 : “-36.524276; -114.164055" (DD using minus signs to indicate
southern and western hemispheres)

Georeferencing Procedure:

If a location has associated coordinates that are consistent with the rest of the locality
description, there is generally little else to do except determine the maximum
uncertainty.

Extent:

The extent of a locality should never really be zero. If a GPS was used to determine
the coordinates, the accuracy of the GPS at the time (see the section Using a GPS,
above) should be used as the extent (or see estimates under ‘UTM Coordinates '’
below. If the coordinates were determined by some other or unknown means, use a
reasonable minimum extent for the location, perhaps based on the rest of the locality
description. For example, if the coordinates are associated with a point on a trap line,
use the distance from the coordinates to the furthest end of the trap line as the
extent.

Uncertainty:

Use the MaNIS Georeferencing Calculator  (http://manisnet.org/gc.html) to
determine “Maximum Uncertainty Distance”.

e For Calculation Type use
“Error — enter Lat/Long for the actual locality”

e For Locality Type use
“Coordinates Only”.

Example 1.
Locality: “ 35°22' 24" N, 119°1' 4" W”

Coordinate System: degrees, minutes, seconds

Latitude: 35°22'24" N

Longitude: 119°1'4"W

Datum: not recorded; 79 m uncertainty

Coordinate Precision: nearest second; 40 m uncertainty

Coordinate Source: locality description

Distance Units: km, m, mi, yds, or ft

Decimal Latitude: 35.37333

Decimal Longitude: -119.01778

Maximum Uncertainty Distance: 0.119 km, 119 m, 0.074 mi, 130 yds, or 390 ft
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Example 2.
Locality: * 35.37,-119.02, NAD27, USGS Gosford Quad 1:24000

Coordinate System: degrees, minutes, seconds
Latitude: 35.27
Longitude: -119.02

Datum: NAD27; no uncertainty
Coordinate Precision: .01 degrees; 1434 m uncertainty

Coordinate Source: USGS map: 1:24,000; 12 m uncertainty

Distance Units: km, m, mi, yds, or ft

Decimal Latitude: 35.37

Decimal Longitude: -119.02

Maximum Uncertainty Distance: 1.446 km, 1446 m, 0.899 mi, 1582 yds, or

4745 ft
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UTM COORDINATES

Definition:

The locality consists of a point represented by coordinate information in the form of
Universal Transverse Mercator (UTM) or related coordinate system (see Note below).
When databasing using UTM or equivalent coordinates, a Zone should ALWAYS be
included; otherwise the data are of little value when used outside that zone, and
certainly of little use when combined with data from other zones. Zones are often not
reported where a region (e.g., Tasmania) falls completely within one UTM zone. Be
aware that UTM zones are valid only between 84°N and 80°S.

Note! There are many national and local grids derived from UTM and work in the
same way — for example, the Australian Map Grid (AMG).

Examples:

Example 1: “UTM N 4291492; E 456156" (Note: no zone cited).
Example 2 : “AMG Zone 56, x: 301545 y: 7011991"
Example 3: “56: 301545.2; 7011991.4"

Georeferencing Procedure:

In Example 1, where no zone is cited, first find the UTM zone by using UTM Grid
Zones of the World (Morton 2006) using any additional information in the locality
description, such as country, state/province, county, etc.

Then fill in UTM data at Geographic/UTM Coordinate Converter (Taylor 2003).
Remember that x is easting while y is northing.

Care! Care should be taken when determining UTM coordinates from a map as they
are read in the opposite order to Latitude and Longitude, i.e., easting and then
northing.

Extent:

See the recommendations under Latitude and Longitude Coordinates , above.
Uncertainty:

Calculate in the same way as for Latitude and Longitude Coordinates

If unable to use the Georeferencing Calculator, a general rule of thumb is that the
Uncertainty is of the order of

« 30 meters if determined by a GPS after UTC 00:00 2 May 2000, and the
datum is recorded;

e 100 meters if determined by a GPS before UTC 00:00 2 May 2000 and the
datum is recorded;

* 200 meters plus (depending on the location) if determined by a GPS and the
datum is not recorded,;

» Variable, depending on map scale if determined from a map (see Table 5,
this document).
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TOWNSHIP, RANGE, SECTION

Definition:

Township, Range and Section (TRS) or Public Land Survey System (PLSS) is a way
of dividing land in the mid- and western USA. Sections are usually 1 mi on each
side. Similar subdivisions are used in other countries, and should be calculated in a
similar way, once the sizes of the rectangles have been determined. Map sheets are
sometimes used and can also be calculates in this way.

A Township Range Section (TRS) description is essentially no different from that of
any other named place. It is necessary to understand TRS descriptions and how they
describe a place before trying to georeference. See the References at the end of this
Locality Type, below, for links to further information on Township, Range and
Sections and their meaning.

Note! Though TRS applies only to the USA, some countries may have equivalents
and the principles elaborated here should be followed.

Examples:

Example 1: “T3S, R42E, SEC.2"
Example 2 : “E of Bakersfield, T29S R29E Sec. 34 NE 1/4*

Georeferencing Procedure:

If there is no other usable locality data, or if TRS is the most specific information
provided in the locality description, place the point at the center of the TRS or

%, section. Otherwise, TRS is best only used as one factor in determining the final
coordinates

To find the coordinates for the center of the TRS, use the TRS-data Website
(Gustafson and Wefald 2003) and fill in the appropriate fields. Make sure to pick the
correct state. The website will give you the geographic center of your section using
the WGS84 datum.

If your locality includes something like "SW .25 Sec 15", then your work is not yet
done. To georeference quarters of the section, use the coordinates from the TRS-
data website and place them in the Topozone.com website, which shows section
boundaries. Put your new point in the appropriate portion of the section and read the
new coordinates from the top of the map. Be sure to record the datum used for the
coordinates on Topozone®, since these are configurable while looking at the maps

Alternatively, to find the center of a quarter section, first find the center of the Section,
then calculate the coordinates of the quarter section by using offsets of 0.25 mi in the
appropriate directions from these coordinates. For example, the center of the NW 1/4
of Section 13 would be 0.25 mi N and 0.25 mi W of the center of Section 13.

Note! Not all TRS townships and sections are square. It is best to use a map to find
the center of any subdivision of a section.

Extent:

For sections, the extent is half of the hypotenuse of the section, or 0.707 mi (the
square root of 2 divided by 2). For quarter sections, the extent is half of that, or 0.354
mi. (Table 6).
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Division Example Extent Extent
(mi) (m)
Township T6S R14E 4.243 6828
Section T6S R14E Sec. 23 0.707 1138
Y4 Section T6N R14E Sec. 23 NE % 0.354 570
Y. of ¥4 Section T6N R14E Sec. 23 NE % SW Y4 0.177 285
Y, of 2 of Y4 Section | TGN R14E Sec. 23 NW ¥4 NE ¥4 SW Y 0.089 143

Table 6. Extents of Divisions of Townships in miles and meters. From Wieczorek (2001),
Frazier et al. (2004).

Uncertainty:
Calculate the same as for ‘Feature’.

If unable to use the Georeferencing Calculator, see Table 6, above. The uncertainty
estimate will be the extent plus the uncertainty due to the precision in the coordinates
used — as long as the datum is recorded.

References:

Township, Range, Section Information:
http://www.esg.montana.edu/gl/trs-data.html
http://www.outfitters.com/genealogy/land/twprangenmaml|
http://www.outfitters.com/genealogy/land/land.html
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DUBIOUS

Definition:

At times, locality descriptions are fraught with vagueness. This may be due to any
number of reasons, but in particular relates to historic collections in areas that at the
time may have had no named features with which to reference.

The most important type of vagueness in a locality description is one in which the
locality is in question. Such localities should not be georeferenced.

A cause of vagueness may be incorrect data entry and it is recommended that
checking the original catalog books, field notes, specimen labels, etc. be the first step
in removing the vaguery of a locality so that it can be georeferenced.

In Examples 1-3, below, the locality descriptions explicitly state that the information
contained therein is in question. In Example 4, the location is not well enough
bounded to identify a meaningful location. In the latter case, additional information
(for example collector and date) may lead to a more specific location from diaries or
other published information.

Examples:

Example 1 : “possibly Isla Boca Brava“
Example 2 : “presumably central Chile*
Example 3 : “Bakersfield”

Example 4 : “Nova Hollandia”

Georeferencing Procedure:

Do not georeference if the locality explicitly states that the information contained
therein is in question.

Document in Remarks the reason for not georeferencing, e.g. “locality too vague to

georeference”, “locality in question”, etc.

Note that subsidiary information may provide other information, which may help in
determining a less dubious location.

Extent:
N/A
Uncertainty:
N/A
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CANNOT BE LOCATED

Definition:
The cited locality cannot be located. This may be for any number of reasons,
including:
e There is no locality information cited (Example 1),
* The locality fields contain other than locality information (Example 2),

< the locality cannot be distinguished from among multiple possible candidates
(Examples 3 and 4), or

* the locality cannot be found with available references.
Examples:

Example 1 : “locality not recorded”
Example 2 : “Bob Jones"

Example 3 : “'summit*

Example 4 : “San Jose, Mexico*

Georeferencing Procedure:
Do not georeference.

Document in Remarks the reason for not georeferencing, e.g. “locality cannot be
found with available references”, etc. Do still fill in the Georeferencing Resources
field in your database so that the next researcher does not waste time using the
same resources to track down the locality.

Extent:
N/A
Uncertainty:
N/A
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DEMONSTRABLY INACCURATE

Definition:
The locality contains irreconcilable inconsistencies.

The worst type of locality description to georeference is one that is internally
inconsistent. There are numerous possible causes for inconsistencies. Rather than
determine coordinates for such localities, annotate the locality with the nature of the
inconsistency and refer the locality to the source institution or collector for
reconciliation. One common source of inconsistency in locality descriptions comes
from trying to match elevation information with the rest of the description. In these
cases (see Example 2), bear in mind that elevation data are notoriously inaccurate.

Another common source of inconsistency occurs when the locality description does
not match the geopolitical subdivision of which it is supposed to be a part. At times,
the locality can still be determined because the geopolitical subdivision is clearly at
fault (see Example 3). In this case, georeference the locality and annotate it to
describe the problem.

Often there is no way to know if the geopolitical subdivision or something in the
locality description itself is at fault. In Example 4, the county may be wrong, the
distance may be wrong, or the direction may be wrong. This locality cannot be
disambiguated without going back to the originating institution, collection books, or by
contacting the collector, etc.

Examples:
Example 1 : "Sonoma County side of the Gualala River, Mendocino County"
Example 2 : “10 mi W of Bakersfield, 6000 ft” (There is no place anywhere near 10 mi
W of Bakersfield at an elevation of 6000 ft)

Example 3 : "Delano, Tulare Co." (Delano is in Kern Co.)
Example 4: “5 mi N of Delano, Kern Co." (5 mi N would put the locality in Tulare Co.)

Georeferencing Procedure:

Do not georeference. Record in remarks “locality contains irreconcilable
inconsistencies”.

Extent:
N/A
Uncertainty:
N/A
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CAPTIVE OR CULTIVATED

Definition:

Locality records the collection was made from a captive animal or cultivated plant,
etc. The locality cited is often that of a zoo, aquarium, botanical garden, etc.

Examples:

Example 1: "lab born"
Example 2 : "bait shop"

Example 3 : “Cultivated in Botanic Gardens from seed obtained from Bourke, NSW.”

Georeferencing Procedure:
Do not georeference captive animals in standard georeference fields.

Do not georeference cultivated plant records in general georeference fields. If you
must supply a georeference (for example for the location of the parent plant that
supplied the seed), record it in a separate field, not in the general georeference
fields.

Document in remarks “not georeferenced — captive/cultivated”, etc.
Extent:

N/A
Uncertainty:

N/A
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